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2. IVADAS

2.1. Darbo aktualumas

Prieslaikinis gimdymas — tai gimdymas, esant 22'°-36" néstumo
savaitéms. Viena dazniausiy savaiminio prieslaikinio gimdymo priezas¢iy —
chorioamnionitas, kuris nustatomas net 40-70 proc. visy prieslaikiniy
gimdymy atvejy [1, 2]. Chorioamnionitas yra Giminis vaisiaus dangaly ir
placentos uzdegimas. Si infekcija pavojinga moteriai, nes didéja gimdos
atonijos ir kraujavimo po gimdymo, endometrito, peritonito bei sepsio rizika
[3, 4]. Naujagimiui §i infekcija yra pavojinga dél padidéjusios vaisiaus
uzdegiminio atsako sindromo, pneumonijos, meningito, sepsio ir mirties
rizikos [5]. Atokios chorioamnionito komplikacijos kudikiui gali buti
atsiliekanti protiné raida, nekrotizuojantis enterokolitas ir cerebrinis
paralyzius [6]. Dél galimy chorioamnionito komplikacijy vaisiui ir motinai,
diagnozavus $ig infekcijg, rekomenduojama néstumo nebetesti [7].

Siuo metu chorioamnionitas gali bati diagnozuojamas remiantis

Klinikiniai chorioamnionito diagnostikos kriterijai pasizymi mazu jautrumu,
mikrobiologiniai tyrimai atliekami kelias dienas, o histologinis iStyrimas
Imanomas tik po gimdymo. D¢l $iy trikumy iki Siol néra visuotinai priimto
vieno metodo chorioamnionito diagnostikai. Kasmet atliekama vis daugiau
tyrimy, siekiant patvirtinti tyrimo metoda, kuris tikty ankstyvai
chorioamnionito diagnostikai, buty greitai ir lengvai atlickamas bei
pasizymeéty aukstu specifiSkumu ir jautrumu.

2.2. Darbo naujumas ir praktiné reik§mé

Siekiant greiciau ir tiksliau nustatyti chorioamnionitg néstumo metu, $iuo
metu daugiau démesio skiriama klinikiniy chorioamnionito diagnostikos
kriterijy tobulinimui ir biocheminei vaisiaus vandeny analizei.

Iki Siol klinikinéje chorioamnionito diagnostikoje placiai naudojamas
leukocity skaic¢iaus ir C reaktyviojo baltymo (CRB) vertinimas motinos
kraujyje, taciau leukocitozé vertinama kaip mazai jautrus Zymuo
prognozuojant chorioamnionita [8]. Mokslingje literatiiroje randama duomeny
apie neutrofily ir limfocity santykio (NLS) pranaSumg jvairiy infekcijy
diagnostikoje, bet tyrimy, analizuojanciy Sio santykio reik§me diagnozuojant
chorioamnionita, randama tik pavieniy. Todél $iame tyrime jvertinome NLS



reik§me chorioamnionito diagnostikoje ir palyginome jo diagnostines vertes
su leukocity skaiciaus ir CRB diagnostinémis vertémis.

Uzdegiminiai Zymenys Vvaisiaus vandenyse nustatomi imunofermentiniu
metodu. Vaisiaus vandenys Siam tyrimui gali biiti paimami invaziniu biidu,
atliekant amniocentezg, arba neinvaziniu btidu, vaisiaus vandenis paimant per
makstj. Amniocentezé yra invaziné procediira, galinti sukelti tokias
komplikacijas kaip vaisiaus, virkstelés, placentos pazeidimas, placentos
atSoka, vaisiaus zutis [9, 10]. Irodyta, kad komplikacijy rizika amniocentezés
metu yra maza (iki 1 proc.) [11], tadiau S§i procedira yra sudétingesné ir
komplikacijy rizika yra didesné pries laikg nutekéjus vaisiaus vandenims dél
mazo likutinio vaisiaus vandeny kiekio.

Misy tyrimo metu siekta chorioamnionita diagnozuoti biocheminiu biidu —
nustatant uzdegiminiy Zymeny pokyc¢ius vaisiaus vandenyse. Vaisiaus
vandenys istyrimui buvo imami neinvaziniu biidu — surenkant per makstj. Si
procediira yra lengvai atlieckama ir nereikalauja specialiy jgtdziy. Taip pat
vaisiaus vandeny surinkimas per makstj yra neinvaziné procediira, todél
nesukelia papildomos rizikos.

Didelé diagnostiné verté chorioamnionito diagnostikoje buvo jrodyta
tiriant 1IL-6, TNF-a, MMP-8, STLR-2, sTLR-4, o defensiny koncentracijas
amniocentezés biidu paimtuose vaisiaus vandenyse. Maziau duomeny
randama apie $iy uzdegiminiy Zymeny reikSmes neinvaziniu biidu paimtuose
vaisiaus vandenyse. sUPAR koncentracijos nustatymas kraujyje turi didele
diagnostine verte jvairiy infekcijy diagnostikoje, ta¢iau duomeny apie Sio
Zymens nustatymg vaisiaus vandenyse ir jo reikSme chorioamnionito
diagnostikai iki Siol néra publikuota. Savo tyrime jvertinome visy iSvardyty
uzdegiminiy zymeny koncentracijas neinvaziniu biidu paimtuose vaisiaus
vandenyse ir taip pat jy reikSme¢ chorioamnionito diagnostikai, esant
prieslaikiniam neiSneSioto vaisiaus dangaly plySimui (PNVDP) iki 34
savaiciy.

2.3. Darbo tikslas

Disertacijos tikslas — jvertinti motinos kraujo ir neinvaziniu biidu paimty
vaisiaus vandeny uzdegiminiy Zymeny reik§me antenatalinei chorioamnionito
diagnostikai.

2.4. Darbo uzdaviniai

1. Jvertinti motinos kraujo uzdegiminiy zymeny (leukocity, neutrofily,
limfocity, neutrofily ir limfocity santykio, C reaktyviojo baltymo) tikslumg



antenatalingje  chorioamnionito  diagnostikoje, esant prieslaikiniam
nei$nesioto vaisiaus dangaly plySimui.

2. vertinti neinvaziniu budu paimty vaisiaus vandeny uzdegiminiy
zymeny (IL-6, TNF-a, MMP-8, s-TLR-2, s-TLR-4, o defensiny, suPAR)
tikslumg antenatalinéje chorioamnionito diagnostikoje.

3. Nustatyti motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny
optimalias reik§mes chorioamnionito diagnostikai.

4. Palyginti motinos kraujo ir neinvaziniu biidu paimty vaisiaus vandeny
uzdegiminiy Zymeny tikslumg chorioamnionito diagnostikoje.

2.5. Disertacijos ginamieji teiginiai

1. Siuo metu klinikinio chorioamnionito diagnostikai naudojamas bendras
leukocity  kiekis néra pakankamos prognostinés vertés Zymuo
chorioamnionito diagnostikoje.

2. C reaktyviojo baltymo koncentracija bei neutrofily ir limfocity santykis
turi geresnes chorioamnionito prognostines vertes nei leukocity kiekis
motinos kraujyje.

3. Uzdegiminiy zymeny (IL-6, TNF-a, MMP-8, s-TLR-2, s-TLR-4, «
defensiny, suPAR) Kkoncentracija neinvaziniu btdu paimtuose vaisiaus
vandenyse patikimai skiriasi tarp motery, kurioms diagnozuotas ir
nediagnozuotas histologinis  chorioamnionitas, todél gali pagerinti
chorioamnionito diagnostika.

4. Neinvaziniu biidu paimty vaisiaus vandeny biocheminis iStyrimas,
derinamas su uzdegiminiy zymeny pokyc¢iais motinos kraujyje, gali pagerinti
antenataling chorioamnionito diagnostika.

3. LITERATUROS APZVALGA

3.1. Prieslaikinio gimdymo ir chorioamnionito epidemiologija

Prieslaikinis gimdymas komplikuoja apie 5-9 proc. visy gimdymy
i§sivysCiusiose Salyse ir net iki 20 proc. Zemesnj ekonomikos i$sivystymo lygj
turinCiose Salyse (1 pav.) [12]. Lietuvoje 2020 m. gimé 1276 neisneSioti
naujagimiai, kurie sudaré 5,5 proc. visy gimusiyjy [13]. Apie 25-30 proc.
prieslaikiniy gimdymy prasideda dél pries laikg nutekéjusiy vaisiaus vandeny,
40-45 proc. — prasideda spontani$kai ir 30-35 proc. — jvyksta dél medicininiy
vaisiaus ar motinos indikacijy uzbaigti néstuma [14].
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Prieflaikiniy gimdymu daZnis (%):
. <5
59 -

B 10-14 [] Duomenys nepateikti
I 15-20 9 80100 3400km

1 pav. Prieslaikinio gimdymo paplitimo daznis pasaulyje (2014 m., néStumo
trukmé nuo 22*° iki 36* sav. LANCET 2019, pritaikyta pagal prieigg
internete: <https://www.thelancet.com/journals/langlo/article/P11S2214-
109X(18)30451-0/fulltext>)

Viena dazniausiy prieslaikinio gimdymo priezas¢iy — chorioamnionitas,
kuris nustatomas net 40-70 proc. visy spontaniniy prieslaikiniy gimdymy
atvejy [1, 2]. Chorioamnionitas — tai vaisiaus dangaly ir placentos infekcija.
Mokslingje literatiiroje vartojamas ir kitas terminas, kaip sinonimas
chorioamnionitui — intrauteriné infekcija. Stebima atvirkstiné koreliacija tarp
chorioamnionito daznio ir néstumo laiko. DidZiausias chorioamnionito atvejy
daznis nustatomas, esant spontaniniam prieslaikiniam gimdymui 23-24
néstumo savaite, ir laipsniskai mazéja, didéjant néstumo laikui (2 pav.) [15].

250
200
150
100

50

Atvejy skaifius 1000 prieslaikiniy gimdymy

23-24 25-26 27-28 29-30 31-32 33-34 35-36
Méstumo laikas [saw.}

2 pav. Chorioamnionito daznio ir néStumo trukmés rySys (pritaikyta pagal
A. D. Mackeen, 2017 [15])
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3.2.Chorioamnionito etiologija

Chorioamnionitas dazniausiai prasideda bakterijoms ascendentiniu keliu
patekus j gimda, placentg ir vaisiaus vandenis [16]. Re¢iau bakterijos j gimda
patenka hematogeniniu badu ar dél jatrogeniniy priezasciy, taikant invazinius
vaisiaus tyrimo ar gydymo metodus [17]. Dazniausi chorioamnionito rizikos
veiksniai yra > 18 valandy trunkantis bevandenis periodas, mekonijumi
uzter§ti vaisiaus vandenys, gimdyvés maksties kolonizacija B grupés
hemoliziniu streptokoku, bakteriné vaginozé, dazni makstiniai tyrimai
gimdymo metu, lytiSkai plintan¢ios ligos, ekstragenitalinés infekcijos,
alkoholio ir tabako vartojimas néStumo metu [5, 7, 18, 19].

Didzioji dalis infekcijos sukéléjy, kurie buvo nustatomi vaisiaus
vandenyse esant prieslaikiniam gimdymui, buvo apatiniy lytiniy taky
mikroorganizmai: anaerobai (Chlamydia trachomatis, Trichomona vaginalis,
Prevotella, Leptotrichia), fakultatyviniai anaerobai (mikoplazmos,
ureaplazmos), aerobai (Escherichia coli, Enterococcus, Gardnerella
vaginalis, B grupés hemolizinis streptokokas) ir grybai (1 lentelé) [20-25].

1 lentelé. Dazniausi vaisiaus vandenyse nustatomi infekcijos sukéléjai, esant
prieslaikiniam gimdymui

Gramneigiamos bakterijos Gramteigiamos bakterijos
Aerobai

Sneathia Streptococcus rasys
Acinetobacter rasys Bacillus rasys
Escherichia coli Staphylococcus riisys
Delftia acidovorans Enterococcus rusys
Neisseria cinerea Micrococcus luteus
Pseudomonas aeruginosa

Anaerobai
Fusobacterium rasys Lactobalillus rasys
Bacteroides rasys Peptostreptococcus rasys
Leptotrichia amnionii Eubacterium rtsys
Porphyromonas rasys Cutibacterium acnes

Veillonella rasys
Prevotelaa rasys

12



Kiti mikroorganizmai

Mycoplasma hominis

Candida risys

Abiotrophia defectiva

Gardnerella vaginalis
Pritaikyta pagal E.R. Newton 2005 [20], R. Romero 2019 [21], S. Akira 2001
[22], L. Oliveira-Nascimento 2012 [23], T. Kawai 2010 [24], S. Carpenter 2007
[25].

3.3. Chorioamnionito diagnostika

Chorioamnionitas gali bati diagnozuojamas remiantis Klinikiniais,
histologiniais, mikrobiologiniais arba biochemininiais kriterijais. Visi Sie
tyrimo metodai turi trikumy, todél iki Siol néra visuotinai priimto vieno
metodo chorioamnionito diagnostikai.

3.3.1. Klinikiné chorioamnionito diagnostika

Klinikinei chorioamnionito diagnostikai daznai naudojami Gibso kriterijai
[5, 16], kurie patvirtinami, jei nés¢ioji kar§éiuoja (> 37,8 °C) ir yra bent du
papildomi kriterijai: motinos tachikardija (> 100 Kk./min.), vaisiaus
tachikardija (> 160 k./min.), nemalonus vaisiaus vandeny kvapas, gimdos
skausmingumas ar motinos leukocitozé (> 15000/mm?®) [26]. Esant
chorioamnionitui, leukocitoz¢ budinga 70—90 proc. atvejy, taciau, nesant kity
Siai infekcijai biidingy simptomy, chorioamnionito tikimybé yra nedidelé
[16]. Motinos ir vaisiaus tachikardija budinga 40-80 proc., o gimdos
skausmingumas ir nemalonaus kvapo ptlingos iSskyros biidinga maziau nei
ketvirtadaliui nés¢iyjy, serganéiy chorioamnionitu [5, 16]. Beveik visoms
nésciosioms (95-100 proc.), kurioms diagnozuojamas chorioamnionitas,
budingas kar$¢iavimas [5], taciau néSCiosios gali karS¢iuoti ir dél kity
infekciniy ar neinfekciniy priezasciy: ne ginekologinés kilmés uzdegimai,
jungiamojo audinio ligos, epidurinis nuskausminimas ar oksidacinis stresas
gimdymo metu [16]. Tik jvertinus, kad néra kitos kar$¢iavima sukélusios
sisteminés ligos, Gibso kriterijy specifiSkumas siekia kiek daugiau nei 98
proc., o jautrumas tik 15 proc. [27] (2 lentelé). Siekiant jvertinti, kaip pakisty
Gibso kriterijy diagnostiné verté, jei chorioamnionitas biity diagnozuojamas
radus bet kuriuos tris klinikinius parametrus ir nebitinai jtraukus privalomajj
kriterijy karS$¢iavimg, nustatyta, kad tokio diagnostinio metodo jautrumas
padidéty iki 34 proc., taciau specifiskumas sumazéty iki 78,7 proc. [18].

S.G. Lencki su kolegomis 1994 metais chorioamnionito diagnostikai
pasitlé patobulintus klinikinio chorioamnionito diagnostikos kriterijus. Pagal
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Siuos kriterijus infekcija diagnozuojama, jei néscioji kars¢iuoja (> 37,8 °C) ir
yra bent vienas papildomas kriterijus: motinos tachikardija (> 100 k./min.),
nemalonaus kvapo i$skyros i§ maksties, gimdos skausmingumas ar motinos
leukocitozé (> 15 000/mm?q) [28]. Eunice Kennedy Shriver nacionalinio vaiko
sveikatos ir zmogaus raidos instituto mokslininkai 2016 m. pasitlé Trigubo I
(angl. Triple 1) kriterijus chorioamnionito diagnostikai. Trigubo | kriterijai
paraidziui angly kalboje reiSkia intrauterinis uzdegimas ir infekcija
(intrauterine inflammation, infection). Pagal Siuos kriterijus infekcija
diagnozuojama, jei pasireiskia nés¢iosios karséiavimas (> 39,0 °C arba> 38,0
°C) kartu su dar bent vienu papildomu kriterijumi: vaisiaus tachikardija (> 160
k./min.), motinos leukocitoze (> 15 000/mm?), piilingomis i$skyromis i§
gimdos kaklelio arba biocheminio, mikrobiologinio vaisiaus vandeny tyrimo
bei histologinio placentos tyrimo metu nustatyta intrauterine infekcija [29].
TaCiau vienas naujausiy tyrimy, atlikty 2020 m., parodé, kad Lencki ir
Trigubo I kriterijy jautrumas ir specifiSkumas yra labai panasas j Gibso
kriterijy jautruma ir specifiskuma [27] (2 lentelé).

2 lentelé. Chorioamnionito klinikiniy diagnostiniy kriterijy jautrumas ir

specifiskumas

Kriterijus Rezultatas, nurodantis Jautru- | Specifis-

chorioamnionitg mas kumas
(proc.) (proc.)

Gibso kriterijai | Kar$¢iavimas ir bent du 15,4 98,8

[27] papildomi kriterijai

Lencki kriterijai | KarS¢iavimas ir bent vienas 15,4 98,8

[27] papildomas Kriterijus

Trigubas | [27] | Kar$¢iavimas ir bent vienas 15,4 100

papildomas kriterijus (tarp jy ir
biocheminis, mikrobiologinis
vaisiaus vandeny ar histologinis
placentos tyrimas)

Papildomi kriterijai:

Motinos > 100 k./min. 88,0 5,0
tachikardija [30]

Vaisiaus > 160 k./min. 80,0 30,0
tachikardija [30]

Gimdos Skausmingumas palpacijos metu | 12,0 95,0
jautrumas [30]

Leukocity > 15000 /mm? 76,0 30,0
skai¢ius [30]

I8skyros i§ Nemalonaus kvapo 8,0 95,0

maksties [30]

Pritaikyta pagal Y. Maki 2020 [27] ir R. Romero 2015 [30].
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3.3.2. Histologiné chorioamnionito diagnostika

Histologinis chorioamnionitas diagnozuojamas atlikus morfologinj
placentos ir vaisiaus dangaly iStyrimg po gimdymo. UZzdegiminiai pakitimai
placentoje ir vaisiaus dangaluose vertinami remiantis Amsterdamo placentos
darbo grupés ir Pediatrijos patologijos draugijos Perinatalinés sekcijos
diagnostikos kriterijais (3 ir 4 lentelés) [31, 32]. Nors histologinis placentos ir
vaisiaus dangaly iStyrimas yra vienas tiksliausiy chorioamnionito
diagnostikos metody [33], $is tyrimas yra atlickamas tik po gimdymo ir
antenatalinei chorioamnionito diagnostikai netinka.

3 lentelé. Amsterdamo placentos darbo grupés choriono ir amniono
azeidimy diagnostikos kriterijai
Motinos uZdegiminis atsakas

Stadijos

[ Uminis subchorionitas ar chorionitas

| Uminis chorioamnionitas: polimorfonukleariniy leukocity
(PMN) infiltracija j choriong ir amniong

I Nekrotizuojantis chorioamnionitas: PMN karioreksija,
amniocity nekroz¢ ir (arba) amniono bazinés membranos
hipereozinofilija

Laipshiai
| Neéra sunkiam chorioamnionitui biidingy pozymiy
Il Sunkus chorioamnionitas: susiliejantys PMN arba stebimi
subchorioniniai mikroabscesai

Vaisiaus uZdegiminis atsakas

Stadijos
| Choriono vaskulitas arba virkstelés kraujagysliy flebitas
Il Virkstelés venos ir vienos arba abiejy arterijy pazeidimas
I Nekrotizuojantis funisitas

Laipsniai
[ Néra sunkiam uzdegimui budingy pozymiy

I Sunkus uzdegimas: virkstelés kraujagysliy raumeninio
sluoksnio infiltracija PMN su raumeniniy skaiduly isretéjimu
(degeneracija)

Pritaikyta pagal T.Y. Khong 2016 [31].
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4 lentelé. Pediatrijos patologijos draugijos Perinatalinés sekcijos histologinio
placentos iStyrimo rekomendacijos

Kategorija Rekomenduojama ApibréZimas
terminologija
Motinos uzZdegiminis atsakas
Stadija
| — ankstyvas Uminis subchorionitas | Pavieniy PMN infiltracija j
ar chorionitas subchorionines skaidulas ir / ar
trofoblasto membrang
Il - vidutinis Uminis DifuziSkai i$sideste PMN
chorioamnionitas choriono ir amniono audiniuose
I — vélyvas Nekrotizuojantis PMN Kkarioreksija, amniocity
(uzdelstas) chorioamnionitas nekrozé ir (arba) amniono bazinés
membranos iSplonéjimas ir
hipereozinofilija
Laipsnis
I — lengvas- Nereikalinga specifiné | Néra sunkiam uzdegimui budingy
vidutinis terminologija pozymiy
Il — sunkus Sunkus Gminis Susiliejantys PMN tarp choriono
chorioamnionitas ar su | ir decidualinés membranos; > 3
subchorioniniu izoliuoti Zidiniai arba istisiné
abscesu PMN juosta
Kitas Létinis Mononuklearinés lgstelés,
chorioamnionitas infiltruotos PMS
Vaisiaus uzdegiminis atsakas
Stadija
| — ankstyvas Chorioninis vaskulitas | PMN infiltracija j choriono
ar virkstelés kraujagysliy ir / ar virkstelés
kraujagysliy flebitas venos raumeninj sluoksnj
Il — vidutinis Virkstelés vaskulitas PMN infiltracija j 1 ar 2 virkstelés
(1 ar 2 arterijy + venos | arterijy = venos raumeninj
pazeidimas) ar sluoksnj
virkstelés
panvaskulitas (visy
virkstelés kraujagysliy
pazeidimas)
I — vélyvas Nekrotizuojantis PMN infiltracija | drebutinj
(uzdelstas) funisitas ar virkstelés | virkstelés audinj, esantj aplink > 1
perivaskulitas kraujagysle
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Kategorija Rekomenduojama ApibréZimas
terminologija
Laipsnis
| — lengvas- Nereikalinga specifiné | Néra sunkiam uzdegimui budingy
vidutinis terminologija pozymiy
Il — sunkus Sunkus vaisiaus Susiliejantys PMN choriono ir / ar
uzdegiminis atsakas ar | virkstelés kraujagysliy
ry$kus chorioninis raumeniniame sluoksnyje su
(virkstelés) vaskulitas | miocity degeneracija
Kitas Vaisiaus kraujagysliy | Naujai jvykusi vaisiaus
trombozés kraujagysliy trombozé su
raumeninio sluoksnio PMN
infiltracija
Kiti specifiniai | Periferinis funisitas Zidininé PMN agregacija
poZymiai virkstelés audiniy pavirSiuje

Uminis vilitas

PMN infiltracija j placentos
gaureliy stroma (ar tarp
trofoblasto ir stromos)

Uminis intervilozitas
su tarpgaureliniais
abscesais

PMS difuziniai Zidiniai tarp
gaureliy

Decidualinés plazmos
lgstelés

Uzdegiminés lastelés decidualinés
membranos bazinéje ir
kapsulinéje dalyje

Santrumpos: PMN — polimorfonuklearai.
Pritaikyta pagal Redline RW 2003 [32].

3.3.3. Mikrobiologiné chorioamnionito diagnostika

Antenataliniu laikotarpiu patikimiausias ir auksiniu chorioamnionito
diagnostikos standartu laikomas vaisiaus vandeny mikrobiologinis tyrimas
[16]. Siam tyrimui vaisiaus vandenys paimami amniocentezés biadu,
kultivavimo terpéje uzs€jama tiriamoji medziaga, kuri véliau auginama
aerobinémis ir anaerobinémis saglygomis. Tik apie 46 proc. motery, kurioms
diagnozuojamas chorioamnionitas pagal klinikinius kriterijus, stebimas
patologiniy bakterijy augimas vaisiaus vandenyse [30]. Taip pat pastebéta,
kad iki 11 proc. motery, kurioms stebimas bakterijy augimas vaisiaus
vandenyse, histologinio choroamnionito pozymiy po gimdymo néra

nustatoma [34]. DaZniausiai vaisiaus vandeny pasélyje aptinkama
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Ureaplasma urealyticum ir Gardnerella vaginalis bakterijy [30]. Nors Sis
tyrimas yra laikomas auksiniu chorioamnionito diagnostikos standartu,
tyrimas néra daznai naudojamas, nes pas¢lio rezultaty reikia laukti kelias
paras.

Kitas budas nustatyti mikroorganizmus vaisiaus vandenyse yra
molekulinés diagnostikos tyrimas (PGR), kurio metu nustatoma infekcijos
sukéléjo specifiné genetiné informacija. Romero su bendraautoriais savo
tyrime nustaté, kad PGR tyrimas buvo teigiamas apie 59 proc. motery,
kurioms buvo diagnozuotas klinikinis chorioamnionitas [30]. Pagrindinis Sio
tyrimo trokumas yra tai, kad PGR tyrimas atliekamas jtariamiems ir
dazniausiai pasitaikantiems mikroorganizmams, todél, pasirinkus neteisinga
infekcijos sukéléja, gaunamas klaidingai neigiamas rezultatas.

3.3.4. Biocheminé chorioamnionito diagnostika

Siekiant greiciau ir tiksliau nustatyti chorioamnionita néStumo metu, §iuo
metu daugiau démesio skiriama biocheminés diagnostikos Kkriterijams.
Biocheminés diagnostikos metu gali biiti vertinami uzdegiminiai pokyciai
motinos kraujyje ar vaisiaus vandenyse. Vaisiaus vandenys gali bati tiriami
juos paimant neinvaziniu buidu per makstj arba atlickant amniocentezg.

3.3.4.1. Motinos kraujo uzdegiminiai poky¢iai
3.3.4.1.1. Leukocitai

Leukocitai yra imuninés sistemos dalis, kurig sudaro dviejy rusiy imuninés
lastelés: granuliocitai ir agranuliocitai. Granuliocitai — tai gradétieji
leukocitai, kuriems priskiriami neutrofilai, bazofilai ir eozinofilai.
Agranuliocitai — tai leukocitai, kuriy citoplazmoje néra granuliy, jiems
priskiriami limfocitai ir monocitai [35]. Bakteriniy infekcijy metu svarbiausia
vaidmen] atlieka neutrofilai, kurie bakterijas naikina jas fagocituodami,
atlikdami degranuliacija, panaudodami reaktyvias deguonies formas ir
ekstralgstelines gaudykles [36]. Neutrofily citoplazmoje matomos granulés, o
branduolj sudaro 3—5 segmentai, sujungti chromatino siilais (3 pav.) [35].
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Fagosoma

Fagolizosoma

Bakterija

3 pav. Neutrofily sandara ir antibakterinis mechanizmas (pritaikyta pagal
C. Rosales, 2018 [35])

Nesant uzdegiminio proceso, neutrofilai cirkuliuoja kraujyje neaktyvia
forma. Prasidéjus bakteriniam uzdegimui, neutrofilai yra aktyvuojami,
subresta ir migruoja j uzdegimo zidinj, kovodami su infekcijos sukéléju
iSgyvena 2448 valandas. Zuve neutrofilai kartu su fagocituotu patogenu
makrofagy yra pasalinami i$ infekcijos zidinio.

Leukocitozé vertinama kaip prastas chorioamnionito diagnostikos
kriterijus, nes, padidéjus leukocity skaiCiui daugiau nei 30 proc., tyrimo
jautrumas svyruoja nuo 23 iki 63 proc. ir stebimas didelis klaidingai neigiamy
rezultaty daznis [8]. Leukocity skaiiaus vertinimg taip pat apriboja
kortikosteroidiniy preparaty skyrimas vaisiaus plau¢iams brandinti, nes
kortikosteroidai sukelia leukocitoze, kuri tgsiasi 24—48 val. [37-39].

3.3.4.1.2. Neutrofily ir limfocity santykis

NLS yra santykis, gaunamas absoliuty neutrofily skai¢iy padalinus i$
absoliutaus limfocity skaiciaus arba neutrofily procenting iSraiskg padalinus
i§ limfocity procentinés iSraiSkos. Esant bakterinei infekcijai, neutrofily
skaiCius didéja, o limfocity — mazéja [40—42]. Kadangi NLS sujungia abu
Siuos rodiklius, yra jautresnis rodiklis bakteriniy infekcijy diagnostikoje nei
pavieniy leukocity rtsiy vertinimas (4 pav.).
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%* NLS _*absoliutus neutrofily skaicius _f neutrofily procentiné isSraisSka
_¢absoliutus limfocity skaicius _¢ limfocity procentiné israiska

4 pav. Neutrofily ir limfocity santykio apskaic¢iavimas

Prasidéjus uzdegiminiam procesui, NLS augima nulemia iSskiriamas
didesnis kiekis endogeniniy kortikosteroidy ir katecholaminy bei padidéjusi
chemokiny aktyvacija. Chemokinai skatina neutrofily atpalaidavima i kauly
Ciulpy | kraujotakg bei prailgina neutrofily gyvavimo trukme [40, 41].
Kortikosteroidai ir endogeninis katecholaminas (epinefrinas) skatina
leukocitozg ir limfopenija [42].

Ivairiy uzdegiminiy ligy diagnostikoje placiai naudojami bendrieji NLS
vertinimo principai (5 pav.) [43]:

— NLS nuo 1 iki 3 vertinamas kaip normos rodiklis;

—nuo 6 iki 9 — lengvas uzdegiminis atsakas;

—nuo 9 iki 18 — vidutinio stiprumo uzdegiminis atsakas;

— daugiau nei 18 — stiprus uzdegiminis atsakas.

Lengvas

uidegiminis

atsakas
Pilkoji zona

Normalus NLS, nerodantis

uzdegiminio atsako Stiprus uzdegiminis

atsakas

5 pav. Neutrofily ir limfocity santykio vertinimo principai (pritaikyta pagal
prieigg internete <https://emcrit.org/pulmcrit/nlr/>)

Siekiant  tikslesnio NLS panaudojimo  klinikingje  praktikoje,
rekomenduojama NLS vertinti atsizvelgiant j esamg kliniking situacijg.
Atliekama vis daugiau klinikiniy tyrimy norint nustatyti optimalig NLS ribing
verte atskiroms infekcijoms. Literatiiroje esama tyrimy apie NLS ribing verte
apendicito, pankreatito, sepsio, bakteremijos, pneumonijos, COVID-19
infekcijos diagnostikoje [44-47], taciau duomeny apie NLS panaudojima
chorioamnionito diagnostikai randama nedaug.
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M.A. Kim su bendraautoriais 2014 m. i§spausdino savo tyrimo rezultatus,
jrodancius, kad NLS reik§mé prognozuojant histologinj chorioamnionitg yra
geresné nei motinos kraujo CRB ir leukocity skaiciaus vertinimas. Nustatyta,
kad optimali NLS ribiné verté, skirta prognozuoti histologiniam
chorioamnionitui, yra 6,48. | §j tyrimg buvo jtrauktos visos nés¢ios moterys,
kurioms diagnozuotas prieslaikinis gimdymas nuo 24 iki 37 néStumo savaités
[48].

3.3.4.1.3. C reaktyvusis baltymas

C reaktyvusis baltymas yra kepenyse sintetinamas Gimios fazés proteinas.
Tai ciklinis pentamerinis oligoproteinas, sudarytas i§ penkiy identisky
neglikolizuoty polipeptidiniy subvienety, susijungusiy nekovalentinémis
jungtimis. Kiekvieng subvieneta sudaro 206 aminortigstys, kurios suformuoja
stabilig disko formos pentamering strukttirg (6 pav.) [49, 50].
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6 pav. A — C reaktyviojo baltymo biocheminé strukttira (pritaikyta pagal
prieigg internete <https://www.medchemexpress.com/c-reactive-protein-crp-
201-206.html>. B — C reaktyviojo baltymo molekuliné struktiira (pritaikyta
pagal S. Black 2004 [45])

CRB sintezg¢ skatina uzdegiminis procesas (bakteriné, virusiné, parazitiné
infekcija), traumos, operacijos, audiniy nekrozé bei kiti audiniy pazeidimai.
Bakterinés infekcijos metu dazniausiai yra pazeidziamos lgsteliy membranos
ir atsidengia fosfocholino molekulé, prie kurios jungiasi CRB. Si saveika
aktyvuoja tolesng CRB sinteze, todél bakterinés infekcijos metu §io proteino

21


https://www.medchemexpress.com/c-reactive-protein-crp-201-206.html
https://www.medchemexpress.com/c-reactive-protein-crp-201-206.html

koncentracija kraujyje Zenkliai iSauga [49]. Daugelio virusiniy infekcijy metu
uzdegiminis procesas yra vidulastelinis, nepazeidziantis lasteliy membranos,
todél virusiniy infekcijy metu Sis mechanizmas néra aktyvuojamas ir auksto
CRB koncentracijos pakilimo nestebima [51]. Prasidéjus bakterinei infekcijai,
CRB sintez¢ prasideda apytiksliai po 6—8 valandy, CRB koncentracija
dvigubéja kas 8 valandos ir pikg pasiekia po 36—50 valandy nuo infekcijos
pradzios [52].

Siekiant nustatyti diagnostiniy testy tiksluma prognozuojant histologinj
chorioamnionita, 2018 m. buvo atlikta sisteminé apzvalga ir metaanalizé, Kuri
jtrauké 29 tyrimus, publikuotus 1985-2016 metais, kuriuose daugiau nei
keturi tikstanCiy tiriamyjy. Metaanalizés metu nustatytas CRB jautrumas
prognozuojant histologinj chorioamnionitg sieké 68,7 proc. (95 proc. Pl: 58—
77), 0 specifiskumas — 77,1 proc. (95 proc. Pl: 67-84) [8].

3.3.4.2. Vaisiaus vandeny uzdegiminiai Zymenys

Citokinai yra bendrinis mazos molekulinés struktiiros baltymy, kurie turi
specifini poveiki lasteliy tarpusavio saveikai, pavadinimas. Citokinai
skirstomi ] mazesnes grupes pagal atlickama funkcijg arba juos gaminanciy
lasteliy pavadinimus: limfokinai (gaminami limfocity), monokinai (gaminami
monocity), chemokinai (citokinai, turintys chemotakting veikla) ir
interleukinai (gaminami vieny leukocity ir veikiantys kitus leukocitus) [53].
Skirtingy tipy lastelés gali i$skirti vienodus citokinus arba tas pats citokinas
gali buti iSskiriamas keliy skirtingy tipy lgsteliy. Citokinai niekada neveikia
pavieniui, o dazniausiai sukelia procesy kaskada, stimuliuodami vieni kity
gamyba (7 pav.) [54].
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-1 IL-12
IL-6 IL-15
IL-10 TNFu

IL-1  IFNa
IL-3  IFNp
IL-4  IFNy
IL-10 TNFo

TNFo
L1 INEP
L12 IFNB

Neutrofilai

Eozinofilai}
IL-2 IL-14
L4 IFNa
IL-6 IFNp
IL-10 IFNy

IL-2 |L-16
IL-4 |L-17
IL6 IFNo

IL-8 N
-9 Eny

7 pav. Citokiny tinklas (parengta pagal J. M. Zhang 2007 [53]).
Santrumpos: IL — interleukinas, TNF — vézio nekrozés faktorius, IFN —

interferonas.

Citokiny funkcijos apima imuninio atsako ar uzdegimo reguliavima ir
kraujo lasteliy gamybos stimuliavimg. Citokinai pagal jtakg imuniniam
atsakui dar skirstomi j prouzdegiminius ir antiuzdegiminius. Prouzdegiminiai
citokinai (IL-1, IL-4, IL-6, IL-12, a-interferonas, TNF-a ir kiti) stimuliuoja
imuninj atsaka ir uzveda uzdegimine kaskada [51]. Antiuzdegiminiai citokinai
(IL-10, 1L-11, IL-13, vézio augimo faktorius-B ir kiti) slopina imuninj atsakg,
apsaugodami organizma nuo sisteminio uzdegiminio atsako (8 pav.) [55, 56].
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Th17

O

IL17A
IL17F
IL 21
IL22
IL26
IL6

IL1B, IL6, IL23 ILG, IL23

Treg

-l
-

6
l

IFN,,
TNF ¢
IL6

. -

- L
/ IL10
TGFB

TNF
IL1B
IL6
IL18

8 pav. Prouzdegiminiy ir antiuzdegiminiy citokiny balansas (parengta pagal
V. V. Bamola 2013 [56]).
Santrumpos: IL — interleukinas, TGF — vézio augimo faktorius, TNF — vézio

nekrozés faktorius, IFN — interferonas, Treg — T reguliacinés Igstelés.

Mokslinéje literatiroje daugiausia duomeny randama apie Vaisiaus
vandeny IL-6, MMP-8 ir TNF-a reik§m¢ chorioamnionito diagnostikoje.

Vaisiaus vandeny STLR-2, STLR-4 ir o defensiny reikSmé chorioamnionito
diagnostikai skirtinguose tyrimuose vertinama priestaringai. O duomeny apie
suPAR tyrimus vaisiaus vandenyse iki Siol nebuvo paskelbta, taciau buvo

nustatyta didelé kraujo SUPAR diagnostiné verté jvairiy infekcijy, jskaitant ir
chorioamnionita, diagnostikoje.
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3.3.4.2.1. Interleukinas 6

Interleukinai — tai pagrindiniai timios uzdegiminés fazés citokinai, kuriuos
gamina monocitai ir makrofagai kaip atsakg j uzdegiminj procesa. Literatiiroje
randama daugiausia duomeny apie IL-6 reikSme prieslaikinio gimdymo ir
intrauterinés infekcijos patogenezéje [57, 58]. 11-6 — glikoproteinas, sudarytas
i§ 212 aminortigd¢iy, suformuojanciy 4 spiralés formos subvienetus,
tarpusavyje sujungtus kilpinémis jungtimis ir mini spiralémis (9 pav.) [59].

A B

9 pav. A — Interleukino 6 biocheminé struktiira (parengta pagal prieiga
internete
<https://www.chemicalbook.com/ChemicalProductProperty EN_CB727456
1.htm>). B — Interleukino 6 molekuliné struktiira (parengta pagal B. Jacobsson
2003 [58])

Uzdegimo metu IL-6 iSskiria jvairios Igstelés: T-limfocitai, B-limfocitai,
monocitai, fibroblastai, keratinocitai, endotelio lastelés, adipocitai ir véZinés
lastelés. Uzdegimo Zidinyje atpalaiduotas IL-6 hematogeniniu keliu keliauja j
kepenis ir skatina Uminés fazés baltymy (CRB, serumo amiloido A,
fibrinogeno, haptoglobino, al-antitripsino, hepcidino) sintez¢ [60]. Kai IL-6
pasiekia kauly Cciulpus, skatina megakariocity brendimg ir trombocity
susidaryma [61]. Be to, IL-6 skatina kity imuniniy lasteliy diferenciacija: B
lasteliy diferenciacijg | antikinus gaminancias plazmines lasteles, naiviyjy
CD4+ T lasteliy — j Th17, CD8+ T lasteliy — | citotoksines T Iasteles, bet
slopina Treg diferenciacija (10 pav.) [62—64].
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10 pav. IL-6 imunomoduliaciné funkcija (parengta pagal T. Tanaka 2014
[65]).

Santrumpos: Treg — reguliacinés T Igstelés, RANKL — branduolio faktoriaus
kB ligando receptoriaus aktyvatorius (angl. Receptor activator of nuclear
factor kappa-B ligand).

Siekta nustatyti ribing optimalig IL-6 koncentracija vaisiaus vandenyse
chorioamnionito diagnostikoje, taciau atliktuose tyrimuose stebimos
skirtingos reik§més. Micigano mokslininkai 1993 m. vieni pirmyjy iStyré IL-
6 koncentracija amniocentezés biidu paimtuose vaisiaus vandenyse, esant
prieslaikiniam nei$neSioto vaisiaus dangaly plySimui, ir nustaté, kad IL-6
koncentracija > 7,9 ng/ml reikSmingai siejama su intraamnionine infekcija
[66]. Vélesniuose tyrimuose, taip pat tiriant amniocentezés biidu paimtus
vaisiaus vandenis, nustatyta maZzesné optimali ribiné IL-6 koncentracija, kuri
svyruoja nuo 745 pg/ml iki 2,6 ng/ml [67, 68]. Vaisiaus vandeny IL-6 tyrimo
diagnostiné verté siekia net 90 proc., o jautrumas — 76,2 proc. [67]. Daug
démesio buvo skirta greityjy testy kiirimui, panaudojant nustatytas ribines
vertes. Atliekant greituosius testus nedidelis kiekis amniocentezés buidu
paimty vaisiaus vandeny uzla§inamas ant juostinio ar kasetinio testo. Jei
paimtuose vaisiaus vandenyse IL-6 koncentracija virSija nustatyta ribing
reikSme, stebimas teigiamas testo rezultatas. Greitojo testo, kuriame IL-6
ribiné verté 745 pg/ml, jautrumas siekia 85,7 proc., o specifiskumas 64,1 proc.
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Kai IL-6 ribiné vert¢ 1000 pg/ml, jautrumas islicka 85,7 proc., bet
specifiSkumas kiek auks$tesnis — 68,9 proc. [69].

3.3.4.2.2. Vézio nekrozés faktorius o

TNF — transmembraninis proteinas, sudarytas i§ 233 aminortugsciy
grandiniy, suformuojanc¢iy 3 identiSkas polipeptidines grandines,
susijungusias j trimering struktiira (11 pav.) [70]. TNF-a randama visose
lastelése, iSskyrus eritrocitus. Bakterijoms kolonizavus infekcijos zidinj,
TNF-a yra vienas anksCiausiai infekcijos zidinyje nustatomy citokiny.
Uzdegimo metu daugiausiai TNF-a iSskiriamas i§ makrofagy, kiek maziau i§
monocity, NK Iasteliy, limfocity ir kraujagysliy endotelio lasteliy [71].

TNF-a budingas platus biologinis poveikis: reguliuoja IL-1 receptoriy
raiska lastelése bei stimuliuoja kity svarbiy citokiny (IL-6 ir IL-8) gamyba,
skatina T ir B limfocity gamybg, neutrofily judéjima j infekcijos zidinj, sukelia
lasteliy apoptoze (12 pav.) [72, 73].

N. Thomakos su kolegomis 2001 m. nustaté, kad amniocentezés btudu
paimtuose vaisiaus vandenyse TNF-a verté > 6,3 pg/ml susijusi su teigiamu
vaisiaus vandeny pasélio tyrimu. Sios nustatytos optimalios ribinés TNF-a
vertés jautrumas siekia 73,8 proc., o specifiSkumas — 70,1 proc. [74].

]
0
W Iy
ey
4 ~
i ]
M=o
]
A

11 pav. A— Vézio nekrozés faktoriaus o biocheminé struktiira (parengta pagal
prieiga internete

<http://www.chemspider.com/Chemical-Structure.8207.html>). B — Vézio nekrozés
faktoriaus o molekuliné struktiira (parengta pagal M. J. Eck 2003 [70])
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12 pav. Vézio nekrozés faktoriaus o imunomoduliaciné funkcija (pritaikyta
pagal F. M. Brennan FM 2008 [73]).

Santrumpos: IL — interleukinas, GM-CSF — granuliocity ir makrofagy
kolonijas stimuliuojantis faktorius (angl. granulocyte-macrophage colony-
stimulating factor), PGE — prostaglandinai, HLA — Zmogaus leukocity
antigenai (angl. human leukocyte antigen), VCAM — kraujagysliy adhezijos
molekulé (angl. vascular cell adhesion molecule), RANTES — chemokinas,
atsakingas uz uzdegimo reguliacija, T lasteliy raiska ir iSskyrima (angl.
regulated on activation, normal T cell expressed and secreted), MCP — monocity
chemoatraktinis baltymas (angl. monocyte chemoattractant protein), SDF —
stromos lgsteliy i$skirtas baltymas (angl. stromal cell-derived factor).

3.3.4.2.3. Matrikso metaloproteinazé 8

MMP - tai proteaziy, turiniy savo sudétyje cinko ir kalcio jony, grupé.
Siuo metu zinomos 23 MMP $eimos narés, kurios pagal struktiirines ypatybes
ir ardoma substratg skirstomos j Sesis poseimius: kolagenazes, stromelizinus,
matrilizinus, Zelatinazes, membraninio tipo ir kitas MMP [75, 76]. Visy MMP
strukttira panasi, susidedanti i§ 5 pagrindiniy komponenty: signalinio peptido
(svarbaus MMP iSskyrimui i§ lgstelés); propeptido (svarbaus palaikant
neaktyvia MMP formg); katalizinio metaloproteinazés domeno (biitino
fermentiniam aktyvumui); aSinio peptido (sujungiancio katalitinj domeng su
hemopeksino domenu) ir hemopeksino domeno (nulemian¢io MMP geba
skaidyti atitinkamg substratg) [77, 78]. MMP sudarytos i§ 390 aminorigséiy,
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kurios sudaro neglikolizintas polipeptidines grandines, tarpusavyje sujungtas
nekovalentinémis jungtimis (13 pav.) [79].
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13 pav. A — Matrikso metaloproteinazés 8 biocheminé struktiira (pritaikyta
pagal  prieiga internete  <https://cpcscientific.com/products/catalog-
peptidessMMPS-014/>). B — Matrikso metaloproteinazés 8 molekuliné
strukttira (pritaikyta pagal I. Bertini 2006 [79])

MMP-8 priklauso kolagenaziy Seimai, kaupiama neutrofiluose ir i$ jy
atpalaiduojama, neutrofilams patekus j infekcijos zidinj [80]. MMP-8
pagrindiné funkcija yra I, II ir II tipo kolageno skaidymas, taciau taip pat
skatina imuniniy lgsteliy migracija j infekcijos zidinj bei indukuoja IL-6 ir IL-
8 gamyba [81].

Padidéjusi MMP-8 koncentracija siejama su padidéjusia vaisiaus vandeny
infekcijos, gresiancio prieslaikinio gimdymo ir nepageidaujamy naujagimiy
iSei¢iy rizika [82, 83]. J.S. Parkas su bendraautoriais dar 2001 m. atliko tyrima,
kuriame nustatyta ribiné optimali MMP-8 vert¢ amniocentezés bidu
paimtuose vandenyse sieké 23 ng/ml [84], o T. Myntti su kolegomis 2016 m.
nustaté kiek didesng optimalig verte — 41,5 mg/ml [85]. MMP-8 ribinés vertés
taip pat buvo naudotos greitiesiems testams kurti. Greitojo testo, kuriame
nustatyta ribiné MMP-8 verté 20 ng/ml, jautrumas sieké 97 proc., o
specifiSkumas — 63 proc. [86].
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3.3.4.2.4. Transmembraniniai atpazinimo (Toll-like) receptoriai

Toll-like receptoriai — tai transmembraniniai glikoproteinai, vieni pirmyjy
atpazjstantys infekcijos sukéléjg ir stimuliuojantys jgimta imuniteta. TLR
sudaryti i§ 3 domeny: iSorinio (ekstralastelinio), transmembraninio ir vidinio
(intralastelinio). [Ekstralasteliniai domenai yra atsakingi uz patogeny
atpazinimg ir suri§ima, transmembraninis domenas tarpininkauja perduodant
signalg j vidinj domeng i§ iSorinio domeno. Vidinj domeng sudaro interleukino
receptoriai, todél §is domenas dar vadinamas TIR domenu (Toll interleukino-
1 receptoriai). Sis domenas sudarytas i§ 150 aminoriigs¢iy (14 pav.) [87]. TLR
atpazjsta specifinius mikroby pavirSiaus komponentus, tokius kaip nemetilinta
dvigubos grandinés dezoksiribonukleoriigstis, vienos grandinés ribonukleino
rugstis, lipoproteinus, lipopolisacharidus ir flagelinus [88].

ISorinio domenuy
molekulés modelis

Lastelés membrana

TIR domenas { ' ‘

14 pav. Toll-like receptoriy struktiira (parengta pagal U. Tiwar 2015 [89]).
Santrumpos: TIR — Toll interleukino-1 receptoriai.

Iki Siol nustatyta 10 skirtingy Zzmogaus organizmui biidingy TLR funkciniy
tipy (TLR1-10) [90]. TLR-2 ir TLR-4 randama vaisiaus dangaluose [21, 91].
TLR-2 yra vienas i§ universaliausiy TLR, nes turi savybe sudaryti
heterodimerus su STLR-1 ir STLR-6, todé¢l gali atpazinti daugiau specifiniy
mikroorganizmy komponenty nei kiti TLR tipai. TLR-2 atpaZjsta
gramteigiamy bakterijy lipoproteinus ir peptidoglikanus, lipoteicho rtgstis ir
grybelinj zimozang. TLR-2 gali atpazinti daznai makStyje randamas
mikoplazmas ir ureaplazmas, grybelio sukéléjus ir gramteigiamas bakterijas,
tokias kaip B grupés streptokokas [21, 22]. TLR-4 pagrindiné funkcija —
atpazinti gramneigiamy bakterijy lipopolisacharidus. Todél TLR-4 gali
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atpazinti kitus mikroorganizmus, daznai nustatomus intrauterinés infekcijos
metu, kuriy neatpazjsta TLR-2: Escherichia coli, Prevotella, Leptotrichia,
Sneathia ir kitas gramneigiamas bakterijy rasis [21-25].

C. Andryso su kolegomis atliktame tyrime nustatyta, kad tirpus TLR-2
amnocentezés bidu paimtuose vandenyse yra geras prognostinis histologinio
chorioamnionito zymuo [92]. A.T. Dulay su kolegomis savo tyrime nustaté,
kad tirpaus TLR-2 lygis nepriklauso nuo intraamnioninés infekcijos buvimo,
taiau kinta priklausomai nuo néStumo laiko: aukSta tirpaus TLR-2
koncentracija vaisiaus vandenyse stebima iki 30 néStumo savailiy ir
laipsniskai mazéja nuo 30 savaités iki gimdymo termino [93].

3.3.4.2.5. A defensinai

aminoriig§¢iy, veikiantys prie§ daugeli gramneigiamy ir gramteigiamy
bakterijy, grybeliy ir virusy, kuriuose yra trys poros intramolekuliniy
disulfidiniy jung¢iy (15 pav.) [94, 95]. Atsizvelgiant j jy dyd; ir disulfidiniy
jungciy modelj, defensinai skirstomi j alfa, beta ir teta kategorijas. Teta
kategorijos defensiny zZmogaus organizme nenustatoma. DidZzioji dalis o
defensiny randama neutrofiluose, todél jie dar vadinami zmogaus
neutrofiliniais peptidais (angl. Human neutrophil peptides, HNP). Maziau o
defensiny randama makrofaguose ir plonosios Zarnos Paneth Igstelése [96].
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15 pav. A — a defensiny biocheminé struktiira (parengta pagal prieiga
internete

<https://www.chemicalbook.com/ChemicalProductProperty EN_CB729198
0.htm>). B — a defensiny molekuliné struktiira (parengta pagal A. Szyk 2006

[95])
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a defensinai stiprina prieSuzdegimine reakcijg stimulivodami TNF-a, IL-
1, histamino ir prostaglandino D2 gamyba, reguliuodami komplemento
aktyvacijag ir slopindami IL-10 gamybg monocituose. Taip pat a defensinai
konkuruoja su adrenokortikotropiniu hormonu dél prisijungimo prie
receptoriy, todél mazina imunitetg slopinanéiy gliukokortikoidy gamyba [97].

a defensiny randama vaisiaus vandenyse ir jy dangaluose. Nustatyta, kad
a defensiny koncentracija amniocentezés buidu paimtuose vaisiaus vandenyse
statistiSkai reikSmingai didesné toje motery grupéje, kurioje nustatyta
intrauteriné infekcija, nei grupéje, kurioje Sios infekcijos néra. Padidéjusi a
defensiny koncentracija vaisiaus vandenyse taip pat susijusi ir su neigiamomis
naujagimiy baigtimis [98-100]. M. Lucovnikas su bendraautoriais 2010 m.
iStyré a defensiny koncentracijg maksties i§skyrose ir nustaté, kad o defensiny
koncentracija > 2 065 ng/ml reikSmingai prognozuoja vaisiaus uzdegiminio
atsako sindromg (testo jautrumas sieké 100 proc., specifiSkumas — 53 proc.),
o0 koncentracija > 9 379 ng/ml parodo padidéjusiag naujagimio mirties rizikg ar
nervy sistemos pazeidima, tafiau testo jautrumas sieké tik 29 proc.,
specifiSkumas — 100 proc. [101].

3.3.4.2.6. Urokinazés tipo plazminogeno aktyvatoriaus receptorius

Urokinazés tipo plazminogeno aktyvatoriaus receptorius (uUPAR) yra su
glikofosfatidilinozitoliu sujungtas Iasteliy membranos receptorius, sudarytas
i§ trijy homologiniy domeny. uPAR yra ekspresuojamas jvairiy tipy Iastelése,
jskaitant neutrofilus, limfocitus, monocitus, makrofagus, endotelio ir naviko
lasteles [102]. Prie uPAR jungiasi urokinazés tipo plazminogeno aktyvatorius
(UPA) — serino proteazé. Sios serino proteazés skatina plazminogeno skilima,
kurio metu atpalaiduojamas plazminas, aktyvuojantis ekstralgstelines
matrikso metaloproteinazes ir atgaliniu ry$iu stimuliuojantis uPA/uPAR
kaskada. Inhibuotas uPAR patenka j lasteliy lizosomas, kuriose atskirta serino
proteazé suskaidoma, o atpalaiduotas neaktyvus receptorius grazinamas j
lastelés membrang (16 pav.) [103]. uPAR dalyvauja atliekant jvairias
imunologines funkcijas: lasteliy adhezija, migracija, chemotaksj, proteolizg,
imuninés sistemos aktyvavima, audiniy rekonstravimg, invazijg ir signalo
perdavima [104].
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16 pav. Urokinazés tipo plazminogeno aktyvatoriaus receptoriaus struktiira,
aktyvavimas ir inhibavimas (pritaikyta pagal S. E. Rademakersa 2008 [103]).
Santrumpos: MMP — matrikso metaloproteinazé, uPA — urokinazés tipo
plazminogeno aktyvatorius, UPAR — wurokinazés tipo plazminogeno
aktyvatoriaus receptorius, PAI — plazminogeno aktyvatoriaus inhibitorius.

Literatiroje randama daugiau nei 1 000 tyrimy, jrodanc¢iy uPAR reikSme
jvairios kilmés uzdegimy diagnostikoje. uPAR turi dideles ne tik diagnostines,
bet ir prognostines infekcijos iSeiciy reikSmes. Esama tik pavieniy tyrimy apie
serumo uPAR reik§me¢ chorioamnionito diagnostikoje, taciau iki §iol néra
paskelbta tyrimy, analizuojanc¢iy uPAR koncentracija vaisiaus vandenyse. Y.
Cekmez su bendraautoriais 2013 m. savo tyrime nustaté, kad serumo uPAR
tyrimo jautrumas ir specifiskumas diagnozuojant histologinj chorioamnionita
yra toks pat kaip IL-6, taciau didesnis nei CRB ir leukocity skaiciaus [105].
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3.4. Néstumo priezitros taktika, esant prieslaikiniam neiSneSioto
vaisiaus dangaly plySimui

Diagnozavus prieslaikinj nei$neSioto vaisiaus dangaly plySima, tolesné
néstumo priezitros taktika priklauso nuo [106, 107]:
— néstumo trukmés;

— yra ar néra chorioamnionito pozymiy;

— létinés infekcijos buvimo (ZIV, HCV, HBV, lytiniy organy HSV);
— yra ar néra gimdymo veiklos;

— vaisiaus pirmeigos;

— vaisiaus buklés;

— vaisiaus padéties.

Diagnozavus prieslaikinj neiSneSioto vaisiaus dangaly plySima,
atsizvelgiant | iSvardytus veiksnius, pasirenkama laukimo arba néstumo
uzbaigimo taktika.

3.4.1. Laukimo taktika

Esant néStumo laikui < 34 savaités, nesant klinikinio chorioamnionito
pozymiy bei esant gerai vaisiaus biuklei, rekomenduojama laukimo taktika

[106]. Pasirinkus laukimo taktikg, didéja chorioamnionito, endometrito,

sepsio, placentos atSokos, kraujavimo bei vaisiaus ziities rizika. Dél §iy galimy

komplikacijy rekomenduojamas nésciosios ir vaisiaus buklés stebéjimas

[107]:

temperatliros matavimas ir pulso skaiciavimas 3 kartus per diena;
gimdos skausmingumo ir aktyvumo stebéjimas kasdien;

i8skyry i§ maksties pobiuidzio vertinimas kasdien;

bendrasis kraujo ir CRB tyrimai 1 karta per savaitg, o jtarus, kad yra
intrauteriné infekcija — dazniau;

vaisiaus judesiy skaiciavimas 2 kartus per diena;

vaisiaus Sirdies ritmo auskultavimas 1 kartg per diena,

nestresinis testas maziausiai 2 kartus per savaite;

virkstelés kraujotakos tyrimas dopleriu ir vaisiaus vandeny kiekio
vertinimas prireikus.

Pasirinkus laukimo taktika, siekiant i§vengti chorioamnionito i§sivystymo,
skiriama antibiotiky profilaktika [108-111]:

— 2 g ampicilino j veng kas 6 val. (tesiama 48 val.);

— po 48 val. ampiciling rekomenduojama keisti ] geriamg amoksiciling po

500 mg kas 8 val. arba 875 mg kas 12 val. (tgsiama 5 dienas);
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— kartu nuo pirmos dienos skiriamas geriamas eritromicinas 250 mg kas
6 val. (tesiama 7 dienas) arba azitromicinas 1 g vieng karta.

3.4.2. Gimdymo suzadinimas

Gimdymo suzadinimo taktika rekomenduojama rinktis, esant Sioms
situacijoms [106, 112, 113]:
jtarus ar patvirtinus, kad yra chorionamnionitas (chorioamnionitas §iuo

kriterijais);
— prasidéjus kraujavimui;
nestabili ar blogéjanti vaisiaus buklé;
HELLP sindromas arba sunki preeklampsija;
mekonijumi uZtersti vaisiaus vandenys (sprendziama individualiai);

— didziosios vaisiaus raidos ydos;
— monochorioniniai arba monoamnioniniai dvyniai;
nestabili motinos biklé.

Pasirinkus gimdymo suzadinimo taktikg, rekomenduojama skirti
antibiotiky naujagimiy ankstyvosios B grupés hemolizinio streptokoko
sukeltos infekcijos profilaktikai [114].

3.5. Chorioamnionito komplikacijos

Chorioamnionitas yra susijes su padidéjusia gimdos atonijos rizika, kas
lemia didesne kraujavimo po gimdymo rizika [115-117]. D¢l didesnio cezario
pjuviy daznio moterys, kurioms diagnozuotas chorioamnionitas, turi didesne
su operacija susijusiy komplikacijy rizika: zaizdos infekcijy, endometrito,
dubens tromboflebito, pilvo abscesy [115-118]. Taip pat literatiiroje randama
duomeny, kad chorioamnionitas motinos sepsio rizikg po gimdymo didina net
iki 12 karty [119], taCiau sepsio ir kity gyvybei pavojingy komplikacijy
(kres¢jimo sutrikimy, suaugusiyjy respiracinio distreso sindromo) rizika
zenkliai sumazéja, jei skiriamas antibakterinis gydymas né$tumo metu ir po
gimdymo [120, 121].

Chorioamnionitas komplikacijy rizikg vaisiui ar naujagimiui padidina 2—
3,5 karto, nepriklausomai nuo infekcijos trukmés [122]. Galimos
chorioamnionito komplikacijos vaisiui ar naujagimiui yra perinataliné mirtis,
asfiksija, ankstyvas naujagimio sepsis, sepsinis Sokas, pneumonija,
meningitas, intraventrikulinis kraujavimas, smegeny baltosios medziagos
pazeidimas ir ilgalaiké negalia, jskaitant cerebrinj paralyziy, bei
komplikacijos, susijusios su neiS$neSiotumu [123-128]. Literatiiros
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duomenimis, iki 40 proc. visy diagnozuoty naujagimiy sepsiy yra
chorioamnionito komplikacijos [16]. Chorioamnionito atveju nei$neSioti
naujagimiai turi didesng¢ komplikacijy rizika nei iSneSioti naujagimiai:
perinatalinés mirties rizika nei$neSiotam naujagimiui siekia 25 proc.,
iSneSiotam — 6 proc., naujagimiy sepsio rizika neiSnesiotam naujagimiui siekia
28 proc., iSneSiotam — 6 proc., pneumonijos rizika neiSnesiotam naujagimiui
siekia 20 proc., iSneSiotam — 3 proc., 3 ar 4 laipsnio intraventrikulinio
kraujavimo rizika neiSneSiotam naujagimiui siekia 24 proc., iSneSiotam — 8
proc. ir kvépavimo sutrikimy rizika neisneSiotam naujagimiui siekia 62 proc.,
o i8nesiotam — 35 proc. [125].

Chorioamnionitas taip pat glaudziai siejamas su kiidikiy neurologinio
vystymosi sutrikimais, kuriuos gali sukelti asfiksija ir toksinis bakterijy
produkty poveikis. ESama tyrimy, jrodanciy chorioamnionito ry§j su
véluojanciu neurologiniu kiidikio vystymusi ar cerebriniu paralyziumi [129—
132]. Uzdegiminiai pokyc¢iai chorioamnionito metu gali sukelti vaisiaus
smegeny iSemija, intraventrikulinj kraujavimg ir periventrikuling
leukomaliacija, kas siejama su ilgalaikémis neurologinémis ir psichinémis
ligomis [133-138].

Dél galimos rizikos vaisiui ir motinai, néStumo metu diagnozavus
chorioamnionita, rekomenduojama néStumo nebetesti, taciau padidéja
naujagimio komplikacijy rizika dél neiSneSiotumo (Timinis respiracinis
distreso sindromas, kardiovaskulinés sistemos nebrandumas, retinopatija,
periventrikuliné leukomaliacija, nekrotizuojantis enterokolitas ir kt.) [139].
Todél, esant prieslaikiniam nei$neSioto vaisiaus dangaly plySimui, labai
svarbu kuo tikslesné chorioamnionito diagnostika, kad bty iSvengta
infekcijos komplikacijy ir biity parinktas optimalus gimdymo laikas.
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4. DARBO METODIKA

Tyrimas buvo atliekamas 2017-2021 m. Vilniaus universiteto ligoninés
Santaros kliniky (VUL SK) AkusSerijos ir ginekologijos centre. Vaisiaus
vandeny imunologiniy Zymeny analizé buvo atliekama Valstybinio moksliniy
tyrimy instituto Inovatyvios medicinos centre.

Tyrimui atlikti gautas Vilniaus regioninio biomedicininiy tyrimy etikos
komiteto 2017 m. liepos 4 d. leidimas Nr. 158200-17-931-434 (1 priedas) ir
§io leidimo 2019 m. rugséjo 19 d. papildymas Nr. 2019-LP-40 (2 priedas) bei
Valstybinés duomeny apsaugos inspekcijos 2018 m. kovo 9 d. leidimas
tvarkyti duomenis Nr. 2R-1765 (2.6-1.) (3 priedas). Mokslinj tyrimg rémé
Lietuvos mokslo taryba kaip moksliniy grupiy projektg (Nr. S-MIP-19-57) ir
Vilniaus universiteto Medicinos fakultetas.

I tyrimg buvo jtraukiamos nés$¢ios moterys, kurios buvo hospitalizuotos |
VUL SK AkuSerijos ir ginekologijos centrg dél prieslaikinio nei$neSioto
vaisiaus dangaly plySimo, esant < 34 savaiciy néStumui. Visos tyrimo dalyveés
buvo informuotos apie tyrimo tikslus, eiga, galimus nepatogumus, tyrimo
rezultaty naudojima uZtikrinant konfidencialuma ir pasira$¢ informuoto
asmens sutikimo formg. Informuoto asmens sutikimo forma dél naujagimio
dalyvavimo tyrime pasirasé abu tévai. Moterys bet kuriuo metu galéjo
nutraukti savo ar naujagimio dalyvavima tyrime.

Jtraukimo j tyrima kriterijai:

- moters amzius > 18 m.,

- vienvaisis néStumas,

- néstumo trukmé 227°-34% sav.,

- diagnozuotas PNVDP,

- informuoto asmens sutikimo formos pasira§ymas.

Neijtraukimo kriterijai:
- daugiavaisis néstumas,
placentos pirmeiga,
kraujavimas i§ maksties,
diagnozuotos vaisiaus vystymosi ydos,
nestabili vaisiaus buklé,
atsisakymas dalyvauti tyrime.

Itraukus tiriamgsias ] tyrimg buvo surenkami asmens sveikatos bei
néstumo anamnezés duomenys: moters amzius, ankstesniy néStumy ir
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gimdymy skaicius, létinés ligos, paskutiniy ménesiniy data ir reguliarumas,
néStumo metu atlikti tyrimai bei diagnozuotos ligos. Po gimdymo renkamy
duomeny bazé buvo papildyta gimdymo anamnezés duomenimis: gimdymo
bidas, naujagimio gimimo svoris, Apgar jvertinimas bei virkstelés arterinio
kraujo pH tyrimo rezultatai.

Neéstumo trukmé buvo nustatoma remiantis paskutiniy ménesiniy pirma
diena, jei ménesiniy ciklas reguliarus. Jei ménesiniy ciklas nereguliarus arba
atlikus ultragarsinj tyrimg 117°-13*® savaite skirtumas > 5 dienos, néstumo
trukmé buvo nustatomas pagal ultragarsinio tyrimo duomenis.

Prieslaikinis neiSnesioto vaisiaus dangaly plySimas buvo diagnozuojamas,
jei apzitros per makstj metu buvo stebimas vaisiaus vandeny tekéjimas. Esant
neaiskiai diagnozei, buvo atliekamas testas, nustatantis maksties iSskyrose
placentos o mikroglobuling-1 (Amnisure®, Dzermantaunas, JAV): esant
teigiamam testui, patvirtinamas PNVDP.

Pagal Akuserijos metodikas, patvirtintas Lietuvos akuSeriy ir ginekology
draugijos ir skelbiamas Lietuvos Respublikos sveikatos apsaugos ministerijos
tinklalapyje, bei VUL SK patvirtintas tyrimo ir gydymo procediiras bei
protokolus [140, 141], visoms nés¢iosioms, kurioms diagnozuotas PNVDP iki
34 savaiciy, buvo skiriama antibiotiky profilaktika ir vaisiaus plauciy
brandinimas. Antibiotiky profilaktikai buvo skiriama 2 g ampicilino j veng kas
6 val. 2 paras; po 2 pary buvo skirtas geriamas amoksicilinas po 500 mg kas
8 val. 5 dienas. Kartu buvo skiriamas geriamas eritromicinas po 250 mg kas 6
val. i§ viso 7 dienas arba azitromicino 1 g atvykimo dieng ir 0,5 g penkta
stebéjimo dieng. Vaisiaus plauc¢iy brandinimui buvo skiriama deksametazono
po 12 mg kas 12 val. | raumenis 2 kartus.

Klinikinis chorioamnionitas buvo diagnozuojamas, esant kar$¢iavimui
> 38 °C ir bent 2 i$ toliau i$vardyty pozymiy:

- moters tachikardija (> 100 k./min.);
vaisiaus tachikardija (> 160 k./min.);
- nemalonaus kvapo piilingos i$skyros arba vaisiaus vandenys;
gimdos jautrumas (skausmingumas);
leukocitoze (> 15 x 109/1);
CRB > 40mg/I.

Pagal galiojanc¢ias VUL SK istyrimo ir gydymo metodikas [142], esant
prieslaikiniam gimdymui, visy gimdyviy placentos po gimdymo buvo
siun¢iamos istirti histologiskai. Histologiniai placentos tyrimai buvo atliekami
vieno tyréjo Valstybiniame patologijos centre. Uzdegiminiai pakitimai
placentoje ir vaisiaus dangaluose buvo vertinami remiantis apraSytais
Amsterdamo placentos darbo grupés ir Pediatrijos patologijos draugijos
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Perinatalinés sekcijos diagnostikos kriterijais (3 ir 4 lentelés) [31, 32].
Nustac¢ius PMN infiltracijg j choriong ir amniong, buvo diagnozuojamas
histologinis chorioamnionitas (17 pav.). Remiantis histologinio tyrimo
rezultatais visos dalyvés buvo skirstomos j 2 grupes: moterys, kurioms
diagnozuotas histologinis chorioamnionitas (I grupé), ir kontroliné grupe, t. y.
moterys, kurioms nediagnozuotas histologinis chorioamnionitas (II grupé).

17 pav. A — Normalios placentos ir vaisiaus dangaly histologiné struktiira. B —
Placentos ir vaisiaus dangaly struktiira, esant histologiniam chorioamnionitui
(Valstybinio patologijos centro, VUL SK filialo nuotraukos). Rodyklémis
pazyméta polimorfonukleariné uzdegiminé infiltracija placentos ir vaisiaus
dangaluose.
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Tyrimas suskirstytas j tris dalis (18 pav.).

| dalis Il dalis 111 dalis
Motinos kraujo Vaisiaus vandeny Motinos kraujo ir
uzdegiminiy uzdegiminiy vaisiaus vandeny

zymeny reikSme

zymeny reikSmé

uzdegiminiy

prognozuojant prognozuojant Zymeny reikSmiy
histologinj histologinj palyginimas
chorioamnionita chorioamnionitg prognozuojant
(n=137) (n = 156) histologinj
chorioamnionitg
(n=134)

18 pav. Biomedicininio tyrimo dalys.
Santrumpos: n — imties dydis.

4.1. I dalis. Motinos kraujo uzdegiminiy zymeny reikSmé
prognozuojant histologinj chorioamnionita

Pirmoje dalyje siekta jvertinti motinos kraujo uzdegiminiy Zymeny
reik§mg prognozuojant histologinj chorioamnionitg. Vertinant motinos Kraujo
rezultaty reik§Sme histologinio chorioamnionito prognozei, atrinkti tik tie
atvejai, kai kraujo tyrimai buvo atlikti 1248 val. iki gimdymao. llgesnis nei 12
val. laikotarpis iki gimdymo buvo pasirinktas siekiant sumazinti paklaidos
tikimybe dél kylancio uzdegiminio atsako ] pat] gimdymo procesa.
Trumpesnis nei 48 val. laikotarpis iki gimdymo buvo pasirinktas siekiant
sumazinti paklaidos tikimybe dél ilgo bevandenio laikotarpio tarp kraujo
tyrimy paémimo ir gimdymo: ilgéjant bevandeniam laikotarpiui didéja
chorioamnionito rizika, todél daugiau nei 48 val. iki gimdymo paimto kraujo
tyrimo rezultatai gali neatspindéti uzdegiminio proceso.

Vertinant motinos kraujo rezultatus, taip pat atsizvelgta j kortikosteroidy
skyrima. Kaip minéta, visoms néséiosioms, esant PNVDP iki 34 sav., buvo
skiriamas vaisiaus plauciy brandinimas deksametazonu. Kortikosteroidy
vartojimas sukelia leukocitozg su formulés nuokrypiu j kair¢ ir reliatyvia
limfopenija, kuri tesiasi 24—48 val. Dél Sios priezasties pasirinkta vertinti tik
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tuos kraujo tyrimus, kurie buvo atlikti véliau nei 48 val. po kortikosteroidy
skyrimo. Todél, vertinant motinos kraujo rezultaty reik§me¢ histologinio
chorioamnionito prognozei, j galuting analiz¢ jtrauktos 137 moterys ir jy
naujagimiai (19 pav.).

Hospitalizuotos moterys
dél PNVDP
n=218

Neatitiko jtraukimo kriterijy
n=33

\4

y

Atitiko jtraukimo kriterijus
n =185

Bendrasis kraujo tyrimas atliktas

<12 val. prie§ gimdyma (n = 8)
Bendrasis kraujo tyrimas atliktas

> 48 val. prie§ gimdyma (n = 15)
Bendrasis kraujo tyrimas atliktas

<48 val. po kortikosteroidy suleidimo
(n=25)

y

A4

Galutiné analizé
n=137

19 pav. Tiriamyjy atrankos schema motinos kraujo tyrimo rodikliy analizei.
Santrumpos: PNVDP — prieslaikinis nei$nesioto vaisiaus dangaly plySimas,
n — imties dydis.
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4.2. 11 dalis. Vaisiaus vandeny uzdegiminiy Zymeny reik§mé
prognozuojant histologinj chorioamnionita

Antroje tyrimo dalyje siekta jvertinti vaisiaus vandeny uzdegiminiy
zymeny reik§me¢ prognozuojant histologinj chorioamnionita. Vaisiaus
vandenys buvo surenkami steriliais maksties skétikliais neinvaziniu biidu
apziiiros per makst] metu. Vaisiaus vandeny méginiai buvo renkami kas antra
dieng, nucentrifuguojami 3 000 aps./min. grei¢iu 5 minutes, i$skirstomi j
frakcijas ir uzSaldomi iki —80 °C. Vaisiaus vandeny méginiai, kuriy kiekis
buvo nepakankamas imunologiniy Zymeny analizei arba vaisiaus vandenyse
buvo gausiy gleiviy ar kraujo priemaisy, buvo pasalinti i§ tyrimo. | galuting
analize jtraukti tik tie vaisiaus vandeny méginiai, kurie buvo paimti < 48 val.
iki gimdymo, taip siekiant sumazinti paklaidos tikimybg¢ dél ilgo bevandenio
laikotarpio tarp méginio paémimo ir gimdymo. Todél, vertinant vaisiaus
vandeny uzdegiminiy Zymeny reikSme¢ histologinio chorioamnionito
prognozei, j galuting analiz¢ jtrauktos 156 nésciosios ir jy naujagimiai
(20 pav.).

Moterys, kurios atitiko

itraukimo kriterijus
n=185

IStyrimui nepakankamas vaisiaus
vandeny kiekis (n = 14)

Vaisiaus vandeny kokybé bloga dél
gausiy gleiviy ir kraujo priemaisy
(n=15)

v

4

Galutiné analizé
n =156

20 pav. Tiriamyjy atrankos schema imunologiniy Zymeny vaisiaus vandenyse
analizei.
Santrumpos: n — imties dydis.
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Imunologiniy Zymeny koncentracija vaisiaus vandenyse buvo nustatoma
imunofermentiniu tyrimu (ELISA) (Bender Medsystem, Viena, Austrija). Visi
imunologiniai tyrimai buvo atlickami vieno tyréjo Inovatyvios medicinos
centre. Méginiai buvo atSildomi ir tiriami grupémis. Méginiy skiedimas ir
paruoSimas analizei buvo atliktas remiantis komerciniy rinkiniy gamintojy
rekomendacijomis.

IL-6 koncentracija nustatyta ELISA metodu panaudojus komercinj rinkinj
,,Human IL-6 Quantikine QuicKit ELISA* (R&D Systems, Mineapolis, JAV).
Keturiy parametry logistiné standartiné¢ kreivé apskaiCiuota ir nubraizyta
12,5-800 pg/ml ribose, naudojant specialia kompiutering programa, skirtg
imunofermentinés analizés rezultatams jvertinti, Gen5 Microplate Data
Collection & Analysis Software (BioTek Instruments, Vinuskis, JAV) (21
pav.). Rinkinio jautrumas (minimali nustatoma doz¢) buvo 1,70 pg/ml.
Meéginiai tyrimui buvo naudojami neskiesti, taciau jei iSmatuotas méginio
optinis tankis virSijo auks$¢iausio standarto optinio tankio reikSme, méginiai
buvo atitinkamai skiedziami 1:10, 1:100 arba 1:1000 ir tiriami dar karta.
Optinis tankis buvo matuojamas spektrofotometru (BioTek Instruments,
Vinuskis, JAV).

25 /

Mean Yalus
P

m
|

Lt
L
‘_FGF____'______—er"
0
10 100 1000
Concentration
y=(A-DYy(1+x/CB))+D: A B C D RA2
O Std (Standards: Concentration vs Mean Value) 0074 1.019 1277.465 6907 1

21 pav. Vieno IL-6 tyrimo metu gautos keturiy parametry logistinés
standartinés kreivés pavyzdys
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TNF-a koncentracija nustatyta panaudojus komercinj rinkinj ,,Human
TNFa ELISA Kit“ (Life Technologies, Voltamas, JAV). Keturiy parametry
logistiné standartiné kreivé apskai¢iuota ir nubraizyta 15,6-1 000 pg/ml
ribose, rinkinio jautrumas buvo < 2 pg/ml (22 pav.). Méginiai tyrimui buvo
naudojami neskiesti, taCiau jei iSmatuotas méginio optinis tankis virsijo
auksCiausio standarto optinio tankio reikSme, méginiai buvo atitinkamai
skiedziami 1:5 ir tiriami dar kartg.

Standard Curve
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© Std (Standards: Concentration vs Mean Value) -0.011 0.904 12931.57 19.783 1

22 pav. Vieno TNF-o tyrimo metu gautos keturiy parametry logistinés
standartinés kreivés pavyzdys
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MMP-8 koncentracija nustatyta panaudojus komercinj rinkinj ,,Human
Total MMP-8, Quantikine ELISA* (R&D Systems, Mineapolis, JAV). Keturiy
parametry logistiné standartiné kreivé apskaiciuota ir nubraizyta 0,156—10
ng/ml ribose, rinkinio jautrumas buvo 0,013 ng/ml (23 pav.). Méginiai tyrimui
buvo naudojami atskiesti 1:10, taciau jei iSmatuotas méginio optinis tankis
vir§ijo aukSCiausio standarto optinio tankio reik§me¢, méginiai buvo
atitinkamai skiedziami 1:100 arba 1:1000 ir tiriami dar kartg.

Standard Curve
: /
15 ¥
" /
3
L
=
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o
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0
0.1 1 10
Concentration
y=((A-DY(1 +(x/C)"B) ) +Dx A B C D RA2
O Std (Standards: Concentration vs Mean Value) 0.063 1.108 414702 126.848 1

23 pav. Vieno MMP-8 tyrimo metu gautos keturiy parametry logistinés
standartinés kreivés pavyzdys
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STLR-2 koncentracija nustatyta panaudojus komercinj rinkinj ,,Enzyme-
linked Immunosorbent Assay Kit For Toll Like Receptor 2 (TLR2)“ (Cloud-
clone Corp., Keitis, JAV), 0 STLR-4 —, Enzyme-linked Immunosorbent Assay
Kit For Toll Like Receptor 4 (TLR4)* (Cloud-clone Corp., JAV). Log-log
standartiné kreivé apskaiCiuota ir nubraizyta 0,312—20 ng/ml ribose abiem
receptoriams (24 pav.). STLR-2 rinkinio jautrumas buvo 0,112 ng/ml, 0 STLR-
4 - 0,118 ng/ml. Abiem atvejais méginiai tyrimui buvo naudojami neskiesti.

10
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= /Jrf
0.1
0.01
041 1 10 100
Concentration
Log(y) =A +B * Log(x) A B RA2
© Std (Standards: Concentration vs Mean Value) -0.71 0811 0.997

24 pav. Vieno s-TLR-2 tyrimo metu gautos log-log standartinés kreivés
pavyzdys
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a defensiny koncentracija nustatyta panaudojus komercinj rinkinj ,,Human
Defensin Alpha 3, Neutrophil Specific (DEFA3) ELISA Kit“ (Abbexa Ltd,
Kembridzas, Jungtiné Karalysté). Keturiy parametry logistiné standartiné
kreivé apskaiciuota ir nubraizyta 0,47-30 ng/ml ribose, rinkinio jautrumas
buvo < 0,21 ng/ml (25 pav.). Méginiai tyrimui buvo naudojami atskiesti 1:10.

Standard Curve
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25 pav. Vieno o defensiny tyrimo metu gautos keturiy parametry logistinés
standartinés kreivés pavyzdys
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SuPAR koncentracija nustatyta panaudojus komercinj rinkinj ,,Human
uPAR Immunoassay, Quantikine ELISA* (R&D Systems, Mineapolis, JAV).
Log-log standartiné kreivé apskaiCiuota ir nubraizyta 62,5-4 000 pg/ml
ribose, rinkinio jautrumas buvo < 33 pg/ml (26 pav.). Méginiai tyrimui buvo
naudojami atskiesti 1:5, taciau jei iSmatuotas méginio optinis tankis virsijo
auksCiausio standarto optinio tankio reikSme, méginiai buvo atitinkamai
skiedziami 1:10, 1:100 ir tiriami dar karta.

Standard Curve
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26 pav. Vieno suPAR tyrimo metu gautos log-log standartinés kreiveés
pavyzdys
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4.3. 1II dalis. Motinos kraujo ir vaisiaus vandeny uzdegiminiy zymeny
reik§miy palyginimas prognozuojant histologinj chorioamnionita

Trecioje dalyje siekta palyginti tarpusavyje motinos kraujo ir vaisiaus
vandeny uzdegiminiy zymeny reikSmes histologinio chorioamnionito
diagnozei. | bendra tyrimo dalj pateko tik tos moterys, kuriy tiek kraujo, tiek
vaisiaus vandeny méginiai tenkino atrankos kriterijus (27 pav.).

Moterys, kurios atitiko
jtraukimo kriterijus

n=185
Bendrasis kraujo tyrimas atliktas < 12 val.
prie§ gimdymg (n = 8)
Bendrasis kraujo tyrimas atliktas > 48 val.
| .,

pries gimdyma (n = 15)
Bendrasis kraujo tyrimas atliktas < 48 val.
po kortikosteroidy suleidimo (n = 25)

\4
Moterys, kuriy kraujo
tyrimai atitiko atrankos
kriterijus
n=137

IStyrimui nepakankamas vaisiaus vandeny
kiekis (n = 1)

——»| Vaisiaus vandeny kokybé bloga dél
gausiy gleiviy ir kraujo priemaisy (n = 2)

\4

Galutiné analizé
n=134

27 pav. Tiriamyjy atrankos schema motinos kraujo ir vaisiaus vandeny
uzdegiminiy Zymeny reikSmiy palyginimui.
Santrumpos: n — imties dydis.
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4.4, Tyrimo imties apskai¢iavimas

Tyrimo imties dydziams nustatyti visose trijose dalyse naudota ,,G*Power*
(versija 3.1.9.4) programa. Kriterijaus reik§mingumo lygmuo pasirinktas a =
0,05. Atsizvelgta i tai, kad kriterijaus galia biity ne mazesné kaip 0,8 (0,8 < f
< 0,95). Pasirinktas im¢iy dydis atitiko reikalavimus.

4.5, Statistiné duomeny analizé

Statistiné duomeny analizé buvo atlikta naudojant R paketg (4.0.3 versija)
(R Core Team, 2020). Duomeny pasiskirstymo normalumo salygai patikrinti
buvo naudojamas Sapiro ir Vilko testas. Kiekybiniy pozymiy, atitikusiy
normaliojo skirstinio salygas, reik§miy vidurkiai dviejose nepriklausomose
grupése lyginti taikant Stjudento t testg. Kiekybiniy pozymiy, neatitikusiy
normaliojo skirstinio salygy, reik§Smés palygintos taikant Mano—Vitnio—
Vilkoksono rangy sumy kriterijus. Visi rezultatai, kuriy atvejais taikyti
parametriniai kriterijai, aprasyti pateikiant kiekybiniy duomeny vidurkj (x) su
standartiniu nuokrypiu (SN). Rezultatai, kuriy atvejais taikyti neparametriniai
kriterijai, apraSyti pateikiant kiekybiniy duomeny mediang (Md) ir
tarpkvartilinj plotj (IQR). Kokybiniy kintamyjy nepriklausomumui tikrinti
taikytas chi kvadrato (y?) kriterijus ir duomenys pateikti absoliuciais skaiciais
su iSreiksta procentine dalimi.

Rysio tarp kintamyjy stiprumui jvertinti naudotas binarinés daugialypés
logistinés regresijos modelis. Siekiant jvertini uzdegiminiy Zymeny
prognostines reik§mes histologiniam chorioamnionitui, nubraizytos ROC
kreives ir apskaiCiuoti plotai po kreivémis (AUC). Skirtingy modeliy AUC
palyginti naudojant DeLong testg. Optimaliai ribinei vertei nustatyti
panaudotas Judeno (J) indeksas (jautrumas + (1 — specifiskumas) — 1).

Analizuojamy pozymiy skirtumai laikyti statistiSkai reikSmingais, kai
nustatytas reikSmingumo lygmuo (p reik§mé) buvo mazesnis uz 0,05.
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5. TYRIMO REZULTATAI

5.1. I dalis. Motinos kraujo uzdegiminiy zymeny reikSmé
prognozuojant histologinj chorioamnionitg

I biomedicininio tyrimo dalj, nagring¢jant motinos kraujo uzdegiminiy
zymeny reikSme histologinio chorioamnionito diagnostikoje, jtrauktos 137
moterys, kurios buvo hospitalizuotos | VUL SK Akuserijos ir ginekologijos
centrg dél pries laikg nutekéjusiy vaisiaus vandeny esant néstumo laikui 2270 —
34%% sav. | pirmaja tiriamyjy grupe pateko 52, j antraja — 85 moterys ir jy

naujagimiai.

Bendroji tiriamyjy demografiné ir klinikiné charakteristika pateikta

5 lentelgje.

5 lentelé. Palyginamoji tiriamyjy grupiy charakteristika

. I grupé II grupé p

Charakteristika (n = 52) (n = 85) reikimeé
1\:[0t1nos amzius (metai), 308458 311452 0,89
x £ SN
Pirmas néstumas, n (%) 26 (50) 43 (50,6) 0,95
Pakartotinis néStumas, n (%) 26 (50) 42 (57,6) 0,95
Pirmas gimdymas, n (%) 29 (55,8) 52 (61,2) 0,53
Pakartotinis gimdymas, n (%) 23 (44,2) 33(38,8) 0,53
Néstumo trukmé gimdymo 32%3 33%2 0.06
metu (sav.), Md (IQR) (27%3-34%0) (28%6-34%2) ’
Klinikinis chorioamnionitas,
n (%) 6 (7,7) 1(1,2) 0,008
Bevandenis laikotarpis (val.), 148,3 93,5 0.007
Md (IQR) (91,1-246,5) (62,1-166,05) !
B grupés § hemolizinio
streptokoko kolonizacija 20 (38,5) 13 (15,3) 0,002
makstyje, n (%)
Gestacinis diabetas, n (%) 8 (15,4) 16 (17,6) 0,54
Hipertenzinés biiklés, n (%) 7 (13,5) 11 (12,9) 0,93

51




I grupé II grupé p

Charakteristika (n =52) (n = 85) reik§meé

Vaisiaus gimimo svoris (9), | 1¢105. 6003 | 1950246101 | 048

x + SN
Apgar balai min. <7,n

pgar balai po 5 mi , 6 (11,5) 1(1,2) 0,008
(%)
\ilrksteles arterinio kraujo pH, 7324008 7,35+ 0,08 0,004
x + SN

I grupé — moterys, kurioms diagnozuotas histologinis chorioamnionitas;

Il grupé— moterys, kurioms nediagnozuotas histologinis chorioamnionitas.
Santrumpos: x — vidurkis, SN — standartinis nuokrypis, Md — mediana, IQR —
tarpkvartilinis plotis (angl. interquartile range), n — imties dydis.

Tiriamyjy amzius, néStumy ir gimdymy skaiCius, néStumo trukmé,
gestacinio diabeto, hipertenziniy bikliy daznis ir naujagimio svoris tarp
grupiy statistiSkai reikSmingai nesiskyré. Pirmoje grupéje statistiSkai
reikSmingai daugiau buvo nustatyta B grupés [ hemolizinio streptokoko
kolonizacijos makstyje (p reikSmé 0,002) ir klinikinio chorioamnionito
(p reik§me 0,008) atvejy. Bevandenis periodas buvo statistiskai reikSmingai
ilgesnis (p reik§mé 0,007), 0 naujagimio biiklés jvertinimas pagal Apgar po 5
minuciy (p reikSmé 0,008) ir virkStelés kraujo pH (p reikSmé 0,004)
statisti§kai reik§mingai mazesnis pirmoje grupéje nei antroje (5 lentelé).

Visy nagrinéty motinos kraujo uzdegiminiy zymeny lygis statistiskai
reikSmingai skyrési tarp grupiy (p reikSmé < 0,001). Leukocity ir neutrofily
skai¢ius, CRB ir NLS buvo didesnis pirmoje tiriamyjy grupéje, 0 limfocity
skaiCius buvo didesnis antroje tiriamyjy grupéje (6 lentelé ir 28 pav.).
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6 lentelé. Motinos kraujo uzdegiminiy rodikliy reikSmiy palyginimas tarp

grupiy

UZdegiminiy rodikliy koncentracija

limfocity santykis

Motinos kraujo kraujyje
uZdegiminiai p
rodikliai I grupe II grupe reikimé
(n=52) (n = 85)
Leukocitai 14,58 (12,56-16,6) | 10,68 (8,78-12,57) | < 0,001
(Iastelés x 10%/1) ' ' ' ' ' ' '
Neutrofilai
(stelés » 10°1) 12 (9,75-13,9) 75(6,1-9,44) | <0,001
Limfocitai
astelés x 10°1) 1,5 (1,13-1,9) 2 (1,6-2,4) < 0,001
C reaktyvusis 155(8,71-38,38) | 3,66 (2,23-6,73) | <0,001
baltymas (mg/l) B ' ' ’ ' ’
Neutrofily Ir 8,01(6,18-9,72) | 4,09(33-493) | <0001

Visi duomenys aprasSyti pateikiant mediang ir tarpkvartilinj plotj. I grupé —
moterys, kurioms diagnozuotas histologinis chorioamnionitas; II grupé — moterys,
kurioms nediagnozuotas histologinis chorioamnionitas.
Santrumpos: n — imties dydis.
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28 pav. Motinos kraujo uzdegiminiy Zymeny Koncentracijy palyginimas tarp
grupiy. I grupé — moterys, kurioms diagnozuotas histologinis
chorioamnionitas; IT grupé — moterys, kurioms nediagnozuotas histologinis
chorioamnionitas
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Siekiant jvertinti pavieniy ir visy kartu motinos kraujo uzdegiminiy
Zymeny santykine rizikg histologiniam chorioamnionitui prognozuoti, atlikta
vienalypé ir daugialypé logistinés regresijos analizés (7 lentelé). Nustatyta,
kad NLS turi didziausiag prognosting vert¢ tiek kaip nepriklausomas
kintamasis (OR = 2,59; 95 % PI: 1,92-3,78; p reik§mé < 0,001), tick biidamas
visy kintamyjy sudétyje (OR =5,24; 95 % PI: 1,89-14,52; p reiksmé = 0,001).
Daugialypéje analizéje leukocity skaiciaus padidéjimas histologinio
chorioamnionito santykine rizikg padidino 1,38 karto (95 % PI: 1,19-1,6; p
reik§mé = 0,003), o CRB - 1,05 karto (95 % PI: 1,02— 1,08; p reik8mé =
0,003). Neutrofily ir limfocity skaiCiaus santykinés rizikos p reikSmé
daugialypéje analizéje > 0,05.

7 lentelé. Motinos kraujo uzdegiminiy Zymeny jtaka histologinio
chorioamnionito diagnostikai

Vaisiaus Vienalypé analizé Daugialypé analizé

vandeny

imunologiniai | OR | 95%PI | preikimé | OR | 95%PI | P

. reikSmé

Zymenys

Leukocitai ) 4o 122‘ <0001  |1,38 |(1,19-1,6) [0,003

Neutrofilai 1,69 14-204 | <0001 [1,8 (0,38-9,27) 0,4

Limfocitai 1, ) 8'22‘ <0001 015 [(0,02-1,47) [0.1
S

Creakywusis |y o2 | 10311 | <0001  [L.05 |(102-1,08) 0,003

baltymas

Neutrofily ir

limfoci 2,59 1.92- < 0,001 524 |18 0,001

'ty ' 3,78 ’ ’ 14,52) *
santykis

P reikSmés < 0,05 paryskintos.
Santrumpos: OR — Sansy santykis (angl. odds ratio), Pl — pasikliautinasis
intervalas.

Skirtingy zymeny tikslumas prognozuojant histologinj chorioamnionitg
jvertintas nubraizius ROC kreives ir apskaiciavus plotg po kreivémis (AUC).
Apskaiciuotas leukocity AUC sieké 0,81, CRB - 0,81, o NLS - 0,89.
Palyginus tarpusavyje skirtingy Zzymeny ROC kreives, nestebéta statistiskai
reikSmingo skirtumo tarp CRB ir NLS ROC kreiviy (p reik§meé 0,08).
Lyginant NLS ir leukocity ROC kreives tarpusavyje, rezultatas buvo netoli
priimtino reik§mingo lygio (p reik§mé 0,053) (29 pav.)
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Specificity

AUC palyginimas (p reikSmés):

Leukocity sk. ir CRB: 0,8

Leukocity sk. ir NLS: 0,05
CRBir NLS: 0,08

29 pav. Motinos kraujo uzdegiminiy Zymeny ROC kreiviy palyginimas.
Santrumpos: NLS — neutrofily ir limfocity santykis, CRB — C reaktyvusis
baltymas, Leu — leukocitai, AUC — plotas po ROC kreive.
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Panaudojus Judeno indeksa, apskaiCiuotos kraujo uzdegiminiy Zymeny
kritinés vertés prognozuojant histologinj chorioamnionitg. Apskaiciuota
leukocity skaic¢iaus optimali kritiné verté — 12,62 x 109/I, kuomet jautrumas ir
specifiSkumas sieké 75 proc. CRB optimali kritiné verté — 8,56 mg/l, kuomet
jautrumas sieké 77 proc., o specifiSkumas — 84 proc. NLS optimali kritiné

vert¢ — 5,97, kurios jautrumas panasus kaip ir kity kraujo uzdegiminiy
Zymeny — 77 proc., o specifiskumas didziausias — 95 proc. (8 lentel¢).

8 lentelé. Motinos kraujo uzdegiminiy zymeny kritiniy reikSmiy prognostiné
reikSmé histologinio chorioamnionito diagnostikoje

Kritiné | Jautrumas, % | SpecifiSkumas, | TPV, % | NPV, %
reiksmé | (95 % PI) % (95%PI) | (95%PIl) | (95 % PI)
C reaktyvusis baltymas (mg/l)

12,35 | 65 (58-78) 88 (79-94) 77 (62-89) | 81 (71-88)
8,56 77 (63-87) 84 (74-91) 74 (60-85) 86 (76-92)
5,38 81 (67-90) 69 (58-79) 62 (49-73) 86 (75-93)
3,12 90 (79-98) 44 (33-55) 49 (39-60) | 88 (74-96)
Leukocitai (Iastelés x 10%/1)

13,44 | 63 (49-76) 84 (74-91) 70 (55-83) | 79 (69-87)
12,62 | 75 (61-86) 75 (65-84) 65 (65-77) | 83 (73-91)
11,72 | 79 (65-89) 62 (51-73) 56 (44-68) | 83 (71-91)
11,65 | 83(70-92) 61 (50-72) 57 (45-68) | 85 (74-93)
Neutrofily ir limfocity santykis

6,55 67 (53-80) 98 (92-100) 95 (82-99) | 83 (74-90)
5,97 77 (63-97) 95 (88-99) 91 (78-97) | 87 (79-93)
5,72 81 (67-90) 91 (82-96) 84 (71-93) | 89 (80-94)
5,38 83 (70-92) 84 (74-91) 75 (62-86) | 89 (80-95)

Paryskintos optimalios Zymeny ribinés verteés.

Santrumpos: Pl — pasikliautinasis intervalas, TPV — teigiama prognostiné
verté, NPV — neigiama prognostiné verté.
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5.2. Il dalis. Vaisiaus vandeny uzdegiminiy zymeny reik§mé
prognozuojant histologinj chorioamnionita

I biomedicininio tyrimo Il dalj, nagrinéjant vaisiaus vandeny uzdegiminiy
zymeny reikSme histologinio chorioamnionito diagnostikoje, jtrauktos 156
moterys, kurios buvo hospitalizuotos | VUL SK Akuserijos ir ginekologijos
centrg dél pries laikg nutekéjusiy vaisiaus vandeny esant néStumo laikui 22—
34%% sav. | pirmgja tiriamyjy grupe pateko 65, i antrgja — 91 moteris ir jy
naujagimiai.

Bendroji tiriamyjy demografiné ir klinikiné charakteristika pateikta
9 lenteléje.

9 lentelé. Palyginamoji tiriamyjy grupiy charakteristika

. I grupé IT grupé

Charakteristika (ng: 6p5) (ng: 911)) reilf§mé
Motinos amZius (metai), x = SN 30,6 + 6,4 312+5,8 0,53
Pirmas néstumas, n (%) 32 (49,2) 46 (50,6) 0,87
Pakartotinis néStumas, n (%) 33(50,8) 45 (49,4) 0,87
Pirmas gimdymas, n (%) 38 (58,5) 57 (62,6) 0,59
Pakartotinis gimdymas, n (%) 27 (41,5) 34 (37,4) 0,59
INéstumo trukmé gimdymo metu 32+0 33+ 0.13
(sav.), Md (IQR) (272-33%0) (28*1-33%%) ’
Klinikinis chorioamnionitas, n (%) 6 (9,2) 1(1,1) 0,02
Bevandenio periodo trukmé (val.), 96,2 82,3 0.003
Md (IQR) (62,5-194,4) | (58,2-171,6) |
B grupés B hemolizinio streptokoko
kolonizacija makstyje, n (%) 24(36.9) 15 (16,5) 0.003
Gestacinis diabetas, n (%) 11 (16,9) 16 (17,6) 0,91
Hipertenzinés buklés, n (%) 8 (12,3) 12 (13,2) 0,87
Vaisiaus gimimo svoris (),
x £ SN 1768,2 + 669,1 | 1872,7+603,2| 0,51
Apgar balai po 5 min. <7, n (%) 6(9,2) 1(1,1) 0,02
Virkstelés arterinio kraujo pH,
x + SN 731+0,00 | 7,35+0,09 | 0,003

I grupé — moterys, kurioms diagnozuotas histologinis chorioamnionitas; Il grupé—
moterys, kurioms nediagnozuotas histologinis chorioamnionitas.
Santrumpos: x — vidurkis, SN — standartinis nuokrypis, Md — mediana, IQR —
tarpkvartilinis plotis (angl. interquartile range), n — imties dydis.
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Taip pat, kaip ir pirmoje tyrimo dalyje, tiriamyjy amzius, néStumy ir
gimdymy skaicius, néStumo trukmé, gestacinio diabeto, hipertenziniy bikliy
daznis ir naujagimio svoris tarp grupiy statistiSkai reikSmingai nesiskyré.
Pirmoje grupéje statistiSkai reikSmingai daugiau buvo nustatyta B grupés 8
hemolizinio streptokoko kolonizacijos makstyje (p reiksmé 0,003) ir klinikinio
chorioamnionito (p reiksmé 0,02) atvejy. Bevandenis periodas buvo statistiskai
reik8mingai ilgesnis (p reik§mé 0,003), o virkstelés kraujo pH (p reik§mé 0,003)
ir naujagimio buklés jvertinimas pagal Apgar po 5 min. statistiskai reikSmingai
mazesnis (p reik§mé 0,02) pirmoje grupéje nei antroje (9 lentelé).

IL-6 (3003,3 ir 904,07 pg/ml), MMP-8 (636,43 ir 18,68 ng/ml), TNF-a
(124,19 ir 8,64 pg/ml) ir suPAR (36,29 ir 16,21 mkg/ml) koncentracijos
vaisiaus vandenyse buvo statistiskai reikSmingai didesnés pirmoje tiriamyjy
grupéje nei antroje (p reikSmé < 0,001) (10 lentelé ir 30 pav.). sTLR-2 (0,11
ir 0,09 ng/ml), sTLR-4 (0,28 ir 0,23 ng/ml) ir a defensiny (24,08 ir
20,15 ng/ml) koncentracijos tarp grupiy statistiskai reik§mingai nesiskyré (10
lentelé ir 31 pav.).

10 lentelé. Vaisiaus vandeny imunologiniy zymeny koncentracijy
palyginimas tarp grupiy

Vaisiaus Imunologiniy Zymenu koncentracija

vandeny p

imunologiniai I grupé (n = 65) Il grupé (n =91) reik§mé

Zymenys

IL-6 (pg/ml) 3003,3 (2100,0— 904,07 (325,27- <0,001
3920,91) 1888,53)

MMP-8 (ng/ml) 636,43 (190,82— 18,68 (4,55-93,27) <0,001
1568,53)

TNF-a (pg/ml) 124,19 (63,84— 8,64 (6,02-17,89) <0,001
595,97)

STLR-2 (ng/ml) 0,11 (0,03-0,34) 0,09 (0,01-0,35) 0,403

STLR-4 (ng/ml) 0,28 (0,13-0,78) 0,23 (0,06-0,51) 0,123

o defensinai 24,08 (14,98-35,01) 20,15 (14,85-29,06) 0,1

(ng/ml)

SuPAR (mkg/ml) | 36,29 (18,43-81,02) 16,21 (9,72-25,97) <0,001

Visi duomenys aprasSyti pateikiant mediang ir tarpkvartilinj plotj. I grupé —
moterys, kurioms diagnozuotas histologinis chorioamnionitas; II grupé — moterys,
kurioms nediagnozuotas histologinis chorioamnionitas.

Santrumpos: n — imties dydis, IL-6 — interleukinas 6, MMP-8 — matrikso
metaloproteinazé 8, TNF-a — vézio nekrozés faktorius o, STLR-2 — tirpus Toll-
like receptorius-2, sTLR-4 — tirpus Toll-like receptorius-4, suPAR — tirpus
urokinazés tipo plazminogeno aktyvatoriaus receptorius.
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IL-6 koncentracija vaisiaus vandenyse (pg/ml)

TNF-alfa koncentracija vaisiaus vandenyse (pg/ml)
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30 pav. Vaisiaus vandeny imunologiniy Zymeny koncentracijy palyginimas

tarp grupiy.

Santrumpos: IL-6 — interleukinas 6, MMP-8 — matrikso metaloproteinazé 8,
TNF-a — véZzio nekrozés faktorius a, SUPAR — tirpus urokinazés tipo
plazminogeno aktyvatoriaus receptorius.
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31 pav. Vaisiaus vandeny imunologiniy zZymeny koncentracijy palyginimas
tarp grupiy.

Santrumpos: sTLR-2 —tirpus Toll-like receptorius-2, sTLR-4 —tirpus Toll-like
receptorius-4.
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Siekiant jvertinti pavieniy ir visy kartu vaisiaus vandeny imunologiniy
Zymeny santyking rizikg histologiniam chorioamnionitui prognozuoti, atlikta
vienalypé ir daugialypé logistinés regresijos analizés (11 lentelé). Tiek
vienalypéje, tiek daugialypéje logistinés regresijos analizé&je nustatyti
statistiSkai ~ reikSmingi  vaisiaus vandeny imunologiniai = Zymenys
chorioamnionitui prognozuoti buvo IL-6, MMP-8, TNF-a ir suPAR. I§
statistiSkai reikSmingy imunologiniy zymeny TNF-o turi didZiausia
prognosting verte tiek kaip nepriklausomas kintamasis (OR = 1,03; 95 % PI:
1,02-1,05; p reiksmé < 0,001), tiek biidamas visy kintamyjy sudétyje (OR =
1,03; 95 % PI: 1,01-1,04; p reiksmé < 0,001). Daugialypéje analizéje MMP-
8 koncentracijos padidé¢jimas histologinio chorioamnionito santyking rizika
padidina 1,02 karto (95 % PI: 1,01-1,06; p reiksmé < 0,001), o suPAR - 1,01
karto (95 % PI: 1,002-1,02 ; p reik§mé = 0,03). Kadangi IL-6 koncentracija
uzdegimo metu did¢ja nuo keliasdeSimt iki keliy Simty karty, IL-6
koncentracijos padidéjimas per 1 vieneta histologinio chorioamnionito
santykine rizikag padidina tik 1,0001 karto (95 % PI: 1,0002-1,002; p
reik§mé = 0,02).

Nubraizius ROC kreives ir apskaiCiavus plotg po kreivémis, jvertintas
skirtingy imunologiniy Zymeny vaisiaus vandenyse tikslumas prognozuojant
histologinj chorioamnionita. Apskaiciuotas IL-6 AUC sieké 0,81, MMP-8 —
0,89, TNF-a.— 0,91, 0 SUPAR — 0,78 (32 pav.). Atskirame brézinyje pateiktos
statistiSkai nereikSmingy Zymeny ROC kreives: a defensiny AUC sieké 0,58,
STLR-2 — 0,54 ir sSTLR-4 — 0,57 (33 pav.).

Palyginus tarpusavyje skirtingy Zymeny ROC kreives, stebétas statistiskai
reikSmingas skirtumas tarp TNF-a, MMP-8 ir visy kity tirty vaisiaus vandeny
imunologiniy zymeny (p reiksmé < 0,05). TNF-a ir MMP-8 AUC reik§més
tarpusavyje statistiSkai reiksmingai nesiskiria (p reiksmé = 0,51). Taip pat
statistiSkai reikSmingai tarpusavyje nesiskiria IL-6 ir suPAR AUC (p
reik§mé = 0,43) (32 pav.). Palyginus tarpusavyje a defensiny, sTLR-2 ir
STLR-4 AUC kreives, statistiskai reikSmingo skirtumo taip pat nestebéta
(33 pav.).
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Specificity

AUC palyginimas (p reikS§més):
TNF-a ir IL-6: 0,003
MMP-8 ir IL-6: 0,01

TNF-a ir MMP-8: 0,51
TNF-a ir suPAR: < 0,001
MMP-8 ir suPAR: < 0,001

IL-6 ir suPAR: 0,43

32 pav. Vaisiaus vandeny imunologiniy zymeny ROC kreiviy palyginimas.
Santrumpos: IL-6 — interleukinas 6, MMP-8 — matrikso metaloproteinazé 8,
TNF-a — véZio nekrozés faktorius a, SUPAR — tirpus urokinazés tipo
plazminogeno aktyvatoriaus receptorius.
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AUC palyginimas (p reikSmés):
STLR-2 ir sTLR-4: 0,42
a defensinai ir sSTLR-2: 0,48
a defensinai ir sSTLR-4: 0,94

33 pav. Vaisiaus vandeny imunologiniy Zymeny ROC kreiviy palyginimas.
Santrumpos: STLR-2 —tirpus Toll-like receptorius-2, STLR-4 —tirpus Toll-like
receptorius-4.
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Panaudojus Judeno indeksa, apskaiciuotos vaisiaus vandeny statistiSkai
reik§mingy imunologiniy zZymeny kritinés vertés prognozuojant histologinj
chorioamnionita. Apskaic¢iuota IL-6 optimali kritiné verté prognozuojant
histologinj chorioamnionita — 1 389,82 pg/ml, kuomet jautrumas sické
88 proc., o specifiskumas — 70 proc., MMP-8 — 172,53 ng/ml (jautrumas — 80
proc., specifiskumas — 87 proc.), TNF-a — 21,17 pg/ml (jautrumas — 88 proc.,
specifiSkumas — 84 proc.) ir SUPAR — 30,08 mkg/ml (jautrumas 63 proc.,
specifiSkumas — 85 proc.). I8 visy apskaiCiuoty kritiniy veréiy didziausig
jautrumg turéjo IL-6 ir TNF-o, o didZiausig specifiskumg — MMP-8 (12

lentelé).

12 lentelé. Vaisiaus imunologiniy zymeny kritiniy reik§Smiy prognostinés
reik§més histologinio chorioamnionito diagnostikoje

Kritiné | Jautrumas, % | SpecifiSkumas, TPV, % NPV, %
reik§me (95 % PI) % (95 % PI) (95 % PI) (95 % PI)
IL-6 (pg/ml)
4195,68 17 (9-28) 96 (89-99) 73 (45-92) | 62 (53-70)
3427,52 37 (25-50) 90 (82-95) 73 (54-87) | 67 (58-75)
2844,43 57 (44-69) 85 (76-91) 73(58-84) | 73(64-81)
1389,82 88 (77-94) 70 (60-79) 67 (56-77) | 89 (79-95)
MMP-8 (ng/ml)
413,67 63 (50-75) 96 (89-99) 91 (79-98) | 78 (70-86)
294,36 65 (52-76) 90 (82-95) 82 (69-92) | 78 (69-86)
172,53 80 (68-89) 87 (78-93) 81 (70-90) | 86 (77-92)
1245 83 (72-91) 81 (72-89) 76 (64-85) | 87 (78-93)
TNF-a (pg/ml)
70,77 72 (60-83) 95 (88-98) 90 (79-97) | 83(74-89)
50,39 78 (67-88) 89 (81-95) 84 (72-92) | 85(77-92)
24,56 86 (75-93) 85 (76-91) 80 (69-89) | 90 (81-95)
21,17 88 (77-95) 84 (74-90) 79 (68-88) | 90 (82-96)
SUPAR (mkg/ml)
62,84 32 (21-45) 96 (89-99) 84 (64-95) | 66 (58-74)
43,2 40 (28-53) 90 (82-95) 74 (57-88) | 68 (59-76)
30,08 63 (50-75) 85 (76-91) 75 (61-85) | 76 (67-84)
28,19 65 (52-76) 81 (72-89) 71(58-82) | 76 (67-84)

ParySkintos optimalios Zymeny ribinés vertés.

Santrumpos: Pl — pasikliautinasis intervalas, TPV — teigiama prognostiné verte,
NPV — neigiama prognostiné verté, IL-6 — interleukinas 6, TNF-o — véZio
nekrozés faktorius a, MMP-8 — matrikso metaloproteinazé 8, SUPAR — tirpus
urokinazés tipo plazminogeno aktyvatoriaus receptorius.
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5.3. III dalis. Motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny
reik§miy palyginimas prognozuojant histologinj chorioamnionita

I biomedicininio tyrimo IIT dalj, kurioje siekiama tarpusavyje palyginti
motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny verte prognozuojant
histologinj chorioamnionitg, jtrauktos 134 moterys, kurios buvo
hospitalizuotos § VUL SK AkusSerijos ir ginekologijos centra dél pries laika
nutekéjusiy vaisiaus vandeny esant néStumo laikui 22346 sav. bei kurios
atitiko abiejy pries tai aprasyty daliy atrankos kriterijus. | pirmaja tiriamyjy
grupe pateko 52, j antrgja — 82 moterys ir jy naujagimiai.

Bendroji tiriamyjy demografiné ir klinikiné charakteristika pateikta
13 lenteléje.

13 lentelé. Palyginamoji tiriamyjy grupiy charakteristika

L. I grupé II grupé
Charakteristika (ng: 5p2) (ng: 82) reilf§mé
Motinos amzius (metai), x + SN 30,8+5,8 31+5,2 0,9
Pirmas néStumas, n (%) 26 (50) 42 () 0,89
Pakartotinis néStumas, n (%) 26 (50) 40 () 0,89
Pirmas gimdymas, n (%) 29 (55,8) 44 () 0,99
Pakartotinis gimdymas, n (%) 23 (44,2) 35() 0,99
INéStumo trukmé gimdymo metu 32+3 333 0.06
(sav.), Md (IQR) (27%3-34%9) (29*°-34+?) ’
Klinikinis chorioamnionitas, n (%) 6 (7,7) 1( 0,09
Bevandenio periodo trukmé (val.), 148,3 105,2 0.007
Md (IQR) (91,1-246,5) (80,6-210,4) ’

B grupés [.3.hemolvizi.nio streptokoko 13 ) 0,03
kolonizacija makstyje, n (%) 20 (38,5)

Gestacinis diabetas, n (%) 8 (15,4) 15() 0,66
Hipertenzinés buklés, n (%) 7 (13,5) 11() 0,99
Vaisiaus gimimo svoris (g), Md

(IQR) 1810,5+£690,3 | 1980+ 665,5 | 0,44
Apgar balai po 5 min. <7, n (%) 6 (11,5) 1(1,2) 0,09
Virkstelés arterinio kraujo pH,

Md (IQR) 7,32 +£0,08 7,35+0,07 0,004

I grupé — moterys, kurioms diagnozuotas histologinis chorioamnionitas;
Il grupé — moterys, kurioms nediagnozuotas histologinis chorioamnionitas.
Santrumpos: x — vidurkis, SN — standartinis nuokrypis, Md — mediana, IQR —
tarpkvartilinis plotis, n — imties dydis.
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Taip pat, kaip ir pirmose dviejose tyrimo dalyse, tiriamyjy amzius,
néstumy ir gimdymy skaiius, néStumo trukmé, gestacinio diabeto,
hipertenziniy bukliy daznis ir naujagimio svoris tarp grupiy statistiSkai
reikSmingai nesiskyré. Pirmoje grupéje statistiskai reikSmingai daugiau buvo
nustatyta B grupés B hemolizinio streptokoko kolonizacijos makstyje (p
reiksmé 0,03) ir klinikinio chorioamnionito (p reik§mé 0,09) atvejy.
Bevandenis periodas buvo statistiskai reik§mingai ilgesnis (p reiksmé 0,007),
o virkstelés kraujo pH (p reiksmé 0,004) ir naujagimio buklés jvertinimas
pagal Apgar po 5 min. statistiskai reikSmingai mazesnis (p reikSmé 0,09)
pirmoje grupéje nei antroje (13 lentelé).

I motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny prognostinés
histologinio chorioamnionito reikSmés tarpusavio palyginimg jtraukti
geriausig prognosting verte parode motinos kraujo (NLS ir CRB) ir vaisiaus
vandeny uzdegiminiai zymenys (TNF-a ir MMP-8). Siekiant jvertinti Siy
zymeny santykine rizika histologiniam chorioamnionitui prognozuoti, atlikta
bendra §iy duomeny daugialypé logistinés regresijos analizé (14 lentelé).

14 lentelé. Motinos kraujo ir vaisiaus vandeny imunologiniy zymeny jtaka
histologinio chorioamnionito diagnostikai

UZdegiminiai Zymenys Daugialypé analizé

OR 95 % PI p reik§mé
C reaktyvusis baltymas 1,01 0,98-1,06 0,42
Neutrofily ir limfocity 2,51 1,53-4,14 < 0,001
santykis
TNF-a 1,02 1,009-1,04 0,02
MMP-8 1,003 1,0002-1,005 0,02

P reikSmés < 0,05 paryskintos.

Santrumpos: TNF-o — vézio nekrozés faktorius o, MMP-8 — matrikso
metaloproteinazé 8, OR — Sansy santykis (angl. odds ratio), Pl — pasikliautinasis
intervalas.
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Didziausig santyking rizika daugialypéje analizéje parodé NLS (OR =
2,51; 95 % PI: 1,53-4,14; p reiksmé < 0,001). TNF-0 uzdegimo metu padidéja
keliasdesimt karty, o MMP-8 — kelis Simtus karty, todél TNF-a (OR = 1,02;
95 % PI: 1,009-1,04; p reik§mé = 0,021) ir MMP-8 (OR = 1,003; 95 % PI:
1,009-1,04; p reikSmé = 0,02) santykiné rizika daugialypéje analizéje buvo
mazesné nei NLS. CRB Sioje analizéje buvo statistiSkai nereikSmingas
zymuo: OR = 1,01; 95 % PI: 0,98-1,06; p reikSmé = 0,42).

Palyginus tarpusavyje kraujo ir vaisiaus vandeny uzdegiminiy Zymeny ROC
kreives, stebétas statistiSkai reik§mingas skirtumas tarp CRB ir TNF-a AUC
reikSmiy (0,81 ir 0,91, p reikSmé = 0,05). Lyginant tarpusavyje CRB, IL-6 ir
MMP-8 bei TNF-a su IL-6 ir MMP, statistiskai reik§mingo skirtumo nebuvo
stebéta (15 lentelé ir 34 pav.).

Sukurti 4 atskiri modeliai, vertinant kraujo uzdegiminius rodiklius kartu su
vaisiaus vandeny uzdegiminiais rodikliais: CRB + TNF-a, CRB + MMP-§,
NLS + CRB ir NLS + MMP-8. Kraujo ir vaisiaus vandeny uzdegiminiy
zymeny modeliai parodé didesnes prognostines vertes nei vertinant pavienius
zymenis: CRB + TNF-o modelio AUC - 0,88, CRB + MMP-8 — 0,89, NLS +
TNF-0.— 0,91 ir NLS + MMP-8—0,93 (15 lentelé, 35 ir 36 pav.). Visi modeliai
rodé statistiskai reik§Smingai didesnes prognostines vertes nei pavienio CRB
vertinimas, taciau tik vieno modelio (NLS + MMP-8) prognostinés vertes
buvo statistiSkai reikSmingai didesnés nei pavienio NLS vertinimas. Visi
naujai sukurti modeliai tarpusavyje statistiSkai reikSmingai nesiskyré (15
lentelé, 35 ir 36 pav.).
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Specificity

AUC palyginimas (p reikS§més):
CRB ir TNF-a: 0,05
CRB ir MMP-8: 0,11
NLS ir TNF-a: 0,79
NLS ir MMP-8: 0,89

34 pav. Motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny ROC kreiviy
palyginimas.

Santrumpos: NLS — neutrofily ir limfocity santykis, CRB — C reaktyvusis
baltymas, MMP-8 — matrikso metaloproteinazé 8, TNF-a — véZio nekrozés
faktorius o.
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Specificity

AUC palyginimas (p reikSmés):
CRB ir CRB+TNF-a: 0,02
CRB ir CRB+MMP-8: 0,01

CRB+TNF-a ir CRB+MMP-8: 0,73

35 pav. Vieno CRB ir CRB modeliy su MMP-8 ir TNF-a ROC kreiviy
palyginimas.

Santrumpos: CRB - C reaktyvusis baltymas, MMP-8
metaloproteinaze 8, TNF-a — vézio nekrozés faktorius a.

matrikso
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Specificity

AUC palyginimas (p reikSmés):
NLS ir NLS+TNF-a: 0,1
NLS ir NLS+MMP-8: 0,04
NLS+TNF-a ir NLS+MMP-8: 0,3

36 pav. Vieno NLS ir NLS modeliy su MMP-8 ir TNF-a ROC kreiviy
palyginimas.
Santrumpos: NLS — neutrofily ir limfocity santykis, MMP-8 — matrikso
metaloproteinazé 8, TNF-a — vézio nekrozés faktorius a.
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6. REZULTATUY APTARIMAS

Greita ir tiksli chorioamnionito diagnostika — vienas svarbiausiy
uzdaviniy, esant prieslaikiniam nei$nesioto vaisiaus dangaly plysimui. Siuo
kriterijai, kuriy specifiSkumas siekia 98 proc., ta¢iau jautrumas — tik 15 proc.
[27], todél vis daugiau démesio skiriama tyrimams, siekiant aptikti naujus
uzdegiminius pokycius, kurie padéty tiksliau ir grei¢iau nustatyti
chorioamnionito diagnozg.

Savo tyrime jvertinome uzdegiminius pokycius rutiniskai atliekamuose
motinos kraujo tyrimuose ir biocheminius poky¢ius neinvaziniu buadu
paimtuose vaisiaus vandenyse. Motinos kraujo tyrime jvertinome leukocity
skaiciaus, CRB poky¢ius ir neutrofily-limfocity santykj. NLS yra plac¢iai
naudojamas jvairiy infekcijy diagnostikoje, taciau akuSerijoje Sio santykio
vertinimas néra rutiniSkai priimtas ir moksliniy straipsniy, analizuojanciy
NLS reik§me chorioamnionito diagnostikoje, esama tik pavieniy. Iki Siol
dazniausiai naudojamas ir j klinikinius kriterijus jtrauktas leukocity skai¢iaus
vertinimas, miisy tyrime vertinant uzdegiminius motinos kraujo pokyc¢ius,
turéjo Zemesnes diagnostines vertes nei NLS: leukocity skai¢iaus santykiné
rizika daugialypéje logistinés regresijos analizéje kraujo uzdegiminiy Zymeny
sieké 1,38 (95 % PI: 1,19-1,6), AUC — 0,81, o NLS santykiné rizika sieké
5,24 (95 % PI: 1,89-14,52), o AUC - 0,89. Skirtumas tarp leukocity skaiéiaus
ir NLS diagnostiniy ver¢iy buvo netoli priimtino statistiSkai reikSmingo
skirtumo (p reiksmé = 0,053). NLS mokslin¢je literatiiroje vertinamas kaip
tikslesnis infekcijos rodiklis nei pavieniy leukocity risSiy vertinimas, nes vienu
metu sujungia 2 uzdegiminius Zymenis. Savo tyrime nustatéme optimalig NLS
ribing verte — 5,97, kurios jautrumas sieké 77 proc., o specifiSkumas — 98 proc.
M.A. Kim su bendraautoriais 2014 m. savo tyrime taip pat jvertino NLS
pranasuma prie§ leukocity skaiCiaus vertinimg. Jy apskaic¢iuota NLS ribiné
verté buvo pana$i | miisy nustatyta ribing verte — 6,48, kurios jautrumas sieké
71,4 proc., o specifiskumas — 77,9 proc. [48]. Siame tyrime taip pat buvo
stebétas statistiSkai reikSmingas skirtumas tarp NLS ir CRB diagnostiniy
veréiy, ko mes savo tyrime nepastebéjome. Skirtingus rezultatus galéjo lemti
tai, kad M.A. Kim su kolegomis j tyrimg jtrauké visas néscias moteris,
kurioms diagnozuotas prieslaikinis gimdymas nuo 24 iki 37 savai¢iy, 0 miisy
tyrime dalyvavo moterys, kurioms nustatytas prieslaikinis neiSneSioto
vaisiaus dangaly plySimas nuo 22 iki 34 savaiciy.

NLS vertinimg apriboja tai, kad Kortikosteroidy vartojimas sukelia
leukocitoze su formulés nuokrypiu j kaire ir reliatyvia limfopenija, kuri tesiasi
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24-48 val. [37-39]. Visoms nésciosioms, esant prieslaikiniam nei$nesioto
vaisiaus dangaly plySimui iki 33* savaiciy, skiriamas vaisiaus plauciy
brandinimas kortikosteroidais. Todél NLS vertinimas kortikosteroidy skyrimo
metu ir iki 48 val. po paskutinés dozés suleidimo néra tikslus. Taip pat
leukocity formule gali keisti magnio sulfato skyrimas vaisiaus
neuroprotekcijai bei tokios ligos, kaip néS¢iyjy hipertenzinés bitiklés,
gestacinis diabetas ar intrahepatiné nés¢iyjy cholestazé [143-145]. Todél NLS
rekomenduojama vertinti atsizvelgiant j esamg kliniking situacija.

Neinvaziniu biidu paimtuose vaisiaus vandenyse pasirinkome vertinti
citokinus, kuriy didel¢ diagnostiné verté buvo jrodyta tiriant amniocentezes
blidu paimtus vaisiaus vandenis (IL-6, TNF-o, MMP-8, STLR-2, STLR-4, o
defensinus), ir SUPAR Zzymenj, kurio didel¢ diagnostiné verté nustatoma
jvairiy infekcijy metu. Miisy tyrime stebéti statistiskai reikSmingi zymenys
buvo IL-6, TNF-a, MMP-8 ir suPAR, o sTLR-2, sTLR4 ir a defensinai
statistiSkai reikSmingai tarp motery, kurioms diagnozuotas histologinis
chorioamnionitas, ir kontrolinés grupés nesiskyré.

TNF-a ir MMP-8 parodé didziausias diagnostines vertes i§ visy tirty
imunologiniy Zymeny. TNF-o santykiné rizika daugialypéje analizéje buvo
1,02 (95 % PI: 1,01-1,06), 0 MMP-8 — 1,03 (95 % PI: 1,01-1,04). TNF-a ir
MMP-8 AUC reik8més (0,91 ir 0,89) buvo statistiSkai reikSmingai didesnés
uz visy Kity zymeny, bet tarpusavyje statistiskai reikSmingai nesiskyré. Miisy
tyrime nustatyta optimali TNF-a ribiné verté buvo 21,17 pg/ml, kai jautrumas
sieké 88 proc., specifiSkumas — 84 proc., 0 MMP-8 nustatyta optimali ribiné
verté — 172,53 ng/ml, kai jautrumas — 80 proc., o specifiskumas — 87 proc. N.
Thomakos su kolegomis 2001 m. tyré amniocentezés biidu paimtus vaisiaus
vandenis ir nustaté, kad TNF-a verté > 6,3 pg/ml (jautrumas — 7,8 proc.,
specifiSkumas — 70,1 proc.) yra susijusi su teigiamu vaisiaus vandeny pasélio
tyrimu [74]. G. Kayemas su bendraautoriais jvertino TNF-o neinvaziniu biidu
paimtuose vaisiaus vandenyse ir pastebéjo, kad TNF-o koncentracijos > 50
pg/l jautrumas prognozuojant klinikinj chorioamnionita siekia 47 proc., o
specifiSkumas — 81 proc. [146].

J.S. Parkas su bendraautoriais 2001 m. savo tyrime nustaté ribing optimalia
MMP-8 verte amniocentezés biidu paimtuose vandenyse (23 ng/ml), kurios
jautrumas — 90 proc., o specifiSkumas — 78 proc. [84]. Mynti su kolegomis
2016 m. nustaté kiek didesn¢ optimaliag MMP-8 verte (41,5 mg/ml), kurios
jautrumas iSaugo net iki 100 proc., ta¢iau specifiskumas sumazéjo iki 69 proc.
[80]. E. Holmstrom su kolegomis pateiké priestaringus duomenis: jy tyrimo
rezultatai parodé, kad MMP-8 koncentracija vaisiaus vandenyse nesiskyré
tarp motery, kurioms nustatyta intraamnioniné infekcija ir kurioms $i infekcija
nebuvo diagnozuota [147]. Taciau j §j tyrima buvo jtrauktos tik 25 moterys,
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kurioms diagnozuotas PNVDP, ir tik 10 i$ Siy atvejy buvo diagnozuota
intraamnioning infekcija.

Miisy tyrime IL-6 taip pat buvo statistiskai reik§Smingas Zymuo histologinio
chorioamnionito diagnostikoje, taciau prognostinés vertés zemesnés nei TNF-
a ar MMP-8. IL-6 uzdegimo metu didéja nuo keliasdesimt iki keliy Simty
karty, todél IL-6 koncentracijai pasikeitus per 1 matavimo vieneta,
chorioamnionito rizika keiCiasi nezenkliai. Santykiné IL-6 rizika nustatyta
1,0001 (95 % PI: 1,0002-1,002), AUC — 0,81, Kuris statistiskai reikSmingai
mazesnis nei TNF-a ir MMP-8. Nustatyta optimali ribiné verté — 1 389,82
pg/ml, kurios jautrumas sieké 88 proc., o specifiSkumas — 70 proc. N.
Chaiyasitas su kolegomis, kaip ir mes savo tyrime, nustaté, kad MMP-8 turi
geresnes prognostines reik§mes chorioamnionito diagnostikoje nei IL-6 [83].
M. Kacerovsky su bendraautoriais savo tyrime jvertino IL-6 koncentracija
neinvaziniu biidu paimtuose vaisiaus vandenyse ir nustaté optimalig ribing
verte¢ chorioamnionito diagnostikoje 2 500 pg/ml, kurios jautrumas ir
specifiskumas sieké 91 proc. Sis tyrimas skyrési nuo misy tyrimo tuo, kad
buvo jtraukti atvejai esant PNVDP nuo 34 iki 37 savaiciy [69]. Kitas tyrimas,
savo struktlira panaSiausias ] misy tyrimg, buvo atliktas M. Kunze ir
bendraautoriy 2016 m. | jj jtrauktos moterys, kurioms nustatytas PNVDP nuo
23 iki 33 savaiciy. Siame tyrime nustatyta optimali ribiné IL-6 reikimé buvo
1 000 pg/ml. Sio tyrimo metodika nuo miisy tyrimo skyrési tuo, kad vaisiaus
vandenys buvo surenkami panaudojus higieninius paketus ir vaisiaus vandenis
i$ jy i8spaudus Cesnaky spaustuku [148].

Miisy tyrime taip pat stebétos statistiS$kai reik§mingos suPAR neinvaziniu
bidu paimtuose vaisiaus vandenyse diagnostinés vertés histologinio
chorioamnionito diagnostikoje. Apskaiciuotas AUC buvo 0,78 statistiskai
reikSmingai mazesnis nei TNF-a ir MMP-§, taCiau panasus kaip IL-6.
Literatiiroje iki Siol néra paskelbta tyrimy, analizuojanciy §io Zymens
koncentracijas vaisiaus vandenyse, ta¢iau Y. Cekmez su bendraautoriais
2013 m. savo tyrime nustaté, kad serumo uPAR tyrimo jautrumas ir
specifiSkumas diagnozuojant histologinj chorioamnionitg yra panasas kaip IL-
6 [105].

Tirptis TLR-2 ir TLR-4 miisy tyrime statistikai reikSmingy rezultaty
histologinio chorioamnionito diagnostikoje neturéjo. M. Kacerovsky su
bendraautoriais savo tyrime isanalizavo sTLR-2 koncentracija gimdos
kaklelio ir maksties iSskyrose ir jy rezultatai taip pat parodé, kad sTLR-2
neturi  statistiSkai  reikSmingy  prognostiniy  verc¢iy  histologinio
chorioamnionito diagnostikoje [149]. Kity tyrimy, nagrinéjanciy sTLR-4
koncentracijg neinvaziniu btidu paimtuose vaisiaus vandenyse ar maksties
i§skyrose, iki $iol nebuvo paskelbta. O amniocentezés buidu tirtuose vaisiaus
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vandenyse STLR-2 ir STLR-4 parodé statistiSkai reikSmingus rezultatus
histologinio chorioamnionito diagnostikoje [93, 150]. Nustatyta optimali
STLR-2 ribiné verté¢ buvo 222,7 ng/ml, kurios jautrumas siecké 63 proc., o
specifiskumas — 98 proc. [93].

a defensinai misy tyrime statistiSkai reikSmingy rezultaty histologinio
chorioamnionito diagnostikoje taip pat neturéjo. Priestaringus duomenis
pateiké M. Lucovnikas su bendraautoriais, kurie savo tyrime taip pat analizavo
defensiny koncentracija neinvaziniu buidu paimtuose vaisiaus vandenyse,
taciau j §j tyrima buvo jtrauktos tik 42 nés¢ios moterys (29 i$ jy diagnozuotas
histologinis choriamnionitas), kurioms diagnozuotas prieslaikinis nei$nesioto
vaisiaus dangaly plySimas iki 32 sav. Jy tyrime defensiny koncentracija buvo
statistiSkai reikSmingai didesné histologinio choriamnionito grupéje nei
grupéje, kurioje infekcijos nebuvo diagnozuota [101]. Vertinant a defensiny
prognostines reikSmes amniocentezés btidu paimtuose vaisiaus vandenyse,
apskaiCiuotas o defensiny jautrumas histologinio chorioamnionito diagnozei
nustatyti buvo 86,4 proc. o specifiSkumas svyravo nuo 70,6 iki 88,2 proc.
[151].

Veiksniai, galintys nulemti skirtingus vaisiaus vandeny uzdegiminiy
zymeny rezultatus skirtinguose tyrimuose:

1. Skirtinga vaisiaus vandeny paémimo technika. Siaurés Amerikoje
rutiniSkai priimta, jtariant chorioamnionita, vaisiaus vandenis
iStyrimui paimti amniocentezés buidu. Amniocentezés budu paimti
vaisiaus vandenys néra uzterSti maksties floros, todél uzdegiminiy
Zymeny Koncentracijos vaisiaus vandenyse nustatomos mazesnés nei
surenkant vaisiaus vandenis per makstj. Europos Saliy mokslininkai
daugiau tyrimy atlieka surinkdami vaisiaus vandenis neinvaziniu
bidu, ta¢iau stebimos skirtingos vaisiaus vandeny surinkimo
metodikos: vieni tyréjai vaisiaus vandenis surenka per makstj
panaudoje tamponus, higieninius jklotus, kiti sterilius maksties
skétiklius ar specialius surinkiklius (pvz., Yoon vaisiaus vandeny
surinkiklis).

2. Skirtingas vaisiaus vandeny paémimo laikas. Vieni tyréjai vaisiaus
vandenis émé kasdien ir, siekiant stipresnio rysio tarp histologinio
placentos iStyrimo ir vaisiaus vandeny analizés rezultaty, tyrimuose
buvo vertinami tik tie méginiai, kurie buvo paimti arciausiai
gimdymo. Kiti autoriai vaisiaus vandenis tyré kelis kartus per savaite
ir ] analizg jtrauké paskutinj vaisiaus vandeny méginj, nepriklausomai
nuo laiko trukmés iki gimdymo. Todél skirtinguose tyrimuose
bevandenis laikotarpis nuo vaisiaus vandeny paémimo iki gimdymo
svyruoja nuo keliy iki keliasdesimt valandy. Esant ilgesniam nei 48
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val. laikotarpiui nuo vaisiaus vandeny paémimo iki gimdymo,
vaisiaus  vandeny  uzdegiminiy Zzymeny ir histologinio
chorioamnionito tarpusavio rySys gali bati interpretuojamas
klaidingai. Imant vaisiaus vandenis pirmo gimdymo metu,
uzdegiminiy zymeny koncentracija gali buti padidéjusi dél paties
gimdymo proceso.

Skirtinga vaisiaus vandeny paruo$imo ir laikymo metodika. Pries
atliekant vaisiaus vandeny analiz¢ ELISA metodu, rekomenduojama
vaisiaus vandenis centrifuguoti. Bendrai patvirtintos vaisiaus vandeny
paruo$imo metodikos néra, todél centrifugavimo daznis gali skirtis.
Taip pat vieni tyréjai tiria $vieziai paimtus vaisiaus vandenis, kiti juos
Saldo ir analize atlieka tik suformave atitinkamg méginiy grupe.
Skirtinga vaisiaus vandeny paruo$imo ir laikymo metodika gali lemti
imunologiniy Zymeny skirtingas reik§mes atskiruose tyrimuose.
Skirtinga néstumo trukmé. Tiriamyjy grupés daznai suformuojamos
pasirenkant jvairios néStumo trukmés moteris. Dazniausiai
jtraukiamos moterys, esant nei$nesiotam néstumui nuo 22*%ar 23*0iki
33*6 savaiciy, taciau kiti autoriai jtraukia visas né$¢ias moteris iki 36
savaiCiy ar nuo 34*° iki 36*° savai¢iy. Uzdegiminiy Zymeny
koncentracija gali Kisti priklausomai nuo néstumo trukmés, todél
tyrimy, j kuriuos jtrauktos moterys, kuriy néStumo trukmé yra
skirtinga, rezultatai tarpusavyje gali skirtis.

Skirtingos tiriamyjy grupés. Vieni tyr¢jai jtraukia visas néscias
moteris, kurioms diagnozuotas prieslaikinis gimdymas, kiti — tik
prieslaikinius gimdymus, kuomet diagnozuotas PNVDP. Vieni tyréjai
taiko nejtraukimo kriterijus moterims, kurioms diagnozuotas
gestacinis diabetas, nés¢iyjy hipertenzinés buklés, vaisiaus raidos
ydos ar placentos patologija, kiti tyréjai jtraukia visas moteris,
netaikydami §iy nejtraukimo kriterijy. Taip pat vieni tyréjai j savo
tyrima jtrauké tik vienvaisius néStumus, kiti — ir vienvaisius, ir
daugiavaisius néstumus. Néstumo metu nustatytos patologijos gali
keisti uzdegiminiy Zymeny koncentracijg vaisiaus vandenyse, todél
tyrimy su skirtingais jtraukimo ir nejtraukimo Kriterijais rezultatai
tarpusavyje gali skirtis.

Skirtinga chorioamnionito diagnostika. Vieni tyréjai tiriamuosius ]
grupes skirsto remdamiesi histologinio ar mikrobiologinio tyrimo
rezultatais, kiti remdamiesi biocheminiais iki $iol nustatytais vaisiaus
vandeny pokyciais. Biocheminiai Zymenys yra placiai tyrinéjami,
ta¢iau vienos aiskios kurio nors uzdegiminio Zymens ribinés vertés ir
vaisiaus vandeny iStyrimo metodikos iki §iol néra patvirtinta.
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Mikrobiologinis tyrimas yra laikomas vienu tiksliausiy tyrimy
chorioamnionito  diagnostikai néstumo metu, 0 histologinis
chorioamnionitas — auksiniu standartu intrauterinés infekcijos
diagnostikoje po gimdymo. Tyréjams pasirinkus —skirtingus
chorioamnionito diagnostikos Kriterijus, suformuojamos skirtingos
tirlamyjy grupés, kuriose imunologiniy zZymeny koncentracija gali
skirtis.

7. Imunologiniy zZymeny tyrimai atliekami skirtingomis metodikomis,
naudojami jvairts reagentai. Tyrimuose dazniausiai nurodoma, kad
imunologiniams zymenims nustatyti naudojamas ELISA metodas,
ta¢iau komerciniy rinkiniy pavadinimai néra nurodomi. Skirtingy
reagenty jautrumas gali skirtis, todél, panaudojus skirtingus reagentus
tam pa¢iam imunologiniam Zymeniui nustatyti, reik§més tarpusavyje
gali nezymiai skirtis.

Savo tyrime taip pat jvertinome histologinio chorioamnionito diagnostikos
galimybes motinos kraujo uzdegiminius poky¢ius vertindami kartu su
imunologiniy Zymeny poky¢€iais vaisiaus vandenyse. Buvo atrinkti 2
geriausias diagnostines vertes turéje motinos kraujo (CRB ir NLS) ir vaisiaus
vandeny (TNF-a ir MMP-8) uzdegiminiai Zymenys. Panaudojus Siuos 4
zymenis, sukurti 4 modeliai: CRB + TNF-a, CRB + MMP-8, NLS + CRB ir
NLS + MMP-8. Visi modeliai rodé statistiSkai reik§mingai didesnes
prognostines vertes nei pavienio CRB vertinimas, taciau tik vieno modelio
(NLS + MMP-8) prognostinés vertés buvo statistiSskai reik§mingai didesnés
nei vieno NLS. Nei vienas modelis statistiS$kai reikSmingai nesiskyré nuo
pavieniy vaisiaus vandeny imunologiniy Zymeny MMP-8 ir TNF-a. Vertinant
vienus Zymenis vaisiaus vandenyse, TNF-o diagnostinés vertés buvo
didziausios, taCiau modelyje kartu su motinos kraujo uzdegiminiais
zymenimis MMP-8 diagnostinés vertés buvo didesnés. Taip yra todél, kad
TNF-o ir kraujo uzdegiminiy Zzymeny jautrumas ir specifiSkumas
diagnozuojant histologinj chorioamnionitg yra panasas, 0 MMP-8 mazéjant
specifiSkumui, jautrumas islieka auksStesnis nei kity Zymeny.
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6.1. Tyrimo privalumai

Misy atliktas tyrimas yra vienas didziausiy i§ publikuoty tyrimy,
kuriame buvo analizuojama IL-6, MMP-8, TNF-a, a defensiny ir TLR-
2 koncentracija neinvaziniu biidu paimtuose vaisiaus vandenyse.

Tai yra pirmas publikuotas tyrimas, kuriame vertinta TLR-4 ir SUPAR
koncentracija neinvaziniu biidu paimtuose vaisiaus vandenyse. Taip pat
tai yra pirmas publikuotas tyrimas, kuriame vertinta NLS reik§mé
chorioamnionito diagnostikai, esant PNVDP iki 34 savaiciy.

Moterys buvo skirstomos i grupes tik atliekant statisting duomeny
analize, todél analizuoty uzdegiminiy Zymeny rezultatai neturéjo jtakos
iStyrimo ir gydymo taktikai.

Visi imunologiniai vaisiaus vandeny tyrimai buvo atliekami vieno
imunologo ir histologiniai placentos tyrimai buvo atliekami vieno

gydytojo patologo.
6.2. Tyrimo trikumai

. Sio tyrimo metu surinkti vaisiaus vandenys buvo nucentrifuguojami,
i§skirstomi j frakcijas ir uzsaldomi iki —80 °C. Imunologiniai tyrimai
buvo atliekami tik surinkus atitinkamga méginiy skaiciy, reikalinga
norint uzpildyti tiriamgsias ploksteles. M. Kacerovsky su
bendraautoriais pateiké duomenis, jrodancius stiprig tiesiogine
koreliacijg tarp imunologiniy zymeny koncentracijy tiriant $vieziai
paimtus ir uz$aldytus vaisiaus vandenis [152], tadiau tokia méginiy
paruosimo ir laikymo metodika gali turéti jtakos uzdegiminiy Zymeny
tyrimy rezultatams.

. Savo tyrime chorioamnionito diagnostikai pasirinkome histologinj
placentos ir vaisiaus dangaly tyrima. Sis chorioamnionito diagnostikos
metodas laikomas auksiniu standartu intrauterinés infekcijos
diagnostikoje [33], tac¢iau yra tyrimy, jrodanciy histologinio
chorioamnionito abejoting reik§me naujagimio iseitims [153-155].
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7. ISVADOS

1. Vertinant motinos kraujo uzdegiminiy zymeny tikslumg chorioamnionito
diagnostikoje, NLS turi didesnes diagnostines vertes nei leukocity
skaiciaus ir CRB vertinimas, taciau statistiskai reikSmingo skirtumo tarp
NLS ir CRB nestebima.

2. IL-6, TNF-a, MMP-8 ir suPAR neinvaziniu biidu paimtuose vaisiaus
vandenyse yra statistiSkai reikSmingi histologinio chorioamnionito
diagnostikos Zymenys, o sTLR-2, STLR-4 ir a defensinai - statistiskai
reikSmingos vertés neturi. Didziausig histologinio chorioamnionito
diagnosting verte turi TNF-a ir MMP-8.

3. Nustatytos motinos kraujo ir vaisiaus vandeny uzdegiminiy Zymeny
optimalios reik§més chorioamnionito diagnostikai:

3.1. Kraujo uzdegiminiy zymeny nustatytos optimalios ribinés vertés:
- NLS — 5,97 (jautrumas — 77 proc., specifiskumas — 95 proc.);
- CRB - 8,56 mg/l (jautrumas — 77 proc., specifiSskumas — 84 proc.).

3.2. Vaisiaus vandeny uzdegiminiy Zymeny optimalios ribinés vertés :

- IL-6 — 1 389,82 pg/ml (jautrumas — 88 proc., specifiskumas — 70 proc.);
- TNF-a — 21,17 pg/ml (jautrumas — 88 proc., specifiskumas — 84 proc.);
- MMP-8 — 172,53 ng/ml (jautrumas — 80 proc, specifiSkumas — 87 proc);
- SUPAR - 30,08 mkg/ml (jautrumas — 63 proc, specifiskumas — 85 proc).

4. Vertinant CRB kartu su MMP-8 ar TNF-a ir NLS kartu su MMP-8,

stebima statistiSkai reikSmingai didesné diagnostiné verté nei vertinant
pavienj CRB ar NLS.
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8. PRAKTINES REKOMENDACIJOS

1. Klinikiné chorioamnionito diagnostika:

- rekomenduojama papildomai vertinti NLS;

- NLS > 5,97, rekomenduojama vertinti kaip padidéjusia
chorioamnionito rizika;

- NLS wvertinti ne anksCiau nei po 48 wval. nuo paskutinés
kortikosteroidy dozés suleidimo.

2. Esant galimybei atlikti vaisiaus vandeny imunologing analize:

- rekomenduojama vaisiaus vandenis surinkti neinvaziniu bidu,
paimant per makstj steriliu maksties skétikliu;

- Vvaisiaus vandenyse rekomenduojama istirti MMP-8 ir TNF-a
imunologinius Zymenis;

- MMP-8 koncentracija > 172,53 ng/ml ir TNF-a > 21,17 pg/ml
rekomenduojama vertinti kaip padidéjusia chorioamnionito rizika.

3. Siekiant pagerinti chorioamnionito prognoze, rekomenduojama motinos
kraujo ir vaisiaus vandeny uzdegiminius Zymenis vertinti kartu.
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1. INTRODUCTION
1.1. Relevance of the study

Preterm birth is any birth in the 22*° to 36*® week of pregnancy.
Chorioamnionitis is one of the most common causes of spontaneous preterm
birth, accounting for 40-70% of all preterm births. Chorioamnionitis is an
acute inflammation of the foetal membranes and placenta. This infection is
dangerous for women because it increases the risk of uterine atony and
postpartum haemorrhage, endometritis, peritonitis and sepsis. This infection
is dangerous to the neonate, because of the increased risk of foetal
inflammatory response syndrome, pneumonia, meningitis, sepsis and death.
Long-term complications of chorioamnionitis in an infant can include mental
retardation, necrotising enterocolitis and cerebral palsy. Because of the
potential complications of chorioamnionitis for both the foetus and the
mother, it is recommended not to continue the pregnancy after a diagnosis of
this infection.

Currently, chorioamnionitis can be diagnosed on the basis of clinical,
histological, microbiological or biochemical criteria. The clinical diagnostic
criteria for chorioamnionitis have a low sensitivity, while microbiological
tests are performed for several days and a histological examination is possible
only after delivery. Due to these shortcomings, there is still no universally
accepted single method for diagnosing chorioamnionitis. Each year, more
studies are being carried out to validate a test method that is suitable for the
early diagnosis of chorioamnionitis, is quick and easy to perform, and that has
a high specificity and sensitivity.

1.2. Novelty and practical relevance

In order to diagnose chorioamnionitis during pregnancy quickly and
accurately, more attention is now being paid to the development of clinical
criteria for the diagnosis of chorioamnionitis and to the biochemical profile of
the amniotic fluid.

So far, an assessment of the leukocyte count and C-reactive protein (CRP)
in the maternal blood has been widely used in the diagnosis of the clinical
chorioamnionitis, but leukocytosis is considered to be a low-sensitive marker
for the prediction of chorioamnionitis. The scientific literature contains data
on the advantages of the neutrophil-to-lymphocyte ratio (NLR) in the
diagnosis of various infections, but there are only a few studies analysing the
role of this ratio in the diagnosis of chorioamnionitis. Therefore, in this study,
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we evaluated the role of the NLR in the diagnosis of chorioamnionitis and
compared its diagnostic values with those of the leukocyte count and CRP.

Inflammatory markers in the amniotic fluid were detected by an enzyme
immunoassay. The amniotic fluid for this test can be collected by the invasive
method of amniocentesis or the non-invasive method of vaginal collection.
Amniocentesis is an invasive procedure that can cause complications such as
damage to the foetus, umbilical cord, placenta, placental abruption and foetal
death. It has been proved that the risk of complications during amniocentesis
is low (up to 1%); however, the procedure is more complex and the risk of
complications is higher in the case of premature leakage of the amniotic fluid
due to a low residual amniotic fluid volume.

In our study, we aimed to diagnose chorioamnionitis biochemically by
detecting changes in the inflammatory markers in the amniotic fluid. The
amniotic fluid was collected non-invasively, by collecting it from the vaginal
pool. This procedure is easy to perform and requires no special skills.
Collecting amniotic fluid from the vaginal pool is also a non-invasive
procedure; therefore, it does not carry additional risks.

The high diagnostic value of IL-6, TNF-a, MMP-8, sTLR-2, STLR-4 and
a-defensins in the amniocentesis amniotic fluid has been demonstrated in the
diagnosis of chorioamnionitis. Fewer data is available on the significance of
these inflammatory markers in non-invasively collected amniotic fluid.
SUPAR in the blood has a high diagnostic value in the diagnosis of various
infections, but no data has been published on the detection of SUPAR in the
amniotic fluid and its relevance for the diagnosis of chorioamnionitis. In our
study, we evaluated the concentrations of all these inflammatory markers in
non-invasively collected amniotic fluid and their relevance for the diagnosis
of chorioamnionitis in the preterm premature rupture of the membranes of
prematurity (PPROM) up to 34 weeks.

1.3. Aim of the dissertation

The aim of this dissertation is to evaluate the role of inflammatory markers
in maternal blood and non-invasively collected amniotic fluid, for the
antenatal diagnosis of chorioamnionitis.

1.4. Objectives

1. To evaluate the accuracy of inflammatory markers in the maternal blood
(leucocytes, neutrophils, lymphocytes, neutrophil-to-lymphocyte ratio and C-
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reactive protein) for the antenatal diagnosis of chorioamnionitis in the setting
of a preterm premature rupture of the membranes.

2. To evaluate the accuracy of non-invasively collected inflammatory
markers in the amniotic fluid (IL-6, TNF-a, MMP-8, s-TLR-2, s-TLR-4, a-
defensins, SUPAR) for the antenatal diagnosis of chorioamnionitis.

3. To determine the optimal values of inflammatory markers in the
maternal blood and amniotic fluid for the diagnosis of chorioamnionitis.

4. To compare the accuracy of inflammatory markers in the maternal blood
and non-invasively collected amniotic fluid in the diagnosis of
chorioamnionitis.

1.5. Statements of the dissertation to be defended

1. Currently, the total leucocyte count, which is used to diagnose clinical
chorioamnionitis, is not a marker of sufficient prognostic value in the
diagnosis of chorioamnionitis.

2. The C-reactive protein concentration and neutrophil-to-lymphocyte ratio
have better prognostic values for chorioamnionitis than the maternal blood
leukocyte count.

3. The levels of inflammatory markers (IL-6, TNF-a, MMP-8, s-TLR-2, s-
TLR-4, a-defensins, suPAR) in non-invasively collected amniotic fluid are
reliably different in women with and without histological chorioamnionitis,
and may therefore improve the diagnosis of chorioamnionitis.

4. Biochemical testing of non-invasively collected amniotic fluid
combined with changes in inflammatory markers in the maternal blood can
improve the antenatal diagnosis of chorioamnionitis.

2. MATERIALS AND METHODS

The study was carried out at the Centre of Obstetrics and Gynaecology,
VUH SK, in 2017-2021, and immunological markers in the amniotic fluid
were tested at the State Research Institute Centre for Innovative Medicine.

The study was authorised by the Vilnius Regional Biomedical
Research Ethics Committee No. 158200-17-931-434 of 4 July 2017 and its
supplement No. 2019-LP-40 of 19 September 2019, and by the State Data
Protection Inspectorate (SDPI) on 9 March 2018, under the Data Processing
Authorisation No. 2R-1765 (2.6-1). The research was supported by the
Lithuanian Research Council as a research group project (No. S-MIP-19-57)
and the Vilnius University Faculty of Medicine.
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Pregnant women admitted to the Obstetrics and Gynaecology Centre of the
VUH SK for preterm premature rupture of the membranes at < 34 weeks
gestation were included in the study. All the participants were informed about
the aims of the study, the process, possible inconveniences and the use of the
study findings, their confidence was secured and they signed an informed
consent form. Both parents signed the informed consent form for the
participation of the newborn. The women could discontinue their or their
newborn’s participation in the study at any time.

Inclusion criteria:

Female aged > 18 years

Singleton pregnancy

Gestational age of 22*0to 346 weeks
Diagnosed with PPROM

Signed the informed consent form

Exclusion criteria:
- Multiple pregnancy
Placenta previa
Vaginal bleeding
Diagnosed foetal malformations
Unstable foetal lie
Refusal to participate in the study

After their enrolment in the study, the personal health and pregnancy
history data of the women were collected: age, number of previous
pregnancies and births, chronic illnesses, date of last menstrual cycle and
regularity, tests carried out during the pregnancy and diagnosed diseases. The
postnatal database was expanded to include the obstetric history: mode of
delivery, birthweight, Apgar score and umbilical cord arterial blood pH
results.

The timing of the pregnancy was based on the first day of the last menstrual
period, if the menstrual cycle was regular. If the menstrual cycle was irregular
or the difference was > 5 days at week 11*°to 13*® after the ultrasound scan,
the timing of the pregnancy was based on the ultrasound scan.

A preterm premature rupture of the membranes was diagnosed if amniotic
fluid leaking was observed during a vaginal examination. In the case of an
uncertain diagnosis, a test for placental o microglobulin-1 (Amnisure®,
Germantown, USA) in the vaginal secretions was performed: a positive test
confirmed PPROM.
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In accordance with the Obstetric Methodology approved by the Lithuanian
Society of Obstetricians and Gynaecologists and published on the website of
the Ministry of Health of the Republic of Lithuania, as well as with the
procedures and protocols of examination and treatment approved by the VUH
SK, antibiotic prophylaxis and foetal lung maturation were administered to all
pregnant women diagnosed with PPROM up to 34 weeks. For antibiotic
prophylaxis, 2 g of intravenous ampicillin was administered every 6 hours for
2 days; after 2 days, oral amoxicillin 500 mg was administered every 8 hours
for 5 days. This was accompanied by oral erythromycin 250 mg every 6 hours
for a total of 7 days, or azithromycin 1 g on the day of arrival and 0.5 g on the
fifth day of the follow-up. For foetal lung maturation, 12 mg dexamethasone
intramuscular injection was administered every 12 hours for 2 times.

Clinical chorioamnionitis was diagnosed in the presence of a fever > 38 °C
and at least 2 of the following symptoms:

- Tachycardia in the woman (> 100 beats/min.)
Tachycardia in the foetus (> 160 beats/min.)
Foul-smelling purulent vaginal discharge or amniotic fluid
Uterine tenderness (soreness)
Leukocytosis (> 15 x 109/1)
CRP > 40mg/I

In accordance with the current VUH SK examination and the treatment
guidelines for preterm birth, the placentas of all the pregnant women were sent
for a histological examination after delivery. Pathohistological analysis were
performed by one specialist at the National Center of Pathology. Inflammatory
lesions of the placenta and foetal membranes were assessed according to the
diagnostic criteria of the Amsterdam Placenta Working Group and the
Perinatal Section of the Paediatric Pathology Society. After PMN infiltration
to the chorion and amnion were detected, histological chorioamnionitis was
diagnosed (Figure 1). Based on the findings of the histological analysis, all the
participants were divided into 2 groups: women diagnosed with histological
chorioamnionitis (Group 1); and a control group, i.e. women not diagnosed
with histological chorioamnionitis (Group 11).
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Figure 1 A - Histological structure of a normal placenta and foetal
membranes. B - Structure of the placenta and foetal membranes in histological
chorioamnionitis (photos from the National Centre of Pathology, VUH SK
branch). Arrows indicate polymorphonuclear inflammatory infiltration in the
placental and fetal membranes.
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The study was divided into three parts (Figure 2):

Part |

Part Il

Part 111

The role of
inflammatory
markers in the

maternal blood in

The role of
inflammatory
markers in the

amniotic fluid in

Comparison of
inflammatory
markers in the
maternal blood

predicting predicting and amniotic
histological histological fluid in
chorioamnionitis chorioamnionitis predicting
(n=137) (n=154) histological
chorioamnionitis.
(n=134)

Figure 2 Parts of the biomedical study
Abbreviations: n — sample size.

3.1. Part I. The role of inflammatory markers in the maternal
blood in predicting histological chorioamnionitis

In the first part, we aimed to assess the role of inflammatory markers in the
maternal blood in predicting histological chorioamnionitis. To assess the role
of the maternal blood results in the prognosis of histological chorioamnionitis,
only blood tests performed within 12-48 hours before delivery were selected.
The pre-delivery period of more than 12 hours was chosen to reduce the
probability of error because of an inflammatory response to the delivery
process itself. A less than 48 h antepartum period was chosen to reduce the
probability of error due to a long rupture to delivery interval between the blood
test and the delivery: the risk of chorioamnionitis increases with a longer
rupture to delivery interval, and the results of a blood test collected more than
48 hours antepartum may not reflect the inflammatory process.

The maternal blood results also took the administration of corticosteroids
into account. As mentioned above, all pregnancies with PPROM up to 34
weeks were administered dexamethasone for foetal lung maturation. The use
of corticosteroids causes leukocytosis with a leftward deviation of the formula
and relative lymphopenia lasting 24-48 hours. For this reason, it was chosen
to evaluate only the blood tests performed more than 48 hours after the
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administration of corticosteroids. Therefore, 137 women and their newborns
were included in the final analysis to assess the role of maternal blood results
in the prediction of histological chorioamnionitis (Figure 3).

Women hospitalised for
PPROM
n=218

Did not meet the inclusion criteria
n =33

v

v
Met the inclusion
criteria
n=185

A complete blood count was
performed < 12 hours before the
delivery (n = 8)

A complete blood count was
performed > 48 hours before the
delivery (n = 15)

A complete blood count was
performed < 48 hours after a
corticosteroid injection (n = 25)

v

v

Final analysis
n=137

Figure 3 Subject selection scheme for the analysis of the maternal blood
parameters.

Abbreviations: PPROM — preterm premature rupture of the membranes,
n —sample size.
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3.2. Part II: The role of inflammatory markers in the amniotic
fluid in predicting histological chorioamnionitis

In the second part of the study, we aimed to assess the role of inflammatory
markers in the amniotic fluid in predicting histological chorioamnionitis.
Amniotic fluid was collected with sterile vaginal speculums during a non-
invasive vaginal examination. The amniotic fluid samples were collected
every second day, and were centrifuged at 3,000 rpm for 5 minutes, then
fractionated and frozen at a -80 °C temperature. Amniotic fluid samples the
volume of which was insufficient for an analysis of the immunological
markers, or with high levels of mucus or blood impurities in the amniotic fluid,
were excluded from the study. Only the amniotic fluid samples collected < 48
hours before delivery were included in the final analysis, to reduce the
probability of error due to the long rupture to delivery interval between the
sample collection and delivery. Therefore, 156 pregnant women and their
newborns were included in the final analysis to assess the role of inflammatory
markers in the amniotic fluid in predicting histological chorioamnionitis
(Figure 4).

Women who met the
inclusion criteria

n=185
Insufficient volume of amniotic fluid
for the analysis (n = 14)
Poor quality of amniotic fluid due to
high levels of mucus and blood

v impurities (n = 15)
Final analysis
n =156

Figure 4 Subject selection scheme for the analysis of immunological
markers in the amniotic fluid
Abbreviations: n — sample size.
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The concentration of immunological markers in the amniotic fluid was
determined by an enzyme-linked immunosorbent assay (ELISA) (Bender
Medsystem, Vienna, Austria). All immunological tests were performed by a
single specialist at the State Research Institute Centre for Innovative
Medicine. The dilution and preparation of the samples for the analysis was
carried out according to recommendations of the manufacturers of the
commercial Kits.

The IL-6 concentrations were determined by ELISA using the commercial
kit “Human IL-6 Quantikine QuicKit ELISA” (R&D Systems, Minneapolis,
USA). The four-parameter logistic curve was calculated and plotted in the
range of 12.5-800 pg/ml using a special software for the evaluation of
immunoassay results, Gen5 Microplate Data Collection & Analysis Software
(BioTek Instruments, Winooski, USA) (Figure 5). The sensitivity of the kit
(minimum detectable dose) was 1.70 pg/ml. The samples were used undiluted,
but if the measured optical density of the sample exceeded the highest value
of the optical density, the samples were diluted to 1:10, 1:100 or 1:1000, as
appropriate, and were tested again. The optical density was measured using a
spectrophotometer (BioTek Instruments, Winooski, USA).

25 /

Mean Yalue
&

10 100 1000

Concentration

]

y=((A-DY(1 +(x/C)'B))+D A B C D Rr2
© Std (Standards: Concentration vs Mean Value) 0.074 1.019 1277.465 6.907

Figure 5 Example of a four-parameter logistic curve from one IL-6 study

The TNF-a concentrations were determined using the commercial “Human
TNFa ELISA Kit” (Life Technologies, Waltham, USA). The four-parameter
logistic curve was calculated and plotted in the range of 15.6 and 1,000 pg/ml,
with a sensitivity of < 2 pg/ml (Figure 6). The samples were used undiluted,
but if the measured optical density of the sample exceeded the highest value
of the optical density, the samples were diluted to 1:5 and were tested again.
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Figure 6 Example of a four-parameter logistic curve from one TNF-a study

The MMP-8 levels were determined by ELISA using the commercial kit
“Human Total MMP-8, Quantikine ELISA” (R&D Systems, Minneapolis,
USA). The four-parameter logistic curve was calculated and plotted in the
range of 0.156 and 10 ng/ml, with a sensitivity of < 0.013 ng/ml (Figure 7).
The samples used were diluted to 1:10, but if the measured optical density of
the sample exceeded the highest value of the optical density, the samples were
diluted to 1:100 or 1:1000, as appropriate, and were tested again.

Standard Curve
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Concentration
y = ((A-DY(1+(x/Cy'B))+D A B c D R*2
© Std (Standards: Concentration vs Mean Value) 0.063 1.108 414702 126.848 1

Figure 7 Example of a four-parameter logistic curve from one MMP-8 study
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The sTLR-2 levels were determined using the commercial kit “Enzyme-
Linked Immunosorbent Assay Kit For Toll-Like Receptor 2 (TLR2)” (Cloud-
Clone Corp., Keith, USA) and the sTLR-4 levels were determined using the
commercial kit “Enzyme-Linked Immunosorbent Assay Kit For Toll-Like
Receptor 4 (TLR4)” (Cloud-Clone Corp., USA). The log-log standard curve
was calculated and plotted in the range of 0.312-20 ng/ml for both receptors
(Figure 8). The sTLR-2 sensitivity was 0.112 ng/ml and the sTLR-4 sensitivity
was 0.118 ng/ml. In both cases, undiluted samples were used.
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Figure 8. Example of a log-log standard curve from one s-TLR-2 test

The concentration of a-defensins was determined using the commercial
“Human Defensin Alpha 3, Neutrophil Specific (DEFA3) ELISA Kit”
(Abbexa Ltd , Cambridge, United Kingdom). The four-parameter logistic
curve was calculated and plotted in the range of 0.47 and 30 ng/ml, with a
sensitivity of < 0.21 ng/ml (Figure 9). The samples were used at a dilution of
1:10.
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Figure 9. Example of a four-parameter logistic curve from a single o-
defensins test

The suPAR concentrations were determined using the commercial kit
“Human suPAR Immunoassay, Quantikine ELISA” (R&D Systems,
Minneapolis, USA). The log-log curve was calculated and plotted in the range
of 62.5-4,000 pg/ml and the sensitivity of the kit was < 33 pg/ml (Figure 10).
The samples were used diluted to 1:5, but if the measured optical density of
the sample exceeded the highest value of the optical density, the samples were
diluted to 1:10 or 1:100, as appropriate, and were tested again.
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Figure 10. Example of a log-log curve from one suPAR test
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3.3. Part I11. Comparison of inflammatory markers in the maternal blood and
amniotic fluid in predicting histological chorioamnionitis

The aim of third part of the study was to compare the significance of
inflammatory markers in the maternal blood and amniotic fluid for the
histological diagnosis of chorioamnionitis. Only women with both blood and
amniotic fluid samples that met the selection criteria were inclued in the
general art of the study (Figure 11).

Women who met
the inclusion criteria
n=185

A complete blood count was performed
< 12 hours before the delivery (n = 8)
A complete blood count was performed
—”| > 48 hours before the delivery (n = 15)
A complete blood count was performed
< 48 hours after a corticosteroid
A injection (n = 25)
Women whose
blood count met the
selection criteria

n=137
Insufficient amniotic fluid content for
testing (n=1)
— Poor quality of amniotic fluid due to
high levels of mucus and blood
‘L impurities (n = 2)
Final analysis
n=134

Figure 11 Subject selection scheme for a comparison of inflammatory
markers in the maternal blood and amniotic fluid
viations: n —sample size.
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3.4. Research sample size calculation

G*Power (version 3.1.9.4) was used to determine the sample sizes in all
three parts of the study. The selected criteria for the significance level wasa =
0.05. The power criterion was considered to be at least 0.8 (0.8 < § < 0.95).
The selected sample size met above the requirements.

3.5. Statistical data analysis

The statistical data analysis was carried out using the R package (version
4.0.3) (R Core Team, 2020). The Shapiro-Wilk test was used to test the
normality of the data distribution. The mean values of the quantitative traits
that met the conditions of a normal distribution were compared between two
independent groups using the Student’s t test. The values of the quantitative
traits that did not meet the conditions of a normal distribution were compared
using the Mann-Whitney U test and the Wilcoxon rank-sum criteria. All
results for which parametric criteria were applied are described in terms of the
mean of the quantitative data (x) with the standard deviation (SD). Results
where nonparametric criteria were applied are described in terms of the
median (Md) and interquartile range (IQR) of the quantitative data. The chi-
squared (y?) criterion was used to test the independence of the qualitative
variables and the data is presented as absolute numbers with percentages.

A binary multiple logistic regression model was used to assess the strength
of association between the variables. To assess the prognostic value of the
inflammatory markers for histological chorioamnionitis, ROC curves were
plotted and the areas under the curves (AUC) were calculated. The DeLong
test was used for a comparison of the AUCs from different models. The
Youden (Y) index (sensitivity + (1 — specificity) — 1) was used to determine
the optimal cut-off value.

Differences in the traits analysed were considered to be statistically
significant when the significance level (p-value) was less than 0.05.

4. RESULTS OF THE STUDY

4.1. Part 1. The role of inflammatory markers in the maternal
blood in predicting histological chorioamnionitis

The biomedical part of the study, which investigated the significance of
inflammatory markers in the maternal blood in diagnosing histological
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chorioamnionitis, included 137 women who were admitted to the Centre of
Obstetrics and Gynaecology of the VUH SK for premature leakage of
amniotic fluid at a gestational age of 220 to 34*® weeks. The first group
included 52 women and the second group included 85 women and their
newborns.

The general demographic and clinical characteristics of the subjects are

shown in Table 1.

Table 1. Comparative characteristics of the subject groups

- Group | Group 11

Characteristics (n= 5p2) (n= 55) p-value
Mother’s age (years), 30.8+5.8 311452 0.89
x £+ SN
First pregnancy, n (%) 26 (50) 43 (50.6) 0.95
Repeat pregnancy, n (%) 26 (50) 42 (57.6) 0.95
First birth, n (%) 29 (55.8) 52 (61.2) 0.53
Repeat birth, n (%) 23 (44.2) 33 (38.8) 0.53
Gestational age at delivery 32%3 33*%2 0.06
(weeks), Md (IQR) (27%3-34*%) (28%6-34*?) '
Clinical chorioamnionitis,
n (%) 6 (7.7) 1(1.2) 0.008
Rupture to delivery interval 148.3 93.5 0.007
(hours), Md (IQR) (91.1-246.5) (62.1-166.05) '
Group B 8 hemolytic
streptococci colonisation in the 20 (38.5) 13 (15.3) 0.002
vagina, n (%)
Gestational diabetes, n (%) 8 (15.4) 16 (17.6) 0.54
Hypertensive conditions, n (%) 7 (13.5) 11 (12.9) 0.93
Foetal birth weight (g), 1,810.5+ 6903 | 1,9502+610.1 | 0.48
x +SN
Apgar score after 5 min. <7, n 6 (11.5) 1(12) 0.008
(%)
LSJ,Tblllcal cord arterial pH, x + 7324008 7354008 0.004

Group | — women diagnosed with histological chorioamnionitis; Group 1l —
women not diagnosed with histological chorioamnionitis.

Abbreviations: x — mean, SD — standard deviation, Md — median, IQR —
interquartile range, n — sample size.

There were no statistically significant differences in the age, number of
pregnancies, number of deliveries, gestational age, prevalence of gestational
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diabetes, prevalence of hypertensive conditions and birth weight between the
groups. In Group |, there was a statistically significant increase in the
incidence of group B § hemolytic streptococci colonisation in the vagina (p
value 0.002) and in the incidence of clinical chorioamnionitis (pvalue 0.008).
The rupture to delivery interval was statistically significantly longer (p value
0.007), while the neonatal Apgar score after 5 minutes (p value 0.008) and the
umbilical cord blood pH (p value 0.004) were statistically significantly lower
in Group I than in Group Il (Table 1).

The levels of all maternal blood inflammatory markers were statistically
significantly different between the groups (p-value < 0.001). The leucocyte
and neutrophil counts, as well as the CRP and NLR were higher in the Group
| subjects, while the lymphocyte count was higher in the Group Il subjects
(Table 2 and Figure 12).

Table 2. Comparison of inflammatory markers in the maternal blood between
the groups

Concentration of inflammatory markers
Inflammatory

: in the blood
markers in the
maternal blood Group | Group Il p-value
(n=52) (n=85)
Leukocytes
14. 12.56-16. 10. .78-12.57 <0.001

(cells x 10%/1) 58 (12.56-16.6) | 10.68 (8.78-12.57) 0.00
Neutrophils 12 (9.75-13.9) 75 (6.1-0.44) - 0001
(cells x 10%1) ' : = (0.1, :
Lymphocytes (cells x
1())/9”)[) ytes { 1.5(1.13-1.9) 2 (1.6-2.4) <0.001
C-reactive protein 155(8.71-38.38) | 3.66(2.23-6.73) | <0.001
(mg/1)
Neutrophil-to-
lymphocyte ratio 8.01 (6.18-9.72) 4.09 (3.3-4.93) <0.001

All data is described in terms of the median and interquartile range. Group | —
women diagnosed with histological chorioamnionitis; Group Il — women not
diagnosed with histological chorioamnionitis.

Abbreviations: n — sample size.
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Figure 12. Comparison of inflammatory markers in the maternal blood
between the groups. Group | — women diagnosed with histological
chorioamnionitis; Group Il — women not diagnosed with histological
chorioamnionitis.
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Univariate and multivariate logistic regression analyses were conducted to
assess the relative risk of the individual and combined inflammatory markers
in the maternal blood in predicting histological chorioamnionitis (Table 3).
NLR was found to have the highest predictive value as an independent
variable (OR = 2.59; 95% CI: 1.92— 3.78; p-value < 0.001), as well as being
present in all variables (OR = 5.24; 95% CI: 1.89-14.52; p-value = 0.001). In
the multivariate analysis, an increase in the leukocyte count increased the
relative risk of histological chorioamnionitis by a factor of 1.38 (95% CI:
1.19-1.6; p-value = 0.003) and 1.05 times for CRP (95% CI: 1.02-1.08; p-
value = 0.003). The relative risk p-value for the neutrophil and lymphocyte
counts was > 0.05 in the multivariate analysis.

Table 3. Influence of inflammatory markers in the maternal blood for the
histological diagnosis of chorioamnionitis
Immunological Univariate analysis Bivariate analysis
markers in the | OR | 95% ClI p-value | OR | 95% CI |p-value
amniotic fluid

Leukocytes 145 | 1.26-1.68 | <0.001 [1.38 |1.19-1.6 |0.003
Neutrophils 1.69 | 1.4-2.04 <0.001 |L.8 0.38-9.27 0.4
Lymphocytes 0.21 | 0.09-0.46 | <0.001 [0.15 |0.02-1.47 |0.1
C-reactive protein  {1.07 | 1.03-1.1 <0.001 |1.05 [1.02-1.08 [0.003
Neutrophil-to- 259 | 1.92-3.78 | <0.001 [5.24 |(1.89-14.52(0.001

lymphocyte ratio
P-values < 0.05 are indicated in bold.
Abbreviations: OR — odds ratio, Cl — confidence interval.

The accuracy of the different markers in predicting histological
chorioamnionitis was assessed by plotting ROC curves and calculating the
area under the curves (AUC). The calculated AUC for leukocytes was 0.81,
for CRP 0.81 and for NLR was 0.89. Comparing the ROC curves of the
different markers, there was no statistically significant difference between the
ROC curves of CRP and NLR (p-value was 0.08). Comparing the NLR and
leukocyte ROC curves with each other, the result was close to an acceptable
level of significance (p-value was 0.053) (Figure 13).
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Figure 13. Comparison of the ROC curves of inflammatory markers in the
maternal blood

Abbreviations: NLR — neutrophil-to-lymphocyte ratio, CRP — C-reactive
protein, Leu — leukocytes, AUC — area under the ROC curve.

Using the Youden index, the critical values of inflammatory markers in the
blood for predicting histological chorioamnionitis were calculated. The
calculated optimal critical value for the leukocyte count was 12.62 x 101,
with a sensitivity and specificity of 75%. The optimal critical value for CRP
was 8.56 mg/l, with a sensitivity of 77% and a specificity of 84%. The optimal
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critical value for NLR was 5.97, with a sensitivity similar to other
inflammatory markers in blood at 77% and a maximum specificity of 95%.
(Table 4)

Table 4 Prognostic significance of inflammatory marker critical values in the
maternal blood for a diagnosis of histological chorioamnionitis

Critical Sensitivity, % | Specificity, % PPV, % NPV, %
value (95% CI) (95% CI) (95% CI) (95% CI)
C-reactive protein (mg/l)

12.35 65 (58-78) 88 (79-94) 77 (62-89) [ 81 (71-88)
8.56 77 (63-87) 84 (74-91) 74 (60-85) | 86 (76-92)
5.38 81 (67-90) 69 (58-79) 62 (49-73) | 86 (75-93)
3.12 90 (79-98) 44 (33-55) 49 (39-60) 88 (74-96)
Leukocytes (cells x 10%/1)

13.44 63 (49-76) 84 (74-91) 70 (55-83) | 79 (69-87)
12.62 75 (61-86) 75 (65-84) 65 (65-77) | 83 (73-91)
11.72 79 (65-89) 62 (51-73) 56 (44-68) | 83 (71-91)
11.65 83 (70-92) 61 (50-72) 57 (45-68) 85 (74-93)
Neutrophil-to-lymphocyte ratio

6.55 67 (53-80) 98 (92-100) 95 (82-99) [ 83 (74-90)
5.97 77 (63-97) 95 (88-99) 91 (78-97) | 87 (79-93)
5.72 81 (67-90) 91 (82-96) 84 (71-93) 89 (80-94)
5.38 83 (70-92) 84 (74-91) 75 (62-86) 89 (80-95)

Optimal cut-off values for the markers are indicated in bold.
Abbreviations: Cl — confidence interval, PPV — positive predictive value, NPV —
negative predictive value.

4.2. Part II: The role of inflammatory markers in the amniotic
fluid in predicting histological chorioamnionitis

Part 1l of the biomedical study, investigating the role of inflammatory
markers in the amniotic fluid in the diagnosis of histological chorioamnionitis,
included 156 women admitted to the Centre of Obstetrics and Gynaecology of
the VUH SK for a premature leakage of amniotic fluid at 22*°to 34*5weeks of
gestation. Group I included 65 women and Group Il included 91 women and
their neonates.
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The general demographic and clinical characteristics of the subjects are
shown in Table 5.

Table 5 Comparative characteristics of the subject groups

- Group | Group 11

Characteristics (n= 6p5) (n= gl) p-value
Mother's age (years), x + SD 30.6+ 6.4 312+58 0.53
First pregnancy, n (%) 32 (49.2) 46 (50.6) 0.87
Repeat pregnancy, n (%) 33(50.8) 45 (49.4) 0.87
First birth, n (%) 38 (58.5) 57 (62.6) 0.59
Repeat birth, n (%) 27 (41.5) 34 (37.4) 0.59
Gestational age at delivery (weeks), 32%0 33%0 0.13
Md (IQR) (27%2-33*0) (28"1-33%) '
Clinical chorioamnionitis, n (%) 6 (9.2) 1(1.1) 0.02
Rupture to delivery interval (in hours), 96.2 82.3 0.003
Md (IQR) (62.5-194.4) | (58.2-171.6)
Group_) B _B ht?molytic s_treptococci 24 (36.9) 15 (16.5) 0.003
colonisation in the vagina, n (%)
Gestational diabetes, n (%) 11 (16.9) 16 (17.6) 0.91
Hypertensive conditions, n (%) 8(12.3) 12 (13.2) 0.87
Foetal birth weight (g),
x + SN 1,768.2 £ 669.1 [ 1,872.7+603.2| 0.51
Apgar score after 5 min. <7, n (%) 6 (9.2) 1(1.1) 0.02
Umbilical cord arterial pH,
x = SN 7.31+0.09 7.35+0.09 0.003
Group | — women diagnosed with histological chorioamnionitis; Group Il —

women not diagnosed with histological chorioamnionitis.
Abbreviations: x — mean, SD — standard deviation, Md — median, IQR -
interquartile range, n — sample size.

Like in the first part of the study, the age, number of pregnancies, number
of deliveries, duration of pregnancy, incidence of gestational diabetes,
hypertensive conditions and birth weight were not statistically significantly
different between the groups. In Group |, there was a statistically significant
increase in the incidence of group B B hemolytic streptococcus colonisation
in the vagina ( p-value 0.003) and in the incidence of clinical chorioamnionitis
(p-value 0.02). The rupture to delivery interval was statistically significantly
longer (p-value 0.003), while the umbilical cord arterial pH (p-value 0.003)
and assessment of the newborn according to the Apgar score after 5 min were
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statistically significantly lower (p-value 0.02) in Group | than in Group Il
(Table 5).

The concentrations of IL-6 (3003.3 and 904.07 pg/ml), MMP-8 (636.43
and 18.68 ng/ml), TNF-a (124.19 and 8.64 pg/ml) and suPAR (36.29 and
16.21 mcg/ml) in the amniotic fluid of the Group I subjects were significantly
higher than in the Group Il subjects (p-value <0.001) (Table 6, Figure 14).
Meanwhile, the concentrations of sTLR-2 (0.11 and 0.09 ng/ml), sTLR-4
(0.28 and 0.23 ng/ml) and a-defensins (24.08 and 20.15 ng/ml) were not
statistically significantly different between the groups (Table 6 and Figure 15).

Table 6 Comparison of the concentrations of immunological markers in the
amniotic fluid between the groups

Immunological Concentration of the immunological markers
;n;:fg;i ﬂL'J? ) M€ | Group 1 (n = 65) Group 1l (n=g1) | Pvalue
IL-6 (pg/ml) 3,003.3 (2,100.0- | 904.07  (325.27- | <0.001
3,920.91) 1,888.53)
MMP-8 (ng/ml) 636.43 (190.82— | 18.68 (4.55-93.27) | <0.001
1,568.53)
TNF-a (pg/ml) 124.19 (63.84-595.97) | 8.64 (6.02-17.89) | <0.001
STLR-2 (ng/ml) 0.11 (0.03-0.34) 0.09 (0.01-0.35) 0.403
STLR-4 (ng/ml) 0.28 (0.13-0.78) 0.23 (0.06-0.51) 0.123
a-defensins (ng/ml) | 24.08 (14.98-35.01) 20.15 (14.85-| 0.1
29.06)
suPAR(mkg/ml) 36.29 (18.43-81.02) 16.21 (9.72-25.97) | <0.001
All data is described in terms of the median and interquartile range. Group | —
women diagnosed with histological chorioamnionitis; Group Il — women not

diagnosed with histological chorioamnionitis.
Abbreviations: n — sample size, IL-6 — interleukin 6, MMP-8 — matrix
metalloproteinase 8, TNF-a — tumour necrosis factor o, STLR-2 — soluble Toll-
like receptor-2, sSTLR-4 — soluble Toll-like receptor-4, suPAR — soluble
urokinase-like plasminogen activator receptor.
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Figure 14 Comparison of the concentration of immunological markers in the
amniotic fluid between the groups

Abbreviations: 1L-6 — interleukin 6, MMP-8 — matrix metalloproteinase 8,
TNF-0. — tumour necrosis factor o, suPAR — soluble urokinase-like
plasminogen activator receptor.
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Figure 15 Comparison of the concentration of immunological markers in the
amniotic fluid between the groups.

Abbreviations: sTLR-2 —soluble Toll-like receptor-2; sTLR-4 — soluble Toll-
like receptor-4.

Univariate and multivariate logistic regression analyses were performed to
assess the relative risk of an individual and immunological markers in the
amniotic fluid were pooled for predicting histological chorioamnionitis (Table
7). In both the univariate and multivariate logistic regression analyses, 1L-6,
MMP-8, TNF-a and suPAR were found to be statistically significant
immunological markers in the amniotic fluid for the prediction of
chorioamnionitis. Among the statistically significant immunological markers,
TNF-a had the highest probability value as an independent variable (OR =
1.03; 95% ClI: 1.02-1.05; p-value < 0.001), as well as being present in all the
variables (OR =1.03; 95% CI: 1.01-1.04; p-value = 0.001). In the multivariate
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analysis, an increase in the leukocyte count increased the relative risk of
histological chorioamnionitis by a factor of 1.02 (95 % CI: 1.01-1.06; p-value
< 0.001) and suPAR increased the risk by 1.01 times (95% CI: 1.002-1.02; p-
value = 0.03). Since IL-6 concentrations increase dozens to hundreds of times
during inflammation, a 1-unit increase in the IL-6 concentration only
increased the relative risk of histological chorioamnionitis by a factor of
1.0001 (95 % CI: 1.0002-1.002; p-value = 0.02).

By plotting the ROC curves and calculating the area under the curves, the
accuracy of different immunological markers in the amniotic fluid in
predicting histological chorioamnionitis was evaluated. The estimated AUC
for IL-6 was 0.81, for MMP-8 was 0.89, for TNF-o was 0.91 and for suPAR
was 0.78 (Figure 16). The ROC curves for the statistically insignificant
markers are shown in a separate figure: the AUC for a-defensins was 0.58, for
STLR-2 was 0.54 and for sTLR-4 was 0.57 (Figure 17).

A comparison of the ROC curves of different markers showed a
statistically significant difference between TNF-o, MMP-8 and all the other
immunological markers in the amniotic fluid that was tested (p-value < 0.05).
The TNF-o and MMP-8 AUC values were not statistically significantly
different from each other (p-value = 0.51). There was also no statistically
significant difference between the AUC of IL-6 and suPAR (p-value = 0.43)
(Figure 16). A comparison of the AUC curves for a-defensins, STLR-2 and
STLR-4 again showed no statistically significant difference (Figure 17).
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Figure 16. Comparison of the ROC curves of immunological markers in the
amniotic fluid Abbreviations: IL-6 — interleukin 6, MMP-8 — matrix
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Using the Youden index, the critical values of immunological markers in
the amniotic fluid for predicting histological chorioamnionitis were
calculated. The optimal critical value for predicting histological
chorioamnionitis was calculated to be 1,389.82 pg/ml for IL-6, with a
sensitivity of 88% and a specificity of 70%, and was 172.53 ng/ml for MMP-
8 (sensitivity 80% and specificity of 87%), while TNF-a was 21.17 pg/ml
(sensitivity 88%, specificity 84%) and suPAR was 30.08 mcg/ml (sensitivity
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63%, specificity 85%). Of all the critical values calculated, IL-6 and TNF-a
had the highest sensitivity and MMP-8 the highest specificity (Table 8).

Table 8. Predictive significance of the critical values of immunological
markers in a foetus in the diagnosis of histological chorioamnionitis

Critical | Sensitivity, Specificity, PPV, % (95% | NPV, %
value %0(95%Cl) %(95%Cl) Cl) (95% CI)
IL-6 (pg/ml)

4195.68 | 17 (9-28) 96 (89-99) 73 (45-92) 62 (53-70)
3427.52 | 37 (25-50) 90 (82-95) 73 (54-87) 67 (58-75)
2844.43 | 57 (44-69) 85 (76-91) 73 (58-84) 73 (64-81)
1389.82 | 88 (77-94) 70 (60-79) 67 (56-77) 89 (79-95)
MMP-8 (ng/ml)

413.67 63 (50-75) 96 (89-99) 91 (79-98) 78 (70-86)
294.36 65 (52-76) 90 (82-95) 82 (69-92) 78 (69-86)
172.53 80 (68-89) 87 (78-93) 81 (70-90) 86 (77-92)
1245 83 (72-91) 81 (72-89) 76 (64-85) 87 (78-93)
TNF-a (pg/ml)

70.77 72 (60-83) 95 (88-98) 90 (79-97) 83 (74-89)
50.39 78 (67-88) 89 (81-95) 84 (72-92) 85 (77-92)
24.56 86 (75-93) 85 (76-91) 80 (69-89) 90 (81-95)
21.17 88 (77-95) 84 (74-90) 79 (68-88) 90 (82-96)
SUPAR(mkg/ml)

62.84 32 (21-45) 96 (89-99) 84 (64-95) 66 (58-74)
43.2 40 (28-53) 90 (82-95) 74 (57-88) 68 (59-76)
30.08 63 (50-75) 85 (76-91) 75 (61-85) 76 (67-84)
28.19 65 (52-76) 81 (72-89) 71 (58-82) 76 (67-84)

Optimal cut-off values for the markers are indicated in bold.

Abbreviations: Cl — confidence interval, PPV — positive predictive value, NPV —
negative predictive value, IL-6 — interleukin 6, TNF-o — tumour necrosis factor a,
MMP-8 — matrix metalloproteinase 8, SUPAR — soluble urokinase-like
plasminogen activator receptor.

4.3. Part 11l. Comparison of inflammatory markers in the maternal blood and
amniotic fluid in predicting histological chorioamnionitis.
In Part 111 of the biomedical study, which aimed to compare the values of

inflammatory markers in the maternal blood and amniotic fluid for the
prediction of histological chorioamnionitis, 134 women who had been

133



admitted to the Centre of Obstetrics and Gynaecology, VUH SK, due to a
premature rupture of the amniotic fluid were enrolled, with a gestational age
of 22 *° to 34 *¢ weeks, and who fulfilled the eligibility criteria for both of the
two previously described parts. Group | included 52 women, while Group 1l
included 82 women and their neonates.

The general demographic and clinical characteristics of the subjects are

shown in Table 9.

Table 9. Comparative characteristics of the subject groups

- Group | Group 11
Characteristics (n= 5p2) (n= 8pZ) p-value
Mother's age (years), x = SD 30.8+5.8 31+£52 0.9
First pregnancy, n (%) 26 (50) 42 () 0.89
Repeat pregnancy, n (%) 26 (50) 40 () 0.89
First birth, n (%) 29 (55.8) 44 () 0.99
Repeat birth, n (%) 23 (44.2) 35() 0.99
Gestational age at delivery (weeks), 32%3 33%3 0.06
Md (IQR) (27*3-34%0) (290-34%2) '
Clinical chorioamnionitis, n (%) 6 (7.7) 1() 0.09
Rupture to delivery interval (in 148.3 105.2 0.007
hours), Md (IQR) (91.1-246.5) (80.6-210.4)

Grou}? B _B he_:molytic s_treptococci 13 () 0.03
colonisation in the vagina, n (%) 20 (38.5)

Gestational diabetes, n (%) 8 (15.4) 15 () 0.66
Hypertensive conditions, n (%) 7(13.5) 11() 0.99
Foetal birth weight (g), Md (IQR) 1,810.5+690.3 | 1,980+ 665.5 0.44
Apgar score after 5 min. <7, n (%) 6 (11.5) 1(1.2) 0.09
Umbilical cord arterial pH,

Md (IQR) 7.32+0.08 735+0.07 | 0.004
Group | — women diagnosed with histological chorioamnionitis; Group Il —

women not diagnosed with histological chorioamnionitis.
Abbreviations: x — mean, SD — standard deviation, Md — median, IQR —
interquartile range, n — sample size.

Like in the first two parts of the study, the age, number of pregnancies,
number of births, gestational age, incidence of gestational diabetes,
hypertensive conditions and birth weight were not statistically significantly
different between the groups. In Group I, there was a statistically significant
increase in the incidence of group B B hemolytic streptococcus colonisation
in the vagina (p-value 0.03) and in the incidence of clinical chorioamnionitis
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(p-value 0.09). The rupture to delivery interval was statistically significantly
longer (p-value 0.007), while the umbilical cord arterial pH (p-value
0.004)and the assessment of the condition of the neonate according to the
Apgar score after 5 min were statistically significantly lower (p-value 0.09) in
Group I than in Group Il (Table 9).

The inflammatory markers in the maternal blood (NLR and CRP) and
amniotic fluid (TNF-a and MMP-8) with the best prognostic values were
included in the comparison between the inflammatory markers in the maternal
blood and amniotic fluid for histological chorioamnionitis. To assess the
relative risk of these markers in predicting histological chorioamnionitis, a
pooled multivariate logistic regression analysis of the data was performed
(Table 10).

NLR showed the highest relative risk in the multivariate analysis (OR =
2.51; 95% CI: 1.53-4.14; p-value = 0.001). TNF-a increased several dozen
times and MMP-8 increased several hundred times during inflammation,
resulting in an increase in TNF-a (OR = 1.02; 95 % CI: 1.009-1.04; p-value
= 0.021) and MMP-8 (OR = 1.003; 95% CI. 1.009-1.04; p-value = 0.02),
while the relative risk in the multivariate analysis was lower than in the NLR.
CRP was a statistically insignificant marker in this analysis: OR =1.01; 95 %
Cl: 0.98-1.06; p-value = 0.42).

Table 10. Influence of immunological markers in the maternal blood and
amniotic fluid on the diagnosis of histological chorioamnionitis

Inflammatory markers Bivariate analysis
OR 95% CI p-value
C-reactive protein 1.01 0.98-1.06 0.42
Neutrophil-to-lymphocyte 2.51 1.53-4.14 < 0.001
ratio
TNF-o 1.02 1.009-1.04 0.02
MMP-8 1.003 1.0002-1.005 0.02
P-values < 0.05 are indicated in bold.
Abbreviations: TNF-a — tumour necrosis factor o, MMP-8 — matrix

metalloproteinase 8, OR — odds ratio, Cl — confidence interval.

A comparison of the ROC curves of inflammatory markers in the blood
and amniotic fluid showed a statistically significant difference between the
AUC values of CRP and TNF-a (0.81 and 0.91, p-value = 0.05). No
statistically significant difference was observed when comparing CRP, 1L-6
and MMP-8 with each other and when comparing TNF-o with IL-6 and MMP
(Table 11 and Figure 18).
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4 separate models were developed, assessing inflammatory markers in the
blood together with inflammatory markers in the amniotic fluid: CRP + TNF-
a, CRP + MMP-8, NLR + CRP and NLR + MMP-8. The models of
inflammatory markers in the blood and amniotic fluid showed higher
predictive values than for single markers: the AUC for CRP + TNF-a was
0.88, for CRP + MMP-8 it was 0.89, for NLR + TNF-a it was 0.91, and for
NLR + MMP-8 it was 0.93 (Table 15, Figures 35 and 36). All the models
showed statistically significantly higher predictive values than the single CRP
score, but only one model (NLR + MMP-8) showed statistically significantly
higher predictive values than the single NLR score. All of the newly
developed models were not statistically significantly different from each other
(Table 11, Figures 19 and 20).
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Figure 18. Comparison of the ROC curves of inflammatory markers in the
maternal blood and amniotic fluid

Abbreviations: NLR — neutrophil-to-lymphocyte ratio, CRP — C-reactive
protein, MMP-8 — matrix metalloproteinase 8, TNF-a — tumour necrosis factor
ao.
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5. DISCUSSION

The rapid and accurate diagnosis of chorioamnionitis is one of the most
important challenges in relation to preterm premature rupturing of the
membranes. Currently, clinical Gibbs criteria are the most commonly used to
diagnose chorioamnionitis, with a specificity of 98% but a sensitivity of only
15%. Most of the current studies have focused on detecting biochemical
changes, which could lead to a more accurate and faster diagnosis of
chorioamnionitis.

In our study, we evaluated the inflammatory changes in routinely
performed maternal blood tests and the biochemical changes in non-invasively
collected amniotic fluid. In the maternal blood test, we assessed changes in
the leukocyte count, CRP and NLR. NLR is widely used in the diagnosis of
various infections, but the assessment of this relationship is not routinely
accepted in obstetrics, and there are only a few scientific papers analysing the
role of the NLR in the diagnosis of chorioamnionitis. The leucocyte count,
which is so far the most commonly used assessment and the one included in
the clinical criteria, had lower diagnostic values than the NLR when assessing
inflammatory changes in the maternal blood in our study: the relative risk of
the leucocyte count in a multivariate logistic regression analysis for
inflammatory markers in the blood was 1.38 (95% CI: 1.19-1.6), the AUC
was 0.81 and the relative risk of the NLR was 5.24 (95% CI: 1.89-14.52) and
of AUC was 0.89. The difference between the leucocyte count and the NLR
diagnostic values was close to an acceptable statistically significant difference
(p-value = 0.053). NLR is considered in the scientific literature to be a more
accurate indicator of infection than the assessment of individual leukocyte
types, as it combines 2 inflammatory markers simultaneously. In our study,
we set the optimal cut-off value for the NLR at 5.97, with a sensitivity of 77%
and a specificity of 98%. Kim et al. also evaluated the superiority of the NLR
over a leucocyte count assessment in their 2014 study. Their calculated NLR
cut-off value was similar to our cut-off value of 6.48, with a sensitivity of
71.4% and a specificity of 77.9%. In that study, a statistically significant
difference between the NLR and CRP diagnostic values was also observed,
which we did not observe in our study. The different findings could be due to
the fact that Kim et al. included all pregnant women diagnosed with a preterm
birth between 24 and 37 weeks of gestation, whereas our study included only
those women diagnosed with preterm premature rupture of the membranes
between 22 and 34 weeks of gestation.

The assessment of NLR is limited by the fact that corticosteroid use causes
leukocytosis with a leftward deviation of the formula and a relative
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lymphopenia lasting 24 to 48 hours. All pregnant women with preterm
premature rupture of the membranes before 33*° weeks of gestational age shall
be administered corticosteroid for the purpose of foetal lung maturation.
Therefore, the assessment of the NLS at the time of corticosteroid
administration and up to 48 hours after the last dose was not accurate. The
leukocyte formula may also be altered by the administration of magnesium
sulphate for foetal neuroprotection and diseases such as hypertensive
conditions in pregnancy, gestational diabetes or intrahepatic cholestasis of
pregnancy. It is therefore recommended to assess the NLR in the context of
the current clinical situation.

We chose to assess cytokines of a high diagnostic value in non-invasively
collected amniotic fluid, the high diagnostic value of which was proved in the
amniotic fluid collected by amniocentesis (IL-6, TNF-a, MMP-8, sSTLR-2,
STLR-4, a-defensins) and the suPAR marker with a high diagnostic value
determined in various infections. The statistically significant markers
observed in our study were 1L-6, TNF-o, MMP-8 and suPAR, while the sTLR-
2, sTLR4 and a-defensins were not statistically significantly different between
the women with histological chorioamnionitis and the control group.

TNF-a. and MMP-8 showed the highest diagnostic values of all the
immunological markers that were tested. The relative risk of TNF-a in the
multivariate analysis was 1.02 (95% CI: 1.01-1.06), o MMP-8 — 1.03 (95%
Cl: 1.01-1.04). The AUC values for TNF-o and MMP-8 (0.91 and 0.89) were
statistically significantly higher than for all other markers, but were not
statistically significantly different from each other. In our study, the optimal
cutoff value for TNF-a was 21.17 pg/ml, with a sensitivity of 88% and a
specificity of 84%, and the optimal cutoff value for MMP-8 was 172.53 ng/ml,
with a sensitivity of 80% and a specificity of 87%. Thomakos et al. studied
the amniotic fluid collected by amniocentesis in 2001 and found that TNF-a
> 6.3 pg/ml (sensitivity 7.8%, specificity 70.1%) was associated with a
positive amniotic fluid culture. Meanwhile, Kayem et al. evaluated TNF-o in
non-invasively collected amniotic fluid and found a sensitivity of 47% and a
specificity of 81% in predicting clinical chorioamnionitis for TNF-a
concentration > 50 pg/l.

In their 2001 study, Park et al. set the optimal cutoff value for MMP-8 in
amniotic fluid samples collected by amniocentesis at 23 ng/ml, with a
sensitivity of 90% and a specificity of 78%. Mynti et al. found a slightly higher
optimal value for MMP-8 in 2016 (41.5 mg/ml), with a sensitivity up to 100%
but a specificity of 69%. However, Holmstrom et al. presented contradictory
data: their study showed that there was no difference in MMP-8
concentrations in the amniotic fluid between women with and without intra-
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amniotic infections. Nonetheless, only 25 women diagnosed with PPROM
were included in that study, and only 10 of those cases were diagnosed with
an intra-amniotic infection.

In our study, IL-6 was also a statistically significant marker in the diagnosis
of histological chorioamnionitis, but with lower prognostic values than TNF-
a or MMP-8. IL-6 increases from dozens to hundreds of times during
inflammation, so a 1 unit change in the IL-6 concentration does not
significantly change the risk of chorioamnionitis. The relative risk of IL-6 was
found to be 1.0001 (95% CI: 1.0002-1.002), with an AUC of 0.81, which is
statistically significantly lower than for TNF-a and MMP-8. The optimal cut-
off value was set at 1,389.82 pg/ml with a sensitivity of 88% and a specificity
of 70%. Chaiyasit et al. reported, just as we did in our study, that MMP-8 has
a better prognostic value than IL-6 in diagnosing chorioamnionitis. In their
study, Kacerovsky et al. evaluated the IL-6 concentration in non-invasively
collected amniotic fluid and found an optimal cut-off value for the diagnosis
of chorioamnionitis of 2,500 pg/ml, with a sensitivity and a specificity of 91%.
However, this study differed from our study because cases with PPROM
between 34 and 37 weeks of gestational age were included. Another study,
which was the most similar in structure to ours, was conducted by Kunze et
al. in 2016 and included women diagnosed with PPROM between 23 and 33
weeks of gestational age. The optimal cut-off value for IL-6 in their study was
set at 1,000 pg/ml. In this case, the methodology of the study varied from ours
because amniotic fluid was collected using sanitary packets and the amniotic
fluid was squeezed out with a garlic press.

In our study, we also observed statistically significant diagnostic values for
non-invasively collected amniotic fluid SUPAR in the diagnosis of histological
chorioamnionitis. The calculated AUC was 0.78 was statistically significantly
lower than TNF-o. and MMP-8, but was similar to IL-6. No studies analysing
the levels of this marker in amniotic fluid have been published, but Cekmez
et al. found in their 2013 study that the sensitivity and specificity of the serum
UPAR assay for the diagnosis of histological chorioamnionitis was similar to
that of IL-6.

Soluble TLR-2 and TLR-4 did not show statistically significant results in
the diagnosis of histological chorioamnionitis in our study. Kacerovsky et al.
analysed the levels of STLR-2 in cervical and vaginal secretions in another
study, and their findings also showed that sSTLR-2 had no statistically
significant prognostic value in the diagnosis of histological chorioamnionitis.
No other studies have been published examining the sTLR-4 levels in non-
invasively collected amniotic fluid or vaginal secretions. In the amniotic fluid
collected during amniocentesis, STLR-2 and sTLR-4 showed statistically
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significant results in the diagnosis of histological chorioamnionitis. The
optimal cutoff value for sTLR-2 was 222.7 ng/ml with a sensitivity of 63%
and a specificity of 98%.

The o-defensins also had no statistically significant results in the
histological diagnosis of chorioamnionitis in our study. Controversial data
was reported by Lucovnik et al., who also analysed the levels of defensins in
non-invasively collected amniotic fluid, but only 42 pregnant women (29 of
whom were diagnosed with histological chorioamnionitis) with preterm
premature rupture of the membranes by 32 weeks of gestation were included
in that study. In their study, the defensin levels were also statistically
significantly higher in the histological chorioamnionitis group than in the
group without infection. When assessing the prognostic value of a-defensins
in the amniotic fluid collected by amniocentesis, the estimated sensitivity of
a-defensins for the diagnosis of histological chorioamnionitis was 86.4%,
while the specificity ranged from 70.6 to 88.2%.

Some factors that may account for the different results of the inflammatory
markers in amniotic fluid in different studies are as follow:

1. Different techniques for the amniotic fluid collection. In North
America, it is routine to use amniocentesis to collect amniotic fluid
when chorioamnionitis is suspected. Amniocentesis does not
contaminate the vaginal flora, so the levels of inflammatory markers
in the amniotic fluid are lower than during the vaginal collection of
amniotic fluid. Researchers in European countries are performing
more tests by a non-invasive collection of amniotic fluid, but there are
still different methods of collecting the amniotic fluid: some
researchers collect the amniotic fluid vaginally using tampons or
sanitary pads, while others collect the amniotic fluid using a sterile
vaginal speculum or a special collector (e.g. the Yoon Amniotic Fluid
Collector).

2. Different techniques for the amniotic fluid collection. Some
investigators collected amniotic fluid daily but, in order to improve
the correlation between the histological examination of the placenta
and the results of the analysis of the amniotic fluid, only the samples
taken closest to the time of delivery were included in the analysis.
Other authors have analysed the amniotic fluid several times a week
and included the last amniotic fluid sample in the analysis, regardless
of the length of time before delivery. Therefore, in different studies,
the rupture to delivery interval between the collection of amniotic
fluid and the delivery varies from a few hours to dozens of hours. In
cases where the period from the collection of amniotic fluid to the
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delivery is longer than 48 hours, the correlation between
inflammatory markers in the amniotic fluid and histological
chorioamnionitis may be misinterpreted. When amniotic fluid is
collected at the time of the first birth, the concentration of
inflammatory markers may be elevated as a result of the birth process
itself.

Different methods for preparing and storing the amniotic fluid. It is
recommended to centrifuge the amniotic fluid before running the
ELISA assay. However, there is no generally accepted methodology
for the preparation of amniotic fluid, so the centrifugal force may
vary. Similarly, some researchers analyse freshly-collected amniotic
fluid, while others freeze it and analyse the amniotic fluid only after
they form a relevant group of samples. Different methods of
preparation and storage of the amniotic fluid may lead to different
values of the immunological markers in individual studies.

Different gestational age. The groups of subjects are often formed by
selecting women with different gestational ages. Most commonly,
women with preterm pregnancies from 22 *°or 23 *0to 33 " weeks are
included in the studies, but other authors include all pregnant women
up to 36 *® weeks, or from 34 *°to 36 *6weeks of gestation. The levels
of inflammatory markers can vary depending on the gestational age,
so studies involving women with different gestational ages may have
different results.

Different groups of subjects. Some researchers have included all
pregnant women diagnosed with preterm birth, while others have
included only preterm births when PPROM is diagnosed. Some
researchers apply exclusion criteria to women diagnosed with
gestational diabetes, gestational hypertension, foetal malformations
or placental abnormalities, while other researchers include all women
without applying these exclusion criteria. Similarly, some researchers
included only singleton pregnancies, while others included both
singleton and multiple pregnancies. Pathologies detected during
pregnancy can alter the levels of inflammatory markers in the
amniotic fluid, so the findings of the studies with different inclusion
and exclusion criteria may differ.

Different diagnoses of chorioamnionitis. Some researchers
categorised the subjects into groups based on histological or
microbiological findings, while others based the groups on
biochemical changes in the amniotic fluid found so far. The
biochemical markers have been extensively studied, but there is no
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single clear cut-off value for any inflammatory marker and no agreed
methodology for an amniotic fluid test. A microbiological test is
considered to be one of the most accurate tests for the diagnosis of
chorioamnionitis in pregnancy, and histological chorioamnionitis is
the gold standard for the diagnosis of postpartum intraamniotic
infection. Different diagnostic criteria for chorioamnionitis can lead
to different groups of subjects with different levels of immunological
markers.

7. Immunological marker assays are also carried out using different

methods and reagents. The studies usually refer to the use of an
ELISA assay for the detection of immunological markers, but the
names of the commercial kits are not always included. Furthermore,
the sensitivity of different reagents may vary, so when different
reagents are used to detect the same immunological marker, the values
may be insignificantly different from each other.

In our study, we also evaluated the diagnostic potential of histological
chorioamnionitis by assessing inflammatory changes in the maternal blood in
conjunction with changes in immunological markers in the amniotic fluid.
Two inflammatory markers with the best diagnostic values in the maternal
blood (CRP and NLR) and amniotic fluid (TNF-a and MMP-8) were selected.
Using these four markers, four models were developed: CRP + TNF-a, CRP
+ MMP-8, NLR + CRP and NLR + MMP-8. All of the models showed
statistically significantly higher predictive values than the single CRP score,
but only one model (NLR + MMP-8) showed statistically significantly higher
predictive values than the single NLR score. Neither model was statistically
significantly different from the individual immunological markers MMP-8
and TNF-a in the amniotic fluid. TNF-o had the highest diagnostic values for
the amniotic fluid markers alone, but MMP-8 had higher diagnostic values in
the model in combination with inflammatory markers in the maternal blood.
This was because TNF-a and inflammatory markers in the blood have a
similar sensitivity and specificity for the diagnosis of histological
chorioamnionitis, and MMP-8 remains more sensitive than other markers as
the specificity decreases.

5.1. Advantages of the study

1. Our study is one of the largest of the published studies to analyse the
levels of IL-6, MMP-8, TNF-a, a-defensins and TLR-2 in non-invasively
collected amniotic fluid.
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This is the first published study to assess the TLR-4 and suPAR
concentrations in non-invasively collected amniotic fluid. This is also the
first published study to evaluate the value of NLR for the diagnosis of
chorioamnionitis in PPROM up to 34 weeks of gestational age.

The women were grouped only by a statistical analysis of the data, so the
results of the inflammatory markers analysed did not influence the testing
and treatment tactics.

All immunological tests of the amniotic fluid were performed by one
immunologist and pathohistological analysis were performed by one
pathologist.

5.2. Disadvantages of the study

The amniotic fluid collected in this study was centrifuged, fractionated
and frozen at -80 °C. Immunological tests were only carried out after an
adequate number of samples had been collected to fill the test plates.
Kacerovsky et al. have presented data illustrating a strong direct
correlation between immunological marker concentrations in freshly-
collected and frozen amniotic fluid, but this sample preparation and
storage method may have had an impact on the results for the
inflammatory markers.

In our study, we chose placental and foetal membrane histological
examinations to diagnose chorioamnionitis. This method of diagnosing
chorioamnionitis is considered the gold standard for the diagnosis of
intrauterine infection, but there are studies showing that histological
chorioamnionitis is of questionable relevance to neonatal outcomes.
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6. CONCLUSIONS

1. NLR has higher diagnostic values than the assessment of leukocyte
count and CRP in the diagnosis of histological chorioamnionitis, but no
statistically significant difference was observed between NLR and CRP.

2. IL-6, TNF-a, MMP-8 and suPAR in non-invasively collected amniotic
fluid are statistically significant diagnostic markers of histological
chorioamnionitis. STLR-2, sTLR-4 and a-defensins - are not statistically
significant markers. The best diagnostic value for histological
chorioamnionitis have TNF-o and MMP-8.

3. The optimal values of inflammatory markers of maternal blood and
amniotic fluid for the diagnosis of chorioamnionitis have been determined:

3.1. Optimal cut-off values of inflammatory markers in the blood in the
diagnosis of histological chorioamnionitis:

- NLR-5.97 (sensitivity 77%, specificity 95%);
- CRP - 8.56 mg/l (sensitivity 77%, specificity 84%);

3.2. Optimal cut-off values of inflammatory markers in the amniotic fluid
in the diagnosis of histological chorioamnionitis:

- IL-6 —1,389.82 pg/ml (sensitivity 88%, specificity 70%);
- TNF-a—21.17 pg/ml (sensitivity 88%, specificity 84%);
-  MMP-8 — 172.53 ng/ml (sensitivity 80%, specificity 87%);
- SUPAR - 30.08 mcg/ml (sensitivity 63%, specificity 85%).

4. Evaluation of CRP with MMP-8 or TNF-o0. and NLR with MMP-8
showed a statistically significantly higher diagnostic values than evaluation of
CRP or NLR alone.
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7. PRACTICAL RECOMMENDATIONS
1. Clinical diagnosis of chorioamnionitis:

- An additional assessment of the NLR is recommended:;

- NLR>5.97 is recommended to be assessed as an increased risk of
chorioamnionitis;

- Assess the NLR no earlier than 48 hours after the last dose of
corticosteroids.

2. If possible, an immunological analysis of the amniotic fluid should be
carried out:

- It is recommended to vaginally collect amniotic fluid in a non-
invasive way using a sterile vaginal speculum;

- Itis recommended to test the immunological markers MMP-8 and
TNF-a in the amniotic fluid;

-  MMP-8 levels > 172.53 ng/ml and TNF-a levels > 21.17 pg/ml
should be considered as an increased risk of chorioamnionitis.

3. To improve the prediction of chorioamnionitis, it is recommended to
assess inflammatory markers in the maternal blood and amniotic fluid
together.
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