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Abstract

Introduction. We proposed a hypothesis that prognosis in preterm infants may be affected by concentration of the administered
surfactant preparation able to determine its viscosity and, therefore, even distribution throughout the lungs.

Aim: to assess an effect of poractant alfa (PA) administered at low (40 mg/mL) vs. standard (80 mg/mL) concentration without
changing recommended dosage (200 mg/kg) on outcomes of preterm infants at gestational age (GA) under 32 weeks receiving
various respiratory support.

Materials and Methods. A prospective randomized controlled multicenter study was conducted. A total of 325 infants under
32 weeks of GA in five perinatal centers were randomized. The inclusion criteria were met by 264 patients: required respiratory
therapy, had indications for surfactant administration at birth/within the first 30 minutes of life, and informed parental consent.
Patients were excluded if they had no indications for surfactant preparations at the age of the first 30 minutes of life, had
chromosomal and genetic abnormalities, congenital malformations, early neonatal sepsis, or gross deviations from the study
protocol. Two groups were formed and compared: Low concentration (LC) group — PA concentration was 40 mg/mL (n=111) and
Standard concentration (SC) group (control) — PA concentration was 80 mg/mL (n = 153). Additionally, we compared two subgroups
with surfactant preparation administered by minimally invasive methods in spontaneously breathing infants (using LISA — a less
invasive method of introducing surfactant through a thin catheter or endotracheal tube): subgroup LC — PA concentration was
40 mg/mL (n = 27) and subgroup SC (control) — PA concentration was 80 mg/mL (n = 34).

Results. It was found that development of pulmonary hemorrhages in LC and SC groups was significantly less common in infants
who received PA at concentration of 40 mg/mL vs. 80 mg/mL: 3.6 (4/111) % vs. 13.1 (20/153) % (p = 0.008). While comparing
subgroups with minimally invasive PA administration (LISA or endotracheal tube), we found that treatment with 40 mg/mL
significantly decreased total respiratory therapy duration — 142 [70.0; 219.0] hours vs. 250 [141.0; 690.0] hours (p = 0.008),
incidents of bronchopulmonary dysplasia — 4.0 (1/27) % vs. 29.0 (10/34) % (p = 0.009), length of stay in neonatal intensive care
unit and hospital — 8.0 [7.5; 13.0] days vs. 14.0 [8.0; 33.75] days (p = 0.014) and 38.0 [26.5; 48.5] days vs. 50.5 [36.25; 62.5] days
(p=0.014), respectively.

Conclusion. PA administered at concentration of 40 mg/mL without changing the recommended dose did not aggravate nursing of
preterm infants at GA under 32 weeks. Minimally invasive PA administration at concentration of 40 mg/mL, lowered risk of
bronchopulmonary dysplasia, and when used in infants on mechanical lung ventilation, it lowered a risk of pulmonary hemorrhage.
All the discussed findings require to be further assessed in large prospective, multicenter, randomized studies in large patient
cohort.
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Pe3tome

Besenenue. Hamu Gbina BbIABUHYTA UNOTE3a, YTO HA MPOrHO3 Y HEJOHOLUEHHBIX [ETeA MOXET NOBAUATb KOHLEHTPALNS BBOAM-
MOro cypdakTaHTa, OT KOTOpOil Gy[eT 3aBuUCeTb BA3KOCTb CYGCTAaHLMM, a CrefoBaTenbHO, PaBHOMEPHOCTb PacnpejeneHuns
B NIErKuX.

Llenb: oueHUTb BNNAHUE HU3KOW KOHLEeHTpauun (40 mr/mn) BBeAEHHOro nopakraHTta ansga (A) no cpaBHeHMI0 CO CTaHAAPTHOM
KOHUeHTpaumen (80 mr/mi) 663 U3MeHeHUs pekomeHayemon f103bl (200 MI/Kr) Ha UCXOAb! Y HEJOHOLUEHHbIX JETEN C recTalmoH-
HbIM Bo3pacTom (I'B) meHee 32 Hepens.

Matepuanbl u metofbl. [1pOBEJEHO NMPOCMEKTUBHOE PAHAOMU3MPOBAHHOE KOHTPONMPYEMOE MHOIOLEHTPOBOE WCCIeLoBaHue
B 5 MepuHaTanbHbIX LEeHTpax, B KOTOPOe OblIN BKO4YEHbl 325 HOBOPOX/AEHHbIX CO CPOKOM rectaumn meHee 32 Hefenb. Kpute-
pUAM BKIIHO4EHNS COOTBETCTBOBANN 264 pebeHKa: Y HiX 6blnia He06X0ANMOCTb NPOBEAEHNS PECNUPATOPHOI Tepanum, noKkaszaHms
K Ha3Ha4eHUI0 CyphakTaHTa npu poxaeHnn/s TeveHne nepsbix 30 MUHYT XNU3HW U MHADOPMUPOBAHHOE cornacue pogutenei. 13
NCCMEL0BAHUA UCKITIOYANNCh NALMEHTbI, Y KOTOPbIX HE 6bIN0 MOKa3aHUM K HA3Ha4YeHUI0 cypdakTanTa B nepsble 30 MUHYT XU3HK,
C XPOMOCOMHBIMM W TEHETUHECKIMIN aHOMANUAMM, BPOXLEHHBIMU NOPOKAMU PA3BUTUS, PAHHIM HEOHATANTbHbIM CENCUCOM WUAN
rpy6bIMI OTKMOHEHUAMM OT NPOTOKONA UccneaoBaHns. CpasHuBaniu 2 rpynnbl: rpynny «Hu3kom KoHueHTpaunn (HK)» — KoHLeH-
Tpaums MA coctasuna 40 mr/mn (n = 111) n koHTponbHyto rpynny «CTaHgapTHON koHueHTpauumn (CK)» — KoHueHTpauus MMA
coctasuna 80 mr/mn (n = 153). Kpome T0ro, Mbl JOMNONHUTENILHO NPOBENY CPABHEHWE B [ABYX MOArPYNnax ¢ BBeLeHUEM Cypak-
TaHTa ManoWHBA3NBHLIMM METOAAMM Y CMIOHTAHHO AblLUALLMX MAALEHLEB (C MCnonb3oBaHMeM MeToga LISA — MeHee MHBA3WBHOIO
METO0/a BBEJEHMSA CypDaKTaHTa Yepes TOHKNIA KaTeTep unu 3HA0TpaxeanbHyto Tpy6ky): nogrpynna HK — koHueHTpaums MNA cocra-
Buna 40 mr/mn (n = 27) n nogrpynna CK (KOHTpoAb) — KoHueHTpauus MA coctasuna 80 mr/mn (n = 34).

Pesynbratbl. B rpynnax HK n CK pa3Butie NeroyHbiX KPOBOTEHEHWIA 3HAYMMO pexe Habntoganoch y aetei, nonyyasiuux MA
B KOHUeHTpauum 40 mr/mn, no cpasHeHuto ¢ 80 mr/mn: 3,6 (4/111) % vs. 13,1 (20/153) % (p = 0,008). lMpn cpaBHeHnn noarpynn
C MUHMMaNbHO MHBA3NBHbIM BBeAeHMeM [MA (LISA unm aHaoTpaxeanbHas Tpyoka) Mbl 06HApYXUnn nocne fedveHus 40 mr/mn
CTATUCTUYECKN 3HAYUMOE YMEHbLUEeHMe MPOLOKUTESIbHOCTM 06Len pecnupatopHoi Tepanun — 142 [70,0; 219,0] yaca vs.
250 [141,0; 690,0] 4acos (p = 0,008), 4actoty crny4aes 6poHxoneroyHoin gucnnasum —4,0 (1/27) % vs. 29,0 (10/34) % (p = 0,009),
LJIUTENbHOCTb NPebblBaHWNA B OTAENEHUM peaHuMaum HOBOPOXAEHHbIX U B cTauuoHape — 8,0 [7,5; 13,0] aHen vs. 14,0 [8,0;
33,75] nHeii (p = 0,014) n 38,0 [26,5; 48,5] nHen vs. 50,5 [36,25; 62,5] aHen (p = 0,014) cOOTBETCTBEHHO.

3aknioyenue. MpumeHeHue MA B KoHueHTpaunu 40 mr/mn 663 N3MeHeHNs PeKOMeHYeMON [03bl He YXYAWMWN0 Pe3ynbraThl BbiXa-
XKNBAHWS HEAOHOLLEHHbIX feTeii ¢ B meHee 32 Heaenb. Mpu ManonHeazmsHoM BBeAeHUN A B KOHLEHTpaLun 40 Mr/mn cHxXancs
PUCK OPOHX0NErOYHON AMCMA3NNA, a NPU MPUMEHEHNN Y 1eTeN PaHHero Bo3pacTa, HaX0AMBLLUXCS HA MCKYCCTBEHHOM BEHTUAALNY
NErkux, CHKaNCcs puck fero4yHoro KpoBoTeyeHus. Bee 06cyxaaemble pesynbTaTbl TPEOYIOT AaSibHERLLNX KPYMHbIX NPOCMNEKTMB-
HbIX MHOFOLEHTPOBbIX PAHAOMMU3UPOBAHHbBIX UCCNEA0BAHUIA C 60NbLIMM KOIMYECTBOM MALMEHTOB.

KnioyeBble cnoBa: nero4yHoe KpOBOTEYEHWE, GpOHX0NeroyHas ancnnasus, LISA, pacnpeaeneHue cypdaktaHTa, BA3KOCTb CypdakTaHTa
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What is already known about this subject?

» Viscosity is the important factor influencing a velocity, degree
and uniformity of lung surfactant distribution.

» Escalating surfactant phospholipid concentration causes
a naturally increased viscosity leading newly acquired
properties of a non-Newtonian fluid, which flow is charac-
terized by the viscosity/velocity gradient relation.

» Treatment effectiveness largely depends on uniformity
distribution of inoculated surfactant preparation in the
respiratory tract.

What are the new findings?

» A twofold increase in the volume of administered surfactant
preparation does not potentiate adverse effects — episodes of
hypoxia and/or bradycardia in preterm infants.

» Poractant alfa (PA) use at concentration of 40 mg/mL and total
dose of 200 mg/kg in children on invasive mechanical lung
ventilation lowers a risk of pulmonary hemorrhage by 4-fold.

» PA use at concentration of 40 mg/mL and total dose of
200 mg/kg in children with minimally invasive administration
significantly lowers a risk of developing bronchopulmonary
dysplasia as well as the overall duration of respiratory therapy.

How might it impact on clinical practice in the foreseeable

future?

» Low PA concentrations (40 mg/mL) at total dose of 200 mg/kg
did not adversely affect outcomes in infants under 32 weeks of
gestation. A twofold increase in administered PA volume did
not elevate a risk of developing hypoxemia and bradycardia as
well as their severity immediately upon administration.

» Compared with PA administered at low concentration of
40 mg/mL, PA at concentration of 80 mg/mL may predispose
to increased risk of pulmonary hemorrhage during mechanical
lung ventilation.

» Minimally invasive surfactant administration at 40 mg/mL PA
concentration and recommended dose of 200 mg/kg using
LISA method neutralizes surfactant loss upon administration,
promotes uniform lungs distribution and shortens duration of
respiratory support.

Introduction / BBegenue

Surfactant replacement therapy is based on the patho-
genesis of respiratory distress syndrome (RDS), which in
part is to stabilize newborn respiratory function, where
surfactant therapy is essential. Surfactant therapy is an
essential part of the stabilization. Surfactant therapy with
poractant alfa (PA) has been studied thoroughly in nu-

OCHOBHbIE MOMEHTbI

Y10 yxe u3BecTHO 06 IToi Teme?

P BA3KOCTb ABNSETCA BaXHbIM (DAKTOPOM, BAMSAIOLLMM Ha
CKOPOCTb, CTEMEHb 1 PABHOMEPHOCTb  pacrnpeaeneHus
cypaKTaHTa B NErKinXx.

» VBenuueHne KOHLEHTpauuum ¢oconunuaos cypiakraHTa
BbI3bIBAET ECTECTBEHHOE YBENINYEHNE BASKOCTY, MPUBOASLLEE
K NPUOBPETEHNIO CBOICTB HEHLIOTOHOBCKOW XXUAKOCTH, TeYe-
HUEe KOTOPOIl XapaKTepu3yeTcs 3aBUCUMOCTbIO BA3KOCTU OT
rpagueHTa ckopocTu.

P OD(EKTUBHOCTb NIEYEHNS 3HAYUMO 3aBUCUT OT PABHOMEPHO-
CTW pacnpefienieHinsl BBEJHHOTO CyphaKTaHTa B [ibIXaTelb-
HbIX MyTSAX.

Y70 HOBOrO f1aeT CTaTbhA?

» [IByKpaTHoe yBenu4eHne o6bema BBOAUMOrO CypchakTaHTa He
YCUNNBAET HexXenatenbHble 3QeKTbl — 3NnU304bl FUNOKCUN
1/unu 6paguKapamio Y HeLLOHOLLIEHHBIX HOBOPOXKAEHHbIX.

» [lpumeHeHue nopakTaHta anbga (MA) ¢ KOHUeHTpauuen
40 mr/mn B pose 200 Mr/Kr y feteid Ha MHBA3MBHOI MCKYC-
CTBEHHOM BEHTUAALUNN JIETKMX CHWXKAET PUCK NEr04HOro
KpoBOTeYeHMe B 4 pasa.

» [TpumeHenue MA ¢ koHueHTpauuen 40 mr/mn B fose 200 Mr/Kr
y [eTel Npy ManoMHBA3WBHOM BBELEHUN 3HAYNMO CHIDKAET
pUCK pas3BuUTA GPOHXOMEr0YHOI ANCTNA3NN, a TaKXe 06LLEN
LNUTENbHOCTY PECNIUPATOPHOI Tepanuu.

Kak 3aTo MOXeT NoBNMATL Ha KIIMHNYECKYH) NPAKTHKY
B 0603pumom byaywem?

» Huskas KoHueHTpauus 1A B fose 40 mr/mn B fo3e 200 MI/Kr He
0Ka3ana HeraTuBHOr0 BAMSHIUA HA UCX0bl Y AETEN CO CPOKOM
recrauun meHee 32 Hefesnb. [IByKpaTHoe yBesnyeHne o6bema
BBOAMMOrO A He NOBbILLANO PUCK PA3BUTUS 1 BbIDAXKEHHOCTb
rmnokcemMus 1 6pagnkapanmn HemocpeAaCTBEHHO B MOMEHT
BBEJEHUS.

» [1A B KOHUeHTpauuu 80 Mr/mMn MOXeT npeapacnonaratb
K MOBbILLEHHOMY PUCKY NIEro4HOr0 KPOBOTEYEHNS BO BPEMS
MCKYCCTBEHHON BEHTUNALMM NErKNX B CPaBHEHWUU C HU3KOIA
KOHLeHTpaumen 40 mr/mn.

» CHUXeHMe KOHLEHTPALIMM 32 CHET YBeJIMYeHNs 06beMa BBOAM-
moro [MA ¢ pekomeHayemon gao3onm 200 Mr/Kr MeTomoM
LISA HuBenupyetr notepu cypdhakTaHta npu BBELEHUM,
CMnoco6CTBYET PABHOMEPHOMY paclpefeNieHnlo B Nerkux
1 NPUBEJET K YMEHbLUEHUIO NPOAOIIKUTENBHOCTYA pecnmpa-
TOPHOI NOAJEPXKM.

merous clinical studies which involved dose finding and
timing studies [1, 2]. At the same time, the influence of
some factors and drug characteristics (concentration
and viscosity) on the effectiveness and clinical outcomes
of newborn respiratory disorders have not been studied
sufficiently. Of particular interest is the hypothesis that
a high concentration of phospholipids determining exo-
genous surfactant viscosity may affect the pattern of
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drug distribution. A non-homologous distribution may
negatively affect disease course and outcome.

According to K. Cassidy et al. (2001) [3], J. Ander-
son et al. (2004) [4] and King D.M. et al. (2001) [5], the
viscosity of a lung surfactant depends on its molecular
composition, microstructure, interaction between com-
ponents and environmental conditions. Viscosity was the
major factor influencing a velocity, degree and uniformity
of lung surfactant distribution. A relation between pulmo-
nary surfactant viscosity and phospholipid concentration
was non-linear, and increased viscosity was more pro-
nounced at higher vs. lower concentrations. D.M. King
et al. (2001) showed that rise in surfactant-related phos-
pholipid concentration causes an intrinsically increased
viscosity resulting in newly acquired properties of a non-
Newtonian liquid [5], which flow is characterized by vis-
cosity/velocity gradient relation. Usually, such liquids are
highly heterogeneous and consist of large molecules [6].
By comparison, a Newtonian fluid may be of any origin
that preserves fluid properties no matter what forces act
on it, which is summarized in Newton's law of viscosi-
ty, exemplified by water. Viscous behavior of surfactant
preparations became strongly non-Newtonian upon es-
calating phospholipid concentration, with larger viscosity
level found at low shear rates [5]. Having acquired the
properties of a non-Newtonian liquid, an exogenous sur-
factant, thus, has a lower fluidity, and pattern of its dis-

Direction of gravity forces
HanpasneHue cun rpasutauuu

Surfactant layer
Cnoii cypchakTanTa

tribution in the respiratory tract depends on a number of
physical factors, and above all on the forces of gas flow
acting on the liquid during its movement.

Attempts to study the distribution of exogenous sur-
factant in the lungs coupled to its physical and chemi-
cal properties, were made repeatedly. F.F. Espinosa and
R.D. Kamm (1998) tried in in vitro studies to simulate
an effect of inertia forces, degree of surface tension and
gravity on distribution of surfactant "plugs" [6]. It was
concluded that injection rate, viscosity of the solution
and tilt relative to gravity had the effect on emerging "me-
niscus'. The latter was defined as the curve in the upper
surface of a liquid next to the surface of another object
caused by surface tension (Fig. 1).The degree of curva-
ture of the "'meniscus’, in turn, determines a uniform drug
distribution [6]. Using bifurcation models of the upper re-
spiratory tract, Y. Zheng et al. (20095, 2006) [7, 8], and
then A. Copploe et al. (2019) [9] confirmed an impact
of gravity, surface tension and inertia on the splitting of
the surfactant "plug” in the area of dichotomous division
of the respiratory tract (Fig. 1). Treatment effectiveness
largely on uniformity distribution for the injected surfac-
tant in the respiratory tract [7-9].

Surfactant distribution at different levels of the re-
spiratory tract occurs due to various mechanisms. The
transport zone of the lungs is represented by a large
number of dichotomically dividing airways, the diameter

Meniscus of the upper daughter branch
MeHnuck BepxHeii fO4epHe BETBU

Parent branch meniscus
MeHuck poauTenbcKoro nneva

Meniscus of the lower daughter branch
MeHWCK HUXHEN f04epHei BeTBU

Figure 1. Influence of gravity forces, injection rate (P) and tilt (m, n) on surfactant distribution in the upper respiratory tract. In dichotomous
division of the bronchus, the upper part of the surfactant (distance A) moves less than the lower part (distance B) due to the gravity action

(adapted from [9]).

PucyHok 1. BnusiHue cun rpasutauum, CKOpocTu BefieHus (P) 1 HaknoHa (m, n) Ha pacnpefeneHue cypdaktaHTa B BEPXHUX JblXaTeSlbHbIX
nyTsx. Mpu AUXOTOMIUYECKOM pasfesieHnn 6poHXa BEPXHAS 4acTb CypakTaHTa (paccTosiHue A) nepeMeLLaeTcs MeHbLLE, YeM HIDKHAS 4acTb

(paccTosiHue B) 3a cyeT AeicTBMS CUMbl TSHXKECTM (afanTuposaHo u3 [9]).
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of which progressively decreases in the distal direction.
The distribution at the tracheal bifurcation level is rapid
and depends on surfactant volumetric viscosity, a lower
value of which ensures a more uniform and rapid distri-
bution [3, 6, 10]. The distribution of exogenous surfac-
tant in the small-diameter airways and alveoli depends
more on variation in surface tension differences for di-
verse fluids and components in the pulmonary system
(Marangoni effect). Following fairly rapid transients, on
the order of seconds, a steady-state transport develops
being governed by interplay between Marangoni flow and
alveolar kinetics [10]. In addition, the nature of the dis-
tribution underlies differences in surface viscosity. Bulk
viscosity remains poorly understood.

In 1990s, N. Gilliard et al. found that increasing sur-
factant concentration approximately fourfold from 14.1 +
1.89 to 60.0 mg/kg in animal experiments was not asso-
ciated with improved surfactant distribution in the lungs.
Such data on large volume administration can be con-
sidered as a positive control validating the method used
to analyze the surfactant distribution at a macroscopic
level [11].

We hypothesized that the lower surfactant viscosity at
low concentration would improve distribution, but also
increase therapy effectiveness. To study this, we deve-
loped a study to assess an effect of reducing the concen-
tration (viscosity) for the administered exogenous sur-
factant (poractant alfa) preparation without changing the
recommended dose to determine most optimal strategy
for surfactant replacement therapy by comparatively ana-
lyzing the results depending on the exogenous surfactant
concentration/viscosity relation.

Aim: to assess an effect of PA administered at low
(40 mg/mL) vs. standard (80 mg/mL) concentration with-
out changing recommended dosage (200 mg/kg) on out-
comes of preterm infants at gestational age (GA) under
32 weeks receiving various respiratory support.

Materials and Methods / MaTepuaist
M METObI

Study design / [ln3aitH uccnepfoBaHus

A prospective randomized controlled multicenter study
was conducted. A total of 325 infants under 32 weeks of
GA were randomized in the five perinatal centers. After
randomization and birth, the infants received PA at a dose
of 200 mg/kg at minute 10 of age if indicated.

Stabilization of patients in the delivery room was car-
ried out according to a unified protocol. Infant condition
was assessed immediately after PA administration and
during the first hour of life as follows: presence of side
effects and their severity after drug administration. Lung
damage within 72 hours manifested as air leakage syn-
drome, pulmonary bleeding, and severe hemodynamic
disorders. The third end point was to assess outcomes
of patients at the time of discharge from the hospital or

death. This study was conducted to investigate an effect
of low surfactant concentration during surfactant replace-
ment therapy on lung outcomes. Efficacy was defined as
a combination of reducing a risk of lung damage and mi-
nimizing pulmonary and extrapulmonary complications
of RDS in preterm infants.

Inclusion and exclusion criteria / Kputepuu BknroyeHus
U UCKNHOYEHNS

Inclusion criteria: 1) informed parental consent before
enrollment into the trial; 2) preterm infants born at one
of the five perinatal centers; 3) GA at the time of deli-
very at least 32 97 (inclusive) weeks; 4) clinical need for
respiratory therapy — non-invasive respiratory support
or continuous positive airway pressure (CPAP), conven-
tional mechanical ventilation (CMV), high frequency os-
cillatory ventilation (HFQOV), oxygen therapy; 5) clinical
indications for surfactant administration: for infants with
birth weight of more than 1000 g — mean airway pres-
sure (MAP) > 7.0 cm H,0 and fraction of inspired oxy-
gen (FiO,) > 0.4 to maintain the target oxygen saturation
level of 90-94 %; for infants with birth weight less than
1000 g — MAP > 7.0 cm H,0 and FiO, > 0.3 to maintain
the target oxygen level of 90-94 % in the absence of
a pronounced respiratory activity (retracted compliant
places of the thoracic cage above clavicles, supraster-
nal fossa and sternum); 6) exclusion of pneumothorax
based on chest X-ray exam performed within the first
two hours of life.

Exclusion criteria: 1) absence of informed parental
consent before enroliment into the trial; 2) absence of
indications for surfactant treatment; 3) chromosomal
and genetic anomalies discovered antenatally or after
birth; 4) congenital malformations, discovered antena-
tally or after birth, which might be involved in developing
respiratory or cardiovascular insufficiency; 5) history of
using various surfactant preparations during patient’s
treatment; 6) gross deviations from the research protocol.

As a result, from 325 preterm infants 61 subjects
were excluded from the study for the following reasons:
28 children had no indications for surfactant administra-
tion at birth (in delivery room); 11 children had congeni-
tal malformations; two patients had birth injuries; two
patients had acute renal failure and required peritoneal
dialysis; one infant had hereditary metabolic disease (in-
sufficiency of long-chain 3-hydroxyacyl-Co-A-fatty acid
dehydrogenase — mutation NM_000182.4: ¢.1528G>C);
14 patients were excluded due to deviations from the
study protocol, and in 3 cases the data were lost. The
inclusion criteria were met by 264 children, which were
randomized into study groups (Fig. 2).

Comparison groups / Ipynnbl cpaBHeHUs

Parental consent was obtained, and randomization
was performed in case of threat of the birth to a preterm
infant with GA under 32 weeks. The patient randomiza-
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Infants eligible for the study were under 32 weeks of gestational age / [letu, noaxoasiiue ang uccneoBaHns, co CPOKOM rectalmn MeHee
32 Hefiefb, 3a NepuUoA NPOBEAEHMs UCCNea0BaHNs
n=1030

Total number of preterm infants with RDS randomized into two groups / 061iee Konn4ecTBO HeOHOLLEHHbIX aeTei ¢ PLC,
PaHLOMWU3NPOBAHHBIX B 2 rpynmbl

Data loss / MoTeps aaHHbIX N =3
Birth injury / Pogosas Tpasma n = 2

Total excluded / Bcero ncknto4eHbl n = 61

No indications for surfactant administration / Het nokasannin nns sefeHus cypakraHra n = 28
Congenital malformations / BpoxzaeHHble aHomanun passutus n =11

Study protocol violations / OTKnoHeHNs 0T NPOTOKONA UccneaoBaHus n =14

Peritoneal dialysis / [ToTpe6HOCTb B NEpPUTOHEANbHOM uanu3e n =2
Hereditary metabolic disease / HacnefncteeHHoe 3a60neBaHne 06mMeHa BelecTs n =1

v

Low concentration group (40 mg/mL) /
[pynna HU3KOWM KOHLeHTpauuu (40 mr/mn)
n=111

l

Low concentration minimally invasive surfactant treatment
group (40 mg/mL) / F'pynna MUHUManbHo
IHBA3MBHOI0 BBELEHUS CypthaKTaHTa C HU3KOIA
KOHLeHTpauwen (40 mr/mi)
n=27

Figure 2. Patients included in the study (flowchart).
Note: RDS — respiratory distress syndrome.

PucyHoK 2. [1aLMeHTbl, BKITOYEHHbIE B UCCNeA0BaHME (6710K-CXeMa).

Mpumeyanne: PLIC — pecrinpatopHsii UCTPECC-CUHLPOM.

tion was carried out by pulling closed envelopes immedi-
ately before delivery after obtaining informed consent by
the parents. In the form of the envelope the number of
patient medical history, patient’s surname and doctor's
surname, who performed randomization and surfactant
administration, and depersonalized patient study identi-
fication number, which would subsequently be entered
into the database, were recorded. The patient study iden-
tifiers were obtained by utilizing a random number ge-
nerator and distributed among five perinatal centers. In
case of medical indications for surfactant administration
in the delivery room, a patient was included in the study.
A minimally invasive method of surfactant administration
was used in infants with spontaneous breathing. In case
of no any indications for surfactant therapy, the envelope
was drawn up in an identical manner and put in a sepa-
rate folder.

Thus, two groups were formed and compared: Low
concentration (LC) group — PA was administered in con-

v

Standard concentration group (80 mg/mL) /
[pynna cTaHAapTHOM KOHUEHTpauuu (80 mr/man)
n=153

'

Standard concentration minimally invasive surfactant treatment
group (80 mg/mL) / Fpynna MUHUMANbHO UHBA3WUBHOMO
BBEEHMS CypdhakTaHTa co CTaHAAPTHON
KOHLeHTpauwmen (80 mr/mn)
n=34

centration 40 mg/mL (n = 111) and Standard concentra-
tion (SC) group (control) — PA was administered in con-
centration 80 mg/mL (n = 153). Additionally, we conduc-
ted a comparison in two subgroups with surfactant intro-
duction by minimally invasive methods in spontaneously
breathing infants (using LISA — a less invasive method
of introducing surfactant through a thin catheter or endo-
tracheal tube): subgroup LC — PA concentration was
40 mg/mL (n = 27) and subgroup SC (control) — PA con-
centration was 80 mg/mL (n = 34).

Study protocol / MpoTokon uccnepoBanus

The study protocol assumed stabilization of the pa-
tients' condition using respiratory circuit with a T-piece
connector and positive end expiratory pressure (PEEP)
valve in delivery room. The minimal PEEP level was set
within 6.0-8.0 cm H,0, Fi0, = 0.21-0.3 at the start. Blood
oxygen saturation (Sp0O,) was determined in the delivery
room from birth using various monitors with Nellcor™
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pulse oximetry technology (MEDTRONIC, USA). Patient
tracheal intubation and transfer to mechanical lung ven-
tilation were performed to reach average MAP > 8.0 cm
H,0 and Fi0, > 0.4-0.5 to maintain the target Sp0, level
or absence of spontaneous respiration. At the age of
10 minutes of life, according to randomization data po-
ractant alpha bolus was injected into the endotracheal
tube (ETT) or using minimally invasive method of sur-
factant treatment (MIST), depending on infant’s condi-
tion and capacity to breathe spontaneously. Before the
end of stabilization in the delivery room, the following
parameters were evaluated: cases of endotracheal tube
obstruction, level of SpO, decline, the minimum SpO,
value until recovery, cases of bradycardia and magnitude
of maximum bradycardia before recovery. After stabiliza-
tion, patients were transferred to the neonatal intensive
care unit (NICU).

The next stage included assessment and observation
of patients at the age of the first 72 hours of life. The
following main parameters and events that could indi-
cate severe lung damage during surfactant therapy were
monitored: respiratory parameters (maximum Fi0,, MAP,
tidal volume), the presence of air leak syndrome, pulmo-
nary hemorrhage as a result of lung injury. The equip-
ment for respiratory therapy (from different manufactu-
rers) was available in perinatal centers. The main goal
was to keep control of the tidal volume and maintain it at
the minimal levels.

Study scheme is presented in Figure 3.

The outcomes were assessed based on the following
indicators: 1) infant’s condition immediately upon PA ad-
ministration — signs of airways obstruction, bradycardia
less than 100 beats per minute and its severity, decreased
Sp0, and intensity of Sp0, decrease; 2) duration of inva-
sive respiratory support; 3) overall duration of the respi-

All patients < 32 % weeks
Bce naumenTbl < 32 % Hefenb

Assessing a need for surfactant administration
OnpepeneHne NnoTpe6GHOCTI ANS BBEAGHNA CypdaKTaHTa

Total sample

0O6u1as BbIGOPKA

200 mg/kg
200 mr/kr

Figure 3. Study scheme.

PucyHok 3. Cxema uccneaoBaHums.

Standard concentration group
lpynna cTaH4apTHOM KOHLEHTpauum

40 mg/mL / 40 mr/mn

Low concentration group
[pynna HU3KOil KOHLEHTpaunu

ratory therapy; 4) length of hospital stay; 5) the maximal
values of following variables in the first 72 hours of life —
MAP and FiO,; 6) degree of manifested pulmonary injury
(air leak syndrome, pulmonary hemorrhage); 7) neuro-
logical injuries — grade Il intraventricular hemorrhage
(IVH), periventricular leukomalacia (PVL); 8) broncho-
pulmonary dysplasia (BPD), defined as a need for sup-
plemental oxygen or respiratory support by 36 weeks of
post-conception age; 9) necrotizing enterocolitis (NEC),
surgical stage; 10) hemodynamically significant patent
ductus arteriosus (HSPDA); 11) retinopathy of prematu-
rity, surgical stage; 12) death (only the deaths in the first
hospitalization period were included).

Ethical aspects / 3Tuueckue acnekTbl

The study was conducted in accordance with the ethi-
cal standards of the 1964 Helsinki Declaration of the World
Medical Association, its subsequent amendments and
comparable ethical standards. The study was approved by
the Ethics Committee of the Yaroslavl State Medical Uni-
versity, Protocol No. 45 dated of April 22, 2021.

Statistical analysis / CtaTucTu4eckuii ananus

Data collection was performed by researchers fil-
ling out a depersonalized electronic database in order of
priority using Microsoft 365 spread sheets. Statistical
analysis was carried out using the free Python computing
software environment (v.3.8): built-in functions from the
Statsmodels.api and Scipy modules for statistical calcu-
lations. Quantitative variables were evaluated for compli-
ance with the normal distribution using the Shapiro-Wilk
test. Aggregates of quantitative indicators, which distri-
bution differed from normal were described using the
median (Me) and the lower and upper quartiles ([Q;; Qs]).
We used the Mann-Whitney U-test to compare unrelated
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samples. In the case of describing quantitative variables
with normal distribution, the data obtained were com-
bined into variational series in which arithmetic averages
(M) and standard deviations (SD) were calculated. While
comparing average values in normally distributed sets of
quantitative data, the Student's t-test was calculated. The
data of quantitative characteristics are expressed as ab-
solute numbers and relevant proportions (%). The com-
parison of nominal group data was performed using the
Pearson y? test. In the case a number of expected obser-
vations in any of the cells in the four-field table was less
than 10, Fisher’s exact test was used to assess a signifi-
cance level. A relationship of features was studied based
on correlation analysis (Spearman test). The differences
between values were considered statistically significant
at p <0.05.

Results / Pe3yasTaThl

Preparation of surfactant solution / lpuroToBnenue
pacTsopa cypchakTaHTa

We used an exogenous surfactant — Curosurf® (po-
ractant alfa licensed through Chiesi Farmaceutici, Par-
ma, ltaly). 153 preterm infants were included into SC
group receiving PA at dose of 200 mg/kg, concentration
80 mg/mL. Indications for surfactant replacement thera-
py were in accordance with the 2016 clinical guidelines
“Management of newborns with respiratory distress syn-
drome” at a dose of 200 mg/kg [12]. PA was supplied in
ready-to-use, single-use vials containing 1.5 mL (120 mg
phospholipid) of surfactant. Derived from minced por-
cine lung, PA is a creamy white, sterile suspension contai-
ning the surfactant in normal saline at a concentration of
80 mg/mL phospholipid. PA is prepared by chloroform-
methanol extraction, and liquid-gel affinity chromatogra-
phy, contains ~ 99 % polar lipids [13]. 111 preterm in-
fants were included into LC group, who met the inclusion
criteria and were given the first PA dose of 200 mg/kg
(repeat dose 100 mg/kg), concentration of 40 mg/mL in
the delivery room. The repeated surfactant administra-
tion was carried out in drug concentration given first time.

The surfactant was administered in a standardized
manner: invasively (through the endotracheal tube in
mechanically ventilated babies), minimally invasive in
spontaneously breathing babies by LISA (Less Invasive
Surfactant Administration) or using the INSURE strategy
(INtubation-SUrfactant — [immediate] Extubation). In our
previous study with autopsy material, we measured tra-
chea length in newborns with extremely low birth weight
(ELBW) comprising 34.0 + 5.0 mm from vocal cords to
tracheal bifurcation [14]. Thus, we have determined the
optimal depth of catheter insertion as 15-20 mm be-
low the vocal cords. Surfactant injection by the LISA me-
thod was performed through a thin catheter (4-5 Fr) in-
serted under direct laryngoscopy control without using
Magill forceps, along with non-invasive continuous

maintenance of constant CPAP of at least 6.0 cm H,0
via mononasal tube or binasal cannulas using a device
with a T-shaped connector [15]. The surfactant admini-
stration duration was 60-180 seconds controlled by at-
tending neonatologist. The respiratory support strategy
was determined by patient’s clinical needs, because ran-
domization was performed before infant’s birth. In each
group we analyzed the data based on mechanical lung
ventilation and spontaneous ventilation. A separate ana-
lysis was carried out in the spontaneous ventilation sub-
groups of infants who received surfactant by the LISA and
INSURE methods: subgroup LC (n = 27) — surfactant at
a concentration of 40 mg/mL, subgroup SC (n = 34) -
surfactant at a concentration of 80 mg/mL.

The diluted PA concentration was prepared dissol-
ving surfactant preparation in 0.9 % sodium chloride
solution at 1:1 ratio. For instance, to prepare poractant
alfa 120 mg or 1.5 mL, there was added 1.5 mL of 0.9 %
sodium chloride solution. Surfactant dilution with 0.9 %
sodium chloride solution was performed directly in the
syringe, by adding surfactant first followed by mixing. As
a result, the total volume of a singular dose of 200 mg/kg
was doubled in comparison to standard concentration.

Analysis of physical properties of surfactant
preparations / AHanu3 (hU3M4eCKUX CBOMCTB
npenapatoB cyphakTaHTa

PA drop at standard concentration and drop diluted two
times with 0.9 % sodium chloride solution were placed
on a glass slide from a height of 1.0 cm using a 1.0 mL
syringe. The glass slide was pre-cleaned and degreased.
The photo was taken under side illumination on a Nikon
D750 camera with a Nikkor AF-S ED 18-300 mm VR lens
with a focal length of 300 mm and a minimum distance
to the object. The contact angles of wetting of surfactant
solutions were measured using graphic computer soft-
ware while processing photographs. Micrographs were
taken with an iPhone 8 camera with adapter and a Nikon
Eclipse Ci-S direct light microscope. The prepared stan-
dard and diluted surfactant drops were placed on a glass
slide to take a photo 1.0 minute later at room tempera-
ture (Fig. 4).

Comparison of surfactant dynamic viscosity / CpaBHeHue
ANHAMMYECKON BA3KOCTH CYpP(HaKTaHTOB

A dynamic viscosity of various surfactant samples was
investigated. The study was carried out in the Laboratory
of Biomedical Photonics, Faculty of Physics, Lomonosov
Moscow State University. Surfactants rheological pro-
perties were studied using an RM100 CP1000 PLUS ro-
tational viscometer (Lamy Rheology Instruments, France)
with a CP40Z CERTIFIED cone-plate measuring system,
at shear rates of 500, 1000, 1500, 2000 and 5000 s~'. The
viscosity study was carried out at a temperature of 22 °C
(room temperature). Previously, surfactant dynamic vis-
cosity was studied at various temperatures spanning
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80 mg/mL / 80 mr/mn

40 mg/mL / 40 mr/mn

Figure 4. Formation of dry poractant alfa (PA) layer at standard concentration of 80 mg/mL (A) and low concentration of 40 mg/mL (B) for
1 minute on a glass slide (top panel, x100). Spreading of PA drop at normal concentration (a) and diluted surfactant (b) and formation of
an angle. Contact angles of wetting of surfactant solutions: angle a = 55°, angle b = 45°.

PucyHok 4. BepxHui pucyHok: 06pa3oBaHue Cyxoro cnos nopakranta ansa (MA) B ctaHgapTHon KoHueHTpauuu 80 mr/mn (A) u HU3KOI
KoHLUeHTpauuu 40 mr/mn (B) B Te4eHue 1 MuHyTbI Ha npeameTHOM cTekne (x100). HuxHuii pucyHok: pactekaHue kannu MA HopManbHO
KOHLIeHTpauuu n 06pa3oBaHue yrna (a) 1 pasbasrieHHOro cypdakTanta 1 o6pasosanue yrna (b). Kpaesble yriibl cMa4BaHus pacteopamu

cypdhakTaHTa: yron a = 55°, yron b = 45°,

5, 22, 37 degrees Celsius finding no difference between
temperature groups [16]. Therefore, in our experiment,
we used solely solutions at room temperature (22 °C).
When changing the sample, the measurement system
was washed with distilled water followed by 95 % iso-
propyl alcohol; next, it was calibrated in height. The origi-
nal PA solution with a phospholipid concentration of 80
mg/ml (Chiesi Farmaceutici, S.p.A., Parma, Italy) and PA
solution diluted with 0.9 % sodium chloride solution at
phospholipid concentration of 40 mg/mL as well as a
beractant at phospholipid concentration of 25 mg were
used as the object of the study 25 mg/mL (AbbVie Inc.,
North Chicago, USA). A 0.4 ml aliquot of each surfac-
tant at room temperature was placed in the center of the
sample dish using an insulin syringe. At the shear rates
noted above, the viscosity reaches steady state within
10 seconds or more without markedly changed magni-
tude, so each measurement lasted a standard 60 seconds
(viscosity was recorded at 60 seconds). For each deter-
mined shear rate, the experiment was repeated at least
three times. Distilled water was used as the standard vis-
cosity reference. The measured viscosity values for dis-
tilled water were within the error of 1 % and correspon-
ded to the literature data [17].

Figure 4 shows the spreading effect of drops at stan-
dard (80 mg/mL) and reduced (40 mg/mL) PA concentra-

tion. In the latter, the angle between the diluted surfactant
and the surface was much smaller.

In experimental work, the shear viscosity of Survan-
ta, Curosurf and diluted Curosurf shows a wide range of
values and dependence on shear rate at 22 °C (Fig. 5).
Viscosity values for all surfactant mixtures increased
with decreasing shear rate. Moreover, for the diluted
Curosurf vs. other surfactants, the difference was the
least significant.

The most significant changes in viscosity upon a ten-
fold increases shear rate from 500 to 5000 s~ were found
in beractant (constant temperature 22 °C) from 10.6 to
5.2 mPaxs. Viscosity decline was demonstrated for di-
luted PA of 2.0 to 1.5 mPaxs. Gonventional PA showed no
significant difference in viscosity upon shear rate ranged
from 4.0 to 4.1 mPaxs. However, at all stages, the diluted
PA showed half the viscosity or more compared to the
conventional preparation, which may indicate in favor of
greater fluidity.

Baseline clinical and anamnestic data of preterm
infants / OcHOBHbIE KNUHUKO-aHAMHECTUYECKUE [JaHHbIe
He10HOLUIEHHbIX fieTei

The analysis of baseline clinical and anamnestic data
of preterm infants revealed no differences in all exami-
ned characteristics, excepting solely operative delivery
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Figure 5. Surfactant viscosity at varying shear rates obtained during the experiment in the laboratory. H,0 — water used as reference in
viscometer calibration; Del — twofold diluted poractant alfa (solution NaCl 0,9 %:poractant alfa = 1:1); Control — standard poractant alfa;
Surv - beractant.

PucyHok 5. BA3KOCTb CyphakTaHTOB NPy pa3nn4HbIX CKOPOCTAX CABWIA, NONYYEHHas B X0Le 3KcnepumenTa B naéoparopuu. H,0 — Boa,
ncnonb3yemas B Ka4ecTBe 3TanoHa npu kannoépoBke BUCKO3UMeTpa; Del — ABYKpaTHO pa3BefieHHbIN nopakTaHT anbda (pacteop NaCl
0,9 %:nopakTaHT anba = 1:1); KOHTPONb — CTaHAAPTHbI NOPAKTAHT anbga; Surv — 6epakTaHT.

frequency, which in LC vs. SC group turned out to be sig- Surfactant use in preterm infants / Pe3ynbTarbl
nificantly higher (Table 1). NPUMEHeHNs CyphakTaHTa y HeJOHOLIEHHbIX AETEH

The full course of steroid prophylaxis of RDS was car- The first PA administration was performed applying
ried out in 60-64 % of all cases in both groups. No dif- different methods and, as a standard operating proce-
ferences in birth weight and GA at birth as well as Apgar dure, in the delivery room at the first 10 minutes of life
score and gender distribution were found in both groups. (Table 2).

AxymiepctBo, I'maekoaorusa u Pennpoaykiina RLrAEIvIvEvE

Table 1. Clinical characteristics of preterm infants.
Tabnuua 1. KnuHnyeckas xapakTepucTiKa HeAOHOLLEHHbIX AETEN, BOLIEALWWX B NCCNEA0BAHNE.
Parameter By S (T p value
MNoka3arenb TpAmE LS JETHIELE 3Hayenue p
n=111 n=153
Gestational age, weeks, Me [Qy; Q;] 29.0 [26.5; 30.0] 28.0 [26.0; 30.0] 0.311
lecTaunoHHbIi Bo3pacT, Hegens, Me [Q;; Q;)
Birth weight, g, Me [Q; Q] _ 1100.0 [865.0; 1400.0] | 1060.0 [820.0; 1370.0] 0.285
Macca tena npu poxgexuu, r, Me [Q;; Qs]
Apgar score at minute 1, Me [Q;; Q] . .
OueHka no wkane Anrap Ha 1-i1 munyTe, Me [Qy; Q] 4014.0,50] 50[4.0;50] 0205
Apgar score at minute 5, Me [Q;; Qs] . .
OueHka no wkane Anrap Ha 5-i1 munyTe, Me [Q;; Q] 6.0[50;7.0] 6.0[50;7.0] 0149
Male, n (%)
MyXCKoit riom, n (%) 54 (48.6) 80 (52.3) 0.559
H 0,
Full ste[md course, n (%) . 72 (64.9) 92 (60.1) 0.434
MonHbIA Kypc cTepongos, n (%)
1 0,
Cesarean section, n (%) . 85 (76.6) 100 (65.4) 0.049*
Popgpl nytem kecapesa cevenus, n (%)
Note: LC — low concentration; SC — standard concentration; * — significant differences according to 7 criterion.
Mpumeyanne: HK — Huskas KoHueHTpauns; CK — CTaHAapTHas KOHLEHTPAUUS; * — PA3NInYnsg CTATUCTUYECKN 3HAYUMbI 110 KDUTEPUIO .
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Table 2. Methods of surfactant administration.

Ta6nuua 2. Cnoco6bl BBEAEHNS CypdakTaHTa.

LC group SC group

Parameter Fpynna HK Fpynna CK p value

Moka3zarens n=111 n=153 3Havenue p
Age of life before first dose of suﬁqctant, min, Me [Q;; Qs] . 10.0 [8.0: 19.0] 10.0 [8.0; 20.0] 0.864
Bpems Xu3Hn o BBELEHNS NepBoii Ao3bl cypdhaktanTa, Mud, Me [Qy; Q;]

o .
Surfactant administration through an endotracheal tube, n (%) 84 (75.7) 116 (75.8) 0.979
BeefeHue cypaktaHTa Yepes aHLOTpaxeanbHyto Tpy6Ky, n (%)
INSURE, n (%)
VIHTYy6aums-cypdaktaHT-akcTyb6auus, n (%) 10(3.0) 9(5.9) 0.332
S o o

Less invasive surfactant administration, n (%) 17 (15.3) 28 (18.3) 0.524
MeHee nHBa3nBHOe BBeAeHME CypdakTaHTa, n (%)

Note: LC - low concentration; SC - standard concentration.
Tpumeyanne: HK — Hu3kas KoHueHTpauns, CK — cTaHAapTHas KOHLEHTpauus.

As shown from Table 2, in both groups, the invasive
method of surfactant administration was prevalent, which
was based on the severity of the condition of the children
and by the presence of indication for tracheal intubation
and subsequent invasive respiratory therapy in the deli-
very room. The least invasive PA administration in each
of the groups was carried out to almost every fourth child
who was also spontaneously breathing. At the same time,
the analysis of the development of the signs of airway
obstruction during the surfactant administration (brady-
cardia less than 100 beats per minute and its severity,
a decrease in Sp0, below 85 % and a minimum value of
Sp0, decrease) did not reveal any statistically significant
differences between the groups of mechanically ventila-
ted and spontaneously breathing babies (Table 3).

Table 3 shows the short-term effects of standard and
diluted surfactant concentration during the first minu-
tes after administration. No significant differences were
found in both groups. The increase in volume of the ad-
ministered surfactant also had no effect on the oxygen
demand as well as MAP and tidal volumes at the first
72 hours of life (Table 4).

The level requiring CMV and/or HFQV repeated surfac-
tant administrations as well as duration of invasive respi-
ratory support are presented in Table 5.

As shown in Table 5, the vast majority of children
in both groups required invasive respiratory therapy,
whereas every 4"-5" child required HFOV use. The
need for repeated surfactant administration and the
age of repeated administration did not differ between

Table 3. Development of bradycardia and the decrease in blood oxygen saturation during surfactant administration to preterm infants with

respiratory distress syndrome.

Ta6nuua 3. PassuTiie Gpaankapanuu n CHIDKEHE CaTypaLn KpoBI KUCIIOPOZOM NPY BBEEHNN CypchakTaHTa HeJOHOLLEHHBIM JIETSM C

PECTNPaTOPHbIM NCTPECC-CUHAPOMOM.

Parameter LB ST p value
MNokasarenn i L ILLEES 3Hauyenune
n=111 n =153 p
Bradycardia incidence upon surfactant administration, n (%)
Yacrora BcTpeyaemocTi 6pagukapamn Ha ooHe BBEAEHUS 10 (9.0) 12 (7.8) 0.735
cypdhakraHta, n (%)
Minimal heart rate values during surfactant administration, beats per
rinute, Me [Qy; (] ] 89.0 [80.5:93.7] | 93.0 [81.0;98.0] 0.254
MHUMAnbHbIE 3HAYEHNS YACTOTbI CepAEYHbIX COKPALLEHWIA NpY BBEAEHNN
cypdakranTa, yaapos B MuH, Me [Q;; Q]
The drop of blood oxygen saturation incidence upon surfactant
R o
(a:dmlmstratlon, n (%) 61 (55.0) 77 (50.0) 0.457
HWXEHWEe YPOBHSA HaCbILLeHUS KPOBW KUCTOPOAOM NpW BBEAEHNN
cypakTaHTa, n (%)
Minimal blood oxygen saturation values during surfactant
administration, %, Me [Q;; Q4] : .
MuHMManbHble 3Ha4EHNS HACbILLLEHUS KPOBW KMCITIOPOLOM NPW BBELEHUM 78.0[70.0; 83.0] 785720, 82.0] 0.454
cypdakranta, %, Me [Q;; Qs]

Note: LC - low concentration; SC — standard concentration.
Tpumeyanne: HK — Huskas koHueHTpayns; CK — CTaH[apTHas KOHLEHTpauus.
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Table 4. Maximal parameters of the invasive respiratory therapy for examined children in the first 72 hours of life.

Tabnuua 4. MakcumanbHble napameTpbl MHBA3MBHOI PECTIPATOPHOII Tepaniy 06CNeL0BaHHbIX AETEN B MEPBbIE 72 Yaca XN3HMU.

LC group SC group

Parameter Fpynna HK Fpynna CK p value

MNoka3arenb n=111 n=153 3Hayehnue p
Maximal FiO,, Me [Qy; Q4] ) .
MacumanoHas Fi0,, Me [Q; Q] 0.3[0.3; 0.45] 0.3[0.3; 0.45] 0.487
Maximal MAP, cm H,0, Me [Q; Qs] . .
MakcumanbHoe MAP, cv Bog. ct, Me [Q;; Q;] 9.018.0,10.0] 9.118.0,10.0] 0.3
Maximal tidal volume, mL, Me [Q;; Q5] 5.0 [5.0; 5.5] 5.0 [5.0; 5.0] 0.283
MakcumarnbHblit AbixatenbHblit 06bem, M, Me [Qy; Qs] n =54 n=>53 ’

Note: FiO, - fraction of inspiratory oxygen;, MAP — mean airway pressure; LC — low concentration; SC — standard concentration.
lpumeyanne: Fi0, — hpakyns BabIxaemoro kucnoposa, MAP — cpesiHee faBrexne B AbixatenbHbix nyTax; HK — Huskas koHueHTpayns; CK — craHgaptHas

KOHLeHTpaLnA.

Table 5. Respiratory outcomes of the children examined.

Ta6nuua 5. PecnupatopHble Ucxobl 06CNeA0BaHHbIX [eTeN.

LC group SC group
e e | sk | b
n=111 n=153 p
Required CMV, n (%)
Motpe6HOCTb B VIBJT, n (%) 91(82.0) 127(83.0) 0.829
Required HFQV, n (%)
Motpe6HocTb B BHO VBJ, n (%) 23(213) 36 (26.1) 0.383
H ini 1 0,
Required repeated surfactant administration, n (%) 26 (23.4) 27 (17.6) 0.247
Heo6x0AMMOCTb MOBTOPHOI0 BBELEHNA CypdakTaHTa, n (%)
Age of life before repeated surfactant administration, hours, M + SD 6.6+10 71415 0.728
Bpems »un3Hu 10 NOBTOPHOr0 BBEAEHNS cypdpakTaHTa, 4, M + SD
Duration of total respiratory support, hours, Me [Q;; Q] 375.0 470.0 0197
MpoJomKUTENBHOCTb TOTANbHON PECTIMPATOPHON Nopaepxki, 4, Me [Q;; Q,] [141.5; 1049.0] [175.0; 1055.0] ’

Note: CMV - conventional mechanical ventilation; HFOV — high frequency oscillatory ventilation; LC - low concentration; SC — standard concentration.

Tpumeyanne: VIBJ1 - nckyccteeHHas BeHTunaums nerknx; B40 VIBJT - BbicOKO4YacTOTHas OCUMIIATOPHAS UCKYCCTBEHHAS BEHTUAALNS nerkux, HK — Huskas

KOHUeHTpauus; CK — cTaHAapTHas KOHLEHTPpauns.

the groups with different surfactant concentration and
volume.

To avoid potential effect of a congenital infection on
the study data, we comparatively analyzed inflammation
markers in preterm children at the first 72 hours of life
(Table 6).

Table 6 shows the markers of inflammation primarily
C-reactive protein (CRP) finding no significant differen-
ces between the LG and SC groups (p > 0.05). However,
it tended to decrease based on the approach assuming
that infectious markers are more pronounced in the LC
group. Apparently, the number of infants with thrombo-
cytopenia was significantly higher in the group with the
surfactant concentration of 40 mg/mL allowing to con-
sider it as a risk factor of increased hemorrhagic com-
plications. However, according to the data presented in
Table 7, pulmonary hemorrhages developed at signifi-
cantly higher level after receiving surfactant at concen-
tration of 80 mg/mL.

In order to assess a relationship between pulmonary
hemorrhage and other clinical and laboratory characte-
ristics, we performed a statistical analysis using Spear-

man’s rank correlation coefficient that uncovered a direct
correlation between pulmonary hemorrhage and HSPDA
(r=0.318; p < 0.001). Not only did pulmonary hemor-
rhage prolongs the length of stay in the NICU (r = 0.488;
p < 0.001), but it also increased a risk of death (r = 0.507;
p < 0.001). At the same time, the incidence of IVH grade
lll, PVL, BPD, pneumothorax and lethal outcomes was
comparable in both groups.

An analysis of the clinical data from spontaneously
breathing preterm infants in LC and SC subgroups de-
monstrated no significant inter-group differences for all
signs presented in Table 8, which allowed the compari-
son of the discussed subgroups.

The response to surfactant administration and out-
comes in both subgroups are presented in Table 9.

Comparing the two subgroups from all spontaneously
breathing patients in our study who received noninvasive
respiratory support we obtained a significant difference
in ventilatory support duration and BPD development:
142.0 [70.0; 219.0] hours vs. 250.5 [141.0; 690.0] hours
(p = 0.008) and 1 (4.0 %) vs. 10 (29 %) (p = 0.009) res-
pectively.
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Table 6. Inflammation markers at the first 72 hours of life in preterm infants with respiratory distress syndrome.

Ta6nuua 6. Mapkepbl BOCnaneHus B Nepable 72 Yaca XU3HU Y HEAOHOLLEHHbIX AeTeil ¢ PecnnpaTopHbIM AUCTPECC-CUHAPOMOM.

et o |t |
o e R
P o o sws | wmy | om
e it st 0210 02000 aws | w@y | ow
e R wosn | wwa | oo
e ot wwa | wew | o

Note: CRP — C-reactive protein; LC — low concentration; SC — standard cconcentration; * — significant differences according to ) criterion.

Mpumeyanne: CPE — C-peakTnBHbIi 6e1ok; HK — Hu3Kas KoHUeHTpaums; CK — CTaHAapTHas KOHLEHTDALMS; * — PA3IINYNS CTATUCTUYECKN SHAYUMBI 110 KDUTEPMIO 1.

Table 7. Outcomes of nursing of preterm infants with respiratory distress syndrome.

Ta6bnuua 7. Vicxoabl y 06Cej0BaHHbIX HEJOHOLLIEHHbIX [eTeli C PecnupaTopHbIM AUCTPECC-CUHAPOMOM.

L

et ok | i | he
e i se 569
P s wesn | wea | ow
g]:;i\;emﬁgﬁ;ﬁgqh&?gg&gggogl;sglj;:ll-:;Ag I(IT/OC)TeneHM, n (%) 18(16.2) 21(13.7) 0.601
Pramstions; 1 04 109 5169
Egggsgﬁ;ﬁﬁ: sz,?or:thlLJJreimbs;g,r?(ES{/S?M%%C%;/OC)TMMﬂ, n (%) 11099 8(52) 01387
MopnaeHTN A NemOMATALS, 1 (%) 5 (45 13 (88) 0.206
ooty St s S 1) iy | sy | s
pumoray temortaie ) o | mmn | oo
Mot WA, 1 %) 664 1402 0347

Note: LC — low concentration; SC — standard concentration; * — significant differences according to 7 criterion.
Mpumeyanne: HK — Huskas KoHueHTpauns,; CK — CTaH#apTHas KOHUEHTPALMS; * — PA3INYNS CTATUCTUYECKU 3HAYUMBI 110 KDUTEDUIO 1.

In the two subgroups with surfactant treatment without
mechanical lung ventilation there were revealed signifi-
cant differences in outcomes depending on PA concen-
tration. In patients with PA concentration of 40 mg/mL,
the total duration of respiratory support was significantly
shorter, while the incidence of BPD was significantly lo-
wer, which probably influenced overall duration of hos-
pitalization both in the NICU and in the hospital, because
it was significantly shorter in the LC subgroup. No dif-
ference in the bradycardia incidence and drop-in blood
oxygen saturation in response to surfactant were found

between the groups, i. e., an increase in PA volume did
not lead to a reduced tolerance.

Discussion / O0cy:KaeHue

We studied the effects on respiratory support, (se
rious) adverse events and short-term outcomes in two
groups of preterm infants after receiving similar total
surfactant dose but split into varying concentrations and
thus different volumes. Surfactant volume was doubled
while lowering the concentration by 50 %. We did not
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Table 8. Subgroup clinical characteristics of preterm infants with spontaneous breathing.

Tabnuua 8. KnuHu4eckas xapakTepucTiKa HeflOHOLIEHHbIX HOBOPOXKAEHHbIX B MOAFPYNNaX CO CIOHTAHHbLIM [bIXaHUEM.

Subgroup LC Subgroup SC
"Parameter Moarpynna HK Moarpynna CK DI
oKasarenb n=27 n=34 3Ha4enue p

Gestational age, weeks, Me [Q;; Qs] ) .
lecTaunoHHbI Bo3pacT, Hegens, Me [Qy; Q;) 30.0[29.0:31.0] 29.5(27.0; 30.0] 0.063
Birth weight, g, Me [Q;; Qs] 1300.0 1245.0 0.198
Macca tena npu poxgexuu, r, Me [Q; Q4] [1040.0; 1517.5] [983.75; 1452.5] ’
Apgar score at minute 1, Me [Qy; Q] ) .
OueHka no wkane Anrap Ha 1-in munyte, Me [Q;; Q] 6.016.0,6.0] 6.015.0,6.0] 0.058
Apgar score at minute 5, Me [Qy; Q] . .
OueHka no wkane Anrap Ha 5-it munyTe, Me [Qy; Q;] 7017.0,7.0] 7017.0,7.0] 0133
Male, n (%)
MyCKoit o, n (%) 14 (52.0) 22 (65.0) 0.311
Full steroid course, n (%)
MonHbIN Kypc cTeponsos, n (%) 19(70.0) 23(68.0) 0.074
Cesarean section, n (%)
KecapeBo ceyeHue, n (%) 21(78.0) 19(56.0) 0407

Note: LC — low concentration,; SC — standard concentration.
Tpumeyanne: HK — Hu3kas KoHueHTpauns, CK — cTaHgapTHas KOHUEeHTpaums.

Table 9. Response to surfactant administration and main outcomes in preterm infants with minimally invasive surfactant administration at

varying drug concentrations.

Ta6nuua 9. 0TBET Ha BB/EHE CypthaKTaHTa N OCHOBHbIE UCXO/bl Y HE[IOHOLLEHHbIX €TE/ NpY MUHUMANbHO UHBA3UBHOM BBEJEHIN

cyphakTaHTa B PasnnyHbIX KOHLIEHTpALNSIX.

parameter Subgroup LC Subgroup SC value
Moarpynna HK Moarpynna CK P

Moka3atenb n=27 n=34 3Hayehnue p
Bradycardia incidence upon surfactant administration, n (%)
YacroTa BCTpe4aemocTn 6pagukapanmn Ha hoHe BBeLeHUS 4 (15.0) 6(18.0) 0.457
cypakrtanTa, n (%)
Declined blood oxygen saturation incidence upon surfactant
administration, n (%) 15 (56.0) 17 (50.0) 0.667
MageHue catypaumum KpoBI KUCIOPOLOM NP BBEAEHWUN CypdhakTaHTa, n (%)
Duration of total respiratory support, hours, Me [Q;; Q,] ) . .
MpoJomKUTENLHOCTL 06LLEN pecnupatopHom nogaepxku, 4, Me [Q;; Qs] 142.0[70.0, 219.0] | 250.5 [141.0; 690.0] 0.008
Bronchopulmonary dysplasia, n (%) N
Bponxoneroynas gucnnasus, n (%) 1(40) 10(29.0) 0.009
Pulmonary hemorrhage, n (%)
JlerouHoe KpoBoTeyeHue, n (%) 0(0.0) 1(3.0) 0.369
Lengths of stay in intensive care unit, days, Me [Q;; Q,]
OnuTenbHOCTL NpebbiBaHNs B OTAENIEHUN PeaHMALNI U NHTEHCUBHOIA 8.0 [7.5; 13.0] 14.0 [8.0; 33.75] 0.014*
Tepanuu, gHei, Me [Q;; Q)
Length of hospital stay, days, Me [Q;; Q5]
0611125 NPOAOMKMTENBHOCTL FOCNUTANU3ALNI B CTALMOHAPE, AHW, 38.0 [26.5; 48.5] 50.5 [36.25; 62.5] 0.014*
Me [Q;; Q]

Note: LC - low concentration; SC — standard concentration; * — significant differences according to x criterion.

lpumeyanmne: HK — H13Kas KOHUEHTpauns, CK - CTaH[AaPTHAas KOHUEHTPAUNS,; * — PA3INYNSA CTATUCTUYECKM SHAYUMBbI 110 KDUTEPUIO ;(2

encounter technical problems in administering the lar-
ger volume, even to spontaneously breathing babies. We
did not find a negative effect of diluted surfactant on out-
comes in preterm infants with GA under 32 weeks. More-
over, a significantly increased risk of developing pulmo-
nary hemorrhage was found in the case of surfactant used
at concentration of 80 mg/mL (SC group) vs. LG group.

Each drug treatment depends on the five essential
questions of what drug at which dose at which time to
which patient via which route. Surfactant replacement
therapy was the first therapy deliberately developed for
preterm babies. The introduction of the surfactant re-
placement therapy is an example of how dose and timing
were prospectively tested [1]. We were however unable
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to find publications comparing the effect of different sur-
factant concentrations within same total dose on infants’
outcomes. We now studied a reduced surfactant con-
centration. The decrease in concentration was achieved
by increasing the surfactant volume however maintai-
ning the dose. The results of our study demonstrated
that there was no increase in unfavorable outcome inci-
dence regarding the volume of surfactant administered
when it was doubled. To our knowledge, this is the first
study to prospectively compare the same surfactant dose
given with different concentrations in preterm babies.

We found a decline in pulmonary hemorrhages in me-
chanically ventilated babies treated with a lower concen-
tration. The increased risk of pulmonary hemorrhage
with patent HSPDA has been described in numerous stu-
dies [19-21]. We noted no HSPDA difference between the
groups. Pulmonary hemorrhages could have been trig-
gered by congenital infectious processes, however no
significant differences between such risk factors in the
groups were found. Moreover, the LC group tended to
have a higher incidence of CRP concentrations exceeding
6.0 mg/L, therefore we suspect more congenital infectious
processes, which could predispose, among other things
considered, to developing pulmonary hemorrhage. Thus,
we have no obvious explanation for the increased frequen-
cy of pulmonary hemorrhages in our study other than the
difference in effect of PA doses 80 mg/mL vs. 40 mg/mL.
We speculate that perhaps the more viscous surfactant,
being distributed less evenly in the lungs, contributed to
a more mosaic distribution in the lungs, their opening and
the involvement of the alveoli in the gas exchange process.
This perfusion-ventilation mismatch can lead to a higher
risk of lung tissue damage in the most extended and pos-
sibly even compensatory over-inflated areas.

In our study HSPDA incidence in preterm infants with
GA under 32 weeks did not exceed that in other studies.
Thus, S. Ngo et al. (2017) [22] showed that the 2014 in-
cidence of patent ductus arteriosus (PDA) in 134 hospi-
tals in California (USA) was 38.5 %, whereas only 15.7 %
cases required pharmacological treatment, which is
comparable with our data — 16.3-17.1 %, respectively. In
another observational study, J.I. Hagadorn et al. (2016)
showed that over a 10-year period there were recorded
42 % of patients weighing less than 1500 g with PDA, of
whom 74 % required pharmacological or surgical treat-
ment [23]. The same was found with the incidence of IVH
grade Il (ICD-10 — P52.2), which is comparable with the
data by P. Harkin et al. (2021) [25] for infants with GA
under 28 weeks and is 15.7 % (in our study 13.7-16.2%)
as well as in study by X. Kong et al. (2016) for patients
up to 31 full weeks — 15.4% [25]. BPD incidence when
defined as the need for oxygen and/or respiratory sup-
port by 36 weeks of post-conceptual age in our study is
virtually equal to BPD incidence presented in the review
by D. Hines et al. (2017), and ranges from 15 to 55 % (in
our study — 35.1-39.2 %) [26].

Another cause of pulmonary hemorrhage may be the
plug formation in the airways occurring when external-
ly instilled liquid obstruction form and are transported
through the flexible airway networks. Plug propagation
in airway branches, distribution in the lung, and resulting
wall stresses may affect therapeutic efficiency and even
cause additional lung injury [27]. It is thus of great impor-
tance to study the mechanisms of liquid plug propagation
in theory and practice. This will be a challenge because
a 2021 neonatologist’s survey in the Russian Federation
described that most of them were afraid to use «large»
surfactant volumes in ELBW patients [28].

The use of less invasive respiratory support methods
in our study reduced BPD risk by 50 %. However, it was a
surprise for us that this low PA concentration (40 mg/mL)
significantly reduced BPD incidence in preterm infants
with GA under 32 weeks in case PA was administered in
a minimally invasive manner. Perhaps, in our study, this
is due to a decrease in the duration of respiratory sup-
port allowing to reduce a risk of lung damage during re-
spiratory therapy. As a result, such an improvement led
to a faster discharge from hospital. Unfortunately, it is
not possible to compare these findings with other similar
clinical studies.

Considering the positive effect of a diluted surfactant,
we can highlight several directions for studying this phe-
nomenon. First, a change in surfactant physical proper-
ties (viscosity, fluidity) can contribute to a more even
drug distribution in large-caliber bronchi, as well as in
small bronchioles (Marangoni effect) due to a less pro-
minent properties of a non-Newtonian fluid under gra-
vity conditions. Secondly, the reduced surfactant con-
centration may promote better spreading, which leads to
a more even distribution. The low viscosity in the diluted
surfactant contributed to a greater drug penetration into
the small airways and better filling of the bronchioles.
The increased aliquot volume also helps to ensure good
surfactant distribution.

Third, D. Luca et al. (2014) recommended adding 10—
15 % to the required surfactant dose due to the inevitable
reflux-related surfactant loss during minimally invasive ad-
ministration [29]. In our study, we did not change the dose
and kept it at 200 mg/kg. If there was a recommendation
or need to increase a dose due to preparation losses, then
dilution would allow to moderately compensate for it.

Summarizing, low PA concentration at 40 mg/mL in
a total dose of 200 mg/kg did not negatively affect the out-
come results in preterm infants with GA under 32 weeks.
A twofold increase in administered PA volume did not af-
fect PA tolerance, did not increase a risk of developing
hypoxemia and bradycardia and relevant severity imme-
diately upon drug administration, and did not aggravate
respiratory and neurological outcomes. Moreover, mini-
mally invasive administration of a surfactant with a PA
concentration of 40 mg/mL reduced the risk of BPD
probably also lowering a need for respiratory therapy.

N
(=]
N
(O})
°
5
=
—
~
°

poxdoy pue A301000uAin) ‘so1ma1sqO EE

uonon

979




05

Effect of same dose varying concentration poractant alfa on outcomes in preterm infants under 32 weeks of age

Poractant alfa at a concentration of 80 mg/mL may pre-
dispose to an increased risk of pulmonary hemorrhage
during mechanical lung ventilation.

Conclusion / 3ak1oueHne

PA use at a concentration of 40 mg/mL without
changing the recommended dose did not aggravate

nursing preterm infants with GA under 32 weeks. With
minimally invasive PA administration at concentration
of 40 mg/mL, risk of bronchopulmonary dysplasia de-
creased, and when used in infants on mechanical lung
ventilation, it lowered a risk of pulmonary hemorrhage.
Hence, the findings discussed require to further conduct
large prospective, multicenter, randomized studies en-
rolling large patient cohorts.
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CsefieHus 06 aBTopax:

MocToBoit Anekceit Banepbesny — K.M.H., Bpai aHeCTE310N0r-peaHnMaTonor, Bpay-HeoHaTonor, PyKOBOAUTENb CYXXObl PeaHUMaLnin U NHTEHCUBHOI Tepanuu
IBY3 «[opofckas KnuHuyeckas 6onbHuLa Ne 67 umenn J1.A. Bopoxo6osa [lenaptameHTa 3apaBooxpaHenus roposa Mocksbl», Mocksa, Poccust; [OLEHT Kadeapsl
HeoHaTonorum umeHn npodpeccopa B.B. lasptowosa ®Ir60Y A0 «Poccuiickas MeaMUMHCKasa akagemMust HenpepbiBHOrO NPodecCnoHanbHOr0 06pa3oBaHmMs»
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