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Abstract

Introduction. Approximately 10 % of patients with preterm labor exhibits signs of intra-amniotic inflammation, which often
occurs subclinically and results in increased risk of premature rupture of membranes (PROM).

Aim: to identify predictors of unfavorable perinatal outcomes associated with PROM.

Materials and Methods. The single-center retrospective cohort study was conducted from January 1 to November 1, 2023
by enrolling patients between 28 0/7 and 36 6/7 weeks of gestation with PROM. A total of 176 maternal and neonatal medical
records were analyzed. Two groups of neonates were identified: Group 1 — neonates with favorable outcomes at the time of
hospital discharge; Group 2 — fetuses or neonates with unfavorable outcomes at discharge (including antenatal fetal death,
neonatal death, grade 3 intraventricular hemorrhage, periventricular leukomalacia, severe bronchopulmonary dysplasia, or
surgical-stage necrotizing enterocolitis). There were analyzed maternal medical histories, pregnancy and delivery data,
amniotic fluid index (AFI), maximum vertical pocket of amniotic fluid, severity of respiratory failure and central hemodynamic
disturbances in premature neonates, as well as incidence rates for those born to mothers with PROM. Multivariate analysis
was conducted to identify factors associated with neonatal outcomes.

Results. Antenatal fetal death was recorded in 7 of 176 cases (3.9 %), and neonatal mortality among live-born infants
comprised 7 of 169 (4.1 %). Median gestational age at delivery in Group 2 was 193.0 days [IQR: 180.0-198.0], significantly
lower thanin Group 1 (238.0 days [IQR: 223.5-247.0]; p < 0.001). Chorioamnionitis (p < 0.001) and anhydramnion (p = 0.003)
were significantly more frequent in Group 2. Neonates in Group 2 required tracheal intubation (p < 0.001), surfactant therapy
(p < 0.001), mechanical lung ventilation (p = 0.029), and high frequency oscillatory ventilation (p < 0.001) more often within
the first 72 hours of life. NEOMOD (Neonatal Multiple Organ Dysfunction) scores were significantly higher in this group
(p<0.001). In Group 2, Ureaplasma parvum in nasopharyngeal swabs was more frequently found by using polymerase chain
reaction (p = 0.015).

Conclusion. Predictors of adverse outcomes in fetuses and preterm neonates with PROM consisted of anhydramnios,
chorioamnionitis, lower gestational age and birth weight, cesarean delivery, elevated maternal C-reactive protein (CRP) and
white blood cell count prior to delivery, an AFI < 32.0 mm, higher NEOMOD scores, presence of diffuse ecchymosis at birth,

detection of neonatal Ureaplasma parvum, lower hemoglobin levels, as well as increased procalcitonin and CRP levels within
the first 72 hours of life.
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Pe3stome

Beepenune. Y ofHon n3 10 nauneHToOK C NPeXAeBPEMEHHbIMU PO4AMU UMEKOT MECTO MPU3HAKN BHYTPUAMHUOTUYECKOTO
BOCMaNeHns, KOTOPOe HepenKo NPOoTeKaeT CYOKIMHNYECKM U NPUBOLUT K BbICOKOMY PUCKY PA3BUTUS NMPEXAEBPEMEHHOr0
pa3pbiBa nnogHbIx 06ono4ek (MPr10).

Llenb: BbISBUTL NPeANKTOPbLI HEONAroNpPUATHBLIX NepUHATaNIbHbIX UCXOA0B NPU NPEX4EeBPEeMEHHOM U3NUTUU OKOSOMOA-
HbIX BOA.

Matepuanb! U MeTOfbI. B 04HOLEHTPOBOE PETPOCMEKTBHOE KOrOPTHOE MCCNe0BaHNe 6bIny BKITHOYEeHbI nauueHTku ¢ NP0
B cpoke 0T 28 0/7 1o 36 6/7 HeLenb 6epemMeHHOCTU. Bcero udy4eHo 176 nCTopuii poLoB M CTALMOHAPHbIX UCTOPUIA 60NE3HU
HOBOPOX/EHHbIX. bbinn BblgeNeHbl 2 rpynnbl HOBOPOXAEHHbIX: rpynna 1 — AeTn, uMeslwne 6naronpusATHbIA UCXOA Ha
MOMEHT BbIMUCKM U3 CTauuoHapa, U rpynna 2 — naofbl Uin LeTi ¢ HebNaronpusTHbIM UCXOAOM K MOMEHTY BbIMUCKMA U3
cTaunoHapa (aHTeHatanbHas rubens njoga, CMepTb pe6eHKa B HeOHaTalbHOM NMepuoje, BHYTPUXKENYL04KOBOE KPOBOU3NN-
fIHNE 3-11 CTeneHun, NepUBEHTPUKYNAPHASA NIeMKOManauma, TsHxenas opma 6pOHX0NEro4yHON Aucnnasun, XMpypruyeckas
CTaans HEKPOTU3MPYIOLLEro dHTepoKonuTa). NMpoBOANAN M3y4eHNe aHaMHe3a MaTepu, Te4eHUs 6epeMeHHOCTM 1 PoJoB,
onpefeneHne WHAEKCA aMHUOTUYECKON >KMAKOCTW, BENWNYMHbI MAKCUMaNbHOTO BEepPTUKANbHOrO pa3mepa CBOGOAHOM0
KapMaHa 0KONOMJI0AHbIX BOJ, ONpeaeneHne THKECTU AblXaTeIbHON HeA0CTaTO4MHOCTY U HAPYLLEHWIA LLeHTPaNIbHO reMoju-
HaMUKK Y HeJOHOLLIEHHbIX [1eTeN, aHann3 3a60oneBaeMocTi AeTeld, poausLunxcs ot matepeii ¢ MPMO 3a nepuop uccnenoBa-
HUS. [1n5 BbISBIIEHUS (0aKTOPOB, BAUAIOLLMX HA BbDKBAEMOCTb HOBOPOXKAEHHbIX, OblS1 NPOBEAEH MHOTO(AKTOPHbIA aHaNN3.

PesynbTatbl. AHTeHaTanbHas rmbenb nioaa Obina 3apeructpuposaHa B 7 U3 176 (3,9 %) cnyyaes, netanbHblii UCXOL U3
LeTell, POXAEHHbIX X1BbIMK, cocTasun 7 3 169 (4,1 %). lectaumoHHbIn Bo3pacT (I'B) npu poxaeHwu B rpynne 2 coCTaBu
193,0 [180,0; 198,0] nHen npotus rpynnbl 1 ¢ 6naronpusatHeiM ncxogom 238,0 [223,5; 247,0] aHen (p < 0,001). B rpynne 2
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X0pnoamHUOHUT (p < 0,001) n aHrugpamHuon (p = 0,003) perucTpupoBannch Halle; TaKxe y AeTeil rpynnbl 2 B NepBbie
72 4aca XXu3HM Yaule Tpebosanuch UHTy6aums Tpaxeun (p < 0,001), BeeaeHune cypdpakraHta (p < 0,001), uckyccreeHHas
seHTunaums nerkux (MBJ) (p = 0,029) n Bbicoko4acToTHaa ocuunnaTopHas VIBJT (p < 0,001); ouenka no mognuumpoBsaH-
HOW LWKane HeoHatanbHoW nonuopraHHon HegocraroqHocth NEOMOD (aurn. Neonatal Multiple Organ Dysfunction score)
Obia Bbiwwe (p < 0,001). YV getent rpynnbl 2 4alle B HOCOMNIOTKE METOAOM MOSIMMEPa3HOM LIeMHON peakunu BbISBNIANach
Ureaplasma parvum (p = 0,015).

3akntouenue. Mpeankropamu He6IAronpUATHOrO NCX0a Y NNOAOB U HEAOHOLLIEHHbIX HOBOPOXAEHHbIX fAeTeii npu MPMO
SBNANNUCH aHTUPAMHIOH, XOPUOAMHNOHUT, 6onee HU3KKMe B 1 macca Tena pebeHka npu poXXAeHUU, KeCapeBo CeYeHue,
BbICOKME 3Ha4yeHus G-peakTusHoro 6enka (CPB) B KpoBW 1 KONMYeCcTBa NENKOLMUTOB y BepeMeHHbIX nepes poaamu, UHAEKC
AMHUOTNYECKON XUAKOCTN nepef popamin < 32,0 MM, a Takxe 60ree Bbicokas oLeHka no Lkane NEOMOD, akxumo3bl no
BCEMY Tefly y pebeHKka C poXxAeHus, BbisiBNeHne y pebeHka Ureaplasma parvum, 60nee HU3KUA YPOBEHb remMoriobuHa
11 60Mnee BbICOKWE YPOBHU NpoKanbLuUTOHUHA U CPB B nepBble 72 Yaca XXWU3HW.

Knto4eBble cnoBa: HeJOHOLIEHHOCTb, XOPUOHAMHWUOHMT, UHAEKC aMHNOTUYecKOM Xuakoctu, wkana NEOMOD, cypdakTaHT,
NCKYCCTBEHHAA BeHTUNALMA nerkux, Ureaplasma parvum

Ina uutuposanms: Kapnosa A.J1., Moctoson A.B., Monumanckas M.A., Jln O.H., [ecathuk K.A., MaptupocsH C.B.,
Kagbii C.H., Kapnos H.10., LUnyaHnHa A.A., KysHeuosa A.C. TMpefukTopbl HE6MAronpuaTHbIX NepuHaTanbHbIX UCXOA0B
Nnpu NpeXxxaeBpeMeHHOM paspbie NIOAHbIX 060504eK. Akywepctso, [mHekonorna u Penpogykuymnsa. 2025;19(4):488-505.
https://doi.org/10.17749/2313-7347/0b.gyn.rep.2025.622.

What is already known about this subject?

» Premature rupture of membranes (PROM) accounts for
approximately 30 % of all preterm births. The use of antibio-
tics and corticosteroids can prolong the latency period and
improve perinatal outcomes.

» PROM is often combined with the development of manifest
chorioamnionitis and systemic inflammatory reaction
syndrome in the fetus by worsening neonatal outcomes.

» PROM poses a significant challenge in obstetrics, especially
at early gestational ages. Early detection, close monitoring, and
timely intervention can improve outcomes for both the mother
and the neonate.

What are the new findings?

» Unfavorable perinatal outcomes were statistically significantly
more often combined with higher blood C-reactive protein
(CRP) level and leukocyte count in pregnant women with
PROM before childbirth, as well as the amniotic fluid index
(AFI) before delivery < 32.0 mm.

» The presence of widespread ecchymosis in premature infants
at birth can be considered as a negative prognosis predictor.

» Ureaplasma parvum was detected significantly more often in
newborns with poor outcomes.

How might it impact on clinical practice in the foreseeable

future?

» The prenatal AFl < 32.0 mm can be used in routine practice as
one of the most objective risk factors for unfavorable perinatal
outcomes.

» Our study confirmed the presence of chorioamnionitis without
maternal fever, suggesting that greater attention should be
paid to subclinical forms of intra-amniotic infection.

» Active prevention of Ureaplasma parvum will improve
outcomes in premature infants.

OCHOBHbIE MOMEHTbI

Yo yxe u3BecTHo 06 3Toil TEME?

» [pexneBpeMeHHblil pa3pbiB NA0AHbIX 060n04ek (MPMO)
cocTasnsger 0kono 30 % BCex NpexxAeBpeMeHHbIX POAO0B.
MpumMeHeHNE aHTUOUOTNKOB U KOPTUKOCTEPOUAO0B MOXET
MPOANUTL NATEHTHbIA NEPUOA W YAYYLINTD UCXOAbI.

» [P0 HepeaKo CO4YeTAeTCs C Pa3BUTMEM MAHWECTHOrO
XOPMOAMHUOHNTA U CUHAPOMA CUCTEMHOI BOCMANNTENbHOIA
peakuuu y nnoaa, yxyalwas HeoHatanbHble NCX04bl.

» [P0 npeacTasnseT co60i cepbeaHyto Npo6emy B aKyLLepCTBe,
0CO6EHHO NP pPaHHEM recTaLOHHOM BO3pacTe. PaHHee BbisiB-
NeHue, TLaTenbHOe HabntoaeHNe 1 CBOEBPEMEHHOE BMeLLaTeSlb-
CTBO MOTYT YNy4LUUTb UCXOAbI AN MaTepy n pebeHka.

Y70 HOBOrO f1a€T cTaTheA?

» HebnaronpuatHble NepuHaTanbHble UCX0Abl CTaTUCTUHECKN
3HAYNMO Yalle co4eTanuch ¢ 60Jsiee BbICOKUM COLEpPXKaHNeM
C-peakTnBHOro 6enka (CPB) B KpoBu 11 66/bLIXM KOSTMHECTBOM
NeNKoLMTOB nepen podamm y 6epemeHHbx ¢ MNP0, a Takxe
VHAEKCOM aMHMOTUYecKOoM xuakoctn (MAX) nepen pogamu
< 32,0 Mm.

» Hanuume pacnpocTpaHeHHbIX 3KXUMO30B Y HeLOHOLIEHHbIX
JeTeil Npu POXAEHUA MOXET PaCLeHNBATLCA Kak npeaukTop
HeraTBHOrO NPOrHo3a.

» Y HOBOPOXAEHHbIX [JETE ¢ HEe6NaronpuATHLIMK UCXOAaMU
CTATMCTUYECKM 3HAYMMO Yalue Bbisenanack Ureaplasma parvum.

Kak aTo MOXEeT NoBiUATb Ha KNMHUYECKYHO NPAKTHKY

B 0603pumom Gyaywem?

» IAX nepea pogamu < 32,0 MM MOXET ObiTb NPUMEHEH
B PYTUHHOI NPaKTUKe Kak OAMH U3 Haubonee 06bEKTUBHbIX
(hakTOPOB prCKa He6NAroNPUATHLIX NepUHaTanbHbIX UCXOAOB.

» Halue nccnegoBaHue nogTeepanno akT HaMn4Yms XopuoamHi-
OHWTa 663 NNXOpagKK, a 3HAYUT, BO3MOXHO YCUIIEHNE BHUMA-
HWA K CyOKNMHNYECKUM (hOpMamM TEYEeHUs BHYTPUAMHNOTHYE-
CKO MHDEKLMY.

» AKTUBHas npocpunaktuka Ureaplasma parvum no3BOANT ynyuy-
LWIUTb UCX0[bl Y HEAOHOLLIEHHbIX HOBOPOXKAEHHbIX AETEN.

- https://www.gynecology.su
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Introduction / BBegenue

Preterm labor (PL) worldwide is one of the major risk
factors for fetal and neonatal adverse outcomes resulting
in neonatal death in 70 % of cases, infant mortality — in
36 % of cases, and late pediatric neurological sequelae in
25-50 % of cases [1, 2]. In 2020, PL rate in the Russian
Federation was 59.9 thousand (total number of births
was 1,220.8 thousand) [3]. Currently, a close relationship
between PL and lower genital tract infection has been
unambiguously established [4]. Upon this, one in 10
PL patients shows signs of intra-amniotic inflammation,
subclinical in most cases that leads to a high risk of
developing premature rupture of membranes (PROM) [5-7].

The leading role in PROM pathogenesis is played by
extracellular matrix degradation along with amniotic
membrane remodeling due to the infectious and
inflammatory process [8]. Long-term persistent infection
leads to emerging overt chorioamnionitis and fetal
systemic inflammatory response syndrome [9]. Therefore,
antibacterial therapy is indicated for PROM, because
systemic antibiotics use is associated with markedly
lowered incidence of chorioamnionitis, neonatal infection
and perinatal mortality [10].

In 2017, W.H. Sim et al. emphasized dominance of
neonatal sepsis as well as intraventricular hemorrhage
(IVH), in PROM-related neonatal morbidity and mortality
pattern at gestational age of < 24 weeks. Particularly, W.H.
Sim et al. found that mean time interval between PROM
onset and delivery ranged from 20 to 43 days. In case
PROM occurred before 24 weeks of gestation, live birth
rate comprised 63.6 %, whereas discharge survival rate
was 44.9 %. Upon PROM, neonatal survival was better at
later stages of pregnancy in case of sufficient amniotic
fluid volume, and with maternal C-reactive protein
(CRP) levels < 10.0 mg/L during the first 24 hours after
hospitalization and PROM [9].

Prognostic role for residual amniotic fluid volume
in PROM - amniotic fluid index (AFl) and/or maximum
vertical pocket (MVP) magnitude have been currently of
special interest [11]. Ultrasound (U/S) is widely used to
assess amount of amniotic fluid and verify PROM (U/S)
[9, 11-17]. Globally, two approaches have been applied to
U/S assess volume of amniotic fluid: MVP measurement
[18, 19] and AFI [20, 21], both providing advantages
over subjectively assessed parameter including those
regarding predicting unfavorable perinatal outcomes [11].

A. Weissmann-Brenner et al. (2009) examined 102
singleton pregnancies with PROM and mean gestational
age at PROM comprising 29.0 + 5.3 weeks (range: 14.0-
36.6 weeks), who concluded that at AFI < 10 cm, PROM

was verified with sensitivity, specificity, positive and
negative predictive values reaching 89.2, 88.5, 72.2 and
96.0 %, respectively. Mean AFI magnitude in PROM group
and control group was 5.8 + 3.6 cm (0.0-18.5 cm) and
13.7 £3.2 cm (7.3-24.4 cm) (p < 0.001), respectively [12].

Currently, a search for relationships between maternal
and fetal outcomes in PROM-complicated pregnancies
and AFI and/or MVP magnitude has been continued [11].
For instance, in 2019 E. Weiner et al. suggested that at
admission to a third-level hospital PROM patients had
amount of amniotic fluid independently associated with
development of severe neonatal respiratory failure [14],
which agrees with the data reported by W.H. Sim et al.
(2017), where most common diseases in neonates born
to mothers with PROM before 24 weeks of gestation were
respiratory distress syndrome and bronchopulmonary
dysplasia (BPD), whereas pulmonary hypoplasia was one
of the most common causes of neonatal death [9].

S. Storness-Bliss et al. (2012) sought out for a
relationship between maternal and fetal outcomes in
PROM-complicated pregnancies at gestational age of < 24
weeks by dividing patients into 2 groups: group A — AFI >
1 ¢cm and group B — AFl <1 cm (severe oligohydramnios).
It was concluded that a larger volume of amniotic fluid
after PROM was related to a better prognosis for the fetus,
whereas time interval from PROM to delivery extended
without increasing maternal complications rate [15]. S.T.
Vermillion et al. (2000) suggest that increased risk of
developing perinatal infection and shortening of time
interval from PROM to delivery at gestational age of
24-32 weeks may occur more frequently if the AFI level
after PROM was < 5 cm [16]. M. Bhagat and I. Chawla
(2014) conducted the study aimed at assessing a relation
between perinatal outcomes and AFl by focusing primarily
at its level of <5 cm and > 5 cm [17].

Taking into account the lack of consensus regarding the
most prognostically relevant AFl and/or MVP level in PL with
PROM, we attempted to conduct current study to identify
objective predictors of adverse fetal and neonatal outcome.

Aim: to identify predictors of unfavorable perinatal
outcomes associated with PROM.

Materials and Methods / Marepuanbl
H METOJIBI

Study design / [lu3aitH nccnenosaxus

A single-center retrospective cohort study enrolling
women with PROM at 28 0/7 to 36 6/7 weeks of gestation
was conducted at the Perinatal Center (PC), Vorokhobov
City Clinical Hospital Ne 67, Moscow Healthcare
Department. For this, pregnant women were hospitalized
in the PC from 01.01.2023 to 01.11.2023 covering entire
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anhydrous interval from PROM onset. Paired children
were treated in the PC from birth until discharge.

Inclusion and exclusion criteria / Kputepuu BknroyeHus
U UCKNHOYEHUS

Inclusion criteria: gestational age > 28 0/7 to <3 7
0/7 weeks; required neonatal intensive care unit (NICU)
transfer immediately after birth; history of long-term
premature rupture of membranes (PROM) > 18 hours.

Exclusion criteria: congenital malformations that affect
the outcome; chromosomal and/or genetic syndromes;
transfer of a neonate to another clinic.

Study methods / MeTtoab! uccnegoBaHus

Obstetric history / AKyLLepcknii aHamHe3

Patient obstetric history was assessed for the following
clinical and laboratory parameters: maternal age; number
of pregnancies and births; gestational age at delivery (in
days); anhydrous period duration (in hours); hyperthermia
(> 37.5 °C) and tachycardia (more than 100 beats/min)
in pregnant women before delivery; anhydramnios,
chorioamnionitis (assessed by clinical criteria); cesarean
section (CS); AFI at PC admission and before delivery;
MVP before delivery (by U/S, mm; blood CRP level before
and after delivery; cervical bacterial growth before delivery.

Amniotic fluid index measurement / Onpegenexue
MHAEKCA aMHNOTUYECKOU XUAKOCTH

AFlI measurement was conducted by conditionally
dividing pregnant woman's abdomen area into four
quadrants: pigmentation along the abdomen white line or
linea nigra guide for conditionally dividing the abdomen
into right and left halves; the navel and a horizontal
line conditionally drawn through it serve as a guide for
conditionally dividing the abdomen into lower and upper
halves. Ultrasound device sensor was positioned strictly
perpendicular to the surface of bed on which patient was
located during examination. In each quadrant, MVP was
measured. Depth of the maximum free pocket depth of
amniotic fluid in each quadrant was assessed. Amniotic
fluid index was calculated as the sum of the vertical
lengths of MVP. Oligohydramnios was defined as AFI
magnitude < 5th percentile calculated for gestational age,
polyhydramnios — as an AFI magnitude > 95th percentile
for gestational age [22].

Maximum vertical length of free pocket of amniotic fluid /
Benn4nHa MakcumasibHoro BEpTUKA/IbHOIo pa3mepa
€B0OO/JHOr0 KapMaHa 0KOJ10MI0HbIX BOA

MVP per se was measured in the right corner of the
uterine contour, to be further divided into 3 categories:
(a) < 2 cm — oligohydramnios; (b) a pocket depth of 2 to

8 cm — normal amniotic fluid amount; (c) a pocket depth
of > 8 cm — polyhydramnios [18, 19].

Severity of respiratory failure and central hemodynamic
disorders / OnpeneneHne TXecTn AbiIXaTebHO
HeA0CTaTOYHOCTY U HAPYLLEHUI LUEHTPASIbHON
remonHamuKy

Respiratory failure (RF) severity in preterm neonates
was assessed to calculate surfactant (poractant alfa)
administration in delivery room at a standard dose of 200
mg/kg, repeated at a dose of 100 mg/kg; a need for invasive
mechanical ventilation (IMV) or transfer to high frequency
oscillatory ventilation (HFOV) in delivery room was taken
into account; neonates were also assessed within the
first 3 days of birth for maximum mean air way pressure
(MAP) and fraction of inspired oxygen (FiO,). Neonatal
hemodynamic impairment was assessed by using modified
inotropic index (MIl) [23]. Magnitude of neonatal multiple
organ dysfunction syndrome (MODS) within the first 72
hours after birth was analyzed by using modified Neonatal
Multiple Organ Dysfunction score (NEOMQOD) [23, 24].

Analysis of children morbidity / AHann3 3abonesaemoctn
Jeren

Neonatal morbidity was assessed by the following
nosology entities: early-onset neonatal sepsis [29],
congenital pneumonia, pulmonary hemorrhage,
pneumothorax, multiple skin ecchymoses and
hemorrhages, surgical-stage retinopathy of prematurity,
IVH grade 3, periventricular leukomalacia (PVL), severe
BPD, surgical-stage necrotizing enterocolitis (NEC). The
following neonatal laboratory parameters were selected
for analysis [26, 27]: blood leukocyte and normoblast
counts, hemoglobin level and neutrophil index (NI) within
the first 24 hours of life, procalcitonin (PCT) and CRP
level, bacterial growth from sterile (blood) and non-sterile
loci (nasopharynx and anus) within the first 3 days of life
by using polymerase chain reaction (PCR).

Study groups / I'pynnbl 06¢negoBaHHbIX

A total of 176 birth histories and 176 medical records
of preterm neonates were examined by dividing a cohort
of examined children into 2 groups based on neonatal
outcomes: group with favorable (Group 1) outcome
and adverse (Group 2) outcome. The following study
indicators were classified as adverse outcomes: antenatal
fetal death, neonatal death, IVH grade 3, PVL, severe BPD,
surgical-stage NEC (Fig. 1).

Statistical analysis / CtaTucTu4eckuin aHanu3

The perinatal center doctors collected the data on
study indicators and filled in the depersonalized database,

- hitps://www.gynecology.su



Karpova A.L., Mostovoi A.V., Ponimanskaya M.A., Lee 0.N., Desyatnik K.A., Martirosyan S.V.,

Kadyn S.N., Karpov N.Yu., Shichanina A.A., Kuznetsova A.S.

In total, premature infants were born, meeting the inclusion criteria
Bcero poamnoch HeOHOLIEHHbIX JeTel, UMEOLLUX KPUTEPUN BKIOYEHUS

\ 4

\/

Patients with "favorable outcome"
[TauneHTbl ¢ «651aronpusTHLIM UCXO040M>»
n=135

Patients with "unfavorable outcome"
MauneHTbl ¢ «<HeGNaronpUATHLIM UCX0A0M»
n=41

Figure 1. Flowchart of all premature patients born at the perinatal center from January 1, 2023 to November 1, 2023. Two final study groups
were formed: Group 1 "favorable outcome" (n = 135) and Group 2 "unfavorable outcome" (n = 41) in the neonatal period.

PucyHok 1. bnok-cxema y4eTa BCeX HeJJOHOLLIEHHbIX NaLEHTOB, POXKAEHHbIX B NepuHaTanbHoM LieHTpe 3a nepuog ¢ 01.01.2023 no 01.11.2023.
[1Be 3aK/I04MTENbHbIE FPYNMbl UCCNeA0BaHMA: rpynna 1 «6naronpuaTHbIR ncxog» (n = 135) 1 rpynna 2 «HebnaronpuaTHbIn ucxon» (n = 41)

B HeOHaTanbHOM nepunoae.

which in turn included 180 parameters visualized using
Microsoft Office Excel 2016 (Microsoft, USA). Data
statistical processing was carried out using Python v
3.11 (USA). Normal distribution for study indicators was
assessed using Shapiro-Wilk criterion. In case the data
showed no normal distribution, nonparametric methods
were used to obtain more accurate data. The following
statistical indicators were determined:

- medians (Me) — to determine the central tendency
for all observations accompanied with most common
values;

« quartile range [Q4; Q,] to determine magnitude of data
spread from the median;

« Mann-Whitney U-test for analyzing a group with
independent samples;

«Pearson y? criterion was used for assessing
categorical variables, where most significant inter-
group differences were of interest. In case number of
table values was less than 10, Fisher exact criterion
was used. Spearman rank correlation coefficient (Rs)
was used to test a relationship between quantitative
variables, indicating a correlation and strength
between them.

Relative indicators were as follows:

- 0dds ratio (OR) with 95 % confidence interval (Cl)
was used to estimate probability of any event in a
certain group compared to another;

- relative risk (RR) with 95 % Cl demonstrated higher or
lower risk of an event in a certain group compared to
the other. To determine how accurate (quantitatively)
the data were for prediction, ROC analysis was used
to assign a patient to a risk of an adverse outcome.

To assess diagnostic value of quantitative indicators in

predicting a certain outcome, including the probability of
outcome calculated by using a regression model, the ROC

curve analysis was used to determine optimal division of
quantitative indicator magnitude allowing for classifying
patients by degree of outcome risk, combining best
sensitivity and specificity. Quality of the predictive model
obtained by this method was assessed based on the area
under the ROC curve with standard error and 95 % Cl as
well as level of statistical significance. Differences were
considered statistically significant at p < 0.05, using a
two-sided p-level of significance.

Results / Pe3yasraThI

Major quantitative obstetrical clinical and laboratory
parameters assessed in pre- and postnatal period are
shown in Table 1.

Regarding age, parity, ordinal number of deliveries and
duration of the anhydrous interval pregnant women did
not significantly differ between study groups. However,
gestational age at the time of birth (days) in group with
unfavorable outcome (Group 2) was significantly lower
(p < 0.001) comprising 193.0 [180.0; 198.0] vs. 238.0
[223.5; 247.0] (Group 1) days, respectively. Blood CRP
level and leukocyte count before delivery in Group 2 was
significantly higher than in Group 1. AFl magnitude at
admission to PC and immediately before delivery as well
as MVP level before delivery were found to be significantly
lower in Group 2 compared with Group 1.

Nonparametric variables characterizing the course of
pregnancy and childbirth in the examined women are
presented in Table 2.

It turned out that surgical delivery via CS was required
significantly more often in group with unfavorable
neonatal outcome (Group 2). Antenatal fetal death was
recorded in 7 of 176 (4.0 %) cases (Group 2). Fever
(> 37.5 °C), tachycardia (> 100 beats/min), as well as
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bacterial growth from the cervical canal in pregnant
women before delivery were recorded in both groups
with near similar rate. However, it was noteworthy that
pregnant women in Group 2 were significantly more
often diagnosed with chorioamnionitis (p < 0.001) and

anhydramnios (p = 0.003).

Quantitative clinical characteristics of premature

neonates are presented in Table 3.

In Group 2 (unfavorable outcome), gestational age,
birth weight, and Apgar score were significantly lower
than in Group 1. No significant difference in sex bias
between the children in both groups was found: 78 out
of 135 (57.8 %) and 27 out of 41 (66.0 %) in Groups 1
and 2, respectively (OR = 1.41 [0.68; 2.93]; OR = 1.08
[0.92; 1.27]; p = 0.356). In total, 105 out of 176 (59.7 %)
boys and 71 out of 176 (40.3 %) girls were enrolled in

the study.

Table 1. Obstetric history (quantitative variables).

Tabnuua 1. AKyLLepCKNil aHaMHe3 (KOJTMYECTBEHHbIE NEPEMEHHbIE).

The major clinical characteristics describing respiratory
failure severity in the examined children from both groups
are presented in Table 4.

Children in Group 2 vs. Group 1 were characterized
by significantly more severe RF course while assessing
all clinical indicators related to RF severity: children
more often required tracheal intubation (p < 0.001) and
surfactant administration (p < 0.001) in delivery room;
demonstrated a more pronounced need for routine
mechanical lung ventilation through endotracheal tube
(p = 0.029) and for transfer to HFOV (p < 0.001) within
the first 72 hours of life. In delivery room, surfactant was
administered to children usually at the 10th minute after
birth (Table 5).

RF severity in premature neonates during early
neonatal period is characterized by the need for applying
additional oxygen during respiratory therapy, MAP level

. Group 1 Group 2
Variables
Total (favorable outcome) (unfavorable outcome)
lepemeHHbIE p
Bce Ipynna 1 Ipynna 2
Me [Q;; O;] ; ;
(6naronpusTHbIA Ucxod) | (He6naronpuATHDLIA UCXOA)
Maternal age, years 33.0[28.0; 37.0] 33.0[28.0; 37.0] 35.0[29.0; 38.0]
0.228
Bospact marepu, net n=176 n=135 n=41
The ordinal number of the pregnancy, n 2.0[1.0; 3.0] 2.0[1.0; 3.5] 2.0[1.0; 3.0]
; 0.471
[opsLKOBbLI HOMeP 6epeMEHHOCTY, N n=176 n=135 n=41
The ordinal number of the birth, n 2.0[1.0; 2.0] 2.0[1.0; 2.0] 1.0 [1.0; 2.0]
; 0.315
[TopsiaKOBbLIi HOMEP POAO0B, N n=176 n=135 n=41
Gestation age at delivery, days 229.5 [205.0; 245.0] 238.0 [223.5; 247.0] 193.0 [180.0; 198.0]
; <0.001
Cpok 6epeMEHHOCTN Ha MOMEHT POJ10B, AHEN n=176 n=135 n=41
Duration of membrane rupture, hours 81.0 [47.0; 169.0] 79.0 [43.5; 160.5] 107.0 [65.0; 252.0]
0.073
[nuTenbHOCTL 6€3BOAHOM0 MPOMEXYTKA, Yachbl n=176 n=135 n=41
Amniotic fluid index at admission to perinatal
center, mm 96.5 [60.0; 120.75] 100.0 [73.5; 125.5] 60.0 [31.5; 98.5]
; <0.001
/IHAEKC aMHNOTUYECKOM XXMAKOCTY NpK n=138 n=106 n=32
MOCTYNNEHU B NePUHATaNbHbINA LEEHTP, MM
i a pea n=79 n=62 n=17 <P
poaamu, MM
ettt septwcanons v ropon | 120T80410] | 300[180480) 1BOMB5 180 |y,
p p pea n =99 n=77 n=22 '
pofamu, Mm
Maternal blood C-reactive protein level before
delivery, mg/L 7.36 [3.52; 21.13] 6.14 [3.44;17.14] 14.63 [4.91; 45.77] 0.008
YpoBeHb G-peakTnBHOro 6enka B KpoBU n=163 n=123 n=40 '
6epemMeHHOI nepea poaamu, mr/n
Maternal blood leukocyte count before
delivery, x10%L 12.1[10.0; 15.15] 11.5[9.83; 14.4] 13.6 [11.4;16.4]
; 0.014
KonunyecTBo NeitkouuToB B KpOBU n=175 n=134 n=41
6epeMeHHol nepeg pogamu, x10%/n
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Table 2. Obstetric history (nonparametric variables). =
WY
Tabnuua 2. AKyLlepckuit aHamHe3 (HenapameTpUYecKine NepeMeHHbIe). (=)
Group 1 Group 2 é
(favorable (unfavorable 10
. OR RR
Variables Total outcome) outcome) ol oP i
MepemeHHble Bce Ipynna 1 I'pynna 2 p
- . Me [Q;; Q;] Me [Q;; Q;]
(6naronpuaTHbIA | (HeGnaronpuATHLIA O
uexon) ucxof) lon
. »
Route of delivery . 2.04 1.19 -
Bugi posos n=176 n=135 n=41 0046% | 1 01414 | [1.0:1.42] o
, S -
Natural delivery, n (%) 101 (57.4) 83 (61.5) 18 (44.0) a
Pogpl ectecTBeHHbIM nyTem, n (%) »
Delivery by cesarean section, n (%) e
Pogpl nyTem onepaumm Kecapesa 75 (42.6) 52 (38.5) 23 (56.0) Q
ceyerms, n (%) «
Maternal fever > 37.5 ° G before g
delivery _ ~ _ 5.25 1.94 (@)
Hann4me MXopajKy y Marepi n=176 n=135 n=4 0083 | 10853257 | [0.66:5.69] =3
nepes pogamu > 37,5 °C @)
No, n (%) / Het, n (%) 171 (97.2) 133 (98.5) 38 (93.0) 93
Yes, n (%) / EcTb, n (%) 5(2.8) 2 (1.5) 3(7.0) 0
Maternal tachycardia =)
> 100 beats/min before delivery 3.41 1.55 o
Hannuue Taxukapaum y matepiu n=176 n=13 n=41 0232 [0.47; 25.0] [0.58; 4.14] W
nepen pogamu > 100 ya/muH (o)
No, n (%) / Het, n (%) 172 (97.7) 133 (98.5) 39 (95.0) )'E
Yes, n (%) / EcTb, n (%) 4(2.3) 2 (1.5) 2 (5.0 8-
Anhydramnion . 32.52 7.83
Hannune aHruapoamHuoHa n=176 n=135 n=41 0.003 [1.71;617.67]* | [0.56; 108.72] g
No, n (%) / Het, n (%) 172 (97.7) 135 (100.0) 37 (90.0) 2.
Yes, n (%) / EcTb, n (%) 4(2.3) 0(0) 4(10.0) 8
Chorioamnionitis . 8.85 219
Hanudue XopHoamHimoHuTa n=176 n=13 n=41 <0001\ 1 77. 00777 | [1.4: 3.43)"
No, n (%) / Het, n (%) 145 (82.4) 123 (91.1) 22 (54.0)
Yes, n (%) / EcTb, n (%) 31 (17.6) 12 (8.9) 19 (46.0)
Positive cervical canal bacterial
culture before delivery 2.58 1.2
Hanu4ue pocta 6akTepuil 3 =146 n=109 n=37 0360 [0.56;11.93] | [0.97;1.48]
LIepBMKANbHOTO KaHana [0 pofioB
No, n (%) / Het, n (%) 16 (11.0) 14 (12.8) 2 (5.0
Yes, n (%) / EcTb, n (%) 130 (89.0) 95 (87.2) 35 (95.0)

Note: * - significant inter-group differences,; OR — odds ratio; RR — relative risk.
Tpumeyanne: * — pasnnyns Mexgy rpynnamu 1 u 2 ctatnctudecku 3Hadumsl; OLL — oTHoLweHne waHcoB; OP — OTHOCUTESTbHbIN PUCK.

as well as requiring repeated surfactant administration MODS severity in Group 2 (p < 0.001), which undoubtedly
within the first 72 hours of life. The latter was significantly affected neonatal morbidity (Table 6).

more often (p = 0.031) required in Group 2 (Table 4). Children in Group 2 were more likely to develop
Moreover, children in Group 2 required significantly higher multiple dermal ecchymoses and hemorrhages from
Fi0, (p < 0.001). A need for cardiotonic support assessed birth (p < 0.001), pulmonary hemorrhage (p = 0.008),
by comparing peak MII values within the first 72 hours pneumothorax (p = 0.040), and surgical-stage retinopathy
of life, did not differ significantly in both groups; related of prematurity (p = 0.001). Blood bacterial growth was
NEOMOD scale assessment revealed a more prominent reported only in 1 of 166 (0.6 %) children, from non-
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Table 3. Clinical characteristics of the examined neonates (quantitative data).

Tabnuua 3. KnuHuyeckne xapakTepucTuku 06¢nea0BaHHbIX HOBOPOXXAEHHbIX (KONMYECTBEHHbIE AaHHbIE).

Variables Group 1 Group 2
0 Total (favorable outcome) (unfavorable outcome)
epeMeHHbIe p
Me [Q.: Q.] Bce Ipynna 1 [pynna 2
Py (6naronpusATHbIA Ucxon) | (He6naronpuATHLIA UCXoA)
Weight 1980.0 2120.0 930.0
l\/Iacgca 'Tgna . [1335.0; 2362.5] [1820.0; 2530.0] [750.0; 1075.0] <0.001
’ n=176 n=135 n =41
Gestational age, weeks 33.0 [29.75; 35.0] 34.0 [32.0; 35.0] 28.0 [26.0; 28.0]
9 <0.001
lecTauOHHbIN BO3pAcT, Heaenb n=176 n=135 n=41
Apgar score at 1 minute, points 7.0[6.0;7.0] 7.0[7.0; 8.0] 5.0[1.0;6.0] <0.001
OueHka no Lwkane Anrap Ha 1-i1 MUHyTe, 6abl n=175 n=134 n=41 '
Apgar score at 5 minutes, points 8.0 [7.0; 8.0] 8.0 [7.0; 8.0] 6.0 [3.0; 7.0] <0.001
OueHKa no Lwkane Anrap Ha 5-i MUHyTe, 6anbl n=175 n=134 n=41 '

sterile foci (nasopharynx and anus) —in 61 of 168 (36.3 %)
neonates. No significant differences between Groups 1
and 2 in bacterial growth from non-sterile loci (p = 0.228)
were found. It is worth noting that in Group 2 vs. Group 1,
Ureaplasma parvum was significantly more often detected
in the nasopharyngeal samples by PCR (p = 0.015).

Lethal outcome in total patient cohort was recorded
in 7 of 169 (4.1 %) cases observed only in Group 2, with
fatality rate for 7 of 34 children born alive comprising
21.0 % (OR = 73.91 [4.1; 1332.5]; OR = 11.57 [0.8;
167.4]). All children, IVH grade 3 among was recorded
in 3.6 % (6 of 169 children) of cases, with that of found
in Group 2 in 18.0 % (6 of 34 children) (OR = 61.81
[3.38; 1128.65]; OR = 11.57 [0.8; 167.4]). Surgical-
stage NEC in total patient cohort during neonatal period
manifested in 1 of 169 (0.6 %) children and, accordingly,
in 1 of 34 (3.0 %) children in Group 2 (OR =12.13 [0.48;
304.48]; OR = 3.21 [0.29; 35.44]). BPD incidence (oxygen
requirement at 36 0/7 weeks of postconceptional age) was
7.1 % in total group (12 of 169 children) and 35.0 % —in
Group 2 (12 of 34 children) (OR = 150.56 [8.61; 2633.61];
OR =22.3 [1.47; 338.11]).

The indicators related to neonatal morbidity and
outcomes in both groups were combined with temporal
inflammation marker changes (Table 7).

Blood leukocyte count and NI during the first 24
hours of life in both groups were comparable whereas
hemoglobin level in Group 2 was significantly lower
(p < 0.001). Blood PCT and CRP level during the first
72 hours of life showed different patterns, however,
both inflammation markers in children of Group 2 were
significantly elevated. For instance, PCT magnitude during
the first day of life in Group 2 was significantly higher (p =
0.017), that later (at the age of 24 to 48 hours after birth)
became comparable with that of in Group 1, sustaining

significantly higher magnitude in Group 2 at the age of
72 hours (p = 0.007). Blood CRP levels mirroring higher
disease incidence in Group 2 were also significantly
elevated in neonates with unfavorable outcomes between
24 and 48 hours after birth (p = 0.015). However, it was
comparable in both groups during the first 24 hours and
48 to 72 hours of life.

To assess the impact of anhydrous interval duration on
neonatal outcomes, a Spearman correlation analysis was
performed (Table 8).

It was found out that anhydrous interval length impacts
on neonatal outcomes more prominently in total patient
cohort rather than specifically in each group. The longer
anhydrous interval, the more significantly more often
children subsequently required application of additional
oxygen supply, had a higher NEOMOD score during
the first three days of life, significantly lower blood
hemoglobin levels and higher PCT magnitude during the
first day of life.

Prenatal amniotic fluid index magnitude was found
to be most powerful predictor of unfavorable outcome.
This parameter determines unfavorable outcome with
ROC-AUC accuracy = 0.791 (Table 9, Fig. 2). The study
demonstrated that a cut-off level for unfavorable outcome
was equal to 32.0 mm, i.e., if prenatal AFl < 32.0 mm,
then the probability for unfavorable outcome was higher;
if prenatal AFl > 32.0 mm, then adverse outcome was
observed at lower rate. The groups with unfavorable and
favorable outcomes differed significantly in AFl levels
before delivery > 32.0 mm (p = 0.001): group with
unfavorable outcome: AFI before delivery < 32.0 mm -13
(76.47 %), AFI before delivery > 32.0 mm — 4 (23.53 %);
group with favorable outcome: AFI before delivery < 32.0
mm - 20 (32.26 %), AFI before delivery > 32.0 mm — 42
(67.74 %); OR = 6.82 [1.97; 23.58], p = 0.001.
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Table 4. Major clinical characteristics for respiratory failure severity in the examined neonates (nonparametric variables).

Ta6nuua 4. OCHOBHbIE KITMHUYECKIE XapaKTEPUCTNKIN TSHKECTI [bIXaTeNlbHOI HEA0CTATOYHOCTI Y 06CNeJ0BaHHbIX eTeli (HenapameTpuieckme
nepeMeHHble).

Group 1 Group 2
(favorable (unfavorable OR RR
Variables Total outcome) outcome) ol P
MepemeHHble Bce Ipynna 1 Ipynna 2 p Me Q.0 | Me[Q:Q.]
(6naronpuatHblii | (He6naronpuATHbIN P8 g
ucxopn) ucxop)
Tracheal intubation in delivery room B _ B .| 21.58 [8.05; | 2.06 [1.53;
NHTYGauus Tpaxen B pOAUILHOM 3arne =10 n=1 DS <] 57.84]* 2.771*
Without tracheal intubation in delivery
room, n (%) 117(69.2) | 111(82.2) 6 (18.0)

VIHTy6auun Tpaxen B poaunbHOM 3asie
He 6b1510, N (%)

Tracheal intubation in delivery room, n (%)
bbina nHTy6auns Tpaxen B poausibHOM 52 (30.8) 24 (17.8) 28 (82.0)
3ane, n (%)

Surfactant administration in delivery room
BeefeHue cypdaktaHTa B poguibHOM n=169 n=135 n=34 <0.001*
3ane

26.35[6.06; | 1.59 [1.34;
114.64]* 1.89]*

Without surfactant administration, n (%)

CypdhakTaHT He BBOAMUNCH, N (%) 86 (50.9) 84 (622) 2(60)

Surfactant administration, n (%)

CypdbakTaHT BBOZUNCA, 1 (%) 83 (49.1) 51 (37.8) 32 (94.0)

Repeated surfactant administration B _ i . | 5.87[1.25; 1.9
MoBTOPHOE BBEJEHNE CypthaKTaHTa e =1 DS DL 27.62]* [0.81; 4.48]

Without repeated surfactant
administration, n (%) 162 (95.9) 132 (97.8) 30 (88.0)
CypchakTaHT NOBTOPHO He BBOAMACA, N (%)

Repeated surfactant administration, n (%)

CypchakTaHT NOBTOPHO BBOAMACSA, N (%) 741 3(22) 4(12.0)

Required endotracheal MV within the first
72 hours of life _ _ B R 2.8 [1.21; 1.29

MoTpe6HoCTb B VIBJ1 4epe3 ATT B BO3pacTe S ISIED ss Uity 6.48]* [1.0; 1.67]
nepBbIX 72 4acos

Required endotracheal MV < 72 hours,
n (%)

MoTpe6HOCTb B IBJT MeHee 72 yacos,
n (%)

135(79.9) | 113 (83.7) 22 (65.0)

Required endotracheal
MV > 72 hours, n (%)
MoTpe6HoCTb B MBI
6onee 72 4acos, n (%)

34 (20.1) 22 (16.3) 12 (35.0)

HFOV onset at age of the first 72 hours
Crapt B4O VBJ1 B Bo3pacte n=169 n=135 n=34 <0.001*
nepBbIX 72 4acoB

21.5 [7.45; 3.39
62.01]* | [1.7;6.76]*

Without HFOV within > 72 hours, n (%)
be3 BHO BJ1 B Te4eHne nepsbIx 146 (86.4) 129 (95.6) 17 (50.0)
72 4acoB Xu3HU, n (%)

Required HFOV within the first
72 hours, n (%)

C BY0O VBJ1 B Te4eHMe nepBsbIx 23 (13.6) 6(44) 17.(50.0)

72 4acoB Xu3Hu, n (%)

Note: * - significant inter-group differences,; OR — odds ratio; RR — relative risk; MV — mechanical ventilation; ETT — endotracheal tube; HFOV — high frequency
oscillatory ventilation.

Tpumeyanne: * — pasnnynsg Mexgy rpynnamu 1 v 2 cTatnctndecku 3Hadumsl; OLL — otHoLweHne wwaHcoB, OP — 0THOCUTENbHBIN puck; VIBJT — nCKycCTBeHHas
BeHTUAAYNA nerkux; STT — aHgoTpaxeansHas Tpyoka, B40 VIBJT - BbicokoyacToTHas VIBJI.
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Table 5. Major indicators assessing severity of respiratory failure, multiple organ failure and approaches to surfactant therapy in premature

neonates (quantitative indicators).

Ta6nuua 5. OCHOBHbIE MOKA3ATENMN TKECTU AbIXaTeNIbHOI HEAOCTATOYHOCTHA, MONMOPraHHOI HEAOCTATOYHOCT 1 MOAXOLOB K CyphaKTaHTHOA

Tepanui y HOBOPOXKAEHHbIX MIafieHLeB (KONMYECTBEHHbIE MoKa3aTeni).

Group 1 Group 2
Variables (favorable (unfavorable
Total outcome) outcome)
lepemeHHbIe p
Me [Q.: 0.] Bee Ipynna 1 I'pynna 2
Py (6naronpusATHbIA | (He6naronpUATHbIA
ucxop) ucxopn)
Age at administration of first dose of surfactant, minutes 10.0[10.0; 15.0] | 10.0[10.0;15.0] | 10.0[10.0; 10.0] 0.093
Bosapact npw BBeeHUM NePBOIA A03bl CypddaKTaHTa, MUHYT n=_82 n=50 n=32 '
Maximum FiO, during first 72 hours of life 0.25[0.21;0.4] 0.21[0.21; 0.3] 0.410.35;1.0] <0.001
MakcumanbHbiin yposeHb FiO, B nepBble 72 4aca Xu3Hu n=169 n=135 n=234 '
Maximum MAP during first 72 hours of life, cm H,0 13.0[11.0; 15.0] | 12.0[10.75;14.25] | 13.0 [11.75; 15.0]
; 0.292
MakcumansHbliii ypoeHb MAP B nepBble 72 4aca XW3Hu, CM BOf. CT. n=28 n=8 n=20
NEOMOD score during first 72 hours of life, points 2.0[1.75;4.0] 2.0[1.0; 2.0] 5.0 [4.0;6.0] <0.001
OueHrka no wkane NEOMOD B nepsble 72 4aca )u3Hu, 6ansbl n=140 n=107 n=33 '
Maximum level ?f modified inotropic index during first 72 hours of life 1.0 [22.25: 66.75] | 30.0 [19.0: 41.0] | 50.0 [29.0: 80.0]
MakcumanbHblit ypoBeHb MOANDULIMPOBAHHOTO NHOTPOMHOIO =26 ne7 n=19 0.193
MH/EKCa B NepBble 72 Yaca XU3HU - - -

Note: FiO, — fraction of inspired oxygen; MAP — mean airway pressure.

lpumeyanne: Fi0, — ppakynsa nHranaynoHHoro kucnopoga; MAP — cpesHee fasneHne B JbIXaTesibHbIX MyTAX.

Discussion / O0cy:KaeHue

Here, we set out to seek for predictors of adverse
outcome in case of PROM development in PL. It allowed
to reveal several clinical and laboratory variables that
may be used in clinical practice as markers for fetal and
neonatal negative prognosis. Unfavorable outcome in
the fetus and premature neonate was significantly more
often combined with obstetric indicators such as low
gestational age and birth body weight, manifestations of
lacked amniotic fluid (anhydramnios) and inflammatory
process (chorioamnionitis), the need for delivery by CS,
high CRP magnitude, as well as leukocytosis in pregnant
women with PROM at the time of delivery, AFl before
delivery < 32.0 mm.

Low gestational age and lower birth weight objectively
lead to a worse prognosis in premature neonates, as
evidenced by numerous studies published in Russia
and globally [28, 29]. For instance, N. Younge et al.
(2017) showed that among neonates born at 220-
236 weeks of gestation, mortality within a few weeks
was 97-98 %, so that as few as 1.0 % survived without
neurodevelopmental disorders; among those born at
240-246 weeks of gestation, 55 % of neonates survive,
but only 32 % had no neurological deficits at the age of
18-22 months of life [30].

Chorioamnionitis [9] and oligo- and anhydramnios
are highlighted as most typical PROM-related maternal
medical issues, with the latter often being combined with

the need for CS delivery [17] that agrees with our data. It is
worth noting that chorioamnionitis was significantly more
common in children with unfavorable outcome that was
not observed for fever in pregnant women before delivery,
i.e. chorioamnionitis in some cases was diagnosed in
the absence of fever. This finding was reported earlier as
a subclinical chorioamnionitis accompanied by the lack
of typical clinical symptoms, including fever. In this case,
a subclinical infection may manifest, i.e., as a premature
prenatal rupture of the membranes [31, 32].

Elevated maternal CRP level before delivery we
found in group with unfavorable outcome that was
also paralleled with higher chorioamnionitis incidence
further corroborate the data demonstrating that CRP is
the most accurate marker of infectious and inflammatory
diseases (sensitivity is 68.7 %, specificity is 77.1 %) [33].
Of special importance is the data on prenatal amniotic
fluid index magnitude that turned out to be the strongest
predictor of unfavorable outcome, which probability
is higher if the prenatal AFl is < 32.0 mm (ROC-AUC =
0.791). The studies discuss various AFl levels ranging
from 1 to 10 cm used as prognostic criteria for maternal
and neonatal outcomes [9, 12, 15-17]; however, prenatal
AFl < 32.0 mm found by us was first determined as a
strong predictor for fetal and neonatal negative prognosis.
A retrospective study by E.J. Okonek et al., conducted in
the USA and published in April 2025, also parallels with
our data on respiratory outcomes, particularly highlighting
a need for frequent HFOV use, mechanical lung ventilation,

- hitps://www.gynecology.su



Karpova A.L., Mostovoi A.V., Ponimanskaya M.A., Lee 0.N., Desyatnik K.A., Martirosyan S.V.,
Kadyn S.N., Karpov N.Yu., Shichanina A.A., Kuznetsova A.S.

Table 6. Morbidity in examined children (nonparametric variables).

Ta6nuua 6. 3a60neBaeMOoCTb 06CNEA0BAHHbIX €Tl (HenapamMmeTpUiecKne NepeMeHHbIe).

Group 1 Group 2
(favorable (unfavorable OR RR
Variables Total outcome) outcome) ol P
MepemeHHble Bce Ipynna 1 Ipynna 2 p Me [0,: 0.] Me [Q.: Q.]
(6naronpuaTHbIA | (HE6GNaronpuUATHbIA P8 e
ucxopn) ucxop)
Congenital pneumonia B B _ 1.16 1.03
BpoxaeHHasi THEBMOHMS = 051 1= Dl [0.55; 2.46] [0.88;1.2]
No, n (%) / Het, n (%) 89 (53.0) 72 (53.7) 17 (50.0)
Yes, n (%) / EcTb, n (%) 79 (47.0) 62 (46.3) 17 (50.0)

Intravitreal ranibizumab administration
for prematurity retinopathy treatment
/IHTpoBUTpEabHOE BBEAEHME n=169 n=135 n=234 0.001*
paHnbudymaba ans neyveHns
PETUHOMATMM HEAOHOLIEHHbIX

39.98 8.16 [0.59;
[2.1; 762.39]* 113.28]

poxdoy pue A307000uUAx) ‘so111915q () EANE) M X 14it4

No, n (%) / Het, n (%) 165 (97.6) 135 (100.0) 30 (88.0)
Yes, n (%) / Ectb, n (%) 4(2.4) 0 (0) 4 (12.0)
D =160 | n-13 R e Rl
No, n (%) / Het, n (%) 167 (98.8) 135 (100.0) 32 (94.0)
Yes, n (%) / Ectb, n (%) 2(1.2) 0 (0) 2 (6.0)
et | oes | oewoow | BHRE ] e
No, n (%) / Het, n (%) 166 (98.2) 135 (100.0) 31(91.0)
Yes, n (%) / Ectb, n (%) 3(1.8) 0 (0) 3(9.0) c
Multiple ecchyr.noses.and cutaneous . . Q
N O S R P R 5
11 TEMOPPATNN HA KOXKE C POXLEHNS =)
No, n (%) / Het, n (%) 163 (96.4) 135 (100.0) 28 (82.0)
Yes, n (%) / Ectb, n (%) 6 (3.6) 0 (0) 6(18.0)
Positive blood culture 1..32 1.06 [0.47:
Hanuyue nosioXXmTenbHOro n=166 n=133 n=33 1.000 | [0.05; 33.14] 237]
6aKTepnanbHoOro BbICEBA U3 KPOBH
No, n (%) / Het, n (%) 165 (99.4) 132 (99.2) 33 (100.0)
Yes, n (%) / Ectb, n (%) 1(0.6) 1(0.8) 0(0)
Positive bacterial culture in non-sterile
E;:;T(%Ziizgiggxé:chueSp)MﬂbHblx NoKycax =168 =135 n=33 0228 [0.2([5);.?39] 0.911 (gg]79
(3eB, aHycC)
No, n (%) / Het, n (%) 107 (63.7) 83 (61.5) 24 (73.0)
Yes, n (%) / Ectb, n (%) 61 (36.3) 52 (38.5) 9(27.0)
e P N N P I T
No, n (%) / Het, n (%) 149 (88.7) 124 (91.9) 25 (76.0)
Yes, n (%) / Ectb, n (%) 19 (11.3) 11 (8.1) 8 (24.0)
Note: * - significant inter-group differences,; OR — odds ratio; RR - relative risk.
Tpnmeyanne: * — pasmnyns Mexgy rpynnamu 1 u 2 ctatnctuyecku 3Hadumsl; OLL — oTHoLeHne waHcoB; OP — 0OTHOCUTESTbHbIN PUCK.
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Table 7. Laboratory assay data in premature neonates (parametric data).

Tabnuua 7. Pe3ynbratbl N1a60paToOpHbIX METO0B UCCEA0BAHNS Y HEJOHOLIEHHbIX HOBOPOXXAEHHbIX Tl (MapaMeTpuyecKine AaHHbIE).

Group 1 Group 2
. (favorable (unfavorable
Variables
Total outcome) outcome)
[epemeHHble p
Bce Ipynna 1 Ipynna 2
Me [Q;; Q,] ; .
(6naronpuATHbIA | (He6naronpUATHbLIA
ucxon) ucxon)
ing fi i 9
Blood Ieukocyte‘count during first 24 hours of life, x10°/L 13.45 [105: 18.0]. | 13.2 (10.7: 17.3] 14495202
Konn4ecTBo NeMKOLMTOB B KPOBU B MEPBbIE 24 4aca XU3HH, 0.439
9 n=152 n=119 n=33
x10°/n
Neutrophil index during first 24 hours of life 0.08 [0.05; 0.15] | 0.07 [0.06; 0.14] 0.1[0.04;0.2] 0.370
HeATponnbHbIN UHAEKC B NepBble 24 4aca XU3HN n=148 n=115 n=233 '
. N . 170.5 178.0 [159.5; 157.0 [145.0;
T Sy | US7S im0 | st | el | <coon
p p p ’ n=152 n=119 n=33
Blood procalcitonin level at age < 24 hours of life, ng/mL 0.3 [0.19: 0.64] 0.26 [0.17: 0.62] 0.36 [0.3: 0.69]
YpoBeHb NPOKanbLUTOHNHA B KPOBM B BO3pacTe < 24 4acos 0.017
n=122 n=92 n=230
XKU3HW, HI/MA
Blood procalcitonin level at age of > 24 — < 48 hours of life, ng/mL 1055 [2.19; 21.59] 4.78 [2.10; 12.49 [10.0; 36.90]
YpoBeHb NpoKanbLUTOHWHA B KPOBW B BO3pacTe 18.00] 0.175
n=30 n=9
> 24 — < 48 4aCc0B XN3HW, HI/MN n=21
Blood procalcitonin level at age of 48 to 72 hours of life, ng/mL 157 [0.59: 5.3] 1221[043:312] | 3.81[1.75: 9.89]
YpoBeHb NPOKanbLWUTOHNHA B KPOBU B BO3pAcTe 0.007
n=71 n =52 n=19
0T 48 00 72 4acOB XXW3HU, HI/MN
Blood C-reactive protein level at age < 24 hours of life, mg/L 157[0.49:3.24] | 154 [0.54: 3.14] 181 [0.20; 3.25]
YpoBeHb C-peakTuBHOro 6ernka B KpOBI B BO3pacTe 0.794
n=141 n=109 n=232
< 24 4aCc0B XU3HW, MI/Nn
Blood C-reactive protein level at age of > 24 — < 48 hours of life,
mg/L 2.91[1.29;5.43] | 1.74[0.95;4.52] | 5.43[3.85;11.41] 0.015
YpoBeHb G-peakTnBHOr0 6enka B KpOBM B BO3pacTe > 24 — n=29 n=20 n=9 '
< 48 4acoB XN3HW, Mr/n
Blood C-reactive protein level at age of > 48 go — < 72 hours
of life, mg/L 2.56 [0.92; 4.48] 2.5[0.96; 3.97] 2.76 [0.84; 5.31]
0.893
YpoBeHb G-peakTuBHOro 6enka B KpoBY B BO3PacTe n=_87 n =66 n=21
> 48 — < 72 4aCc0OB XNU3HW, Mr/n

surfactant administration, and treatment of pulmonary
hypertension [34].

Thus, women with PROM are recommended to be
referred to hospitals able to provide high-technology
respiratory support to preterm neonates.

Not surprisingly, Group 2 neonates in our study were
significantly more likely to exhibit MODS (including
more severe RF) from birth, as evidenced by lower
Apgar scores at the end of the 15t and 5™ minutes of
life, a higher need for invasive respiratory support
starting in delivery room, for repeated surfactant
administration, supplemental oxygen, and higher MAP
scores at first 72 hours of life. We found that a more
frequent combination of widespread ecchymosis in
premature neonates at birth with adverse outcome
may be considered as a negative prognosis predictor.

Similar pattern we also observed for higher PCT and
CRP magnitude in children during the first 72 hours of
life as well as for lower hemoglobin level within the first
24 hours after birth and negative outcomes. A certain
discovery was also that Ureaplasma parvum was signifi-
cantly more often detected in the nasopharyngeal swabs
in children with negative prognosis.

Study limitations / OrpaHuyesus uccnegoBanus

The limitations of our work were presented by
retrospective study design which infer errors in data
collection as well as the lack of chorioamnionitis
histological verification. In terms of further prospective
studies to validate the identified predictors, especially in
multicenter cohorts, it is essential to take into account
verification of chorioamnionitis diagnosis not only clini-
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Table 8. Correlation analysis for quantitative data in study groups.

Ta6nuua 8. KoppensumoHHbI aHan3 KONNYeCTBEHHbIX JaHHbIX B 3aBUCUMOCTI OT rpynn UCCef0BaHus.

Group 1 Group 2
(favorable (unfavorable
. . Total outcome) outcome)
Variable 1 Variable 2 Bece Mpynna 1 Mpynna 2
Nepemennas 1 MNepementas 2 (6naronpuaTHbli | (HeGnaronpuATHbIN
ucxopn) ucxopn)
Rs p Rs p Rs p
. Maximum FiO, in first 72 hours
Duration of rupture .
of membranes, hours of life, cm H,0
’ MakcumanbHbiin yposeHsb Fi0, 0.230 0.003 0.168 0.052 0.168 0.343
[nutenbHoCcTb 6€3BOAHOIO
B MepPBble 72 4aca XN3Hu,
NPOMEXyTKa, Yachbl
CM BOJ,. CT.
Duration of rupture NEOMOQD score in first 72 hours
of membranes, hours of life, points
[OnutenbHoCTb 663BOAHOMO OueHka no wkane NEOMOD 0.243 0.004 0.170 0.073 0.248 0.165
MPOMEXYTKA, Yachl B NepBbIe 72 Yaca XN3HU, 6annbl
Duration of rupture Blood hemoglobin level in first
of membranes, hours 24 hours, g/L 0253 | 0002 | -0196 | 0033 | —0225 | 0209
[nutenbHocTb 6€3BOAHOIO YpoBeHb remMornobuHa Kposu
MPOMEXYTKA, Yachbl B nepsble 24 Yaca, r/n
Duration of runture Blood procalcitonin level in
of membranesp hours < 24 hours of life, ng/mL
’ YpoBEeHb NPOKaNbLUUTOHUHA KPOBU 0.262 0.004 0.317 0.002 -0.169 0.373
[nutenbHocTb 6€3BOAHOIO
B BO3pacTe [10 24 4aCOB XXMN3HU,
MPOMEXYTKA, Yachbl Hr/Mn

Note: FiO, - fraction of inspired oxygen; Rs — Spearman's rank correlation coefficient.

Tpumeyanme: Fi0, — hpakyms NHranaymoHHoro kucnopoga; Rs — koaghepmuymeHt paHroBoi koppensymm Crivpmena.

Table 9. Metrical parameters for evaluating quality of a predictor

variable.

Ta6nuua 9. MeTprkmn OLEHKN Ka4ecTBa NPeANKTOPHOIA

nepeMeHHOM.

Assessed by / Mepa oueHkn

Value / 3Hauenue
Me [Q;; Q5] %

ROC-AUC

79.1 [69.6; 87.7]

Accuracy / To4HOCTb

69.6 [60.8; 78.5]

Sensitivity (1) / HyscTutensHocTb (

1) | 67.7[57.8;77.9]

Specificity (0) / CneuynchuyrocTs (0)

76.5 [58.8; 93.3]

ROC + Se

79.1 £0.0019

Note: AUC - area under the curve; ROC — receiver operator characteristic;

Se — sensitivity.

Tpnmeyanne: AUC — nnowazb nog kpusovi; ROC — xapakTepuctnka
oneparopa npuemMHuKa, Se — 4yBCTBUTENIbHOCTb.

cally, but also to align with histological data, especially in
case of examining fever-free mothers.

Conclusion / 3axrrouenue

It may be concluded that lower gestational age and

birth weight, anhydramnios and chorioamnionitis, CS,
higher preterm CRP level and leukocyte count as well as
AFI before delivery < 32.0 mm are the major predictors
for unfavorable perinatal outcomes in premature rupture
of membranes. Severe hypoxia at birth and severity of

1.0t

0.8

0.6f

0.4r

0.2

” = AUC = 0,791

0.0f

Sensitivity (True Positive Rate) / YyBcTBUTENILHOCTD

0.2 0.4 0.6 0.8 1.0
Specificity (False Positive Rate) / CneunthuuHocTb

0.0

Figure 2. Prenatal amniotic fluid index < 32 mm as a predictor for
adverse outcome, ROC-AUC accuracy = 0.791.

PucyHoK 2. lHfeKC aMHIOTUYECKOI XNAKOCTY Nepes pogamu
< 32 MM MOXET CITYXXWUTb NPeSUKTOPOM He6NnaronpuaTHOro
ncxopa ¢ ToqHocTbio ROC-AUC = 0,791.

multiple organ dysfunction, severe RF and postnatal
multiple ecchymoses, neonatal Ureaplasma parvum,
lower hemoglobin levels, and higher PCT and CRP levels
during the first 72 hours of life are associated with
unfavorable outcomes.

poxdoy pue A307000uUAx) ‘so111915q () EANE) M X 14it4
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