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1. Cile habilita¢ni prace

Habilita¢ni prace predstavuje komentovany soubor vybranych publikaci. Je fazena do tii

kapitol, které dohromady tvoii celek — vysledek dlouhodobé védecko-vyzkumné ¢innosti

autora.

1.

Prvnim cilem prace je stanoveni vyznamu obratu plodu zevnimi hmaty z polohy
podélné koncem péanevnim po 36. tydnu téhotenstvi pro soucasné porodnictvi. Na
vlastnim souboru pacientek jsou analyzovany bezpecnost vykonu, uspésnost, vyskyt
komplikaci, hodnoceni vykonu pacientkami a vliv na perinatalni vysledky. Zevnimu
obratu plodu je vénovana prvni kapitola ,,Obrat plodu zevnimi hmaty z polohy
podélné koncem panevnim po 36. tydnu téhotenstvi — prinos vykonu, tspéSnost,
komplikace a vliv na perinatalni vysledky*.

V ramci vyzkumu elektronického monitorovani plodu a detekce intrapartalni hypoxie
plodu se autor dlouhodobé vénuje problematice hodnoceni kardiotokografie se
zaméfenim na miru variability hodnoceni, vyuziti pocitacové analyzy
kardiotokografického zaznamu, vyuziti novych metod a piistupti pfi vyhleddvani
hypoxie plodu za porodu. Témto cilim se vénuje kapitola ,,VyuZiti elektronického
monitorovani plodu pro ziachyt a hodnoceni zivaZnosti intrapartilni hypoxie
plodu®.

Zavérecna kapitola habilitatni prace ,,Mechanickd preindukce porodu pomoci
syntetického osmotického dilatatoru — vyhody, rizika, komplikace” pojednava o
vyuziti mechanické preindukce porodu se zaméfenim na vyhody, nevyhody a
komplikace této metody. Mechanicka preindukce porodu se v poslednich letech stala
plnohodnotnou alternativou farmakologickych metod preindukce. Pivodné lokalni

vyzkum c¢eského produktu, mechanického osmotického dilatdtoru Dilapanu-S vedl



k vypracovani protokolu mezindrodni multicentrické studie, jejiz vysledky jsou zde

predkladany.



2. Uvod

Perinatologie a fetomaternalni medicina tvoii samostatnou subspecializaci v ramci oboru
Gynekologie a porodnictvi. Jednd se o Sirokou oblast zaméfenou na péci o Zenu v priubéhu
téhotenstvi, porodu a Sestinedéli. Obdobna mira pozornosti, ktera je vénovana téhotné zené, je
vénovana také nenarozenému ditéti — plodu. Toto spojeni dvou organismii, tvoficich v daném
obdobi jeden celek je unikatni pravé pro perinatologii, ktera se tak odliSuje od jinych obort
soucasné¢ mediciny. Porod pfedstavuje zavrSeni celého obdobi t¢hotenstvi a néslednym
Sestinedélim je ohranicena oblast z4jmu perinatologie. Porodnictvi v uz§im slova smyslu se
zamgétuje na piipravu na porod, prubéh porodu a obdobi kratce po porodu.

Ceska republika dosahuje v oblasti perinatologie dlouhodob& vynikajicich vysledkd, coz je
mozné dokladovat hodnotami perinatalni imrtnosti oscilujici okolo 4,5 promile. Zasadni roli
hraje velmi dobra organizace perinatalni péce s vysokym procentem dosahované centralizace
piedcasnych porodu a dalSich zdvaznych patologii. Perinatologické centrum Gynekologicko—
porodnické kliniky FN Brno je jednim z 12 center zajist'ujicich vysoce specializovanou péci
v ramci CR. Soudasné je s poétem vice jak 6000 porodii roéné nejvétsim centrem na Gizemi CR.
Dlouhodobé diskutovanym tématem z oblasti perinatologie zlstava otazka optimalniho
procenta cisatskych fezli ve vztahu k pfirozenému vaginalnimu porodu. Sporné téma je Casto
feSeno na mezinarodnich forech, kde je predmétem diskuse, rozdélujici odbornou spole¢nost.
Jistym faktem zlstava, Ze procento cisafskych fezli v rozvinutych zemich trvale roste od 60. let
minulého stoleti a v soucasnosti dosahuje nasobnych hodnot [1]. V roce 2015 vydala Svétova
zdravotnickd organizace doporuceni, kde uvadi cilovou hodnotu 15 % cisafskych ezl pro
rozvinuté zeme [2]. Tato hodnota byla nasledn€ zpochybnéna Molinou et al., ktery na rozsahlém
souboru dat ze vSech 194 clenskych zemi WHO prokazal zavislost matefské a neonatalni

mortality na procentu cisafskych fezl s optimalni trovni cisatfskych fezl okolo 19 % [3].



V souvislosti se vzestupem procenta cisafskych fezli byva Casto poukazovano na zavedeni
elektronického monitorovani plodu, které se ve zna¢né mife podilelo na pocateCnim nartstu,
v fadé¢ pripadi zbyteCnych, porodnickych intervenci. Divodem je obtizné hodnoceni
kardiotokografického zaznamu a interpretace zmén srdecni frekvence plodu ve vztahu
k diagnostice intrauterinni tisn¢ plodu. Postupem ¢asu byly identifikovany dalsi divody riistu
procenta cisafskych fezi, pfedevSim vyrazny vzestup primérného véku rodicek a tim 1 ¢astéjsi
zatéz pridruzenymi komorbiditami spolu se stoupajicim poctem tchotenstvi po umélém
oplodnéni u Zen s primarnimi diagn6zami znemoziujicimi spontanni graviditu. Dokumentovan
je také stoupajici pocet ptipada kefalopelvického nepoméru v souvislosti s relativné rychlou
zménou zivotniho stylu v pribéhu poslednich dekad a v dasledku epigenetického vlivu
stoupajiciho procenta déti, porozenych cisafskym fezem, ktery je mezigeneracné patrny [4,5].
Soucasné s pokracujici diskusi na téma optimalniho procenta cisaiskych fezii doslo k dalsimu
posunu v technice a provedeni této porodnické operace. Laickou verejnosti je dnes cisarsky fez
prevazné vniman jako rychly a snadny operacni vykon s minimalnim rizikem. Nemalé procento
rodic¢ek se obava vice vaginalniho porodu nez cisarského fezu. V tadé piipadi je cisarsky fez
preferovanou volbou i ptes absenci jasné medicinské indikace [6]. Rizika a komplikace spojené
s cisafskym fezem jsou mnohdy podcefiovana a bagatelizovana. Umérné s riistem procenta
cisafskych fezii stoupa také procento Zen, které je vystaveno nasledkiim operacniho porodu.
Jedna se o obecné pooperacni komplikace, komplikované hojeni operacni rany, tvorbu
pooperacnich sristi v malé panvi, neptiznivy vliv na naslednou graviditu, kdy jizva na dé¢loze
muze byt zdrojem tady dalSich patologickych stavii od abnormalni placentace po prasknuti
jizvy v pribehu téhotenstvi ¢i porodu a dalsi [7,8].

Nelze opomenout také priznivy vliv vaginalniho porodu na poporodni adaptaci novorozence a
dalsi postnatalni vyvoj. Toto téma je pfedmétem fady vyzkumt a populacnich studii, které se

shoduji na jasném profitu novorozence porozeného piirozenou cestou [9,10,11,12].



Ukolem souc¢asného porodnictvi by méla byt podpora piirozeného porodu, aviak pouze za
predpokladu zajisténi maximalni mozné bezpecnosti pro matku i plod. Stanoveni optimalniho
procenta cisaiskych fezi by nemélo byt hlavnim tématem, protoze tento udaj je vyrazné
ovlivnén sloZzenim populace dané¢ho regionu, centralizaci vybranych diagnéz v konkrétnim
zdravotnickém zafizeni a organizaci porodnické péce jako takové. Kazdé pracovisteé by mélo
pomoci pravidelného podrobného rozboru vlastnich vysledki identifikovat jednotlivé skupiny
rodicek, u kterych je mozné cilenou zménou ptistupu dosahnout lepsich vystupti [13]. Funkéni
systém pro interni hodnoceni i porovnani pracovist mezi sebou, zavedeny Robsonem, se rychle
rozsifil na fadu pracovist’ [14].

Vyzkum v porodnictvi by se m¢l zaméfit predevsim na piesnéjsi identifikaci rizikovych skupin
rodicek, u kterych predstavuje vaginalni vedeni porodu s ohledem na soucasny stav znalosti
vaginalniho porodu s ohledem na matku 1 plod.

Védecko-vyzkumna ¢innost na Gynekologicko—porodnické klinice MU a FN Brno v oblasti
perinatologie je dlouhodobé zaméfena na témata, ktera souvisi se zajiSténim bezpecného
prirozeného porodu. Obrat plodu zevnimi hmaty po 36. tydnu t€¢hotenstvi je vykon, ktery vede
k redukci poctu plodii, které na konci téhotenstvi pretrvavaji v poloze podélné koncem
panevnim. Ve svém disledku tak vede ke snizeni poctu Zen, které z této indikace podstupuji
cisarsky fez. Jedna se o metodu nabizenou zenam, které maji zajem o pfirozeny vaginalni porod,
ale soucasn¢ maji obavu z vaginalniho vedeni porodu koncem panevnim. Tento vykon ma
jednoznacnou podporu ve vSech doporucenych postupech velkych porodnickych spolecnosti,
piesto se na mnoha pracovistich neprovadi. Na Gynekologicko—porodnické klinice MU a FN
Brno se provadi nejvice zevnich obrattl plodu v ramci CR, a proto se pracovi§té dlouhodobé

zaméfuje na osveétu tohoto vykonu a na vyuku zevniho obratu pro Iékafe z jinych



zdravotnickych zatizeni. Vyzkum se zaméiuje piedev§im na techniku provedeni vykonu,
vcasny zachyt komplikaci a stanoveni vlivu na perinatalni vysledky.

Tématem dlouhodobého vyzkumu na Gynekologicko—porodnické klinice MU a FN Brno je
elektronické monitorovani plodu a diagnostika intrapartalni hypoxie plodu. Tato oblast byla
v predchozich letech pfedmétem nékolika grantovych tukoll, zalozenych na spolupraci
s dal§imi porodnickymi pracovi§ti a také pracovisti z technicky zaméfenych oborti v CR
i zahrani¢i. V ramci CR byla vytvofena skupina odbornikil, ktefi se zabyvaji po¢itatovym
hodnocenim kardiotokografie a vyhleddvanim novych jevli vrédmci hodnoceni srdecni
frekvence plodu, které nelze hodnotit pouhym okem. Tato skupina je soucasti vEétsi tizce
spolupracujici komunity, sdruzujici tymy se stejnym védeckym zamétenim z fady dalSich zemi.
Na pravidelnych setkénich probihd vyména nazorti a prezentace novych poznatkli - Signal
Processing and Monitoring in Labour (SPaM) [15]. V rdmci této komunity jsou vziajemné
sdileny série kardiotokografickych zaznamt, nové poznatky a piistupy.

Zékladnimi tukoly v ramci elektronického monitorovani plodu zlstdva omezeni variability
v hodnoceni kardiotokografického zdznamu, spravnad interpretace zmén srdecni frekvence
plodu ve vztahu k intrapartalni hypoxii plodu a implementace novych metod a pocitacového
hodnoceni kardiotokografie. Kardiotokografie =zustava stidle zékladni metodou pro
monitorovani plodu v priabehu porodu. V soucasné dob¢ neni k dispozici zadné jind metoda,
ktera by mohla svoji jednoduchosti a mozZnosti univerzdlniho pouziti kardiotokografii
konkurovat. Nicmén¢ je dlouhodobé poukazovano na fadu nevyhod této metody. Mezi né patii
obtizné hodnoceni s vysokou mirou variability, kterd ve svém dusledku znamena vyznamné
procento jak nezachycenych piipadl intrapartalni hypoxie plodu, tak predevSim falesné
pozitivnich hodnoceni, které ve svém diisledku vedou ke zbyteCnym operac¢nim intervencim.

Kardiotokografie je Casto oznacovana za jeden zhlavnich divodid nepiiméfeného rustu
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procenta cisafskych fezii a sporné hodnoceni kardiotokografie je také predmétem podstatné
¢asti soudnich sport z oblasti porodnictvi [16,17].

Jedinym objektivnim kritériem hodnoceni stupné prodélané hypoxie plodu zlstava i nadale
stanoveni pH, krevnich plyni a pfipadné hladiny laktatu z arteridlni pupecnikové krve,
odebrané bezprosttedn¢ po porodu. Intenzivné jsou hledany jiné, objektivni biochemické
markery, které by bylo mozné stanovit jiz v pribéhu porodu z mateiské krve. V poslednich
letech se pozornost zaméfila na zvySenou expresi micro RNA a nékterych protein kodujicich
gentl. Zatim zadny ze studovanych biochemickych markeri nelze v klinické praxi
plnohodnotné vyuzit, ale vyzkum v této oblasti nadale pokracuje.

Rada matei'skych komorbidit a téhotenskych komplikaci vyZaduje planovany porod, ktery ma
v téchto indikacich protektivni vyznam pro rodi¢ku i plod. Nezralé porodni cesty vyznamné
snizuji pravdépodobnost uspésného dokonceni vagindlniho porodu. V piipad¢ pouziti vhodné
preinduk¢ni metody mize byt dosaZeno piiznivého vaginalniho nélezu, ktery umozni néslednou
indukci porodu. Preindukéni metody lze obecné délit na farmakologické a mechanické.
Mechanické metody preindukce zazivaji v poslednich letech svoji renesanci. Pfedstavuji levny,
efektivni a jednoduchy zplisob ptipravy porodnich cest. Mezi moderni metody mechanické
preindukce patii balonkovy katetr a syntetické osmotické dilatatory.

Na Gynekologicko-porodnické klinice MU a FN Brno mé& mechanickd preindukce porodu
pomoci syntetického osmotického dilatatoru Dilapan-S dlouholetou tradici. Na vlastnich
souborech byla opakovan¢ demonstrovana vysokd tspésnost této metody a soucasné¢ dobra
tolerance pacientkami. Dilapan-S je zdravotnicky prostfedek vyvinuty a vyrabény v CR.
Gynekologicko—porodnickd klinika FN Brno dlouhodobé spolupracuje na dalsim vyvoji
a zdokonalovani Dilapanu-S a stala se také inicidtorem mezinarodni multicentrické studie, ktera
méla za cil prokdzat bezpecnost a vyhody tohoto zplisobu mechanické preindukce pied

planovanym vaginalnim porodem.
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3. Obrat plodu zevnimi hmaty z polohy podélné koncem
panevnim po 36. tydnu téhotenstvi — prinos vykonu,
uspésnost, komplikace a vliv na perinatalni vysledky

Na konci tehotenstvi zaujima polohu podélnou koncem panevnim pfiblizné 3—4 % plodi.
Vyskyt spontdnniho obratu plodu do polohy podélné hlavickou po 36. tydnu téhotenstvi u
prvorodicek dle literatury nepfesahuje 8 % [18]. Renesanci zevniho obratu plodu pti poloze
podélné koncem panevnim lze zaznamenat koncem 18. stoleti. V prvni poloving 20. stoleti pak
nasledoval pokles zadjmu o tento vykon, ktery vyustil az v naprosté odmitani a kontraindikaci
jeho provadéni. V 80. Iétech 20. stoleti se zevni obrat v mnoha zemich opét zacina provadét a
postupné se stava soucasti doporucenych postupti, které se zabyvaji problematikou nalé¢hani
plodu koncem panevnim v obdobi terminu porodu [19,20]. Tématem zevniho obratu plodu na
Gynekologicko—porodnické klinice MU a FN Brno se autor cilen¢ zabyva od roku 2003. Prvni
obdobi bylo charakterizovano ¢astym odmitanim vykonu jak ze strany pacientek, tak ze strany
registrujicich gynekologl v obavé z moznych komplikaci. Postupné byla vypracovéana jednotna
metodika pro provadéni zevniho obratu a protokol pro sledovani klinickych informaci
spojenych s provadénim tohoto vykonu. Autor se ve své prednaSkové cinnosti zpocCatku
soustiedi na rozsifeni povédomi o vykonu mezi odbornou vetejnosti a dokladovani prospésnosti
zevniho obratu pro rodicky. Cilem je prokazat bezpecnost zevniho obratu plodu jak pro matku,
tak plod. Soucasné¢ je dokladovan jednozna¢ny profit pro rodi¢ky, které maji obavu
z vaginalniho vedeni porodu nebo u nichZ je vaginalni vedeni porodu koncem panevnim
kontraindikovano. DalSim cilem je pfedstavit zevni obrat plodu jako jednu z moznosti, jak
aktivné snizit procento zbyte¢nych cisaiskych fezu.

V dalsim obdobi dochdzi k vSeobecné akceptaci zevniho obratu pfedevSim registrujicimi
gynekology a tim k postupnému navySovani poctu vykonid. Autor aktivné piednasi na

narodnich 1 mezinarodnich konferencich a je organizatorem tady workshopti. Nartist poctu
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zevnich obrattl a rozsifeni souboru umoznuje hlubsi analyzu komplikaci, hodnoceni GspéSnosti
a také ndzora rodi¢ek na provadeéni zevniho obratu.

Tato kapitola habilitacni prace je rozdélena do dvou podkapitol. Rozboru tuspésnosti,
komplikaci zevniho obratu a hodnoceni nazorti rodicek je vénovéana podkapitola 3.1. Zptsob
provedeni vykonu se lisi dle jednotlivych pracovist’ a obdobné se lisi také tispéSnost, ktera je
udéavana v Sirokém rozmezi od 30 do 80 % [18]. V pribchu zevniho obratu je moZzné vyuzit
rizné formy analgezie. Na vétSin€é pracovist’ je obrat plodu zevnimi hmaty provadén
ambulantné. Cilem je vysokd uspéSnost vykonu pifi minimélnim procentu zavaznych
komplikaci, které¢ jsou v€as zachyceny. Dal§im dilezitym cilem je minimalni zatéz rodicek, pro
které¢ musi byt vykon akceptovatelny jak v souvislosti s mirou stresu, ktery pro né zevni obrat
predstavuje, tak v souvislosti s mirou bolesti v pribéhu samotného vykonu.

V podkapitole 3.2. jsou analyzovany pfechodné zmény srdecni frekvence plodu, které mohou
byt v pribéhu zevniho obratu zaznamenany a jejichz vyznam neni v literatufe jednoznacné
stanoven. Autor Cerpa z vysledktli vlastni prospektivni studie, ve které se zaméfuje na cetnost
vyskytu pfechodnych zmén srde¢ni frekvence plodu v pribéhu zevniho obratu, jejich mozné

pri¢iny, a pfedevSim vyznam téchto zmén na perinatalni vysledky.

3.1. Obrat plodu zevnimi hmaty z polohy podélné koncem
panevnim — uspésnost, komplikace a subjektivni hodnoceni
rodickami

Provedeni obratu plodu zevnimi hmaty spociva v bipolarnim obratu plodu uloZzeného v podélné
poloze koncem panevnim do podélné polohy hlavickou. Indikaci je podélnd poloha plodu
koncem panevnim po dokonceném 36. tydnu gravidity. V minulosti byl vykon ¢asto spojovan
s vysokym procentem komplikaci s naslednym ohrozenim matky i plodu.

Zavazné komplikace, kam patii abrupce placenty, akutni tiseni plodu s nutnosti cisaiského fezu

a umrti plodu dle vétSiny soucasnych publikovanych studii nepiesahuji 1 % [18].
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Byla publikovana fada modifikaci vykonu, vedoucich ke zvySovani GispéSnosti. VétSina z nich
vSak nenasla $irsi uplatnéni. Standardné je doporucovano pouze podani tokolyzy, které¢ vykon
vyrazn¢ usnadiuje a zvysuje uspésnost [21]. Provedeni zevniho obratu plodu je mozné pouze
se souhlasem pacientky a po podpisu informovaného souhlasu. T¢hotnou je nutno podrobné
informovat o zptisobu provedeni vykonu, moznych rizicich a komplikacich. Samotny vykon je
vhodné provadét na polohovatelném tvrdém lizku, jednim nebo dvéma porodniky. Rodicka by
méla lezet tak, aby nedochazelo k napindni bfisni stény. U Rh negativnich Zen je po vykonu
indikovano podani anti-D imunoglobulinu. Po celou dobu provadéni zevniho obratu je vyhodné
aplikovat i.v. tokolyzu. Vedle lizka je k dispozici UZ pfistroj, kterym je prubézn¢ kontrolovana
poloha plodu a srde¢ni frekvence plodu. Celkova doba vykonu by neméla piesdhnout 10-15
minut. PfiliSné nasili zvySuje neumérné riziko komplikaci a pro matku se stava vykon vyrazné
nepiijemny a bolestivy. Pokud neni patrna tendence plodu k snadnému dokonceni obratu, mélo
by byt od dalSich pokust upusténo. Thned po vykonu nésleduje podrobna ultrazvukova kontrola
plodu 1 placenty a kardiotokograficky zaznam.

Je tada faktord, které ovliviiuji GspéSnost zevniho obratu plodu. Mezi nejvyznamnéjsi patii
mnozstvi plodové vody a parita. Oligohydramnion vyrazn¢ snizuje pravdépodobnost uspéchu.
S paritou naopak pravdépodobnost uspéchu roste. Dalsimi faktory jsou velikost plodu, tyden
gravidity a dostupnost plodu zevnimi hmaty. V obdobi terminu porodu uspéSnost klesa
s ohledem na ubytek plodové vody a velikost plodu. Vliv postaveni plodu, drzeni plodu a
polohy placenty je mén¢ vyznamny [22,23].

V ramci habilitacni prace se autor zaméfil na stanoveni UspéSnosti a Cetnosti zavaznych
komplikaci zevniho obratu plodu po 36. tydnu téhotenstvi na dosud nejvétSim souboru
publikovaném v ramci CR. V piiloze 3.1.1. autor analyzuje Gsp&$nost zevniho obratu na
Gynekologicko-porodnické klinice MU a FN Brno, ktera dlouhodobé osciluje okolo 50 %.

Soucasné poukazuje na fakt, ze 78 % Zen po uspé€Sném zevnim obratu porodilo vagindlné,
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zatimco po nelspéSném obratu porodilo vaginaln€ pouze 39 % Zen. Pocet zavaznych
komplikaci v souvislosti se zevnim obratem dosahnul 0,9 % a v Zadném z t&chto piipadl nevedl
k neptiznivému ovlivnéni perinatalnich vysledki. Na Gynekologicko-porodnické klinice MU a
FN Brno je pacientkdm standardn¢ nabizena hospitalizace 24 hodin po provedeni zevniho
obratu. Jedna se o dal$i opatfeni k v€asnému zachytu a minimalizaci dopadu ptipadnych
komplikaci. Z méné zavaznych komplikaci byl v hodnoceném souboru v 0,8 % piipadd
zaznamenan odtok plodové vody a v 0,8 % ptipadi spontdnni néstup porodu v pritbéhu 24
hodin po vykonu. Prace s ndzvem ,,Obrat plodu zevnimi hmaty z polohy podélné koncem
panevnim po 36. tydnu gravidity — hodnoceni uspéSnosti a komplikaci* byla publikovana
v ¢asopise Ceska gynekologie - viz. ptiloha 3.1.1. Podil autora: pfevazna &ast zevnich obrati
zafazenych do souboru, sbér dat, dominantni podil na ptiprave publikace, prvni autor.

Tématem ptilohy 3.1.2. je hodnoceni ndzora a subjektivnich pocitti rodicek, které podstoupily
zevni obrat plodu po 36. tydnu téhotenstvi. Studie probihala pomoci dotaznikového Setieni
v prub¢hu 2 let. Cilem bylo ziskat informace, z jakych zdroji rodi¢ky Cerpaji informace o
zevnim obratu plodu a jaky maji tyto informace charakter. Déle bylo cilem zjistit ndzor rodi¢ek
na bolestivost vykonu a miru stresu, ktera je s vykonem spojena. Celkova navratnost dotaznik
doséahla 91,2 %. Bylo prokazano, Ze hlavnim zdrojem informaci o zevnim obratu plodu jsou
registrujici gynekologoveé, a proto postoj téchto 1ékart je zdsadni pro formovani nazort rodicek
na zevni obrat a na rozhodovani zda vykon podstoupit ¢i nikoliv. 70,5 % rodi€ek uvedlo, Ze se
jednalo pfevdzné o pozitivni informace, které je v rozhodnuti podstoupit zevni obrat
podporovalo. Nazor registrujicich gynekologl na provadéni zevnich obrati byl pozitivni v 52,6
% ptipadl. Celkem 14,4 % pacientek nemélo z vykonu zadné obavy, 61 % pacientek bylo z
vykonu nervédzni a 23 % se vykonu obavalo. Pouze pro 30,5 % dotazanych byl vykon horsi, nez
ocekavaly. Bolestivost vykonu byla pro rodi¢ky snesitelnd. 42,2 % dotdzanych pacientek

hodnotilo bolestivost vykonu na $kale 0 (zadna bolest) az 10 (maximalni bolest) v rozmezi 4—
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6 bodi. Po provedeném vykonu nemélo 80,2 % pacientek zadné potize. Ze vSech respondentek
by podstoupilo vykon znovu a doporucilo by ho své zndmé 89,3 %. Pfi porovnani odpovédi
nebyl nalezen vyznamny rozdil v zavislosti na GspéSnosti zevniho obratu. Ze ziskanych dat
vypliva, ze obavy a nervozita rodicek jsou zpravidla neopodstatnéné, vétSina hodnoti provedeny
vykon kladn¢ a doporucila by ho dalSim t€hotnym, a to 1 v pfipadé neuspésného pokusu.
Bolestivost béhem vykonu je snesitelnd a pro vétSinu Zen nepredstavuje v celkovém hodnoceni
vyznamny problém. Prace byla publikovana pod nazvem ,,Zevni obrat plodu z polohy
podélné koncem panevnim po 36. tydnu gravidity — analyza subjektivniho hodnoceni
rodi¢ek* v ¢asopise Ceska gynekologie - viz. p¥iloha 3.1.2. Podil autora: pievazna ¢ast zevnich
obratli zafazenych do souboru, metodické vedeni studie, podil na ptipravé dotazniku, podil na

pripravé publikace, korespondujici autor.
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Obrat plodu zevnimi hmaty z polohy
podélné koncem panevnim po 36. tydnu
gravidity - hodnoceni uspésnosti

a komplikaci

External cephalic version of breech fetus after 36 weeks
of gestation - evaluation of efectiveness and complications

Hruban L.', Jankl P.!, Jordanova K.!, Gerychova R.", Huser M., Ventruba P.!, Roztocil A.?

Gynekologicko-porodnicka klinika LF MU a FN, Brno, prednosta prof. MUDr. P. Ventruba DrSc., MBA
Gynekologicko-porodnické oddéleni, Nemocnice Jihlava, primar prof. MUDr. A. Roztocil, CSc.

Objective: Evaluation of success rate and the safety of
external cephalic version after 36 weeks of gestation.
Design: Retrospective analysis.

Setting: Department of Obstetrics and Gynecology,
Masaryk University, University Hospital Brno.
Methods: A retrospective analysis of external cephalic
version attempts performed on a group of 638 singleton
breech pregnancies after 36 weeks gestation in the
years 2003-2016 at the Department of Gynecology and
Obstetrics, Masaryk University, Brno. The effectiveness,
number and type of complications, mode of delivery
and perinatal result were observed.

Results: The effectiveness of external cephalic version
from breech to head presentation was 47.8% (305
cases). After a successful external cephalic version 238
patients (78.0%) gave birth vaginally. After unsucce-
ssful cephalic version 130 patients (39.0%) gave birth
vaginally. The number of serious complications did not
exceed 0,9% and did not affect perinatal outcomes.
External cephalic version-related emergency cesarean
deliveries occurred in 6 cases (2 placental abruption,

Cil: Hodnoceni Uspésnosti a bezpecénosti zevniho obra-
tu plodu naléhajiciho koncem panevnim po 36. tydnu
gravidity.

Typ studie: Retrospektivni analyza.

Nazev a sidlo pracovisté: Gynekologicko-porodnicka
klinika LF MU a FN Brno.

Soubor a metodika: Retrospektivni analyza souboru 638
téhotnych, u nichz byl proveden po dokonceném 36.
tydnu téhotenstvi pokus o obrat plodu zevnimi hmaty
z polohy podélné koncem panevnim do polohy podélné
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4 abnormal cardiotocography). The fetal outcome was
good in all these cases. The death of the fetus in conne-
ction with the external version has not occurred in our
file. Spontaneous discharge of amniotic fluid within 24
hours after procedure occurred in 5 cases (0.8%). The
spontaneous onset of labor within 24 hours of procedure
occurredin 5 cases (0.8%). The pH value of a. umbilicalis
< 7.00 occurred in 2 cases in the group with a successful
external version and in the group with unsuccessful
external version in 9 cases. The Apgar score in the 5th
minute <5 was both in the successful and unsuccessful
group in 1 case.

Conclusion: The external cephalic version of the fetus
in the case of breech presentation after the 36th week
of pregnancy is an effective and safe alternative for
women who have a fear of the vaginal breech delivery.
Performing the external cephalic version can reduce
the rate of elective caesarean sections due to breech
presentation at term.

external cephalic version, breech presentation,
caesarean section

hlavickou. VSechny obraty byly provedeny v obdobi
2003-2016 na Gynekologicko-porodnické klinice LF MU
a FN Brno. Byla sledovana uspésnost vykonu, pocet a
typ komplikaci, zpUsob porodu a perinatalni vysledky.
Vysledky: Zevni obrat plodu byl Uspésny u 305 rodicek
(47,8 %). Po Uspésném zevnim obratu porodilo vagi-
nalné 238 pacientek (78,0 %). Po nelspésném zevnim
obratu porodilo vagindiné 130 pacientek (39,0 %). Pocet
zavaznych komplikaci v souvislosti se zevnim obratem
plodu nepresahl 0,9 % a neovlivnil perinatalni vysled-
ky. Akutnim cisafskym fezem v souvislosti se zevnim
obratem bylo téhotenstvi ukonc¢eno v Sesti ptipadech

2017,82,¢.6  CESKA GYNEKOLOGIE

443



444

(dvakrat abrupce placenty, ctyrikrat abnormalni CTG
zaznam). Nepfiznivy vliv na stav novorozence nebyl
zaznamenan v zadném pfipadé. Umrti plodu v souvislosti
se zevnim obratem se v nasem souboru nevyskytlo.
Ke spontdannimu odtoku plodové vody do 24 hodin po
vykonu doslo v péti pfipadech (0,8 %). Ke spontannimu
nastupu porodu do 24 hodin po vykonu doslo v péti
pfipadech (0,8 %). Hodnota pH z a. umbilicalis < 7,00
se po porodu ve skupiné s Uspésnym obratem vyskytla
ve dvou pripadech a ve skupiné s nedspésnym obratem
v deviti pfipadech. Hodnota Apgar skére < 5se v 5. mi-
nuté vyskytla jak ve skupiné s Uspésnym obratem, tak
ve skupiné s neuspesnym obratem v jednom pfipade.

Podélna poloha plodu koncem panevnim v ob-
dobi terminu porodu predstavuje v porodnictvi sta-
le kontroverzni téma, na které je mozno nahliZet
zmnoha aspektli. Vedle zptisobu vedeni porodu je
diskutovanym tématem také provadéni zevniho
obratu plodu, které mizZe vyznamné redukovat
procento rodicek, které jsou s touto méné prizni-
vou polohou plodu pii porodu konfrontovany [2, 8].

Vyskyt spontanniho obratu plodu do polohy
podélné hlavickou po 36. tydnu téhotenstvi u pr-
vorodicek nepfesahuje 8 % [17]. Renesanci zevniho
obratu plodu pfi poloze podélné koncem panevnim
1ze zaznamenat koncem 18. stoleti. V prvni polovi-
neé 20. stoleti pak nasledoval pokles zajmu o tento
vykon, ktery vyustil az v naprosté odmitani a kon-
traindikaci jeho provadéni. V 80. letech 20. stoleti
se zevni obrat v mnoha zemich opét zacal provadét
a postupné se stal soucasti doporucenych postupi,
které se zabyvaji problematikou naléhani plodu
koncem panevnim v obdobi terminu porodu [1, 15,
17]. Doporuceni k provadéni zevniho obratu plodu
je soucasti i ceského doporuceného postupu Sekce
perinatologie a fetomaternalni mediciny CGPS [4].

V minulosti byl vykon ¢asto spojovan s vysokym
procentem komplikaci s naslednym ohrozenim
matkyiplodu. Uvadéna rizika zahrnovala abrupci
placenty, strangulaci plodu pupecnikem, predcas-
ny odtok plodové vody, poranéni délohy a trau-
matismus plodu. Rada studii a naslednych meta-
analyz publikovanych v poslednich dvou dekadach
vSak tyto obavy nepotvrdila [11, 12]. Celkovy vyskyt
zavaznych komplikaci (Amrti plodu, abrupce pla-
centy, akutni cisatfsky fez z divodu intrauterinni
tisné plodu) je hodnocen jako nizky a pfi dodrzeni
stanovenych pravidel pro provadéni vykonu nepfte-
sahuje jedno procento [11].

Presto nepatii provadéni zevniho obratu k ru-
tinnimu vykonu, ktery by byl rodickam bézné na-
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Zaveér: Zevni obrat plodu z polohy podélné koncem
panevnim do polohy podélné hlavickou po dokonéeném
36. tydnu gravidity predstavuje efektivni a bezpecnou
alternativu pro zeny, které maji z vaginalniho porodu
koncem panevnim obavy. Provadéni zevniho obratu
plodu vede k redukci poctu cisafskych fezd z ddvo-
du naléhani plodu koncem pdnevnim u terminovych
téhotenstvi.

obrat plodu zevnimi hmaty, naléhani plodu koncem
panevnim, cisafsky fez

MUDr. Lukas Hruban, Ph.D., e-mail: lukas.hruban@gmail.com
Ces. Gynek., 2017, 82, & 6, 5. 443-449

bizen. Rada registrujicich gynekolog se k tomuto
vykonu stale stavi spiSe odmitavé a rodi¢kdm zevni
obrat ¢asto nedoporuci. Informace, které jsou té-
hotnym Zendm prezentovany, at jiz cestou 1ékarii,
nebo prostfednictvim internetu, jsou neziidka
zcela protichtidné a neobjektivni.

Obavy a nervozita rodic¢ek v souvislosti s pro-
vedenim zevniho obratu plodu jsou zpravidla ne-
opodstatnéné, vétsina hodnoti provedeny vykon
kladné. Bolestivost béhem vykonu je snesitelna
a pro vétSinu Zen neptredstavuje v celkovém hod-
noceni vyznamny problém [10, 16, 19].

Pomoci analyzy vlastniho souboru chceme pro-
kazat bezpecnost zevniho obratu plodu a pfiznivy
vliv na perinatalni vysledky, zejména redukci zby-
tecnych cisafskych fezi.

Byla provedena retrospektivni analyza souboru
638 téhotnych, které podstoupily pokus o obrat
plodu zevnimi hmaty z polohy podélné koncem
panevnim do polohy podélné hlavickou po do-
konceném 36. tydnu téhotenstvi. VSechny zevni
obraty byly provedeny v obdobi let 2003-2016 na
Gynekologicko-porodnické klinice LF MU a FN Brno
(graf 1). Indikaci k vykonu byla podélna poloha
plodu koncem panevnim po dokonceném 36. tyd-
nu gravidity a nepfitomnost jiné kontraindikace
vaginalniho vedeni porodu. Nutnou podminkou
byl podpis informovaného souhlasu rodickou po
predchozim pouceni o moznych rizicich spojenych
s provedenim vykonu. Kontraindikace zevniho
obratu zahrnovaly: znadmKky nitrodélozni tisné plo-
du, stavy po operacich na déloze, vrozené vyvojové
vady délohy, viceCetnou graviditu, obezitu matky
znemoznujici detekci plodu zevnimi hmaty.

Samotnému vykonu pfedchazelo podrobné po-
rodnické a ultrazvukové vySetfeni se zhodnocenim
podminek k zevnimu obratu. Vykon byl provadén
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za hospitalizace, zpravidla do druhého dne. Viem
pacientkam byl proveden vstupni kardiotokogra-
ficky zaznam (CTG). Obrat plodu zevnimi hmaty
provadél tym sestaveny z jednoho az dvou léka-
Tl a jedné porodni asistentky na operacnim sile
pod ultrazvukovou kontrolou na polohovatelném
tvrdém lazku. Ultrazvukem byla prabézné kon-
trolovana aktualni poloha plodu a jeho srde¢ni
frekvence. Po dobu celého vykonu, ktery nepre-
sahl limit deseti minut, byla aplikovana infuze
s tokolytikem (Hexoprenalin i.v.). Standardné
nebyl pouzit zadny typ analgezie. Bezprostfedné
po provedeni zevniho obratu nasledoval kardio-
tokograficky zaznam, ktery byl opakovan tyz den
veCer a nasledujici den rano pred propusténim.
Po propusténi byly rodicky sledovany ambulant-
né s obvyklym intervalem kontrol aZ do terminu
porodu.

U vSech pacientek, které podstoupily pokus
o zevni obrat plodu, byly zazname-
nany anamnestické tidaje, infor-

w nelspésné obraty KP

m Ospésné obraty KP

201 2012 2013 2014 2015 2016

Pocet a Gspésnost zevnich obratli na GPK FN Brno v letech 2003-2016

VYSLEDKY

Z celkového poctu 638 téhotnych Zen, které
podstoupily pokus o zevni obrat plodu po dokonce-
ném 36. tydnu gravidity, byl vykon tspésny u 305
rodicek (47,8 %). Porovnani rodicek podle parity,
tydne gravidity, umisténi placenty a mnozstvi
plodové vody mezi skupinou s ispéSnym obratem
a neuspésnym obratem je zobrazeno v tabulce 1. Po
aspésném zevnim obratu porodilo vaginalné 238
pacientek (78,0 %), z toho v deseti pfipadech po-
moci vakuumextrakce (3,3 %) a ve tfech pfipadech
pomoci porodnickych Kklesti (0,9 %). Po neuispés-
ném zevnim obratu (333 pfipadii, 52,2 %) porodilo
vaginalné 130 pacientek (39,0 %), (tab. 2, graf 2).
Pocet zavaznych komplikaci v souvislosti se zevnim
obratem plodu dosahnul 0,9 % a neovlivnil perina-
talni vysledky (tab. 3). Akutnim cisafskym fezem
v souvislosti se zevnim obratem bylo téhotenstvi
ukonceno v Sesti pfipadech. Ve dvou pfipadech se

mace o soucasné gravidité (vihovy
odhad plodu, typ naléhani koncem 300 -
panevnim, mnozstvi plodové vody,

pozice placenty), tispéSnost vykonu, 250
zavazné komplikace v souvislosti se 200
zevnim obratem (Gmrti plodu, ab-

rupce placenty, akutni tisen plodu 150 1
s nutnosti neodkladného cisarského 100
fezu), nastup spontanniho porodu

do 24 hodin po vykonu, spontan- 50
ni odtok plodové vody do 24 hodin o
po vykonu, zptisob vedeni porodu,
komplikace za porodu a stav novo-
rozence (pH z a. umbilicalis, Apgar gya¢2

skore).
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Gspésny obrat

m cisafsky fez

m vaginalni porod

nelispésny obrat

Podil vaginalnich porodi a porodi cisafskym fezem ve skupiné s UspéSnym
zevnim obratem a nelspésnym zevnim obratem na GPK FN Brno v letech 2003-2016
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Tab.1 Porovnani rodi¢ek podle parity, tydne gravidity, mnozstvi plodové vody a ulozeni placenty mezi skupinou s uspéSnym obratem
a neuspésnym obratem za obdobi let 2003-2016

Parita

0 421 250 (59,4 %) 171 (40,6 %)
1 17 70 (40,9 %) 101 (59,1 %)
2 30 10 (33,3 %) 20 (66,7 %)
=3 16 3(18,7 %) 13 (81,3 %)

Placenta (n = 634)*

Vzadu 323 146 (45,2 %) 177 (54,8 %)
Vpredu 230 135 (58,7 %) 95 (41,3 %)
Fundus 7 42 (59,2 %) 29 (40,8 %)
Hrana 10 8 (80 %) 2(20 %)

Plodova voda **

Normohydramnion 514 229 (44,6 %) 285 (55,4 %)
Oligohydramnion 18 103 (87,3 %) 15 (12,7 %)
Polyhydramnion 6 1(16,7 %) 5(83,3%)
Tyden gravidity

<38 264 157 (59,5 %) 107 (40,5 %)
=38 374 176 (47,1%) 198 (52,9 %)

*popis lokalizace placenty chybi u ¢tyf pacientek
**za oligohydramnion byla povazovéna maximalni vertikalni kapsa plodové vody < 4 cm, za polyhydramnion maximalni vertikalni kapsa plodové vody >10 cm

Tab.2 Pocet Gspésnych a netspésnych zevnich obratl a nasledny zptisob porodu na GPK FN Brno v obdobi let 2003-2016

Uspésny obrat 305 (47,8 %) 238 (78,0 %) 67 (22,0 %)

Neuspésny obrat 333(52,1%) 130 (39,0 %) 196 (58,8 %)

*tfi pacientky ze skupiny s Uspésnym obratem a pét pacientek ze skupiny s nedspésnym obratem porodily mimo FN Brno a neni znam zptisob porodu

Tab.3 Zdavazné komplikace v souvislosti se zevnim obratem plodu na GPK FN Brno v obdobi let 2003-2016

Umrti plodu 0
Abrupce placenty 2(0,3%)
Akutnf cisafsky Fez z divodu nitrodélozni tisné plodu 4(0,6 %)

446  CESKA GYNEKOLOGIE  2017,82,¢.6



jednalo o abrupci placenty, kdy v prvnim ptipadé
doslo k projevlim abrupce bezprostiedné po vyko-
nu, a ve druhém pripadé se rodic¢ka dostavila pro
zakrvaceni 36 hodin po obratu. Béhem cisafského
Tezu byla potvrzena parcidlni abrupce placenty. Ve
Ctyfech pripadech byl divodem ukonceni gravidity
cisatskym fezem abnormalni CTG zdznam (jednou
pretrvavajici bradykardie bezprostfedné po obratu,
jednou zachyt prolongované decelerace na kontrol-
nim CTG zdznamu tfi hodiny po obratu, dvakrat
vyskyt sporadickych deceleraci na kontrolnim CTG
zaznamu v den provedeného obratu). Nepfiznivy
vliv na stav novorozence nebyl zaznamenan v Zad-
ném piipadé. Umrti plodu v souvislosti se zevnim
obratem se v hodnoceném souboru nevyskytlo. Ke
spontannimu odtoku plodové vody do 24 hodin po
vykonu doslo v péti piipadech (0,8 %). Ke spon-
tannimu nastupu porodu do 24 hodin po vykonu
doslo v péti ptipadech (0,8 %). Ani v jednom ptipa-
dé nedoslo k spontannimu nastupu porodu nebo
odtoku plodové vody pfed dokoncenym 37. tydnem
gravidity.

Po porodu se vyskytla hodnota pH z a. umbilica-
lis < 7,00 ve skupiné s ispésnym obratem ve dvou
ptipadech (0,6 %), a to jednou po vaginalné do-
konceném porodu a jednou po akutnim cisarském
fezu pro pretrvavajici bradykardii bezprostfedné po
provedeném obratu (hodnoty Apgar skére v 5. mi-
nuté byly 8 a 10 a byla popsana fyziologicka popo-
rodni adaptace obou novorozencit). Ve skupiné
s netspéSnym obratem se vyskytla hodnota pH
z a. umbilicalis < 7,00 v deviti pfipadech (2,7 %)
a to sedmkrat po vaginalné dokonceném porodu
a dvakrat po akutnim cisafském fezu pro prolaps
pupecniku (v zadném z téchto deviti pfipadt neby-
la zaznamenana hodnota Apgar skére v 5. minuté
< 5). Hodnota Apgar skoére v 5. minuté < 5 se jak
ve skupiné s spéSnym obratem, tak ve skupiné
s netspésnym obratem vyskytla v jednom pripadé
(0,3 % versus 0,3 %), a to po vaginalné dokonce-
nych porodech s fyziologickymi hodnotami pH
z a. umbilicalis.

Celkem 34 rodicek porodilo na jiném pracovi-
§ti (5,3 %). V osmi pripadech neni znam vysledek
porodu, protoze se nepodafrilo tyto pacientky kon-
taktovat (tfi po tspéSném zevnim obratu, pét po
neuspésném zevnim obratu).

Zevni obrat plodu z polohy podélné koncem
panevnim po dokonceném 36. tydnu téhoten-
stvi je povazovan za bezpecnou metodu, ktera
vede ke snizovani procenta cisafskych fezli bez
toho, Ze by negativné ovliviiovala perinatalni
vysledky [11, 12, 18]. UspéSnost zevniho obratu
se obecné udava v rozmezi 30-80 %, nejcastéji
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okolo 50 % (v nami hodnoceném souboru 47,8 %).
Pro dosaZeni stabilni ispéSnosti je tfeba pro-
vést urcity pocet zevnich obratli a dostatecné
si osvojit techniku. Z grafu 1 je patrné kolisani
uspésnosti v prvnich letech provadéni vykonu na
nasem pracovisti a také jistou zavislost na poctu
provedenych obratdi.

Byla publikovana fada modifikaci vykonu ve-
doucich ke zvySovani Uspésnosti, pfedevsim po-
uziti riznych zplisobli analgezie (epiduralni anal-
gezie, opiaty, remifentanil, rajsky plyn, hypnéza
atd.) [5, 6, 7]. Bolest béhem zevniho obratu maze
slouzit jako urcity indikator pribéhu vykonu.
Provedeni zevniho obratu ma byt snadné a s po-
uzitim pouze pfiméfeného tlaku na bficho rodicky.
Nadmeérna bolestivost béhem vykonu signalizuje
pouziti nepfimérené sily a Spatné tolerance vykonu
rodickou. V takovém piipadé je 1épe od dalsiho po-
kusu upustit. Vnasem souboru nebyl pouzit zZAdny
typ analgezie. Standardné je doporucovano pouze
podani tokolyzy, které vykon vyrazné usnadniuje
a zvysuje uspésnost [7]. Podani tokolyzy je vyhod-
né zahajit nékolik minut pfed zacatkem zevniho
obratu a ponechat ji po celou dobu vykonu.

Jinou moznosti usnadnéni vykonu je polo-
hovani pacientky béhem zevniho obratu, na-
pfiklad pfechodnd zmeéna sklonu hlavou doli
(Trendelenburgova poloha), kterd mtiZe usnadnit
vytlaceni hyzdi plodu smérem kranialné. V na-
Sem souboru bylo standardné vyuzivano lehké
podloZeni dolnich koncetin v misté kolen, které
umoznuje rodickam 1épe uvolnit dolni koncetiny
a svaly stény btisni. Ve v§ech pfipadech byl pouzit
také ultrazvukovy gel k omezeni tfeni pfi kontaktu
porodnika s bfiSni sténou rodicky.

Rada autorti se zabyva analyzou faktort, které
ovliviiuji ispéSnost zevniho obratu. Tyto faktory
se vS§ak navzajem kombinuji, navic jsou u konkrét-
nich pacientek vyjadfené v odlisné mife (mnozstvi
plodové vody, velikost plodu, stuper obezity, pari-
ta) [9, 13, 20]. Jako zasadni pro moznost ispésného
zevniho obratu se vSak jevi dostatecné mnozstvi
plodové vody, pfesna znalost uloZeni plodu v dé-
loze (UZ kontrola) a prohmatna bfisni sténa, kdy
je mozné presné vyhmatat hyzdé a hlavu plodu
[14]. Uspésnost vykonu také vyznamné narista
s paritou rodicky, jak je patrné z tabulky 1.

Kontroverznim tématem je provadéni obrati za
hospitalizace. Podle dostupné literatury prevazuje
ambulantni provadéni [12]. Na naSem pracovisti
téhotnym zenam doporucujeme jednodenni hos-
pitalizaci s cilem zajistit maximalni bezpecnost
a zachyt pripadnych komplikaci béhem 24 hodin
po zevnim obratu. Odpoledne a vecer po vykonu je
proveden CTG zaznam a druhy den rano podrobna
UZ kontrola, zaméfena na polohu plodu a stav
placenty.
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Procento zavaznych komplikaci v souvislosti
s provadénim zevnich obrati je jeden z nejdilezi-
téjsich faktorii, ktery zasadné determinuje vyznam
tohoto vykonu. Cilem je predevsim absence kom-
plikaci a teprve na druhém misté stoji dosazené
procento uspésnych obratfi. Pokud neni patrna
tendence plodu k snadnému dokonceni obratu,
meélo by byt od dalsich pokusti upusténo. Porodnik
se nesmi nechat strhnout ke snaze otocit plod tzv.
za kazdou cenu. Obrat jde bud snadno a rychle,
anebo je 1épe od dalsich pokusti upustit.

Podle publikované metaanalyzy z roku 2008,
kde bylo zahrnuto 12 955 zevnich obratli z celkem
84 studii, nebyl prokazan vztah mezi vyskytem
komplikaci a tspéSnosti obratu. Jedno imrti plodu
v souvislosti se zevnim obratem pripadlo na 5000
obratli, abrupce placenty na 1200 zevnich obratl
a nutnost akutniho cisafského fezu pro znamky
nitrodélozni tisné plodu na 286 obratd [11]. Vyskyt
zavaznych komplikaci by nemél prekrocit 1 %.
V naSem vlastnim souboru nebyl zaznamenan
zadny pripad amrti plodu. Abrupce placenty se
vyskytla dvakrat. V prvnim pfipadé byla diagnos-
tikovana abrupce placenty bezprostfedné po prove-
deni zevniho obratu. Ve druhém piipadé se jednalo
o parcialni abrupci, ktera se projevila az 36 hodin
po vykonu. Jak v prvnim, tak ve druhém pifipadé
byla gravidita ukoncena akutnim cisarskym rezem
a oba novorozenci byli zcela v poradku.

Porovnani incidence akutniho cisarského fezu
pro znadmkKy nitrodélozni tisné plodu v souvislosti
se zevnim obratem je obtizné. V ptipadé ambu-
lantné provadénych zevnich obratl je vyloucena
moznost zachytu abnormalniho CTG zaznamu
béhem prvnich 24 hodin. V nasem souboru se vy-
skytl pouze jeden pifipad s pfetrvavajici bradykardii
plodu bezprostiedné po obratu, ktery byl ukoncéen
akutnim cisafskym fezem. Divodem ostatnich tfi
akutnich cisafskych fezti byly abnormalni nalezy
na CTG zaznamech, které byly pofizeny s odstupem
nékolika hodin po zevnim obratu. Ve vSech ptipa-
dech byly novorozenci zcela v potadku. Tyto CTG
zaznamy by v pfipadé ambulantniho provedeni
obratu nebyly provedeny.

V CR provadéji zevni obrat plodu pravdépodob-
né vyhradneé 1ékafri. V fadé zemi vsak tento vy-
kon zacaly provadét i porodni asistentky [3]. Neni
zfejmé podstatné, jestli samotny vykon provadi
porodnik, ¢i porodn{ asistentka, ale zda se jedna
o zdravotniky, ktef{ se dané problematice skutecné
vénuji a majis ni dostatec¢né zkuSenosti. V nasich
podminkach, s ohledem na zajisténi maximalni
bezpecnosti pro matku i plod, se jevi jako optimal-
ni provadéni zevnich obrati v nemocnic¢nich zafi-
zenich, kde je k dispozici veSkeré potfebné zazemd.

Z vysledkdl publikovanych studii vyplyva, Ze
provadéni zevniho obratu po 36. tydnu gravidity
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vede ke snizovani procenta zbytecnych cisafskych
Tezli [12, 18]. V predkladaném souboru porodilo ve
skupiné s ispéSnym zevnim obratem cisarskym
fezem pouze 22 % rodicek, zatimco ve skupiné
s nelispésnym obratem 61 % rodicek (graf 2). Na
fadé pracovist v CR dosahuje procento cisafskych
Tezll pfi naléhani plodu koncem panevnim 90 %
a vice. Na téchto pracovistich by tedy rodicky
profitovaly z provadéni zevnich obratl jesté vy-
raznéji.

V pripadé pretrvavajiciho naléhani plodu kon-
cem panevnim po dokonceném 36. tydnu gravidity
by méla byt rodicka informovana o moznosti pro-
vedeni zevniho obratu a odeslana na pracovisté,
které se touto problematikou zabyva. Zde by mély
byt zhodnoceny podminky pro provedeni zevniho
obratu a v pripadé jejich splnéni by mél byt zevni
obrat rodi¢ce nabidnut. V pfipadé, Ze rodi¢ka zevni
obrat odmitne nebo je pokus netspésny, je pak
standardné ambulantné sledovana az do 39. tydne
gravidity, kdy je na zakladé aktualniho nalezu
a prani rodicky definitivné urcen zpisob vedeni
porodu. Casté pripady, kdy je téhotnd s plodem
naléhajicim koncem panevnim do porodnice ode-
sldna az po 39. tydnu a o moznosti zevniho obratu
plodu se dozvida poprvé na ambulanci, pripravuji
téhotnou Zenu o moznost volby a snizZeni rizika,
Ze bude porod veden cisafskym fezem.

Zevni obrat plodu z polohy podélné koncem
panevnim do polohy podélné hlavickou po dokon-
¢eném 36. tydnu gravidity predstavuje efektiv-
ni a bezpetnou alternativu pro Zeny, které maji
z vaginalniho porodu koncem panevnim obavy
nebo nechtéji rodit cisafskym fezem. Procento
zavaznych komplikaci nepfesahuje 1 % a nema
vliv na perinatalni vysledky. Provadéni zevniho
obratu plodu vede k redukci poctu cisatskych fezti
z dlvodu naléhani plodu koncem panevnim u ter-
minovych téhotenstvi.
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Zevni obrat plodu z polohy podélné
koncem panevnim po 36. tydnu gravidity
Analyza subjektivniho hodnoceni rodicek

External cephalic version after 36" week of gestation
Analysis of women's perspective

Waégnerova K., Hruban L., Jankt P.

Gynekologicko-porodnicka klinika LF MU a FN, Brno, pfednosta prof. MUDr. P. Ventruba, DrSc., MBA

Objective: Evaluation of opinions and subjective feelings
of patients who have undergone an external cephalic
version of a fetus in breech presentation after the 36™
week of pregnancy.

Design: Observational analytic cohort study.

Setting: Department of Obstetrics and Gynecology,
Masaryk University, University Hospital Brno.
Materials and methods: We collected opinions and
subjective evaluation from pregnant women who under-
went an attempt of external cephalic version at the
department of Gynecology and Obstetrics, Masaryk
University in Brno in the period from 15t January 2015
to 31°t December 2016 through a questionnaire. The
questionnaire contained a total of 10 dichotomous,
sampling, enumeration and scale questions. Questions
were focused on the source and type of information on
external cephalic version, expectations of the patients,
evaluation of pain and feelings during the procedure and
the overall impression. We also evaluated the differences
between answers from patients after a successful and
an unsuccessful version.

Results: In reported period 205 pregnant women under-
went an attempt of external cephalic version. Procedure
was successful in 105 (51.2%) cases of which 81(77.1%)
subsequently gave birth vaginally, 24 (22.9%) delive-
red by caesarean section, 10 (9.5%) out of all patients
delivered in other hospitals. The total number of fully
completed questionnaires was 187 (after a successful
version 98 and 89 after an unsuccessful version). The
most common source of information about the proce-
dure was given to the patients from their gynecologists
(40.5%) and doctors at the ambulance in the hospital
where the patients are sent before delivery by their
gynecologists (27.9%). Most mothers received mostly
positive information (70.5%) - increased likelihood of
vaginal delivery, high success rate, low risk to mother
and child. Attitude of the gynecologists on the external

25

cephalic version was positive in 52.6% and they reco-
mmended it. 14.4% of the patients had no fear before
the procedure, 61% patients were nervous and 23%
had fear. For 30.5% of the respondents was the version
worse than expected. 33.7% of the patients expected
that the procedure would be worse and for 35.8% of
the women the procedure fulfilled their expectations.
42.2% of all patients rated the pain level on a scale from
0 (no pain) to 10 (maximum pain) in the range of 4-6
points, 28.9% evaluated the pain under 4 points and
28.9% over 6 points. Among other unpleasant feelings
associated with external cephalic version were most
frequently mentioned: nausea (15.9%), fear (39.8%),
distress (7.5%). One-third of respondents, however,
experienced no negative feelings (33.8%). 80.2% of the
patients did not have any problems after the version. Out
of all respondents 89.3% would undergo the procedure
again and recommend it to others. Overall satisfaction
rating on a scale from O (completely dissatisfied) to 5
(very satisfied) was 89.8% in the range from 4 to 5. When
comparing the answers of patients after an external
cephalic version there was no significant difference
depending on the success of the version.

Conclusion: The results show that the main source of
information is given to the patients by their gyneco-
logists and doctors in the hospital who recommend
the procedure and significantly affect the attitude
of patients towards external cephalic version. Fear
and nervousness of the mothers is usually unfounded,
most of the women evaluate the procedure positively
and would recommend it to another pregnant women
even in case of an unsuccessful attempt. Pain during
the procedure is for most women bearable and in the
overall ranking does not mean a significant problem.

external cephalic version, breech presentation,
pateint s evaluation and attitude
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Cil: Vyhodnoceni ndzor( a subjektivnich pocitd rodicek,
které podstoupily zevni obrat plodu z polohy podélné
koncem panevnim do polohy podélné hlavickou po 36.
tydnu gravidity.

Typ studie: Observacni analyticka kohortova studie.
Nazev a sidlo pracovisté: Gynekologicko-porodnicka
klinika LF MU a FN Brno.

Soubor a metodika: Formou dotazniku byly zjistény na-
zory a subjektivni hodnoceni rodicek, které podstoupily
pokus o zevni obrat plodu na Gynekologicko-porodnické
klinice MU a FN Brno v obdobi od 1. 1. 2015 do 31. 12.
2016. Dotaznik obsahoval celkem 10 dichotomickych,
vybérovych, vyctovych a skalovych otdzek. Dotazy byly
zameéreny na zdroj a typ informaci o zevnim obratu,
doporuceni registrujiciho gynekologa, ocekavani pa-
cientky, hodnoceni bolestivosti a pocitl béhem vykonu,
vysledny dojem z vykonu a komplexni hodnoceni. Byly
porovnany odpovédi pacientek po Uspésném a ne-
Uspésném zevnim obratu.

Vysledky: Pokus o zevni obrat plodu podstoupilo ve sle-
dovaném obdobi 205 téhotnych Zen. Vykon byl Uspésny
u 105 (51,2 %) zen, z nichz 81 (77,1 %) nasledné porodilo
vaginalné a 24 (22,9 %) zen porodilo cisarskym fezem.
Deset (9,5 %) pacientek rodilo na jiném pracovisti. Celkovy
pocet kompletné vyplnénych dotaznikl byl 187 (98 po
Uspeésném a 89 po neuspésném obratu). Nejcastéjsim
zdrojem informaci o moznosti provedeni zevniho obratu
byli registrujici gynekologové (40,5 %) a Iékafi na ambu-
lanci porodniho salu, kam jsou pacientky pfed porodem
predavany do péce registrujicimi gynekology (27,9 %).
Vétsina rodicek ziskala prevazné pozitivni informace
(70,5 %) - zvySena pravdépodobnost vaginalniho porodu,
vysoka uspésnost, nizké riziko pro matku a dité. Pohled
registrujicich gynekologl na zevni obrat byl v 52,6 %

pozitivni a vykon byl rodickam doporucen. Celkem 14,4 %
pacientek nemélo z vykonu zadné obavy, 61 % pacientek
bylo z vykonu nervézni a 23 % se vykonu obavalo. Pro
30,5 % dotazanych byl vykon horsi, nez ocekavaly, 33,7 %
pacientek o¢ekavalo, Ze vykon bude horsi, a pro 35,8 %
zen vykon splnil jejich ocekavani. Celkem 42,2 % dota-
zanych pacientek hodnotilo bolestivost vykonu na skale
0 (zadna bolest) az 10 (maximalni bolest) v rozmezi 4-6
bodU, 28,9 % hodnotilo bolestivost nizsinez 4 a 289 %
naopak vyssinez stupen 6. Z dalsich neprijemnych pocitd
spojenych se zevnim obratem byly nejcasteji zminény:
nevolnost (15,9 %), strach (39,8 %), tisen (7,5 %). Jedna
tretina respondentek véak nezaznamenala zadné nega-
tivni pocity (33,8 %). Po provedeném vykonu nemélo
80,2 % pacientek zadné potize. Ze vSech respondentek
by podstoupilo vykon znovu a doporucilo by ho své zna-
meé 89,3 %. Celkové hodnoceni spokojenosti na skale O
(zcela nespokojena) az 5 (velmi spokojena) bylo v 89,8 %
v rozmezi 4-5. Pfi porovnani odpovedi nebyl nalezen
vyznamny rozdil v zavislosti na Uspésnosti zevniho obratu.
Zaveér: 7 vysledkd vyplyva, ze hlavnim zdrojem informaci
pro pacientky jsou registrujici gynekologové a lékafi am-
bulance porodniho salu, ktefi vyznamné ovliviuji postoj
pacientek k provedeni zevniho obratu plodu. Obavy
a nervozita rodicek jsou zpravidla neopodstatnéné,
vétsina hodnoti provedeny vykon kladné a doporucila
by ho dalsim téhotnym, a to i v pfipadé nelspésného
pokusu. Bolestivost béhem vykonu je snesitelna a pro
vetsinu Zen nepfedstavuje v celkovém hodnoceni vy-
znamny problém.

obrat plodu zevnimi hmaty, naléhani koncem
panevnim, nazory a pristup pacientek

Korespondujici autor as. MUDr. Lukas Hruban, Ph.D., e-mail: hruban.lukas@fnbrno.cz

Naléhani plodu koncem panevnim se vyskytuje
asiu 3-4 % terminovych jednocetnych gravidit [11].
Zpusob vedeni porodu pfi podélné poloze koncem
panevnim je vyrazné ovlivnén zvyklostmi daného
pracovisté. V roce 2000 byly publikovany vysledky
mezinarodni multicentrické studie Term Breech
Trial, na zakladé kterych mnoha pracovisté zcela
ustoupila od vaginalniho vedeni porodu u polohy
plodu koncem panevnim. Vysledky zminéné stu-
die byly poté mnohokrat zpochybnény a vysledky
follow-up studie z roku 2004 nepotvrdily pivodni
predpoklady [9, 14]. I pfesto se vSak trend prova-
déni vysokého poctu cisarskych fezli z indikace
polohy plodu koncem panevnim prili§ nezménil.
Ve snaze zvysit pocet vaginalnich porodd v piipadé
naléhani plodu koncem panevnim je ve vétsiné
doporucenych postupti propagovano provadéni
obratu plodu zevnimi hmaty po dokonceném 36.
tydnu gravidity [12]. Obrat plodu zevnimi hmaty
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je bezpecny vykon, ktery neni spojen s vyssi peri-
natdlni morbiditou ¢ mortalitou. Uspésnost se
pohybuje mezi 40-60 %, coz potvrzuji vysledky
rozsahlych metaanalyz 10, 13, 17].

Existuje mnoho studii zabyvajicich se celkovou
uspésnosti zevniho obratu plodu a faktory ovliviiu-
jicimi Gspésnost [7], matefskymi a fetdlnimi kom-
plikacemi a perinatalnimi vysledky po provedeném
zevnim obratu plodu [1, 21, 24]. Dosud vSak bylo
publikovano pouze nékolik ¢lanki, analyzujicich
zevni obrat plodu z pohledu rodicek, které zevni
obrat plodu podstoupily, tj. subjektivni pocity spo-
jené s vykonem, hodnoceni bolestivosti apod. [27].

Rada autorfi poukazuje na odmitavy pfistup
k zevnimu obratu ze strany rodicek, ktery podle li-
teratury dosahuje 40-55 % [18, 28]. Negativni postoj
rodi¢ek mize mit mnoho pfi¢in. Nejcastéji byva
uvadéna Spatna komunikace 1ékate s pacientkami,
nedostatek informaci, nizka motivace k vaginal-
nimu porodu, bolestivost a strach z obratu plodu



zevnimi hmaty [22, 26]. Dal§imi faktory odrazu-
jicimi rodic¢ky od vykonu se jevi procento Gspés-
nosti pohybujici se okolo 50 % a riziko moznych
komplikaci [22, 27].

Nasim cilem bylo vyhodnotit subjektivni poci-
ty, zkuSenosti a nazory rodicek, které podstoupily
zevni obrat plodu na nasem pracovisti. Zjisténé
informace by mély poslouzit ke zpfesnéni infor-
maci, které jsou pacientkam poskytovany a vést
ke zmirnéni jejich ¢astého negativniho postoje
k zevnimu obratu plodu.

V obdobi od ledna 2015 do prosince 2016 bylo na
Gynekologicko-porodnické klinice LF MU a FN Brno
odvedeno celkem 12 033 porodli. V poloze podélné
koncem panevnim bylo za toto obdobi porozeno 601
plodi (5 %). Téhotné Zeny s plody v poloze podélné
koncem panevnim byly odesilany svymi registru-
jicimi gynekology k porodu do FN Brno nejcastéji
po dokonceném 36. tydnu gravidity (36+0). Po
vylouceni kontraindikaci vaginalniho vedeni po-
rodu byl témto rodi¢kadm na zdkladé podrobného
vySetfeni a pfi vhodnych podminkdch navrzen
pokus o obrat plodu zevnimi hmaty. Za sledované
dvouleté obdobi bylo na GPK FN Brno provedeno
205 obratii plodu zevnimi hmaty po dokonceném
36. tydnu gravidity. Téhotné Zeny, kterym nebyl
obrat proveden z dlivodu kontraindikace vaginal-
niho vedeni porodu nebo z diivodu nevhodnych
podminek k provedeni zevniho obratu, nebyly do
studie zafazeny. VSechny pacientky podstupujici
obrat plodu pted vykonem podepsaly informovany
souhlas s provedenim zevniho obratu plodu a byly
detailné sezndmeny s veS§kerymi riziky a moznymi
komplikacemi. VSechny pokusy o zevni obrat plodu
byly provadény za aplikace tokolyzy (kontinudl-
ni infuze s Gynipralem) a bez pouziti analgezie.
Samotny vykon se provadél na operacnim sdle.
Celkova doba vykonu se primérné pohybovala do
péti minut a nikdy nepfesahla dobu deseti minut.
Po vykonu nasledovala preventivni hospitalizace
do druhého dne s pravidelnym provadénim kar-
diotokografickych zdznamt.

Pred propusténim bylo vS§em téhotnym Zenam
po zevnim obratu provedeno kontrolni UZ vySet-
feni.

VSechny rodi¢ky byly po pokusu o obrat plo-
du zevnimi hmaty pozadany o vyplnéni dotazni-
ku, ktery byl odevzdan zpét pfed propusténim.
Dotaznik obsahoval celkem deset uzavienych ¢i
Skalovych otazek. Tti vybérové otazky se zabyvaly
postojem registrujiciho gynekologa k zevnimu
obratu plodu, ocekavanim pacientek a dojmem
z vykonu a tfi vyctové otazky byly zamértené na
zdroj a typ informaci o obratu plodu a na nepfi-
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jemné pocity pfi vykonu. Dvé dichotomické otazky
byly zaméfené na obtiZe po vykonu a na doporuceni
ostatnim rodickam. Posledni dvé Skalové otazky se
zabyvaly subjektivnim hodnocenim bolestivosti
vykonu - se Skalou 0 (Zadna bolest) az 10 (maxi-
malni bolest) a komplexnim hodnocenim vykonu
a hospitalizace - $kala 0 (velmi nespokojena) az 5
(velmi spokojena). U vybranych otazek byly po-
rovnany odpovédi u pacientek po uispésném a ne-
aspésném obratu, a to v pfipadé hodnoceni bolesti,
celkového hodnoceni a doporuceni jinym téhot-
nym. VSechny odpovédi byly zpracovany metodou
kumulativniho souctu - byl vytvofen histogram
Cetnosti, dale byly zpracovany jednoduchou sta-
tistickou analyzou (vaZeny aritmeticky prameér).
Ke zpracovani dat byl vyuZzivan software MS Excel.

Zevni obrat plodu z polohy podélné koncem
panevnim byl za sledované obdobi Gispésny u 105
Zen (51,2 %), z nichz 81 (77,1 %) nasledné porodilo
vaginalné a 24 Zen (22,9 %) porodilo cisafskym fe-
zem. Deset pacientek (9,5 %) po tispésSném obratu
rodilo na jiném pracovisti. Rodicek, u kterych
se vykon nezdafil, bylo 100 (48,8 %), z nichZ 28
(28,0 %) porodilo plod v poloze podélné koncem
panevnim vaginalné, u 58 rodicek (58,0 %) byl na
nasem pracovisti proveden cisaisky fez a u 14 Zen
(14,0 %), které rodily na jiném pracovisti, infor-
mace tykajici se vedeni porodu nejsou k dispozici.
Dotaznik byl vydan 195 pacientkdm a navratnost
¢inila 96 %. Celkem bylo odevzdano a zpracovano
187 kompletnich dotazniki, z nichz 98 bylo zodpo-
vézeno pacientkami po tispéSném zevnim obratu
plodu a 89 pacientkami po netspésném pokusu
o zevni obrat.

Nejcastéjsim zdrojem informaci o mozZnosti
provedeni zevniho obratu byli registrujici gyne-
kologové (40,5 %) a ambulantni 1ékati v nemocnici
(27,9 %), tfetim nejcastéjsim zdrojem informaci byl
internet (graf 1). VétSina rodicek ziskala pozitivni
informace (70,5 %) a to: vys$si pravdépodobnost

8%

8%

m Registrujici gynekolog

m Ambulance porodniho salu
Internet
Kamaradka

mJiné

4%
15%

Graf 1 Zdroj informaci o zevnim obratu plodu
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Graf 2  Postoj registrujiciho gynekologa

vaginalniho porodu, nizké riziko pro matku a pro
plod. SmiSené nebo zcela negativni informace zis-
kalo 29,5 % pacientek: nizké procento ispésnosti,
vyrazna bolestivost, komplikace vykonu. Postoj
registrujicich gynekologt na zevni obrat plodu byl
v 52,6 % pozitivni a vykon byl rodi¢ckam doporucen,
pouze 5,2 % registrujicich gynekologl pacientkam
vykon rozmlouvalo a zbylych 42,2 % mélo postoj neu-
tralni nebo se k vykonu viibec nevyjadftilo (graf 2).

Zadné obavy nemélo z vykonu 14,4 % pacientek,
61 % pacientek bylo z vykonu nervézni a 23 % se
vykonu obavalo. Pro 35,8 % Zen zevni obrat plodu
splnil jejich ocekavani, 33,7 % pacientek ocekavalo,
Ze vykon bude horsi, a pro 30,5 % dotazanych Zen
byl vykon horsi, nez ocekavaly (graf 3). Bolestivost
vykonu byla hodnocena na §kale od ¢isla 0 (Zadna
bolest) do 10 (maximalni bolest). V rozmezi 4-6
bodt ji hodnotilo 42,2 % dotazanych pacientek,
28,9 % hodnotilo bolestivost ¢islem nizZs§im nez 4
a 28,9 % naopak vysSsim nez 6. Z dalSich nepfti-
jemnych pocitl béhem provadéni zevniho obratu
plodu byly nejcastéji zminény: strach (39,8 %),
nevolnost (15,9 %), tisen (7,5 %) a jiné, napft. tfes
(3 %). Celkem 33,8 % téhotnych vsak v pribéhu
vykonu nezaznamenalo zadné negativni pocity.
Zadné potiZe 24 hodin po provedeném vykonu

m Spinil o¢ekavani
m Lepsi nez otekavani
Hor$i nez oekavani

34%

Graf 3 Vysledny dojem z provedeného obratu
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nemeélo 80,2 % pacientek, 19,8 % udavalo vyskyt
méné vyznamnych obtizi typu bolesti bficha ¢i
slabych tonizaci.

Celkem 89,3 % téhotnych Zen, u kterych byl
proveden pokus o zevni obrat plodu, by podstoupilo
vykon znovu a doporucilo by jej také své znamé.
Celkové hodnoceni spokojenosti s vykonem a hos-
pitalizaci na $kale 0 (zcela nespokojena) az 5 (velmi
spokojena) se pohybovalo v 89,8 % v rozmezi 4-5.

Porovnana byla také rozdilnost odpovédi mezi
Uspésnymi a netispéSnymi obraty v otazkach boles-
tivosti, celkové spokojenosti a pfipadného doporu-
¢eni toho vykonu jinym pacientkam. Bolestivost
vykonu v rozmezi 4-6 bod@ hodnotily pacientky
v obou skupinich témér totozné (40,8 % versus
43,8 %). Ve skupiné uspésnych obratl vnimalo
bolest hodnocenou nad 6 bodd 22,4 % pacientek.
Na rozdil od nich ve druhé skupiné pacientek po
neuspé$ném obratu vnimalo bolestivost vyS$si nez
6 bodii 36,9 % (graf 4). S vykonem a celkovou hos-
pitalizaci byla obdobné spokojena vétSina pacien-
tek v obou skupinach v rozmezi 4-5 bodt (94,9 %
versus 85,4 %) (graf 5). Vykon by podstoupilo znovu
95 % pacientek po ispéSném obratu a doporucilo
by ho svym zndmym. Ve skupiné pacientek po
neuspésném obratu by podstoupilo vykon znovu
72 % z nich.

25
20
15 p
m Uspésny obrat

10 m Neuspésny obrat

5

012345678910

Graf 4 Subjektivni hodnoceni bolestivosti zevniho obratu

plodu na skéle od O (Zadna bolest) do 10 bodl (maximalni bolest).
Porovnani skupiny téhotnych s ispésnym obratem a skupiny
téhotnych s netspésnym obratem (v procentech).

m Uspésny obrat
m NeUspésny obrat

1 2 3 4 5 6

Graf 5 Celkové hodnoceni spokojenosti na $kale od O
(nespokojena) do 5 (maximalné spokojena). Porovnani skupiny
téhotnych s tispéSnym obratem a skupiny téhotnych s netispésnym
obratem (v procentech).



Studie shrnuje subjektivni nazory a hodno-
ceni skupiny 187 téhotnych Zen, které podstou-
pily obrat plodu zevnimi hmaty ve sledovaném
obdobi na GPK LF MU a FN Brno. V souboru jsou
zahrnuty jak rodicky po ispésném zevnim obra-
tu, tak po obratu netspésném, a to bez ohledu
na vysledny zptisob porodu. Podobné studie za-
byvajici se zkuSenostmi zen s naléhanim plodu
koncem panevnim a obratem zevnimi hmaty jiz
byly v zahraniéni odborné literatufe publikova-
ny [20, 22]. V Ceské literatufe se jedna o dosud
nejvétsi hodnoceny soubor. Z vysledkt vyplyva,
Ze pacientky ziskavaji informace o obratu plodu
zevnimi hmaty nejcastéji od svych registruji-
cich gynekologti a v mensim procentu pfipadt
od 1ékarli na ambulanci porodniho salu pfimo
v porodnici, kam jsou predany do péce kolem 36.
tydne téhotenstvi (40,5 % a 27,9 %). Je tedy zfej-
mé, Ze ochota pacientek podstoupit tento vykon
je vyrazné zavisla na zptisobu komunikace a typu
informaci, které rodicka dostava predevsim od
registrujicich gynekologli a nasledné od 1ékait
zvoleného porodnického zatizeni. Lze tedy oceka-
vat, Ze vregionech, kde bude postoj registrujicich
gynekologti k zevnimu obratu plodu spise nega-
tivni, bude tento vykon vyuzivan vyrazné méné
nez vregionech s pozitivnim pifistupem. S posto-
jem registrujicich gynekologh bude tzce souviset
i to, zda jsou pacientky s koncem panevnim na
porodnické pracovisté po 36. tydnu téhotenstvi
viibec odesilany.

Je dokladovano, Ze 18-76 % rodi¢ek nechce z rlz-
nych diivodt obrat plodu zevnimi hmaty podstou-
pit[20]. Australska studie publikovana v roce 2000
hovoti 0 39 % rodicek, které by zevni obrat plodu
nepodstoupily [15]. Podobna ¢isla popisuje i britska
studie z roku 2003, ktera uvadi 65 % pacientek,
které by naopak o zevni obrat plodu mély zdjem [5].

Pokud budeme od téhotnych Zen védét, ceho
se v souvislosti se zevnim obratem plodu obavaji,
co jsou pro né zasadni rozhodovaci kritéria a jak
provedeny vykon vnimaji, mGZeme se vice sou-
stfedit na konkrétni typ informaci, které jsou
témto rodi¢kam poskytovany. Mimo to je mozné
pozitivné a cilené ovliviiovat naklonnost pacientek
k tomuto vykonu, coz mize vyustit ve zvySovani
poctu obratli plodu zevnimi hmaty, a tim ke snize-
ni rizika spojeného s porodem koncem panevnim
nebo cisarskym fezem.

Podle aktualnich literarnich zdroji je hlavni
pozitivni motivaci rodicek k podstoupeni obratu
plodu moznost vaginalniho porodu a nizka rizika
pro matku i plod [6, 10]. Oproti tomu hlavnimi ne-
gativnimi faktory pti rozhodovani jsou bolestivost
vykonu a nizké procento tispésnosti, coz potvrzuji
idata ziskand z naseho souboru [20].
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Rada odbornych publikaci se zabyva faktory
ovliviiujicimi GispéSnost obratu, jako je parita,
mnozstvi plodové vody, velikost plodu, pozice
placenty atd., ale jen malo je znamo o vlivu psy-
chologickych faktor, napf. strachu ¢i nervozity
[7]. Podle naSich vysledkll jsou pravé nervozita
(61,0 %) a strach (23,0 %) nejcastéjsSim pocitem
pacientek pfed vykonem. Touto problematikou se
zabyval holandsky tym autori, ktery vSak nepotvr-
dil souvislost mezi strachem ¢i depresi a ispéSnosti
obratu plodu zevnimi hmaty [4].

Je tfeba hledat zptsoby, jak ovlivnit tyto nega-
tivni pocity Zen pred vykonem. Vedle podrobného
vysvétleni priibéhu vykonu a nasledné hospitaliza-
ce zminuji nékteri autori také vyuziti anxiolytik,
¢i dokonce hypnézy [19, 23]. I pfesto, Ze v naSem
souboru byla vétSina Zen pred obratem nervézni
nebo méla strach, po provedeni vykonu uvedlo
33,7 % pacientek celkové lepsi dojem nez oc¢ekavaly
a 35,8 % dojem odpovidajici jejich ofekavani.

Casto uvadénym diivodem odmitavého postoje
téhotnych zen k provedeni zevniho obratu plodu
je bolestivost vykonu [20]. V nasi studii jsme hod-
noceni bolestivosti fesili vytyCenim §kaly od ¢isla
0 (Z4dna bolest) do 10 (maximalni bolest). V této
otazce jsme soucasné porovnavali odpovédi pacien-
tek po ispésném a netispésném obratu plodu (graf
4). Bez rozdilu zda se obrat zdafril, nebo ne, témér
polovina pacientek uvedla bolestivost v rozmezi
4-6 bodi, coz odpovida vysledkim pfedchozich
publikovanych studii [8, 16].

Z uvedeného je zfejmé, Ze téhotné pacientky
velmi dobfe toleruji bolest a jednim z divodu muZe
byt skutecnost, Ze se jedna o bolest trvajici kratkou
dobu. V publikovanych souborech se ovSem obje-
vuje 20-30 % pacientek, které bolest toleruji htite
[8]. Toto zjiSténi by nas mohlo vést k vytvoreni
standardizované nabidky analgezie, kterou by
bylo mozné béhem vykonu nabidnout pacientkam
s nizsi toleranci bolesti.

Vyjma bolesti v pribéhu vykonu pacientky po-
pisovaly ¢asto pocity strachu, nevolnosti a tfes
s rychlou dpravou, coz si vysvétlujeme aplikaci
tokolytik standardné podavanych béhem vykonu.
Tretina dotazanych pacientek vSak nezaznamenala
zadné potiZe ani negativni pocity.

Béhem nasledné hospitalizace po provedeném
zevnim obratu plodu jiZ 80 % pacientek neudavalo
zadné potize. Celkovy dojem pacientek po obratu
plodu zevnimi hmaty byl velmi pozitivni. Celkem
89 % pacientek by vykon doporucilo dalsim rodic-
kam, v nasem pripadé témér nezavisle na tom,
zda se vykon zdafil, ¢i nikoliv. Velka spokojenost
pacientek s vykonem i hospitalizaci v obou sku-
pinach pfesahovala 85 % a pozitivnim zjiSténim
v této souvislosti byl i fakt, Ze vice nez 72 % pa-
cientek po netspésném obratu by vykon podstou-
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pilo znovu a doporucilo ho ostatnim rodi¢kam.
Ani ¢asto uvadéna bolestivost vykonu se v nasem
souboru pacientek nejevila jako rozhodujici faktor
ovliviiujici vysledny dojem z vykonu, coz potvrdily
obdobné vysledky z jinych studii [12, 20].

Srovnatelna analyza subjektivniho hodnoceni
a nazorl rodicek na zevni obrat plodu v Ceské re-
publice dosud nebyla publikovana. Porovnani se
zahrani¢nimi studiemi je mozné pouze v omezené
mire, protoze podminky, za kterych je zevni obrat
plodu provadén, se znacné 1isi jak mezi riznymi
staty, tak mezi jednotlivymi pracovisti. Jsou zemé,
kde je tento vykon provadén pievazné porodnimi
asistentkami nebo je standardné vyuzivana néjaka
forma analgezie [2, 3]. Na fadé pracovist pfevazuje
spiSe ambulantni provadéni zevniho obratu plo-
du bez nasledné hospitalizace. Proto povazujeme
ziskané informace za velmi cenné, a to pfedevsim
pro moznost pozitivniho ovlivnéni nazort rodicek
na tento vykon.

Vysoka navratnost (96 %) a vyplnéni dotaznika
béhem nasledné hospitalizace, bez dohledu zdra-
votniho personalu, zvysuje divéryhodnost odpové-
di. Soucasné je nutno ale uvést, Ze do souboru byly
zafazeny pouze rodicky, které mély zajem o prove-
deni zevniho obratu plodu. Nemame ovSem zadné
informace od téhotnych Zen, které zevni obrat od-
mitly a kterym nebyl z riznych divoda doporucen.
Této skupiné Zen bychom v nasledujicich letech
mély také vénovat pozornost a podrobit i je ana-
lyze, napt. pomoci nové sestaveného dotazniku.

Pouzity dotaznik jsme vytvofili sami, proto-
Ze v Ceské republice neexistuje standardizovana
forma obdobného dotazniku. Proto musi byt nase
studie brana jako explorativni a vysledky by mély
byt v tomto ohledu interpretovany. Sbér dat na na-
Sem pracovisti nadale pokracuje. Do budoucna by
bylo pfinosné rozsiteni projektu na vice pracovist
v CR, kde se zevni obraty plodu provadéji.

Nazory a zkuSenosti rodicek se zevnim obra-
tem plodu jsou z pohledu porodnika velmi dile-
Zité, protoze jejich znalost umoznuje podavani
presnéjsich informaci a cilené pozitivni ovliv-
néni postoje téhotnych Zen k tomuto vykonu.
Z vysledkl vyplyva, ze hlavnim zdrojem infor-
maci pro pacientky jsou registrujici gynekolo-
gové a lékari ambulanci porodniho salu. Obavy
a nervozita rodicek jsou zpravidla neopodstat-
néné, vétSina z nich hodnoti provedeny vykon
kladné a doporucila by ho dal$im téhotnym,
a toivpfipadé netspésného pokusu. Bolestivost
béhem vykonu je snesitelnd a pro vétSinu Zen
nepfredstavuje v celkovém hodnoceni vyznamny
problém. Obrat plodu zevnimi hmaty by mél byt
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v pfipadé vhodnych podminek po ukonceném
36. tydnu gravidity rodickdm aktivné nabizen.
Pokud se podafti pozitivné motivovat vice pacien-
tek k pokusu o obrat plodu zevnimi hmaty, zvysi
se pocet téchto vykont, coZ ve svém dasledku
povede ke sniZeni rizika v souvislosti s porodem
koncem panevnim a cisafskym fezem.
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3.2. Vliv zevniho obratu plodu na perinatalni vysledky
v souvislosti s vyskytem prechodnych zmén srdecni
frekvence plodu v pribéhu zevniho obratu

V souvislosti se zevnim obratem plodu je v literatuie popisovan vyskyt ptechodnych
abnormalit srde¢ni frekvence plodu, jako jsou bradykardie, nereaktivni kardiotokograficky
zaznam a tachykardie. Incidence piechodné bradykardie v souvislosti se zevnim obratem plodu
se v literatufe vyrazné 1i$i a pohybuje se v rozmezi 5 - 48 % [24,25]. Kritéria bradykardie se
lisi mezi jednotlivymi studiemi (<120bpm, <110 bpm). K monitorovani plodu je vyuzivana
piima UZ vizualizace nebo kardiotokografie, piipadné kombinace obou metod.

Byla publikovana tada teorii vysvétlujicich pficinu prechodné bradykardie. Nejcastéji
uvadénou pric¢inou je reakce na docasny pokles uteroplacentarni cirkulace, piipadné reflexni
pokles srdecni frekvence plodu v souvislosti s tlakem na hlavi¢ku plodu a podrazdénim nervus
vagus. Popisovany jsou vSak i méné Casté, ale zavazné priciny bradykardie plodu, jako je
abrupce placenty, strangulace pupec¢niku, fetomaternalni transfuze nebo raritni torze délohy
[21,24]. V téchto piipadech zpravidla bradykardie pietrvava a plod je bezprostfedné ohrozen
hypoxii. OdliSeni nezavazné piechodné¢ bradykardie od zavazné patologie, provazené
ptetrvavajici bradykardii plodu nemusi byt vzdy zcela snadné.

Nektefi autofi se zabyvali identifikaci rizikovych faktorti pfechodné bradykardie po ECV
s moznosti predikce vyskytu. Uvadény jsou predevsim nizkd hmotnost plodu, nizk¢ BMI
matky, prodlouzend délka vykonu, uspéSny zevni obrat, nuliparita nebo pozice placenty [26].
Vliv ptechodné bradykardie plodu na perinatalni vysledky je dle literatury kontroverzni. Lau
a kol. udéava vyssi riziko intrapartalni hypoxie béhem nasledného porodu s nutnosti opera¢niho
ukonceni porodu v ptipadé vyskytu pfechodné bradykardie vyvolané zevnim obratem plodu
[27]. Vysledky jinych studii v§ak negativni vliv na perinatalni vysledky nepotvrzuji.

Cilem autora v ramci habilitacni prace bylo stanovit ¢etnost vyskytu prechodné bradykardie

v pritbéhu zevniho obratu a bezprostfedné po jeho provedeni, dale vliv bradykardie na vyskyt
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akutni hypoxie plodu za porodu a na perinatalni vysledky. Bylo sledovano trvani pfechodné
bradykardie plodu do plné upravy, souvislost s vyskytem ptfechodné klinicky vyznamné
hypotenze matky, souvislost s ndslednymi zménami na kardiotokografickém zaznamu. Byla
provedena analyza moznych rizikovych faktor pro vyskyt prfechodné bradykardie plodu
v souvislosti se zevnim obratem.

Vyskyt prechodné bradykardie plodu v analyzovaném souboru dosahnul 28,3 % a byl
vyznamné Castéji spojen s uspeSnym obratem. Klinicky vyznamna hypotenze matky soucasné
s pfechodnou bradykardii plodu se vyskytla ve 4,2 % ptipadi. Vyskyt pfechodné bradykardie
plodu nem¢l vliv na procento vaginaln¢ dokon¢enych poroda po uspe€Sném zevnim obratu ani
na vyskyt akutni tisn¢€ plodu za porodu. Vedle usp€snosti zevniho obratu, nebyly identifikovany
zadné dalsi rizikové faktory, které by zvysSovaly riziko vyskytu pfechodné bradykardie plodu
v souvislosti se zevnim obratem. Prace byla publikovana pod nazvem ,,The effect of transient
fetal bradycardia and other heart rate changes during and after external cephalic version
on perinatal outcomes“ v mezinarodnim impaktovaném cCasopise European Journal of
Obstetrics & Gynecology and Reproductive Biology — viz. ptiloha 3.2.1. Podil autora: pfevazna
¢ast zevnich obrati zafazenych do souboru, vytvoteni struktury studie, sbér dat, interpretace

vysledkii, dominantni podil na ptipravé publikace, prvni autor.
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Objectives: To evaluate the effect of transient fetal bradycardia and other heart rate changes during and
after external cephalic version (ECV) on perinatal outcomes. To determine factors associated with a
higher risk of occurrence of transient fetal bradycardia during and after ECV.

Study design: Prospective study in 286 women after the 36th week of gestation with a fetus in breech
presentation who have undergone an ECV attempt. The study analyses the incidence of transient fetal
bradycardia during and immediately after ECV, the time interval to complete adjustment of fetal
bradycardia, the factors associated with the occurrence of transient fetal bradycardia, cardiotocography
(CTG) changes after ECV and perinatal outcomes. All the data were statistically analyzed.

Results: The ECV was successful in 51 % (146/286). Transient fetal bradycardia occurred during and after
ECV in 81 cases (28.3 %). A successful version was a factor significantly associated with fetal bradycardia
(54; 37.0 % versus 27; 19.3 %; p < 0.01). Clinically significant hypotension of the mother was accompanied
by transient fetal bradycardia in 12 cases (4.2 %). After the successful ECV there was no significant
difference in the percentage of vaginal deliveries between subgroups with and without transient fetal
bradycardia (85.2 % versus 83.7 %; p = 1.00). Nor in occurrence of acute fetal distress during labor (18.5 %
versus 15.6 %; p=0.65). In cases of a successful ECV transient CTG changes after ECV had no effect on the
incidence of acute fetal distress during labor (23.5 % versus 15.7 %; p =0.49).

Conclusions: Transient fetal bradycardia and other heart rate changes during and immediately after ECV
was not associated with a higher incidence of acute fetal distress during labor and did not affect perinatal
outcomes. Higher occurrence of transient bradycardia after ECV was associated only with successful ECV.
Transient hypotension of the mother as one of the causes of transient fetal bradycardia during ECV should
be considered.

Keywords:

Breech presentation
External cephalic version
Fetal distress

Fetal bradycardia

© 2019 Elsevier B.V. All rights reserved.

Introduction

The importance of external cephalic version (ECV) after the
36th week of gestation for reducing the incidence of breech
presentation at term and for supporting of vaginal births as the
best way of delivery was confirmed by a number of studies [1-3].
Some authors describe the incidence of transient fetal heart
abnormalities such as bradycardia, nonreactive cardiotocography
(CTG) with limited variability or tachycardia related to the
ECV [4-6].
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The incidence of transient fetal bradycardia in context with ECV
differs significantly in literature and ranges from 5 % to 48 % [4-7].
The criteria for evaluating bradycardia (< 120bpm, < 110 bpm) and
the monitoring method (ultrasound, CTG) also differ between
the studies [6-8]. The term transient fetal bradycardia in this
context is used by most authors without a clearly defined lower
time limit [6,7,9].

A number of mechanisms have been proposed to account for
transient fetal bradycardia. The most frequent explanation is the
decreased utero-placental circulation caused by increased intra-
uterine pressure during ECV. Other possibilities such as vagal nerve
mediated bradycardia or decreased blood flow in middle cerebral
and umbilical artery as a reaction to fetal head pressure are
discussed [6,10,11]. However, there are also less common but more
serious causes of fetal bradycardia such as placental abruption,
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umbilical cord strangulation, feto-maternal transfusion or the
rarely mentioned torsion of the uterus [1,5,12-14].

Some authors tried to identify predicting and risk factors of
transient fetal bradycardia after ECV. The risk factors mostly
mentioned are low estimated fetal weight (EFW) at the time of
ECV, low maternal BMI, longer procedure time, successful ECV,
nulliparous women or placental position [7-9,15].

The effect of transient fetal bradycardia on perinatal outcomes
remains unclear. According to some authors fetal heart rate
changes during ECV could indicate that the fetus is more prone to
stress during labor [9,16]. Lau et al. states a higher risk of acute
hypoxia during labor with a need for emergency cesarean section
or instrumental vaginal delivery after the ECV with recorded

Table 1

transient fetal bradycardia [9]. However, the results of other
studies do not confirm a negative effect of the bradycardia during
ECV on perinatal outcomes [8].

The aim of our prospective study was to determine the effect of
transient fetal bradycardia and other fetal heart rate changes
during and immediately after ECV on perinatal outcomes. We also
focused on possible risk factors of transient fetal bradycardia
associated with ECV.

Material and methods

A prospective observational cohort study was conducted
between January 2016 and June 2018 at the Department of

The maternal, fetal and neonatal characteristics of 286 ECV cases with or without transient fetal bradycardia during and after ECV.

Variables Total Fetal bradycardia Without fetal bradycardia  p-value
(n=286) (n=81) (n=205)
Maternal age (years)
e Median 31 30 31 0.6
e Range 17-44 20-39 17-44
Parity
o Nulliparous 197 (68.9 %) 53 (65.4 %) 144 (70.2 %) 0.48
e Multiparous 89 (31.1 %) 28 (34.6 %) 61 (29.8 %)
Gestational age at ECV (weeks and days)
e Median 37+2 37+3 37+1 0.57
e Range 36+0-41+0 36+1-40+1 36+0-41+0
BMI (kg/m?
e Median 26.8 26.4 26.8 0.13
e Range 18.5-41.9 20.4-36.8 18.5-41.9
Type of breech
e Frank 257 (89.9 %) 73 (90.1 %) 184 (89.8 %) 1.0
e Non-Frank 29 (10.1 %) 8(9.9%) 21 (10.2 %)
Estimated Fetal weight
e < 10th percentile 19 (6.6 %) 9 (111 %) 10 (4.9 %) 0.067
e > 10th percentile 267 (934 %) 72 (88.9 %) 195 (95.1 %)
Amniotic fluid amount (MVP in mm)
e <40 mm 28 (9.8 %) 8(9.9 %) 20 (9.8 %) 1.0
e > 40 mm 258 (90.2 %) 73 (90.1 %) 185 (90.2 %)
Placenta location
o Anterior wall 102 (35.7 %) 30 (37.0 %) 72 (35.1 %) 0.79
e Non-anterior wall 184 (64.3 %) 51 (63.0 %) 133 (64.9 %)
Outcome of ECV
e Success 146 (51.0 %) 54 (66.7 %) 92 (449 %) 0.001
e Failure 140 (49.0 %) 27 (333 %) 113 (55.1 %)
Transient abnormalities on CTG after ECV
(except bradycardia)
Yes 32 (11.2 %) 18 (22.2 %) 14 (6.8 %) < 0.001
No 254 (88.8 %) 63 (77.8 %) 191 (93.2 %)
Delivery mode
e Spontaneous vaginal 153 (53.5 %) 47 (58.0 %) 106 (51.7 %) 0.3
e Assisted vaginal (VEX, Forceps) 16 (5.6 %) 6 (74 %) 10 (4.9 %)
e Caesarean section 117 (40.9 %) 28 (34.6 %) 89 (434 %)
Birth weight (grams)
e Median 3320 3320 3345 0.57
e range 1860-5630 1860-4130 2150-5630
pH a.umbilicalis*
<710 7 (2.4 %) 1(1.2%) 6 (2.9 %) 0.68
> 710 229 (80.1 %) 64 (79.0 %) 165 (80.5 %)
Apgar score in 5th min.
<7 4(1.4 %) 2(2.5%) 2 (1.0 %) 0.32
>7 282 (98.6 %) 79 (97.5 %) 203 (99.0 %)

MVP = maximal vertical pool of amniotic fluid.
ECV =external cephalic version.

" 50 cases — umbilical artery pH was not done (16 cases in subgroup with transient bradycardia, 34 cases without bradycardia).
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Obstetrics and Gynaecology, Masaryk University, University
Hospital Brno, Czech Republic. The study was approved by the
Ethics Committee of the University Hospital Brno. All ECV included
in the study were performed by three experienced obstetricians.

All participants of the study met inclusion criteria: pregnant
women with singleton pregnancy, > 36 + 0 weeks gestation, breech
presented fetus, signed a declaration of informed consent to the
procedure and agreed to the processing of the data.

Exclusion criteria for enrolment to the study were contra-
indications for ECV: ruptured membranes, vaginal bleeding, scarred
uterus, uterine abnormality, contraindications of vaginal delivery,
signs of intrauterine fetal distress and fetal malformations.

Our standardized clinical protocol for ECV was always
respected. Before ECV, vaginal examination was performed, an
ultrasound was used to determine estimated fetal weight (EFW)
and CTG was recorded. The maximum time limit for ECV was
10 min. Intravenous tocolytic agent (Hexoprenalin 10 ug +100 ml of
0.9 % NaCl) was applied and no analgesia used in all attempts. The
ultrasound for monitoring the fetal position, fetal heart rate and
placental status was used continuously during procedure. After
each ECV a CTG of a minimum length of 45 min was recorded and
another was done within 2—3 h. The following day an ultrasound
check and a CTG were performed, if physiologically well, the
patient was dismissed.

For the purposes of the study, obstetric factors listed in Table 1
were recorded. Other recorded factors: the incidence of transient
fetal bradycardia during ECV orimmediately after ECV (< 110 bpm for
any duration of time) detected exclusively by ultrasound, adjustment
time of bradycardia (monitored by ultrasound), the incidence
of transient hypotension of the mother related to fetal bradycardia
(BP drop below 100/65 compared to the previous resting value,
together with clinical signs of hypotension — nausea, weakness, light-
headedness) and transient CTG changes after ECV (tachycardia > 160
bpm, limited variability of < 5 bpm, absence of acceleration, repeated
or prolonged decelerations) that did not fulfil the criteria of
pathological CTG were recorded [17,18]. To identify fetuses with
EFW below the 10th percentile, we used fetal weights standards
according to Stirnemann et al. [19]. In addition, serious complica-
tions associated with ECV (bleeding, placental abruption, intrauter-
ine fetal distress with the need of emergency cesarean section within
24 h, intrauterine fetal death) were noted. Related characteristics of
delivery were also recorded: gestational age, delivery mode, the
presence of intrauterine distress syndrome during labor (acute
termination by cesarean section or vaginal instrumental delivery,
umbilical artery pH < 7.10, Apgar score at 5th minute < 7), character
of amniotic fluid, weight of the newborn.

The primary outcome was to determine the effect of transient
fetal bradycardia and other fetal heart rate changes during and
immediately after ECV on perinatal outcomes. The secondary
outcome was to determine the factors associated with a higher

Table 2

risk of the occurrence of transient fetal bradycardia associated
with ECV.

Data were collected and analysed in a statistical analysis.
Continuous values were expressed as medians and ranges of the
parameter. The Mann-Whitney test was used for evaluation of
continuous parameters. Categorical parameters were compared
using Fisher's exact test in all cases, except the Delivery mode
parameter, evaluated by a Chi-square test. The logistic regression
was performed in order to ascertain multivariable analysis. The
odds ratio (OR) statistic was used for the evaluation of parameters
in the multivariable analysis. A p-value lower than 0.05 was
considered as significant. Statistical analyses were performed in
MedCalc Statistical Software version 18.11.6.

Results

In total 288 women who underwent an ECV were recruited.
Two participants were excluded because we failed to obtain
their complete data and 286 ECV procedures were further
analysed (Table 1).

ECV was successful in 51 % (146/286). After a successful ECV 123
women delivered vaginally (84.2 %). In 3 cases an emergency
cesarean section had to be done. One due to vaginal bleeding
immediately after ECV. In the second case vaginal bleeding
occurred 36 h after ECV where placental abruption was confirmed.
And the third was due to isolated prolonged deceleration on CTG
3 h after an ECV. In all 3 cases, the physiological pH values from
umbilical artery, Apgar score, and postnatal status of the newborn
were recorded.

Transient fetal bradycardia during and immediately after ECV
occurred in 81 cases (28.3 %). Statistically significant was
the frequency of transient fetal bradycardia after successful
ECV compared to unsuccessful ECV (54; 37.0 % versus 27;
19.3 %; p<0.01).

The results of the univariate and multivariate analysis are
shown in Table 2 and Fig. 1. The only factor that significantly
increases the probability of fetal bradycardia occurring after ECV is
a successful ECV in both univariate and multivariate analysis
(OR=2.46 resp. OR=2.72).

The most numerous group of 69 cases of transient fetal
bradycardia (85.2 %) all adjusted within 3 min. In 5 cases (6.2 %) it
completely adjusted after a time interval longer than 5 min. Only in
1 case bradycardia adjusted in the 10th minute. There was no case
of bradycardia lasting longer than 10 min in our study group. A
detailed analysis of these five cases is shown in Table 3. No
complications related to ECV or acute fetal distress during labor
have been noted in either of them. The condition of the newborns
was physiological, and there was no case of stained amniotic fluid.

The transient CTG changes after ECV did not fulfil the criteria of a
pathological CTG and occurred more significantly after an episode of

Univariate analysis and Multivariate analysis. Odds ratios (OR) for transient fetal bradycardia during and after ECV.

Variables Univariate Odds Ratio Multivariate Odds Ratio

O.R. 95 % C.L p-value O.R. 95 % C.I. p-value
Maternal age (years) 0.98 0.92-1.05 0.56 1.0 0.93-1.07 0.91
Gestational age et ECV (weeks and days) 1.0 0.96-1.04 0.98 0.99 0.96-1.04 0.78
Nulliparity 13 0.74-2.3 0.36 14 0.77-2.55 03
BMI 0.93 0.86-1.0 0.04 0.94 0.87-1.01 0.09
Frank breech 1.04 0.44-2.5 0.93 119 0.48-2.95 0.7
Amniotic fluid amount (MVP < 40 mm) 1.01 0.42-2.4 0.98 133 0.51-3.45 0.56
Placenta anterior 1.09 0.64-1.85 0.76 1.6 0.66-2.04 0.61
ECV success 2.46 1.43-4.21 0.001 2.72 1.53-4.84 < 0.001
Estimated fetal weight < 10th percentile 2.44 0.95-6.24 0.06 2.23 0.81-6.2 0.12

MVP = maximal vertical pool of amniotic fluid.
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Bradycardia non-presence Bradycardia presence
Maternal age (p = 0.91) .-
Gestational age et ECV (p =0.78) I
Nulliparity (p = 0.3) -_—l
BMI (p = 0.09) -
Frank breech (p = 0.70) L
MVP < 40mm (p = 0.56) L
Placenta anterior (p = 0.61) —_—l
ECV success (p = 0.0006) —_—
EFW < 10th percentile (p = 0.12) =
| I L TR S R A L I [ R |
0,1 1 10
odds
Fig. 1. Multivariate Odds ratios (OR) for transient fetal bradycardia during and after ECV.
Table 3
Five cases of ECV complicated by transient fetal bradycardia with duration more than 5 min.
BMI Parity Gest. Outcome Duration of fetal Maternal Transient abnormality Mode of  Birth Acute fetal pH Apgar
week of ECV bradycardia (min) hypotension on CTG after ECV delivery  weight disstress (umbilical score
(ECV) after ECV (g) artery)
Case 253 0 37+1 failure 10 present 0 spont 3010 0 7.31 8/9/9
1
Case 338 0 36+6 success 6 0 0 spont 3980 0 not done 9/10/
2 10
Case 316 2 37+2 success 8 present present spont 3350 0 718 9/10/
3 10
Case 291 O 38+3 success 6 0 0 spont 4010 0 7.29 10/10/
4 10
Case 269 0 36+6 failure 7 0 present Ne 3300 0 7.24 7/9/10
5

transient fetal bradycardia during the ECV than in the study group
without one (18; 22.2 % versus 14; 6.8 %; p<0.01) (Table 1). The
presence of transient CTG changes did not have an effect on the
incidence of acute fetal distress during labor or perinatal outcomes
(no case of pH < 7.10 or AS at 5th minute < 7) (Table 4).

Transient hypotension of the mother with clinical manifes-
tations was accompanied by transient fetal bradycardiain 12 cases.
There was no negative effect on perinatal outcomes found in any of
these cases (Table 4).

After successful ECV, no significant difference between the
subgroups with and without transient fetal bradycardia were found
inthe percentage of vaginally completed deliveries (46; 85.2 % versus 77;
83.7 %; p=1.0) and in the incidence of signs of acute intrapartum fetal
distress (10 cases; 18.5 % versus 14 cases; 15.6 %; p=0.65) (Table 4).

The pH value of umbilical artery < 7.10 in the study group
occurred in 7 cases, twice after successful ECV and five times after
an unsuccessful one. In the subgroup with transient fetal
bradycardia after ECV, the pH<7.10 occurred only in 1 case
together with Apgar score at 5th minute < 7 (successful ECV,
bradycardia adjusted within 2 min, physiological CTG, no mother
hypotension). (Table 1).

Discussion
The overall success rate of ECV in our study group reached 51.0 %

and in the long term it represents a stabilized success rate at our
department [20,21].
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In the Czech Republic ECV is strongly recommended to be
performed from the 36 weeks + 0 days of gestation [22].

The definition of transient fetal bradycardia in association with
ECV and methodology of fetal bradycardia detection (ultrasound,
CTG) differs between the studies [7-9]. In our study, the incidence
of transient bradycardia during and after ECV reached 28.3 % and
we always verified and compared the low FHR with the previous
CTG record. The uniform character of a sudden drop in the fetal
heart rate was typical. The vast majority begins with a sudden drop
below 80 beats/minute, which persists for varying periods of time
and was followed by a slow adjustment.

According to our results 85.2 % of fetal bradycardias adjusted
within 3 min just by positioning the patient from side to side. After
this time interval is reached, serious causes of bradycardia should
be excluded. The incidence of such serious complications is,
according to available literature, below 1/1000 ECV [1,12-14]. The
incidence of severe causes of fetal bradycardia after ECV with a
negative effect on perinatal outcomes has not been reported in
our study.

The question remaining is what is the safe time period of
transient fetal bradycardia during an ECV? According to current
guidelines of the Royal College of Obstetricians and Gynaecolo-
gists, given persistent bradycardia > 6 min, preparations for
emergency cesarean section should be initiated [23]. In other
studies, the recommended time interval is up to 10 min [7,8]. In
the study Suyama et al., bradycardia after ECV lasting more
than 10 min occurred in 0.7 % and in the Kuppens et al. study
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Presence of acute fetal disstress during labor after successful ECV and occurence of transient fetal bradycardia after ECV, transient abnormalities on CTG after ECV and

transient mother hypotension during period of fetal bradycardia after ECV.

Acute fetal disstress Without acute fetal disstress p-value
during labor (n=24) during labor (n=120)
Fetal bradycardia during and after successful ECV Yes 10 (18.5 %) 44 (81.5 %) 0.65
No 14 (15.6 %) 76 (84.4 %)
Transient abnormalities on CTG after successful ECV Yes 4(23.5%) 13 (76.5 %) 0.49
(except bradycardia)
No 20 (15.7 %) 107 (84.3 %)
Transient mother hypotension during period of fetal Yes 0 6 (100.0 %) 0.59
bradycardia after successful ECV
No 24 (174 %) 114 (82.6 %)

acute fetal disstress =acute SC, VEX, Forceps, umbilical artery pH < 7.10.

bradycardia persisted in 0.2 % of cases [7,8]. In our study, only one
case of 10-minute fetal bradycardia was observed, followed by
normalization and uncomplicated vaginal delivery of a eutrophic
fetus with physiological perinatal outcome (Table 3).

The time period of transient fetal bradycardia is not the only
factor that needs to be evaluated. If there are simultaneously
signs of placental abruption, vaginal bleeding or persistent
FHR < 60/minute or fetal asystole, it is necessary to proceed with
an emergency cesarean section sooner than after 10 min.

Our study recorded clinically significant hypotension of the
mother accompanied by transient fetal bradycardia in 12 cases
with no effect on the incidence of fetal distress during labor
(Table 4). In 2 cases, bradycardia persisted for more than 5 min but
normalized and was followed by an uncomplicated vaginal
delivery (Table 3). Clinically significant hypotension of the mother
may itself cause the fetal bradycardia or may be combined with
other causes.

In the group we evaluated, transient fetal bradycardia occurred
significantly more frequently only after the successful ECV. This
finding is in agreement with the conclusions of Lau et al. that a
successful version should impose a significantly higher stress to the
fetal cardio-vascular system than failed attempts [9]. Among other
factors, EFW below the 10th percentile with 47 % (9/19) in the
subgroup with fetal bradycardia was important. However, the result
was not statistically significant. In the Kuppens et al. study the fetal
heartrate abnormalities were significantly more frequent with lower
EFW during and after ECV but EFW was used as a continuous
parameter [8]. However, the fetuses with intrauterine growth
restriction should be clearly distinguished because they may be more
prone to fetal heart rate abnormalities [16,24]. All other evaluated
factors in our study are proved as nonsignificant (Fig. 1).

The effect of transient fetal bradycardia after ECV on perinatal
outcomes during labor is a controversial issue [7-9]. In our study
group, there was no incidence of acute fetal distress during labor in
correlation with the occurrence of transient bradycardia after a
successful ECV (Table 4). The negative effect of transient
bradycardia has not been demonstrated even after a detailed
evaluation of 5 cases with a duration of bradycardia longer than
5 min (Table 3).

Transient CTG changes in the context of ECV in our group were
significantly more frequent after transient fetal bradycardia (22.2
%). However, none of the CTG changes we recorded met the criteria
of a pathological CTG. The relationship between transient CTG
changes after ECV with the occurrence of transient bradycardia and
the risk of acute fetal distress during labor has not yet been
evaluated. This association was not confirmed in our study
(Table 4). Even the CTG records taken within 2—3 h after ECV in
all cases were physiological except for one case with isolated
prolonged deceleration (cesarean section with normal newborn
outcome). We conclude that in cases of transient fetal bradycardia
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after ECV or with subsequent transient CTG changes, there is no
need for intensified fetal monitoring after the ECV or during the
delivery.

The limits of the study are primarily the absence of cases of fetal
bradycardia lasting more than 10 min and the absence of cases
with the need for acute termination of pregnancy due to changes in
FHR. The incidence of these cases is also rare in other studies. Long-
term follow-up of children after ECV would be appropriate for
future studies.

In agreement with the only prospective published study, we
have been able to demonstrate that the incidence of transient
bradycardia during and after ECV does not affect perinatal
outcomes if serious causes of these changes are excluded and
the recommended time limit of 10-minute bradycardia is not
exceeded [8]. The significance of the reported factors that could
predict transient bradycardia related to ECV has not been
confirmed compared to previously published studies.

Conclusion

Transient fetal bradycardia and other heart rate changes during
and immediately after ECV were not associated with a higher
incidence of acute fetal distress during labor and did not affect
perinatal outcomes. A higher occurrence of transient bradycardia
after ECV was associated only with successful ECV. Transient
hypotension of the mother as one of the causes of transient fetal
bradycardia during ECV should be considered.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

The authors declare the following financial interests/personal
relationships which may be considered as potential competing
interests:

Acknowledgments

The presented work was partially supported by the Ministry of
Health, Czech Republic-Conceptual development of research
Organization (FNBr), 65269705).

References

[1] Hofmeyr GJ, Kulier R, West HM. External cephalic version for breech
presentation at term. Cochrane Database Syst Rev 2015.

[2] Reinhard ], Sdnger N, Hanker L, Reichenbach L, Yuan ], Herrmann E, et al.
Delivery mode and neonatal outcome after a trial of external cephalic version
(ECV): a prospective trial of vaginal breech versus cephalic delivery. Arch
Gynecol Obstet 2013;287:663-8.


http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0010

44

[3] Hederlingova ], Psenkova P, Zahumensky J. The impact of physiological
peripartal stress on the lifelong health of newborn. Bratisl Lek Listy
2017;118:324-7.

[4] Grootscholten K, Kok M, Oei SG, Mol BW]J, van der Post JA. External cephalic
version-related risks: a meta-analysis. Obstet Gynecol 2008;112:1143-51.

[5] Collaris R], Oei SG. External cephalic version: a safe procedure? A systematic
review of version-related risks. Acta Obstet Gynecol Scand 2004;83:511-8.

[6] Hofmeyr GJ, Sonnendecker EW. Cardiotocographic changes after external
cephalic version. Br ] Obstet Gynaecol 1983;90:914-8.

[7] Suyama F, Ogawa K, Tazaki Y, Miwa T, Taniguchi K, Nakamura N, et al. The
outcomes and risk factors of fetal bradycardia associated with external
cephalic version. ] Matern Fetal Neonatal Med 2019;32:922-6.

[8] Kuppens SM, Smailbegovic I, Houterman S, de Leeuw I, Hasaart TH. Fetal heart
rate abnormalities during and after external cephalic version: Which fetuses
are at risk and how are they delivered? BMC Pregnancy Childbirth
2017;17:363.

[9] Lau TK, Lo KW, Leung TY, Fok WY, Rogers MS. Outcome of labour after
successful external cephalic version at term complicated by isolated transient
fetal bradycardia. BJOG 2000;107:401-5.

[10] Leung TY, Sahota DS, Fok WY, Chan LW, Lau TK. Quantification of contact
surface pressure exerted during external cephalic version. Acta Obstet Gynecol
Scand 2003;82:1017-22.

[11] Leung TY, Sahota DS, Fok WY, Chan LW, Lau TK. External cephalic version
induced fetal cerebral and umbilical blood flow changes are related to the
amount of pressure exerted. BJOG 2004;111:430-5.

[12] Rodgers R, Beik N, Nassar N, Brito I, de Vries B. Complications of external
cephalic version: a retrospective analysis of 1121 patients at a tertiary hospital
in Sydney. BJOG 2017;(124):767-72.

[13] Boucher M, Marquette GP, Varin J, Champagne ], Bujold E. Fetomaternal
hemorrhage during external cephalic version. Obstet Gynecol 2008;112:79-84.

40

L. Hruban et al./European Journal of Obstetrics & Gynecology and Reproductive Biology 245 (2020) 39-44

[14] Salani R, Theiler RN, Lindsay M. Uterine torsion and fetal bradycardia
associated with external cephalic version. Obstet Gynecol 2006;108:820-2.

[15] Phelan JP, Stine LE, Mueller E, McCart D, Yeh S. Observations of fetal heart rate
characteristics related to external cephalic version and tocolysis. Am ] Obstet
Gynecol 1984;149:658-61.

[16] Leung TY, Fok WY, Chan LW, Law LW, Lau TK. Prediction of intrapartum
Cesarean delivery for non-reassuring fetal status after a successful external
cephalic version by a low pre-version pulsatility index of the fetal middle
cerebral artery. Ultrasound Obstet Gynecol 2006;27:416-9.

[17] Friedman EA, Neff RK. Hypertension-hypotension in pregnancy: correlation
with fetal outcome. JAMA 1978;239:2249-51.

[18] Griinberger W, Leodolter S, Parschalk O. Maternal hypotension: fetal outcome
in treated and untreated cases. Gynecol Obstet Invest 1979;10:32-8.

[19] Stirnemann ], Villar J, Salomon LJ, Ohuma E, Ruyan P, Altman DG, et al.
International estimated fetal weight standards of the INTERGROWTH-21st
Project. Ultrasound Obstet Gynecol 2017;49:478-86.

[20] Hruban L, Janku P, Jordanova K, Gerychova R, Huser M, Ventruba P, et al.
External cephalic version of breech fetus after 36 weeks of gestation -
evaluation of efectiveness and complications. Ceska Gynekol 2017;82:443-9.

[21] Wagnerova K, Hruban L, Janku P. External cephalic version after 36th week of
gestation Analysis of womens perspective. Ceska Gynekol 2017;82:355-61.

[22] Binder T, Unzeitig V, Velebil P. 7. Vedeni prenatalni pé¢e a porodu donoSeného
plodu v poloze koncem panevnim - doporuceny postup n.d.:2. [Available
from: http://www.lekaridnes.cz/wp-content/uploads/2016/08/p-2013-
vedeni-prenatalni-pece-a-porodu-donoseneho-plodu-v-poloze-koncem-
panevnim.pdf.

[23] External cephalic version and reducing the incidence of term breech
presentation: green-top guideline No. 20a. BJOG 2017;124:e178-92.

[24] Maternity - External Cephalic Version n.d.:16 [Available from: https://www1.
health.nsw.gov.au/pds/ActivePDSDocuments/GL2017_007.pdf.


http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0105
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0105
http://www.lekaridnes.cz/wp-content/uploads/2016/08/p-2013-vedeni-prenatalni-pece-a-porodu-donoseneho-plodu-v-poloze-koncem-panevnim.pdf
http://www.lekaridnes.cz/wp-content/uploads/2016/08/p-2013-vedeni-prenatalni-pece-a-porodu-donoseneho-plodu-v-poloze-koncem-panevnim.pdf
http://www.lekaridnes.cz/wp-content/uploads/2016/08/p-2013-vedeni-prenatalni-pece-a-porodu-donoseneho-plodu-v-poloze-koncem-panevnim.pdf
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0115
http://refhub.elsevier.com/S0301-2115(19)30540-8/sbref0115
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2017_007.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2017_007.pdf

4. Vyuziti elektronického monitorovani plodu pro zachyt
a hodnoceni zavazZnosti intrapartalni hypoxie

Béhem porodu je plod v déloze vystaven znacné zatézi, kterd jej vSak za fyziologickych
okolnosti nijak neohrozuje. Porodni déj je zalozen na pravidelné délozni ¢innosti, kterd zasadné
ovliviiyje distribuci krve smérem k placenté a nasledné k plodu. Placenta predstavuje jedinou
cestu, prostfednictvim které miize plod pfijimat kyslik, ziviny a zbavovat se odpadnich
produktti. Dostatecny piisun okysli¢ené krve, a naopak ocisténi krve od odpadnich produkta
metabolismu je zédkladnim ptfedpokladem zachovani dobrého stavu plodu. Kontrakéni ¢innost
periodicky omezuje vyménu krve mezi matkou a plodem, a pokud intenzita nebo frekvence
kontrakei ptevysi fyziologickou mez, zacne byt pfisun okysli¢ené krve nedostatecny a v obc¢hu
plodu se hromadi odpadni produkty [28]. Toto omezeni muze byt dile potencovano kompresi
pupecniku. Pokles kyslikové saturace a vzestup hladiny CO v periferni krvi plodu vede k
rozvoji stresu, na ktery plod reaguje aktivaci obrannych mechanismt. Mezi zakladni reakce
patii aktivace stresovych hormoni adrenalinu a noradrenalinu z nadledvin a pfima aktivace
vegetativniho nervového sytému prostiednictvim baroreceptorii a chemoreceptorti, umisténych
v cévni sténé¢ aortalniho oblouku a krkavic. Vysledkem je ovlivnéni kardiovaskularniho
systému plodu, projevujici se zménami srdecni frekvence, redistribuci krevniho zdsobeni,
aktivaci anaerobniho metabolismu s vyuZzitim zasobnich forem energie (glykogen), posunem
disociacni kiivky hemoglobinu a fadou dalSich zmén [29].

V souvislosti s nedostate¢nou oxygenaci plodu je pouzivana fada pojmii. Hypoxemie vyjadiuje
pokles saturace kysliku v arteridlni krvi plodu, zatimco hypoxie popisuje pokles saturace
kysliku ve tkanich plodu, ktery se rozviji jako nasledek pokracujiciho poklesu kyslikové
saturace. Dale je tfeba rozliSovat mezi respiracni acidéozou a metabolickou acidozou.
K respira¢ni acidoze dochazi pii nakupeni CO; ve fetalni krvi a tkdnich, nej€astéji v souvislosti

s kompresi pupecniku a nemoznosti dostate¢ného ocisténi fetalni krve od odpadnich produktt
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metabolismu plodu. Stav je rychle reverzibilni a nevede k ohrozeni plodu. Po porodu dochazi
k rychlé adaptaci plodu, ktery se nakupené¢ho CO; zbavuje béhem nékolika nadechi a vydechd.
Pfi stanoveni acidobazické rovnovahy a krevnich plynt ve fetalni krvi dominuje zvySeni
hodnoty pCO,. Oproti tomu k metabolick¢ acidoze dochdzi pti aktivaci anaerobniho
metabolismu s produkci laktatu a volnych vodikovych radikalt, které pokud nejsou dostatecné
neutralizovany, jsou ptimo zodpovédné za poskozeni bunck plodu [30].

Diagnostika metabolické acidozy je v souCasné dob¢ stale zaloZzena vyhradné na stanoveni
acidobazické rovnovahy a krevnich plynt ve fetdlni krvi, bezprostiedné po porodu plodu.
Zékladnimi veli¢inami, stanovenymi z arterialni krve plodu zGstdva pH, deficit basi
v extracelularni tekutiné nebo krvi (BD, BE) a hladina laktatu. Metabolickd acidoza je
definovana jako pH pod 7,00 a deficit basi vice jak 12 mmol/l. Hodnota pH pod 7,05 a BD nad
10 mmol/l jiz mize byt, dle nejnovejSich poznatkli, spojena s nepiiznivym vysledkem
(poskozenim plodu). Koncentrace laktatu v arterialni krvi plodu by neméla prevysit 10 mmol/I
(prahova hodnota se mtize lisit dle typu ptistroje) [30].

Dle platné definice je hlavnim cilem intrapartalniho monitorovani vcasnd identifikace
nedostatecné oxygenace plodu, soucasné¢ je vSak nutné zabranit zbyteCnym porodnickym
intervencim [31].

Autor se ve sv¢é habilita¢ni praci zaméfuje na metody elektronického monitorovani plodu za
porodu. Elektronické monitorovani plodu je neodmyslitelné spojeno s kardiotokografii (CTG),
jejiz podstatou je sniméani srde¢ni frekvence plodu. Intrauterinni monitorovani srde¢ni
frekvence plodu se zacalo vyuzivat zacatkem 19. stoleti, a to pomoci prvnich stetoskopi.
Koncem 19. stoleti byla stanovena kritéria pro normalni srde¢ni frekvenci plodu. V 60. letech
byl zkonstruovan prvni kardiotokograf, zalozeny na dopplerovském efektu. Od 70. let 20. stoleti
se stala kardiotokografie standardni monitorovaci technikou a také zakladni metodou pro

monitorovani stavu plodu béhem porodu [32].
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Podkapitola 4.1. je vénovana soucasné klasifikaci hodnoceni intrapartalni kardiotokografie
FIGO 2015, ktera je celosvétove akceptovana, a kterd se stala zakladem pro narodni doporuceny
postup. Na ptipraveé narodniho doporuceného postupu se autor aktivné podilel. Pfednostmi nové
klasifikace jsou vyrazné zjednodusSeni, srozumitelnost a stanoveni jednoznac¢nych kritérii, které
neumoznuji rozdilny vyklad.

Do elektronického monitorovani byly vkladany velké nad¢je stran v€asné identifikace hypoxie
plodu. Pocatecni nadSeni vSak bylo vystfiddno urCitym zklamanim. Ukazalo se, ze
kardiotokografie ma sice vysokou senzitivitu k zachytu hypoxie plodu, ale soucasn¢ je zatizena
nizkou specificitou. Coz ve svém disledku znamenalo vysoké procento zbytecnych operac¢nich
intervenci. Rozsifeni metody se tak pravdépodobné podilelo na strmém vzestupu procenta
cisafskych fezu, ktery vSak nebyl nédsledovan adekvatnim zlepSenim perinatalnich vysledka.
Zpusob hodnoceni kardiotokografie se predevSim v poslednim desetileti stal terCem stale
hlasitéjsi  kritiky. Bylo zddraznovano, Ze pouzivand doporuceni nereflektuji aktudlni
poznatky patofyziologie oxygenace plodu a jsou pfiliS§ komplexni. Opakované¢ byla
dokladovéna neunosné vysoka variabilita pti hodnoceni CTG zaznami [33].

Stanoveni miry variability pfi hodnoceni kardiotokografie je vénovana podkapitola 4.2.
Opakované je v literatufe i na odbornych férech poukazovano na vysokou miru neshody mezi
vice hodnotiteli. Dle nékterych autorti byly jednou z pfi¢in neshody ptedchozi klasifikace,
pouzivané k hodnoceni CTG zaznamu. Tyto klasifikace byly pfili§ komplexni a velké mnozstvi
parametri znesnadiiovalo v klinické praxi stanoveni jednoznacnych zavért [33]. Autor se ve
své habilitacni praci zaméfuje na stanoveni miry variability jak mezi vice hodnotiteli, tak
v ramci opakovaného hodnoceni jednim hodnotitelem v podminkach CR. Zamysli se také nad
moznymi pfi¢inami a zpusoby feseni.

Snahy o uplné nahrazeni kardiotokografie jinou metodou dosud nebyly Uspésné. Vzhledem

k vysoké senzitivité, ale omezené specificité kardiotokografie k identifikace plodi ohrozenych
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hypoxii (acidozou), byla béhem poslednich desetileti pfedstavena fada metod s cilem doplnit a
zptesnit informace o stavu plodu. Z téchto metod se v soucasnosti pouziva v omezené mife jen
nekolik z nich. Patfi sem vySetieni kapilarni krve z hlavicky plodu (FBS), analyza ST tseku
EKG kitivky plodu (ST analyza), stimulacni testy a pocitacova analyza CTG zaznamu (cCTG).
Dale rozvijeny jsou pouze ST analyza a cCTG. Ostatni metody byly opustény [34].

Pocitacové analyze CTG zédznamu je vénovana podkapitola 4.3. Cilem zapojeni modernich
technologii je pfedevSim eliminovat vyraznou variabilitu a neshodu v hodnoceni CTG.
Soucasné jsou pomoci pokrocilych systému vypocetni techniky vyhledavany nové jevy na CTG
zadznamu, které neni mozné stanovit pouhym okem. Dosud pfedstavené systémy hodnoceni jsou
zaloZeny na rozdilnych matematickych algoritmech a zpiisobech interpretace. Jedna se o nové
technologie, které¢ predstavuji velky potencial do budoucna [35,36]. Zatim zGstava jejich
klinické pouziti omezené, ale vyzkum v této oblasti intenzivné pokracuje.

Autor se ve své habilita¢ni praci zaméiuje na stanoveni zékladnich principii a ptredpoklada pro
identifikaci stavajicich charakteristik CTG zdznamu a vyhledavani novych jevii na CTG
zdznamu pomoci pocitaCovych systémi, které jsou zakladem pro budouci automatickou
analyzu. Zavéry jsou vysledkem dlouholeté spoluprace Gynekologicko—porodnické kliniky
MU a FN Brno s CVUT v Praze. Vytvofena pracovni skupina je souéasti Gizce spolupracujici
komunity, sdruzujici tymy se stejnym védeckym zamétenim z celého svéta. Na pravidelnych
setkanich probihd vyména nézorG a prezentace novych poznatk - Signal Processing and
Monitoring in Labour (SPaM) [15].

Podkapitola 4.4. je vénovana analyze ST useku EKG kiivky plodu, vyuzivajici kombinace
kontinualniho CTG zaznamu a kontinualniho zaznamu EKG plodu pomoci skalpové elektrody.
ST analyza je vsoucasné dobé jedinou metodou, ktera ma na urovni elektronického
monitorovani plodu v pribéhu porodu potencial rozsitit spektrum informaci o stavu oxygenace

plodu [34]. Podstatou metody je sledovani zmén vysky viny T a komplexu QRS na EKG kiivce
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plodu. Jedna se o monitorovani srdce plodu, jakozto centralniho organu, a predevsim obrannych
a adaptacnich procestt myokardu. Typickym obrannym mechanismem myokardu pfi rozvoji
pokrocilé hypoxemie je pfechod na anaerobni metabolismus, ktery je provazen
charakteristickymi zménami ST useku EKG kiivky plodu [37]. Mezi nejvyraznéjsi limity
metody patii ne zcela snadnd interpretace vysledkt, kterd vyzaduje predchozi zkuSenosti.
Zékladem je spravna klasifikace zmén na CTG zdznamu, nésleduje vyhodnoceni ST analyzy
a klinicka interpretace zaloZzena na vzajemné korelaci vysledkii obou metod. Zahajeni ST
analyzy je nutné jest¢ pred rozvojem vyznamné hypoxemie, jinak hrozi, ze charakteristické
obranné projevy plodu nebudou zachyceny. Dalsim dilezitym pravidlem je nadifazenost CTG
v ptipad¢ jednoznacné patologického CTG zadznamu, kdy je nutna intervence bez ohledu na
vysledek ST analyzy [38]. Zavéry velkych randomizovanych studii, zamétfenych na pokles
incidence metabolické aciddézy a operacnich porodl, nejsou jednotné. Jedna z poslednich
multicentrickych studii, kterd prob&hla v USA, pifinos metody neprokéazala [39]. Jednim
z divodli mohou byt upravena kritéria pro hodnoceni ST analyzy a nerespektovani postupti,
které jsou v souvislosti s touto metodou pouzivany v evropskych statech [40]. Na druhou stranu
existuji velka perinatologickd centra, ktera opakovan¢ dokladaji kontinualni zlepSovani
vysledki (pokles metabolické acidozy, stabilni nebo klesajici procento operacnich intervenci)
po zavedeni ST analyzy a systematického tréninku hodnoceni CTG [40,41]. ST analyza je stale
povazovana za relativné novou metodu a je poukazovano na potrebu dalSich randomizovanych
studii a ptipadnych zmén pravidel pro hodnoceni.

Autor se ve své habilitacni praci zaméfuje na vyuziti ST analyzy pfi monitorovani ploda
s pfedpokladanou ristovou restrikci, kdy k rozvoji intrauterinni tisné plodu a jeho Casné
dekompenzaci dochazi zpravidla velmi rychle. Divodem jsou vycerpané rezervy plodu
a redukované obranné mechanismy pii dlouhodobé probihajici subklinické hypoxii. Projevy

plodu, spojené s nedostatecnou oxygenaci, mohou mit pii analyze ST useku EKG kiivky plodu
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odlisny charakter. Tento fakt je zplsoben piedev§im snizenim zasob glykogenu, ktery je
nezbytnou podminkou plné aktivace anaerobniho metabolismu.

Dal$im tématem je vyuziti ST analyzy u pred¢asnych porodit mezi 30. — 36. tydnem gravidity.
Doporuceni k provadéni ST analyzy jsou omezena na téhotenstvi po 36. gestatnim tydnu.
Dtivodem jsou rozdilné projevy nezralého myokardu, které mohou byt zdrojem obtizné
interpretace vysledkti. Na vyuziti ST analyzy u pfedCasnych poroda se v soucasné dob¢ opét
obraci pozornost a stava se aktualnim tématem.

Podkapitola 4.5. je zaméfena na nové biochemické markery hypoxie plodu, které 1ze stanovit
z periferni krve matky jiz v pribéhu porodu. Je prokazano, Ze nizka hladina kysliku méni
expresi fady genii. To umoziuje buiikdm spustit adaptivni procesy, které zahrnuji zmény
v bunééném déleni, ptezivani, ¢i diferenciaci. Hlavnimi transkripénimi faktory reagujicimi na
snizeni zasobovani tkané kyslikem jsou hypoxii indukované faktory (HIF) [42]. Reakce na
hypoxii nastava také na posttranslac¢ni Grovni, zvySenou expresi n¢kterych miRNA. Hlavni
miRNA reagujici na nizkou hladinu kysliku je miR-210, jejiz zvySena exprese byla popsana
v mnoha studiich [43,44].

V téhotenstvi jsou vysSe zminéné RNA uvolnovany z fetoplacentarni jednotky do krevniho
ob¢hu matky, odkud je miizeme izolovat. Nékteré studie uvadéji, ze jejich mnozstvi koreluje se
stupném hypoxie plodu a mohly by tedy byt dobrym indikatorem pro stanoveni zavaznosti
hypoxie.

V habilitacni praci se autor zamétuje na vybrané markery, spojované dle vysledki recentnich
studii s hypoxii plodu. Cilem je ovéfit moznou detekci zvySenych hladin miR-210 a transkript
HIF1a, HIF20, adrenomedullinu a laktatdehydrogenazy-A v mateiské krvi, pfi intrauterinni
hypoxii plodu. Dale zjisténi, zda velikost zmény v koncentraci téchto markerti odpovida stupni

hypoxie plodu.
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4.1. Hodnoceni kardiotokografie v priabéhu porodu
— narodni doporuéeny postup Ceské gynekologické
a porodnické spole¢nosti (CGPS) a implementace nové
klasifikace FIGO 2015

V roce 1986, tedy dvacet let po zavedeni kardiotokografie do rutinni praxe, byl vytvoren
z iniciativy celosvétové organizace FIGO (Mezinarodni federace gynekologie a porodnictvi)
prvni uceleny doporuceny postup pro hodnoceni monitorovani plodu. Tak byl polozen zaklad
pro terminologii, zplisob provadéni a hodnoceni kardiotokografie [32]. Tento mezinarodni
doporuéeny postup byl piijat i jako doporu¢eny postup CGPS (Ceské gynekologické
a porodnické spolecnosti).

Hodnoceni CTG bylo vypracovano zvlast pro prepartalni zdznamy a zvlast’ pro intrapartalni
zaznamy. Klasifikace CTG zdznamt z piredporodniho obdobi a zaznamti pofizenych béhem
porodu se od sebe v mnohém lisi.

Podstatou hodnoceni CTG zdznamu je popis zmén srde¢ni frekvence plodu. Tyto zmény je
mozné delit na dlouhodobé, stiednédobé a kratkodobé. Vlastni hodnoceni CTG zdznamu by
melo zalit urCenim bazélni linie srde¢ni frekvence, variability, identifikaci akceleraci,
deceleraci a kontrakci. Nasledovat by mélo komplexni zhodnoceni CTG zdznamu. Vysledkem
hodnoceni je oznaceni kiivky za fyziologickou, suspektni ¢i patologickou.

Klasifikace FIGO 1986 byla v poslednich letech stale Castéji kritizovana pro svoji komplexnost
a slozitost, umoziyjici riizny vyklad a tim rizné vysledné hodnoceni CTG. Navic bylo
poukazovano na fakt, Zze klasifikace dostate¢né nereflektuje aktudlni poznatky z oblasti
patofyziologie oxygenace plodu. Rada odbornych spoleénosti si vytvaiela své vlastni
modifikace, které se vice ¢i mén¢ od ptivodni klasifikace liSily [45,46].

Vroce 2013 byla organizaci FIGO ustavena komise, kterd méla za ukol vytvofit novou
klasifikaci pro hodnoceni intrapartalni kardiotokografie. Do komise bylo nominovano

narodnimi spolecnostmi 33 experti zabyvajicich se intrapartalnim monitorovanim a 13 autorti
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nejvyznamnéjSich publikaci na dané téma. Kromé organizace FIGO se na praci podilela
Mezinarodni konfederace porodnich asistentek. Vytvofeni nového doporuc¢eného postupu
trvalo 2 roky a jednalo se o vzajemny konsenzus. Materidl byl oficidln¢ predstaven na
celosveétovém kongresu FIGO, konaném v fijnu 2015 ve Vancouveru a souhrnné publikovan na
podzim 2015 [30,31,34].

Na rozdil od ptvodni klasifikace FIGO 1986 se nova klasifikace vénuje vyhradné hodnoceni
CTG béhem porodu. Vyznam CTG v pfedporodnim obdobi byl v poslednich letech zpochybnén
a vfadé zemi bylo jeho provadéni vyrazné omezeno nebo od néj bylo zcela upusténo. Pro
hodnoceni prepartalniho CTG je tedy stale dostupna pouze puvodni klasifikace z roku 1986.
Jednou z hlavnich vyhod nové klasifikace je vyrazné zjednoduSeni a omezeni kategorie
suspektnich CTG zaznamii. Tato kategorie piedstavuje jakousi pfechodnou skupinu, kam muze
byt chybné zatazena i velka Cast jak fyziologickych, tak patologickych zaznama.

Cesky narodni doporudeny postup pro hodnoceni kardiotokografie v priibéhu porodu byl
vypracovan v roce 2016. Vychazel z nové¢ klasifikace FIGO 2015 a ma 2 samostatné Casti, které
byly publikovany oddé€lené. Prvni ¢ast predstavuje vlastni doporuceny postup, ktery piehledné
popisuje pravidla hodnoceni jednotlivych parametri CTG kiivky. Druhou cast tvoii vykladova
zprava, kterd ma za cil podrobnéjsi vysvétleni jednotlivych zmén, s dirazem na pochopeni
patofyziologickych podkladi popisovanych jevl. Autor se aktivné podilel na tvorbé
1 nasledné prezentaci obou dokumentii, které¢ vznikly jako konsensus pracovni skupiny, ktera
se danou problematikou zabyvala. Odborna vefejnost byla s dokumenty seznamena na
celostatnim kongresu. Od roku 2017 autor pravidelné ptipravuje a zajistuje workshop na téma
monitorovani plodu za porodu a hodnoceni CTG dle klasifikace FIGO 2015 na celostatnim
kongresu Sekce perinatologie a fetomaterndlni mediciny. Podrobny popis novych zasad pro

hodnoceni intrapartalni kardiotokografie — viz. ptilohy 4.1.1. a 4.1.2.
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4.1.1. Méchurova A, Velebil P, Janki P, Hruban L. Interpretace intrapartalniho
fetalniho kardiotokogramu - FIGO 2015. Ceska Gynekol. 2016:;81(2):89-91.

4.1.2. Méchurova A, Velebil P, Hruban L, Janku P. Sou¢asné moznosti

a doporuceni pro intrapartalni monitorovani ozev plodu. Ceska Gynekol.

2016;81(2):112-124.
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INTERPRETACE

INTRAPARTALNIHO FETALNIHO
KARDIOTOKOGRAMU - FIGO 2015

Doporuceny postup

Ceské

synekologické a porodnické spole¢nosti (CGPS) _

Ceske lekarské spole¢nosti Jana Evangelisty Purkyné (CLS)

Pracovni skupina: Méchurova A., Velebil P., Jankl P., Hruban L.

Oponenti: S o
vybor CGPS CLS JEP

vybor Sekce perinatologie a fetomaternalni mediciny CGPS CLS JEP

Revize doporuceného postupu CGPS CLS JEP

publikovaného v Ces. Gynek. 2013, 78, supplementum, s. 26-27.

Text vychazi z prace a dostupnych publiko-
vanych odbornych zdroju k dané problematice:
FIGO consensus guidelines on intrapartum fetal monito-
ring: Cardiotocography. Diogo Ayres-de-Campos, Catherine
Y. Spong, Edwin Chandraharan; International Journal of
Gynecology and Obstetrics 131(2015) 13-24.

Tento dokument nahrazuje ¢ast stavajiciho
doporuceného postupu hodnoticiho intrapar-
talni CTG.

Analyza kardiotokogramu (CTG) za¢ina hodno-
cenim zakladnich parametrti (bazalni frekvence,
variabilita, akcelerace, decelerace a kontrakce),
nasleduje celkova Klasifikace CTG. Hodnoceni pro-
vadi 1ékat nebo porodni asistentka.

1.1 Hodnoceni zdkladnich parametri CTG
1.1.1 Bazalni frekvence (BF)

Bazalni frekvence je primérna hodnota srdecni
frekvence, ktera je posuzovana v desetiminutovych
Casovych tsecich. Hodnota BF se m{ize v pribéhu
CTG zdznamu meénit.

U zaznam s nestabilnimi signaly mtiZe byt pro
zhodnoceni BF nezbytné posouzeni predchazejicich
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Schvéleno vyborem CGPS CLS JEP dne 4. 3. 2016.

Ces. Gynek., 2016, 81, ¢. 2, s. 89-91

usekd a/nebo vyhodnoceni v del$i ¢asové periodé,
zejména v druhé dobé porodni, nebo v situacich,
kdy je nutno odlisit stav aktivniho bdéni, které by
mohlo vést k chybnému stanoveni vyssi BF.
Normalni BF: hodnota mezi 110 a 160 tepy za
minutu.
Tachykardie: BF nad 160 tepl za minutu trvajici
vice nez 10 minut.
Bradykardie: BF pod 110 tepll za minutu trvajici
vice nez 10 minut.

Hodnoty mezi 100-110 tepy za minutu mohou
byt u terminovych a poterminovych plod{ pova-
Zovany za normalni.

1.1.2 Variabilita

Variabilitou oznacujeme oscilace srdecni frek-
vence plodu, vyjadfené pramérnou $ifkou pasma
amplitudy signalu v jednominutovych segmen-
tech.
Normalni variabilita: 5-25 tep{i za minutu.
SniZena variabilita (redukovana variabilita):
méné nez 5 tepll za minutu déle nez 50 minut v za-
kladnich segmentech nebo béhem prolongované
decelerace trvajici déle nez 3 minuty.
Zvy$ena variabilita (saltatorni typ): vice nez 25
tepll za minutu trvajici déle nez 30 minut.

2016,81,¢.2  CESKA GYNEKOLOGIE
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1.1.3 Akcelerace

Za akceleraci povazujeme rychly vzestup (vrcho-
lu dosazeno béhem 30 sekund) srdecni frekvence
plodu nad BF o vice nez 15 tepli za minutu a trvani
vice nez 15 sekund, ale méné nez 10 minut. Pfed 32.
tydnem je akceptovano zvysSeni srdecni frekvence
plodu nad BF o vice nez 10 tepli za minutu a trvani
vice nez 10 sekund.

1.1.4 Decelerace

Za deceleraci povazujeme pokles srde¢ni frek-
vence pod bazalni linii o vice nez 15 tepti za minutu
a trvajici déle nez 15 sekund.
Rané decelerace: decelerace, které jsou mélké,
kratkodobé, s normalni variabilitou v ramci de-
celerace a jsou ¢asové shodné s kontrakcemi. Jsou
zfejmé zplsobeny kompresi hlavy plodu a nezna-
menaji hypoxii/acidézu plodu.

Variabilni decelerace (tvar pismene V): decele-
race, které vykazuji rychly pokles (dosaZeni mi-
nimalnich hodnot za méné nez 30 sekund), maji
zachovanou variabilitu béhem decelerace, rych-
1y navrat na bazalni linii, rdznou velikost, tvar
a vztah ke kontrakcim délohy.

Pozdni decelerace (tvar pismene U a/nebo
s omezenou variabilitou): decelerace s postup-
nym nastupem a/nebo postupnym navratem na BF
a/nebo sniZzenou variabilitou v rdmci decelerace.
Jak pokles k nejnizsimu bodu decelerace, tak na-
vrat na BF by mél trvat déle nez 30 sekund.

Jsou-li délozni kontrakce dostate¢né monitorova-
ny, pak pozdni decelerace zac¢ina vice nez 20 sekund
po zacatku kontrakce, ma nejnizsi pokles po vrcholu
kontrakce, a navrat k BF je po skonceni kontrakce.

U zaznamu bez akceleraci a se sniZenou varia-
bilitou mohou mit pozdni decelerace amplitudu
pouze 10-15 tepli za minutu (mélké decelerace).
Prolongovana decelerace: trvajici déle neZ 3 mi-
nuty

Prolongované decelerace trvajici déle neZ 5 mi-
nut s BF nizsi nez 80 tepli za minutu a sniZenou
variabilitou béhem decelerace jsou ¢asto spojeny
s akutni fetalni hypoxii/acidézou a vyzaduji ne-
odkladné feSeni.

1.1.5 Sinusoida

Za sinusoidu povazujeme pravidelny, hladky,
zvlnény signal pripominajici sinusoidu s amplitu-
dou 5-15 tiderti za minutu o frekvenci 3-5 cykli za

Tab. 1
Kardiotokografie: klasifikacni kritéria, interpretace a doporuceny management?
Normalni Suspektni Patologické
Bazalni linie 110-160 tepd/min. <100 tepd/min.
Redukovana variabilit > 50 min.,
Variabilita 5-25 tepl/min. o L zvy$ena variabilita > 30 min.,
Chybéni alespon jedné sinusoida > 30 min.
charakteristiky normality, avsak
bez patologickych znak Opakované pozdni nebo prolongované
o ) decelerace za obdobi > 30 minut
Zadné opakovangé® B,
Decelerace nebo 20 min. pfi snizené variabilité,
decelerace . 3
nebo jedna prolongovana decelerace
>5min.
) L Plod s nizkou pravdépodobnosti Plod s vysokou pravdépodobnosti
Int t Plod bez h d : L ! L
nterpretace od bez hypoxie/aciddzy hypoxie/acidozy hypoxie/acidozy
Okamzité opatfeni ke korekci
. itelnveh piic it1 daleich
Opatreni ke korekci odvratitelnyc DrICII’],/DOUZItI dalsic
: , metod ke zhodnoceni oxygenace
. . et odvratitelnych pficin, pokud .
. Neni potfeba zadné ) ) I X . plodu nebo, pokud to neni mozné,
Klinicky ) L jsou identifikovany, peclivé |
intervence pro zlepseni : - i ier rychly porod.
management monitorovani nebo pouziti dalsich L )
stavu oxygenace plodu . V akutnich situacich (prolaps
metod ke zhodnoceni oxygenace . N .
lodu pupecniku, ruptura délohy ¢i
P abrupce placenty) by mél byt porod
bezprostredn.

2Pritomnost akceleraci znamena, ze plod nema hypoxii/aciddzu, nicméné vyznam jejich absence v pribéhu porodu je nejista.

> Decelerace jsou svoji povahou opakované, pokud se vyskytuji u vice nez 50 % kontrakci.
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minutu. Takovy charakter zaznamu trva vice nez
30 minut a nevyskytuji se zde akcelerace.

1.1.6 Pseudosinusoida

Jde o typ kfivky pfipominajici sinusovy zaznam,
ktery je ale pilovitého charakteru. Jeji trvani zfidka
pfekroci 30 minut a je charakterizovana normal-
nim CTGC zaznamem pfed a po skonceni. Nékdy je
obtizné rozlisit pseudosinusoidalni vzor od pravého

vvvvvv

je délka trvani zaznamu.

1.1.7 Kontrakce

Kontrakce jsou charakterizované postupnym
vzestupem délozni aktivity a naslednym syme-
trickym poklesem. Kontrakce trvaji 45-120 s.
Kontrakce jsou nezbytné pro progresi porodu, ale
stlacuji cévy bézici uvnitf myometria a mohou pfe-
chodné sniZovat perfuzi placenty a/nebo zptisobit
kompresi pupecniku. S tokosondou 1ze spolehlivé
vyhodnotit pouze frekvenci kontrakci.

Tachysystolie predstavuje nadmérnou frek-
venci kontrakci a je definovana jako vyskyt vice
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nez péti kontrakci za 10 minut ve dvou po sobé
jdoucich desetiminutovych obdobich, nebo v prii-
meéru béhem 30 minut.

Klasifikace vyzaduje pfedchozi posouzeni za-
kladnich charakteristik CTG (viz vySe). Zaznam by
meél byt zafazen do jedné ze tfi skupin: normalni,
suspektni, nebo patologicky v souladu s predloze-
nymi kritérii v tabulce 1. Vzhledem k ménici se
povaze CTG signalt béhem porodu, by zdznam
mél byt hodnocen alespon jednou za 30 minut.

Vlastnosti ozev plodu miiZe ovlivnit fada fak-
torti véetné gestacniho stari a medikace (viz vyse).
Proto musi byt kardiotokogram pro komplexni
interpretaci a adekvatni management integrovan
s dal§imi klinickymi informacemi.

Je obecnym pravidlem, Ze pokud plod udrzuje
stabilni BF a normalni variabilitu, je riziko hypo-
xie CNS velmi nepravdépodobné.

2016, 81, €. 2
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Soucasné moznosti a doporuceni pro

intrapartalni monitorovani ozev plodu

Current status and recommendations for intrapartum
monitoring of fetal heart rate

Méchurova A.', Velebil P.!, Hruban L.2, Jank P.2

Ustav pro péc¢i o matku a dité, Praha, doc. MUDr. J. Feyereisl, CSc.
2Gynekologicko-porodnicka klinika LF MU a FN, Brno, pfednosta prof. MUDr. P. Ventruba, DrSc.

Monitoring of fetal heart rate is one of the basic compo-
nents of obstetrical care, in which the cardiotocography
remains the gold standard and screening method in
early diagnosis of fetal hypoxia, even after introduction
of other selective methods of intrauterine monitoring of
fetal well-being. The review article is divided into several
parts: pathophysiology of fetal oxygenation, fetal heart
rate and changes of fetal hemodynamics, and rules for
fetal heart rate auscultation. The main principles of car-
diotocographic monitoring and evaluation of ante- and

Clanek je prehledem soucasnych znalosti o monitorovani
plodu in utero. Monitorovani plodu je zakladni sloZkou
porodnické péce, kdy kardiotokografie z(stava stale
zlatym standardem a screeningovou metodou v ¢asné
diagnostice hypoxie plodu i po zavedeni selektivnich
metod sledovaniintrauterinniho stavu plodu. Pfehledovy
¢lanek je koncipovan do nékolika oddilll - pojedndva
o patofyziologii oxygenace plodu, o srdec¢ni ¢innosti
plodu a zménach fetalni hemodynamiky a také o pra-

Zavedenim elektronického monitorovani sr-
decni frekvence plodu do klinické praxe byla ziska-
na metoda, jejimz cilem bylo identifikovat plody
s rozvojem hypoxie ante- i intrapartalné a vcas-
nou intervenci zabranit rozvoji tézZké metabolické
acidézy a asfyktickému poskozeni plodu ¢i jeho
amrti. Monitorovani plodu je zakladni slozkou
porodnické péce a kardiotokografie zlistava zlatym
standardem a screeningovou metodou v ¢asné dia-
gnostice hypoxie plodu i po zavedeni selektivnich
metod sledovani intrauterinniho stavu plodu.
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intrapartrum recordings according to the FIGO criteria
from 1986 and evaluation of intrapartum recordings
according to the 2015 FIGO recommendations are men-
tioned. At the end a comparative table of 1986 FIGO and
2015 FIGO criteria is presented.

Design: Review.

cardiotocography (CTG), CTG classification -
FIGO 1986, FIGO 2015, diagnosis of fetal hypoxia,
auscultation of fetal heart, fetal monitoring in utero

vidlech auskultace plodu. Jsou zminény hlavni principy
kardiotokografického vySetfeni a posuzovani ante- ain-
trapartalnich monitord podle kriterii FIGO z roku 1986
a hodnoceni intraparartalnich monitord podle FIGO 2015
S v zaveéru pfipojenou srovnavaci tabulkou.

Typ studie: Prehledovy clanek.

kardiotokografie (CTG), klasifikace CTG - FIGO
1986, FIGO 2015, diagnostika hypoxie plodu,
auskultace ozev plodu, monitorace plodu in utero

Ces. Gynek., 2016, 81, ¢, 2, 5. 112-124

Hlavnim cilem intrapartalniho monitorovani je
vCasna identifikace nedostate¢né oxygenace plodu
a na druhou stranu zabranéni zbyte¢nym porod-
nickym intervencim. Je nutné definovat zakladni
pojmy jako hypoxémie (pokles saturace kysliku
v arteridlni krvi plodu) a hypoxie (pokles saturace
kysliku ve tkanich plodu). Podstatny je rozdil me-
zi respiracni acidézou a metabolickou acidézou.
K respiracni acidéze dochazi pfi nakupeni CO,
ve fetalni krvi a tkanich, nejéastéji v souvislosti



s kompresi pupec¢niku a nemoznosti dostatecné-
ho ocisténi fetdlni krve od odpadnich produktt
metabolismu plodu. Stav je rychle reverzibilni
a nevede k ohroZeni plodu. Oproti tomu k meta-
bolické acidéze dochazi pti aktivaci anaerobniho
metabolismu s produkci laktatu a volnych vodi-
kovych radikald, které, pokud nejsou dostatecné
neutralizovany, jsou zodpovédné za poskozeni
bunék plodu. Termin metabolicka acidéza neni
pouzivan zcela spravné, protoze popisuje stav ve
tkanich, ktery neumime monitorovat béznymi
metodami. Spravné by mél byt pouzivan termin
metabolicka acidémie, vyjadtujici mnozstvi vodi-
kovych radikald ve fetalni krvi. Terminy jsou vSak
béZné zamérnovany.

Diagnostika metabolické acidézy je v soucasné
dobé stale zaloZena vyhradné na stanoveni acido-
bazické rovnovahy ve fetdlni krvi, bezprostfedné
po porodu plodu. Zakladnimi veli¢inami stanove-
nymi z arteridlni krve plodu z@istavaji pH, deficit
bazi v extracelularni tekutiné nebo krvi (BD, BE)
a hladina laktatu. Metabolicka acidéza je defino-
vana jako pH méné nez 7,00 a deficit bazi vice nez
12 mmol/1 [1, 38, 39]. Hodnota pH pod 7,05 a BD
nad 10 mmol/1jizZ m@zZe byt spojena s nepfiznivym
vysledkem [65]. Koncentrace laktatu v arteridlni
krvi plodu by nemeéla prevysit 10 mmol/l (prahova
hodnota se miiZe liSit podle typu pfistroje) [5, 69].

Kardiotokografie poukazuje vyhradné na fre-
kvencni zmény srdecni akce plodu dané zména-
mi fetdlni hemodynamiky, které byly vyvolany
vegetativnimi impulzy vychazejicimi ze systému
baro- a chemoreceptort ve velkych cévach plodu
a z myokardu. Tento systém reaguje na tlakové
zmény v cévach plodu a na prohlubujici se stupen
respiracni, popt. metabolické acidézy v jeho krvi,
které jsou vyvolany poruchami kyslikové saturace
fetalni krve a prekazkami ve fetalni hemocirkula-
ci. Srde¢ni frekvence plodu je modulovana fadou
podnétdl - je vyslednici pfevodniho srde¢niho sys-
tému modifikovaného §irokou fadou proménnych
fetdlniho i maternalniho vnitfniho prostfedi.

Autonomni nervovy systém (vegetativni) za-
jistuje dynamickou rovnovahu nejzakladnéjsich
zivotnich funkci, mimo jiné ¢innost hladkého
svalstva, srdce a z1az. Vegetativni nervovy systém
ma Cast periferni a centralni. V periferii je efe-
rentni systém délen na sympaticky (adrenergni)
a parasympaticky (cholinergni, vagovy) nervovy
systém. Sympaticky a parasympaticky systém zraji
odlisné s ohledem na gestac¢ni vék. Sympaticky
systém dozrava rychleji a to ma za nasledek mirné

svvs

rychlejsi bazalni frekvenci v nizsich gesta¢nich
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tydnech. Autonomni nervovy systém je citlivy na
kritickou Groven hypoxie plodu, a proto mohou
byt zmény v bazdlni frekvenci a variabilité ozev
plodu pouzivany jako dilezité ukazatele jeho sta-
vu. Rozvoj fetdlni hypoxie, a tim mozné posko-
zeni plodu, je zavisly na vlastni pfi¢iné poruchy
ajejiintenzité, na dobé expozice i na individualni
schopnosti plodu (v zavislosti na gestacnim staii)
tyto poruchy v pocateénim stadiu kompenzovat.
Kardiotokograficky zaznamenané frekvencéni zmé-
ny citlivé reprodukuji poruchy kyslikového zasobe-
ni plodu jiz v samém pocatku jejich vzniku, jesté
pfi kompenzaénich hemodynamickych mechanis-
mech fetdlni cirkulace. Tato informace je cenna,
protoZze upozornuje na zacatek mozného dalsiho
rozvoje hypoxémie a posléze hypoxie plodu.

Nejvétsi nebezpedi z pfekroceni mezi normal-
nich hodnot téchto ukazateld hrozi plodu pfi cir-
kula¢nich poruchach vinterviléznich prostorech.
Diisledek této poruchy je zavisly na jeji intenzité
a rychlosti rozvoje a také na casovém obdobi ve
vztahu k délce téhotenstvi. A tak v nékterych pfi-
padech mizZe byt pfedCasny porod, intrauterinni
ristova retardace, hypoxie plodu, jeho organové
poskozeni ¢i intrauterinni smrt plodu z hlediska
kyslikové a energetické deprivace disledkem téze
poruchy [42]. 1 kdyzZ prohlubujici se CTG frekvencni
zmény az k nalezim patologickym jdou ruku v ruce
s prohlubujicim se frekvencnim deficitem, kardio-
tokograficky nalez nevystihuje pfesné okamzik
nutného operacniho ukonceni porodu, a to i kdyz
spravné ptrihliZime ke stadiu porodu a k dalsim
moznym pri¢indm fetdlni tisné.

Auskultace ozev plodu je nedilnou soucasti mo-
nitorovaniivmodernim porodnictvi. Je vyuzivana
u nerizikové populace a tam, kde neni k dispozi-
ci Zadna jina technika pro monitorovani plodu.
Studie, které srovnavaly intermitentni auskultaci
s kontinualnim CTG u nizce rizikové i vysoce riziko-
vé populace, prokazaly, ze CTG je spojeno s nizsim
vyskytem novorozeneckych keci, ale s vyssi inci-
denci cisafskych fezli a instrumentalnich porodd.
Neni tady presvédcivy dikaz o prospésnosti CTG
monitorovani pfi srovnani s intermitentni auskul-
taci. Neexistuji ale studie porovnavajici intermi-
tentni auskultaci a nemonitorovani. Je doporuceno
vyuzivat auskultaci tam, kde neni dostupny CTG
pristroj nebo u nizkorizikové populace [20, 26].

Nevyhodou auskultace je relativné dlouha doba
potfebna pro dobré zvladnuti této metody. Béhem
auskultace by mély byt kromé srdecni frekvence
zaznamenavany i délozni kontrakce, pohyby plodu
a srdecni ¢innost matky. Je doporuceno plod aus-
kultovat kazdych 15 minut béhem 1. doby porodni

2016,81,¢.2  CESKA GYNEKOLOGIE

13



14

akazdych 5 minut béhem 2. doby porodni po dobu
60 sekund béhem kontrakce a alespon 30 sekund
po kontrakci [5]. Pokud pfi poslechu neni srdecni
frekvence v normé, je nutné pokracovat s auskul-
taci alesponi po dobu tfi kontrakci. Vyhodnocuje
se bazalni frekvence, decelerace a frekvence kon-
trakci [37].

Kardiotokograf zaznamena kardiotachografic-
kou kfivku se srde¢ni frekvenci, propoc¢tenou z ¢a-
sového odstupu vzdy dvou nasledujicich srdecnich
cykld (QRS komplex1i) od tepu k tepu. Vlivem ner-
vové vegetativnich impulzii, podle momentalnich
pozadavkl vnitiniho prostfedi, se tyto intervaly
jeden od druhého za normalnich okolnosti mirné
1isi, coz je registrovano jako kolisani (variabilita)
kardiotachografické kiivky. Tyto vykyvy nevnima-
me pouhym poslechem plodovych ozev.

Srdecni frekvence plodu je na displeji pristroje vy-
jadfend na grafickém zaznamu, pfirychlosti posunu
papiru v nasich podminkach 1 cm za minutu s ras-
trem, ktery vyjadiuje casové a frekvencni hodnoty.
Na papife je nastavitelny zaznam o aktudlnim case
adatu (nutna kontrola z forenznich divodii) a o typu
pouzitého snimace. Dale pfistroj vykazuje na dis-
pleji jednotlivé (Ciselné digitalni) hodnoty srdecni
frekvence (fetal heart rate - FHR). Kardiotokografie
predstavuje vySetifovaci metodu, ktera hodnoti cha-
rakteristiku fetalnich ozev ve vztahu ke kontrakéni
¢innosti délohy. Je metodou umoznujici véas dia-
gnostikovat vedle poruch délozni ¢innosti i hypoxe-
mické nitrodélozni ohroZeni plodu tak, aby mohla
byt podniknuta opatfeni zamezujici pripadnému
hypoxickému poskozeni nebo tmrti plodu.

Kardiotokografie vSak nediagnostikuje, s vy-
jimkou extrémnich nalezi, pfimo pritomnost
a stupen mozné tkanové hypoxie plodu, ale pouka-
zuje vyhradné na zmény fetalni hemodynamiky,
které byly vyvolany vegetativnimi impulzy, vy-
chézejicimi ze systému baro- a chemoreceptort ve
velkych cévach plodu a z myokardu.

Antepartalni kardiotokografie podie FIGO 1986
Cilem antepartalni kardiotokografie je zabranit
neurologickému poskozeni a smrti plodu v disledku
nitrodélozni hypoxie. Kardiotokografie v téhotenstvi
se provadi formou nezatézového testu, nebo v indi-
kovanych pripadech jako zatézovy kontrakéni test.
Antepartalni CTG je nadale posuzovano dle FIGO
1986, hodnoceni nedoznalo zmén. Ke zméneé doslo

v doporuceném postupu ,, Zasady dispenzarni péce
ve fyziologickém téhotenstvi“, kdy nové uvadime, zZe

z vz

CTG natacime nejpozdéji od 40+0 tydne t€hotenstvi.

Interpretace antepartalniho
kardiotokogramu

Pfi hodnoceni antepartalniho kardiotokogra-
fického zaznamu je tfeba zohlednit gestacni stafi,
pfipadné ovlivnéni akce srdecni onemocnénim
matky nebo aplikaci 1éki ¢i patologickym stavem
plodu (ristova restrikce, anémie, arytmie). Pfi
nalezu akceleraci a normalni variability je zfejmé,
Ze plod neni hypoxicky ani acidoticky.

Pouziti antepartalniho kardiotokografického
vySetfeni je konsenzualni. Neexistuji randomi-
zované studie dokladajici efektivitu vySetfeni.
Antepartalni kardiotokografie pfed terminem po-
rodu je doporucovana u rizikovych gravidit (pla-
centarni insuficience, poruchy uteroplacentarni
perfuze) [56]. Existuji také nazory, Ze antepartalni
kardiotokografie by neméla byt pouzivana pred
26. az 28. tydnem gravidity [40]. V interpretaci
fetdlniho kardiotokogramu (tab. 1) dodrzujeme
klasifikaci podle FIGO 1986, kterou je nutno stale
pokladat za zavaznou [33].

Tab.1 Hodnoceni antepartalniho kardiotokogramu (FIGO 1986)

Hodnoceni antepartalniho kardiotokogramu (FIGO 1986)
Al Suspektni | Patologicky
gicky

Bazalni

frekvence 150-170 >170

(tepy/ 110150 100-110 <100

minutu)

<
Amplituda 5-10 po > po dobu
o = 40 minut

variability dobu : .
10-25 ) Sinusoida

(tepy/ =40 minut

minutu) >25 po dobu

=20 minut
Sporadicky
vyskyt Periodicky
., mimo se vyskytujici
Decelerace Nepritomny tazkych t&7ké formy
forem deceleraci
deceleraci
= 2 bahem Nepfitomny

Akcelerace ) po dobu
20 minut i

=40 min

Kardiotokografie - kontrakéni zatéZovy

test

Kontrakéni zatéZovy test je vySetfovaci meto-
da zaloZena na hodnoceni reakce plodu na pte-
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chodnou redukci oxygenace pfi délozni kontrak-



Tab.2 Hodnoceni intrapartalniho kardiotokogramu (FIGO 1986)

Hodnoceni intrapartalniho kardiotokogramu dle FIGO 1986

(tepy/minutu)

>25

Fyziologicky Suspektni Patologicky
Bazalni frekvence 110-150 150-170 >170
(tepy/minutu) 100-110 <100
Amplituda variability 10-25 5-10 po dobu = 40 minut <5 po dobu = 40 minut

Sinusoida po dobu = 20 minut

Decelerace
(tepy/minutu)

Casné decelerace (v pozdni
fazi |. doby porodni, které
nemaji vétsi amplitudu nez
50 tepd/minutu)

- Variabilni decelerace pokles
0 méné nez 60 t/min. v trvani
méné nez 60 s

- Prechodnad kratkodoba
bradykardie (pod 100 tepd/min.

v trvani 3 min., pod 80 tepl/min.

v trvani 2 minut)

- Zavazné opakujici se rané
decelerace (o amplitudé vice nez
50 tepd/min.)

- Zavazné variabilni decelerace,
pozdni decelerace

Nepfitomny po dobu = 40 minut

Akcelerace =2 béhem 20 minut

ci. Formou stresu - umeéle vyvolanou kontrakéni
¢innosti - je kratkodobé zatiZena uteroplacentarni
cirkulace, plod reaguje na zatizeni svym cirkulac-
nim systémem a z odpovédi plodu usuzujeme pak
na rezervu v jeho funkéni kapacité, kdy snizeni
parcidlniho tlaku kysliku (pO,) 0 20 mm rtutového
sloupce a vice aktivuje chemoreceptory a barore-
ceptory s vyslednou deceleraci ozev plodu [23, 34].

Intrapartalni kardiotokografie - podle FIGO 1986

Cilem intrapartalniho monitorovani plodu je
predejit rozvoji hypoxémie a fetdlni acidézy s ne-
gativnimi dtsledky pro organové funkce a riziku
nitrodélozni smrti plodu. Intrapartalni kardioto-
kografie redukuje riziko intrapartalni smrti plodu,
nikoli vSak dlouhodobého neurologického postize-
ni [63]. Pro sledovani stavu plodu v prubéhu poro-
du se vyuziva elektronické monitorovani pomoci
kardiotokografie, nebo intermitentni auskultace
ozev plodu. Doposud neexistuji konzistentni dt-
kazy o vys$sim stupni bezpecnosti pti uziti konti-
nualniho kardiotokografického monitorovani ve
srovnani s intermitentni auskultaci ozev plodu.
Bylo prokazano, Ze kontinualni kardiotokogra-
fické monitorovani plodu v pribéhu porodu je
spojeno s niz§im vyskytem novorozeneckych kieci
(RR 0,50, 95% CI 0,31-0,80), tyto kiecCe vSak ne-
vykazuji dlouhodobé nasledky. Zmény charakte-
ristiky fetalnich ozev jsou castéjsi a napadnéjsi
za porodu, kdy vznikaji casté vykyvy oxygenace
plodu. V Ceské republice je intrapartalni kardio-
tokografické vySetfeni provadéno intermitentné
u fyziologickych poroddl a kontinualné u stavl
spjatych s vyznamnym rizikem fetdlni hypoxie,
nebo pfi manifestaci patologicky probihajiciho
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porodu. Intrapartalni kardiotokografické vyset-
feni 1ze realizovat pomoci zevni kardiotokografie
vyuzivajici ultrasonografické snimani ozev plodu,
nebo ptimou detekci fetalniho elektrokardiogramu
pomoci elektrody umisténé na kizi hlavicky plodu
pfi probihajicim porodu. Pfima kardiotokografie
umoznuje pocitacovou analyzu EKG kfivky plodu
(ST analyza = STAN). Snimani délozZnich kontrakci
je zprostfedkovano pomoci externi sondy apliko-
vané na délozni fundus, detekujici zmény tonu
s vyuzitim piezoelektrického jevu.

Interpretace intrapartialniho
kardiotokogramu - podle FIGO 1986
Klasifikace intrapartadlniho kardiotokogramu
podle FIGO 1986 rozliSuje tii kategorie: fyziologic-
ky, suspektni a patologicky zaznam (tab. 2) [33].
Vedeni porodu je pak dano syntézou kardiotoko-
grafického zaznamu a klinického priibéhu porodu.

Pravidla monitorovani jsou zaloZena na ak-
tudlné dostupnych diagnostickych metodach.
Z4adna z diagnostickych metod vSak neni nato-
lik specifickad pro diagnézu fetdlni tisné, aby
mohla byt pouzita jako univerzalni nastroj
indikujici jednoznacné teseni klinického di-
lematu. Pro spravny klinicky postup je nutné
pouzit kombinaci dostupnych diagnostickych
metod podrobenych analyze zkuSeného 1éka-
fe. Kardiotokografie nemtze nahradit fadné
klinické pozorovani a hodnoceni a nemtize byt
ani jedinou metodou sledovani Zeny v pribéhu
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porodu. Pouziti kontinudlniho intrapartalniho
CTG u Zen s nizkym rizikem je kontroverzni,
ackoli se v mnoha zemich stalo standardem pé-
Ce. Alternativnim pfistupem je intermitentni
CTC monitorace stfidajici se s auskultaci tepové
frekvence plodu. Intermitentni monitorovani
by mélo byt provadéno v dostate¢nych ¢asovych
usecich, které umozni adekvatni zhodnoceni
zakladnich parametra CTG (viz niZe).

Podminky pFi monitoraci

Meéli bychom se vyhnout dlouhodobému mo-
nitorovani u téhotné v poloze vleZe na zadech (kdy
boku, polosed a vzpfimena poloha [15]. Telemetrické
monitorovani je vyhodné pro moznost volného po-
hybu rodi¢ky v prubéhu zaznamu CTG [19]. Externi
snimani ozev plodu je vice nachylné k ztraté signa-
lu, k nechténému monitorovani matetské srdec¢ni
frekvence [49], k signalizaci artefaktl [16], a to
zejména béhem druhé doby porodni. Také nemusi
prfesné zaznamenat srde¢ni arytmii plodu. Pouziti
vnitini elektrody, znamé jako skalpova elektroda
(SE), (mtiZe byt také aplikovana na konec panevni),
poskytuje pfesnéjsi vyhodnoceni intervald mezi sr-
de¢nimi tepy. Interni sledovani ozev plodu vyzaduje
odteklou plodovou vodu a zohlednéni kontraindi-
kaci, které souvisi pfedevsim se zvysenim rizika
vertikalniho prenosu infekci. Proto by se skalpova
elektroda neméla pouzivat u pacientek s aktivnim
genitalnim herpesem, u séropozitivnich pacientek
na hepatitidu B, C, E, nebo HIV [35, 41], dale pokud
existuje nejistota ohledné naléhajici casti plodu,
nebo tehdy, kdy neni vhodna dirupce vaku blan
(SE by se také neméla pouzivat pred 32. tydnem té-
hotenstvi). Pro rutinni intrapartalni monitorovani
je doporuceno externi monitorovani ozev plodu za
predpokladu, ze zdznam dosahuje pfijatelnou kvali-
tua mohou byt identifikovany zdkladni parametry
CTG zdznamu. Minimalnim poZadavkem na pouziti
této metody je peclivé pfemisténi sondy ve II. dobé
porodni tak, aby ve vSech atypickych zaznamech byl
vyloucen zaznam tepové frekvence matky (viz nize).
Pokud existuji néjaké pochybnosti, ma se pouzit
auskultace, ultrazvukova kontrola nebo skalpova
elektroda. Pokud nemuiZe byt dosaZen adekvatni
zaznam externim monitorovanim, nebo v pfipa-
dé, Ze je podezfeni na srde¢ni arytmii, pak by
mélo byt pouZito interni monitorovani (nejsou-li
pritomny vyse uvedené kontraindikace).

Externi monitorovani déloznich kontrakci po-
skytuje pouze presné informace o frekvenci kon-
trakci. Neni mozné ziskat spolehlivé informace
o intenzité a trvani kontrakci ani bazalniho déloz-
niho tonu.

Vnitifni monitorovani déloznich kontrakci za
pouziti nitrodéloznich katétrii nebylo u porodit
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spojeno se zlepSenim vysledki, a proto se pro ru-
tinni klinické pouziti nedoporucuje [7].

Soucasné sledovani materské tepové frek-
vence mizZe byt uZitecné u urcitych specifickych
zdravotnich stavli matky a v pripadech, kdy je
obtiZzné rozliSovat mezi srdec¢ni frekvenci matky
a plodu (napf. pfi kompletnim srde¢nim bloku
plodu) [9]. Nékteré kardiotokografy poskytuji moz-
nost kontinualniho monitorovani mateiské tepové
frekvence bud elektrokardiografii, nebo pulzni
oxymetrii. U nékterych novéjsich modeld byla tato
technologie zaclenéna do tokodynamometru, coz
umoznuje kontinudlni monitorovani matetské
tepové frekvence bez pouziti dalSich zatizeni.

Kontinudlni zevni monitorovani dvojcat by
mélo byt béhem porodu provadéno prostfednic-
tvim dvoukanalovych monitorti, které umoznuji
simultanni monitorovani obou srde¢nich frekven-
ci, nebot se mlZe objevit duplikovany zdznam stej-
ného dvojcete. Nékteré monitory maji vestavéné
algoritmy, které na tento stav upozornuji. V pri-
béhu druhé doby porodni je externi monitorovani
srdecnich ozev dvojcat ¢asto ovlivnéno ztratou
signalu a z tohoto diivodu se nékteti odbornici do-
mnivaji, Ze naléhajici dvojce by mélo byt pro lepsi
kvalitu signalu pfednostné monitorovano SE [8],
pokud nejsou pritomny kontraindikace aplikace
skalpové elektrody. Jini odbornici se domnivaji, ze
externi monitorovani obou dvojcat je prijatelné za
predpokladu, Ze je kvalita signdlti dobra a ziskava-
me kvalitni zdznamy ozev plodii.

VSechny zaznamy kardiotokogramu musi byt
identifikovany: jméno pacientky, zdravotnické
zafizeni, rychlost posunu papiru a datum a cas,
kdy zaznam zacal a skoncil. V nemocnicich, kde
pouzivaji papirové CTG zaznamy, by tyto zazna-
my meély byt povazovany za soucast zdravotnické
dokumentace a takto uchovavany. V nemocni-
cich, kde pouzivaji digitalni CTG archiv [47], musi
byt zajistén bezpecény systém zalohovani souborti
a vSechny zaznamy by mély byt snadno dostupné
k posouzeni.

Analyza kardiotokogramu zac¢ini hodnoce-
nim zadkladnich parametrt (bazdlni frekvence,
variabilita, akcelerace, decelerace a kontrakce)
nasleduje celkova klasifikace CTG [6].

Vyhodnoceni zidkladnich parametri CTG
Bazalni frekvence

Bazalni frekvence (BF) je primérna hodnota
srde¢ni frekvence, kterd je posuzovana v desetimi-
nutovych ¢asovych usecich. Hodnota BF se mtiZe
v pribéhu CTG monitoru ménit.

U zaznam s nestabilnimi signaly mitiZe byt pro
zhodnoceni BF nezbytné posouzeni predchéazejicich
usekl a/nebo vyhodnoceni v delsi casové periodé,
zejména v druhé dobé porodni, nebo v situacich,



kdy je nutno odlisit stav aktivniho bdéni, které by
mohlo vést k chybnému stanoveni vyssi BE.

Normalni BF: hodnota mezi 110 a 160 tepy
za minutu,

U predcasnych porodd maji plody sklon mit
BF smérem k horni hranici normy oproti plodim
prendsenym, kde se BF mliZe pohybovat smérem
k dolni hranici normy. Néktefi experti povazuji za
normalni hodnoty BF pro terminova téhotenstvi
110-150 tepll za minutu.

Tachykardie: BF nad 160 tepii za minutu
trvajici vice nez 10 minut.

Nejcastéjsi pri¢inou tachykardie plodu je zvy-
Seni teploty matKky, at je pivodu extrauterinniho,
nebo ve spojeni s intrauterinni infekci. Zvyseni
matefské teploty a naslednou tachykardii plodu
muzZe zplisobit i epiduralni analgezie [58]. V poca-
tecnich fazich neakutni fetdlni hypoxémie mize
k tachykardii také vést sekrece katecholamint.
Dalsi, méné Casté pri¢iny jsou: uzivani farmak -
napft. beta-agonisti [18] (ritodrin, fenoterol, hexo-
prenalin) ¢i parasympatickych blokatord (atropin).
Pri¢inou mazZe byt i arytmie plodu pfi supravent-
rikularni tachykardii a fibrilaci sini.

Bradykardie: BF pod 110 tepui za minutu
trvajici vice neZ 10 minut.

K hodnotam BF mezi 100 a 110 tepli za minutu
muZe dojit u normalnich plodd, a to zejména
u poterminové gravidity. Dalsi mozné pric¢iny jsou:
podavani betablokator [11] a arytmie, jako je fe-
talni atrioventrikularni blok aj.

Variabilita

Variabilitou oznacujeme oscilace srde¢ni akce,
vyjadfené jako primeérna sitka pasma amplitudy
signadlu v jednominutovych segmentech.

Normalni variabilita: 5-25 tepll za minutu.

SniZena variabilita (redukovana variabilita):
pod 5 tepli za minutu déle nez 50 minut v zaklad-
nich segmentech, nebo béhem prolongované de-
celerace trvajici déle nez 3 minuty.

K sniZené variabilité mhzZe dojit v disledku
hypoxie/acidézy centrdlniho nervového systému
(CNS) a vyslednou sniZenou ¢innosti sympatiku
a parasympatiku, ale také to mtize byt v diisledku
predchoziho poskozeni mozku [45], infekce, poda-
vani 1ékd zptisobujicich titlum CNS nebo blokatort
parasympatiku. Béhem hlubokého spanku je va-
riabilita obvykle ve spodnim rozsahu normality,
ale §itka pasma je zfidka pod 5 tepl za minutu.
Zde dochézi k vysoké mife subjektivity vizualniho
hodnoceni tohoto parametru, a proto je vmeznich
situacich doporuceno peclivé prehodnoceni. Po
zpocatku normdalnim CTG zaznamu je velmi ne-
pravdépodobné, aby nasledné sniZena variabilita
byla zplisobena hypoxii, aniz by doslo k vyskytu de-
celeraci a naslednému vzestupu bazalni frekvence.
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Zvysena variabilita (saltatorni typ): nad
25 tepll za minutu trvajici vice nez 30 minut.
Patofyziologie tohoto typu kfivky neni iplné zna-
ma, ale mtiZe byt spjata s opakujicimi se dece-
leracemi pfi velmi rychle se rozvijejici hypoxii/
acidéze plodu. Predpoklada se, Ze je zplisobena
fetdlni autonomni nestabilitou ¢i hyperaktivitou
autonomniho systému [48].

Akcelerace

Za akceleraci povazujeme rychly vzestup (vrcho-
lu dosazZeno béhem 30 sekund) srde¢ni frekvence
plodu nad BF o vice nez 15 tepli za minutu a trvani
vice nez 15 sekund, ale méné nez 10 minut. Pfed 32.
tydnem je akceptovano zvySeni srde¢ni frekvence
plodu nad BF o vice neZ 10 teptl za minutu a trvani
vice nez 10 sekund. Vétsina akceleraci koinciduje
s fetalnimi pohyby a akcelerace jsou tak znamkou
dobfte reagujiciho plodu (neurologicky zdravého
plodu), ktery nema hypoxii/acidézu. Absence ak-
celeraci pti jinak normalnim intrapartalnim CTG
zaznamu ma nejasny vyznam, ale je nepravdépo-
dobné, Ze se jedna o hypoxii/acidézu. Akcelerace,
které se shoduji s déloznimi kontrakcemi, zejména
v druhé dobé porodni, naznacuji mozny chybny
zaznam mateiské srdecni frekvence, protoze ozvy
plodu se pti kontrakcich castéji zpomaluji, zatimco
matefska srdecni frekvence se typicky zvysuje [9].
Doporucuje se peclivé prehodnoceni a ujisténi, ze
je skute¢né monitorovan plod, a ne matka.

Decelerace

Za deceleraci povazujeme pokles srde¢ni frek-
vence pod bazalni linii o vice nez 15 tepli za minutu
a trvajici déle nez 15 sekund.

Rané decelerace: decelerace, které jsou mél-
ké, kratkodobé, s normalni variabilitou v ramci
decelerace a jsou casové shodné s kontrakcemi.
Jsou ziejmé zptisobeny kompresi hlavy [18] plodu
a neznamenaji hypoxii/acidézu plodu.

Variabilni decelerace (tvar pismene V): de-
celerace, které vykazuji rychly pokles (dosaZeni
minimalnich hodnot za méné nez 30 sekund),
maji zachovanou variabilitu béhem decelerace,
rychly navrat na bazalni linii, riznou velikost, tvar
a vztah ke kontrakcim délohy. Variabilni decele-
race predstavuji vétSinu deceleraci béhem porodu,
jde o baroreceptory zprostfedkovanou reakci na
zvySeny arteridlni tlak vyskytujici se u komprese
pupecniku [9]. Jsou zfidka spojeny s vyznamnym
stupném fetalni hypoxie/acidézy, pokud se nevyvi-
jejitak, aby vykazovaly tvar pismene U, sniZzenou
variabilitu béhem decelerace (viz pozdni decelerace
nize), a/nebo jejich individudlni doba presihne
3minuty [25, 31] (viz prodlouzené decelerace nize).

Pozdni decelerace (tvar pismene U a/nebo
s omezenou variabilitou): decelerace s postup-
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Tab. 3 Intrapartdlni kardiotokografie - klasifikacni kritéria, interpretace a doporuc¢eny management (FIGO 2015)

Intrapartalni kardiotokografie - klasifikacni kritéria, interpretace a doporuc¢eny management (FIGO 2015)
CTG Fyziologicky Suspektni Patologicky
Baz?lnl.frekvence 110-160 >160 > 10 ml.n.
tepd/min. <100 > 10 min.
- <5 po dobu > 50 min.
z'eap'éa/z::a 5-25 > 25/min. > 30 min.
. ) o> :
Chybéni alespof jedné Sinusoida > 30 min.
Z4adné opakované charakteristiky normality, avsak
decelerace bez patologickych znakd
3 Opakované pozdni nebo prolongované
(opakované ; i
i decelerace za obdobi > 30 minut nebo
Decelerace decelerace jsou ty, N . .
, - 20 min. pfi snizené variabilité, nebo jedna
které se vyskyuii rolongovana decelerace > 5 min
u vice nez 50 % P K ’
kontrakcf)
Interpretace Plgdlbez hypoxie/ Plod s.nlzko.u lpravdepodobnostl Plgdls vysokou pravdépodobnosti hypoxie/
acidozy hypoxie/acidozy acidozy
Opatreni ke korekci ka‘?mmte ci.pc“atrerjl’ ke korekci odvratltelnyc’h
. ; ) , pricin, pouziti dalsich metod ke zhodnoceni
Neni potfeba odvratitelnych pfic¢in, pokud , .
L e : ) o . L oxygenace plodu nebo, pokud to neni mozné,
Klinicky zadné intervence jsou identifikovany, peclivé rvehlv porod
management pro zlepseni stavu monitorovani nebo pouziti yenly p, - . .
o : | V akutnich situacich (prolaps pupecniku,
oxygenace plodu pridatnych metod ke zhodnoceni B, . .
oxvaenace plodu ruptura délohy ¢i abrupce placenty) by mél
yo P byt porod bezprostredni.

nym nastupem a/nebo postupnym navratem na BF
a/nebo sniZenou variabilitou v rdmci decelerace.
Jak pokles k nejnizsimu bodu decelerace, tak na-
vrat na BF by mél trvat déle nez 30 sekund. Jsou-li
délozni kontrakce dostatecné monitorovany, pak
pozdni decelerace zacina vice nez 20 sekund po
zacatku kontrakce, ma nejnizsi pokles po vrcholu
kontrakce a navrat k BF po skonceni kontrakce.
Tyto decelerace svédci o chemoreceptory zprostfed-
kované reakci zptisobené fetalni hypoxémii [25, 27].

U zaznamu bez akceleraci a se sniZzenou varia-
bilitou mohou mit pozdni decelerace amplitudu
pouze 10-15 tepl za minutu (mélké decelerace).

Prolongovana decelerace: trvajici déle nez
3 minuty. Jedna se pravdépodobné o chemore-
ceptory zprostifedkovanou reakci na hypoxémii.
Prolongované decelerace trvajici déle nez 5 minut
s BF nizZ$i nez 80 tepll za minutu a sniZenou va-
riabilitou béhem decelerace, jsou casto spojeny
s akutni fetalni hypoxii/acidézou [13, 62, 66] a vy-
zaduji neodkladné feSeni.

Sinusoida

Za sinusoidu povazujeme pravidelny, hladky,
zvlnény signal, pfipominajici sinusoidu, s am-
plitudou 5-15 tdert za minutu o frekvenci 3-5
cykll za minutu. Takovy charakter zdznamu trva
vice nez 30 minut a nevyskytuji se zde akcelerace.
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Patofyziologie sinusového zaznamu neni zcela
znama, ale vyskytuje se ve spojeni s tézkou fetal-
ni anémii, napt. ptfi anti-D aloimunizaci, feto-
maternalni transfuzi, twin-to-twin transfuznim
syndromu. Byla také popsana v pifipadé akutni
hypoxie plodu, infekce, srde¢ni vady, hydrocefalu
a gastroschizy [43].

Pseudosinusoida

Jde o typ kfivky pripominajici sinusovy zdznam,
ktery je ale pilovitého charakteru. Jeji trvani zfidka
pfekroc¢i 30 minut a je charakterizovana normal-
nim CTG zaznamem pfed a po skonceni. Nékdy je
obtizné rozliSit pseudosinusoidalni vzor od pravého
je délka trvani zdznamu. Tento typ zaznamu byl
popsan po podani analgetik matce, béhem obdobi
fetalniho sani a pfi pohybech Gsty plodu [24].

Kontrakce

Kontrakce jsou charakterizované postupnym
vzestupem délozni aktivity a naslednym syme-
trickym poklesem. Kontrakce trvaji 45-120 s.
Kontrakce jsou nezbytné pro progresi porodu, ale
stlacuji cévy bézici uvnitf myometria a mohou pre-
chodné sniZovat perfuzi placenty a/nebo zptisobit
kompresi pupecniku [3]. Se zevni tokosondou lze
spolehlivé vyhodnotit pouze frekvenci kontrakei.



Tachysystolie pfedstavuje nadmérnou frek-
venci kontrakci a je definovana jako vyskyt vice
nez péti kontrakci za 10 minut ve dvou po sobé
jdoucich desetiminutovych obdobich, nebo v prii-
meéru v pribéhu 30 minut.

Klasifikace zaznamii

Klasifikace vyzaduje pfedchozi posouzeni za-
kladnich vlastnosti CTG (viz vySe). Zaznam by
mél byt zafazen do jedné ze tfi skupin: normalni,
suspektni, nebo patologicky v souladu s pfedloze-
nymi kritérii (tab. 3). Vzhledem k ménici se povaze
CTG signali béhem porodu, se ziznam musi vy-
hodnocovat alesponi jednou za 30 minut.

Klinické rozhodnuti

Vlastnosti ozev plodu mtiZe ovlivnit fada fak-
tor véetné gestacniho stafi a medikace (viz vyse).
Proto musi byt kardiotokogram pro komplexni
interpretaci a adekvatni management integrovan
s dal$imi klinickymi informacemi. Je obecnym
pravidlem, Ze pokud plod udrzuje stabilni BF a nor-
malni variabilitu, je riziko hypoxie CNS velmi
nepravdépodobné.

OpatFeni v situacich, kdy existuje podezfeni na
hypoxii plodu/acidézu

Je-li predpokladdna hypoxie plodu/acidéza
nebo podezfeni na ni (pfi suspektnich a pato-
logickych zaznamech), pak nezbytna opatieni
k zabranéni negativniho neonatalniho vysledku
nemusi nutné znamenat okamzity cisarsky fez
nebo instrumentalni vaginalni porod. Casto mii-
Ze byt identifikovana zakladni pfi¢ina urcitého
charakteru zaznamu (suspektni, patologicky)
a situace mlze byt adekvatnim zasahem vyreSena
s naslednym obnovenim normalni fetalni oxy-
genace a navratem Kk fyziologickému zaznamu.
Nejcastéjsi pricinou hypoxie plodu/acidézy je
nadmérna délozni aktivita [35], kterd mizZe byt
detekovana na CTG zaznamu (tachysystolie) a/
nebo palpaci délozniho fundu. Nadmérna dé-
lozni aktivita mtize byt také spojena s polohou
na zadech [14, 70] pravdépodobné kvili stimu-
laci ze sakralniho plexu diky hmotnosti délohy.
V téchto pripadech, pfi polohovani matky na
bok, ¢asto nasleduje normalizace CTG zdznamu.
Tachysystolie se miiZe obvykle zmirnit sniZenim
nebo zastavenim infuze oxytocinu, odstranénim
podavani prostaglandin@ (pokud je to mozné)
a/nebo aplikaci parcialni tokolyzy s pouzitim be-
ta-adrenergnich agonist@ (hexoprenalin) [27, 29,
39], atosiban [28] nebo nitroglycerin [53].

V priibéhu druhé doby porodni, muZe prispét
k hypoxii plodu/acidéze rovnéz snaha rodicky
o tlaceni. Proto miiZe byt rodi¢ka pozadana, aby
docasné prestala tlacit, dokud se situace nezlepsi.
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Pfechodna komprese pupecniku je dalsi cas-
tou pri¢inou zmény CTG zaznamu. Objevuji se
variabilni decelerace, které se mohou v nékterych
piipadech upravit pfi zméné matefské polohy [30].
Nahla hypotenze matky se mtZe objevit i pfi poro-
du, vétSinou po epiduralni nebo spinalni analgezii
[59] je obvykle reverzibilni pfi rychlém podani te-
kutinyi. v. a/nebo intravendéznim bolusu efedrinu.
Ostatni, méné casté komplikace mohou také mit
vliv na matefskou respiraci, obéh matky, placen-
tu, pupecnik, nebo fetdlni cirkulaci a mohou vést
k hypoxii plodu/acidéze [35]. Podavani kysliku
matce je Siroce pouzivano s cilem zlepsit okysliceni
plodu a nasledné normalizace CTG zaznamu, ale
z randomizovanych klinickych studii neexistuje
zadny dtikaz, Ze by tato intervence pouZita sa-
mostatneé byla efektivni v podminkach adekvatni
oxygenace matky [22]. Za tcelem zlepSeni CTG
zaznamu jsou také bézné nitrozilné podavany te-
kutiny, ale z randomizovanych klinickych studii
opét neexistuji dtikazy, které by naznacovaly, Ze
tato intervence je i¢innd u normotenznich Zen
[60]. Dobry klinicky isudek je nezbytny pro dia-
gnézu zakladni pri¢iny suspektniho ¢i patologic-
kého CTG, pro zhodnoceni reverzibility podminek,
které jsou s témito zaznamy spjaty a pro nacaso-
vani porodu s cilem predejit prolongované fetalni
hypoxii/acidéze stejné jako zbyte¢né porodnické
intervenci. K vyhodnoceni fetidlniho okysliceni
mohou byt pouzity i dal§i metody [64]. Pokud je
CTG zaznam hodnocen jako suspektni, mély by
byt zdkladni pfic¢iny feSeny (odstranény) predtim,
nez se vyvine patologicky zaiznam. Pokud se situace
nezméni a zaznam se nadale zhorsuje, musi byt
vénovana CTG zaznamu zvySena pozornost a/nebo
stav smeérovat k rychlému porodu. Béhem druhé
doby porodni se hypoxie/acidéza muiZe vyvinout
rychleji diky acinku aktivniho tlaceni rodicky.
Z tohoto diivodu by méla byt provedena okamzitd
opatteni na zlepSeni situace, véetné preruseni ak-
tivniho tlaceni, a pokud nedojde ke zlepSeni, mélo
by nésledovat rychlé ukonceni porodu.

Limitace kardiotokografie

Kardiotokografie ma své limity, které jsou dob-
fe dokumentovany. Neshoda v hodnoceni CTG za-
znam jak mezi hodnotiteli vzajemné, tak i vram-
ci opakovaného hodnoceni jednim hodnoticim
byla potvrzena fadou studii. K vyrazné variabilité
v hodnoceni dochdazi i mezi zkuSenymi 1ékafi,
ktefi se fidi vSeobecné platnymi doporucenimi
[4, 10, 52].

Hlavnimi oblastmi neshody mezi hodnotiteli
jsou: identifikace a klasifikace deceleraci, vy-
hodnoceni variability [51] a odliSeni suspektnich
a patologickych zaznam [51, 52]. Mnohé studie
hodnotily schopnost pfedvidat vyskyt hypoxie/
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Tab.4 Hodnoceni intrapartédlniho CTG podle FIGO 1986 a podle FIGO 2015

Bazalni )
150-170 >170 >160 > 10 min.
[;i;v/er;‘icne 100150 100-T10 <100 110-160 <100 > 10 min.
L 5-10 po dobu > <.5 g 4.0 min. <5po QObU
Variabilita 10-25 40 minut. nebo Sinusoida po 55 > 50 min.
tepy/min. 525 ’ dobu > 20 > 25> 30 min.
minut Chybéni Sinusoida > 30 min.
- Variabilni - Zavazné alespon J'?dr)é
decelerace opakujici charakter|st|ky
- Casné - pokles serane Zadne normatty, Opakované pozdni
dJocelorace 0<nez 60 decelerace opakované avsak bez nepbo roIonpované
(v pozdni v trvani < nez (0 amplit. decelerace patologickych deceltfrace zi obdobi
‘P 60 sekund > 50) (opakovang | znaki .
Decelerace fazil. doby ; , . > 30 minut nebo
tepy/min orodn, - Prechodna deceler. jsou 20 min. pfi snizené
oy, ' P o kratkodoba - Z&vazné ty, které se ) p
nemajici ) o - variabilité, nebo
) bradykardie variabilni vyskytuji u : X
amplitudu - . . jedna prolongovana
(<100 v trvani decelerace vice nez 50 % )
>50) : i decelerace > 5 min.
>3 min, nebo kontrakci)
<80 v trvani - Pozdni
> 2 min.) decelerace
=2 béhem Nepfitomny Pritomnost akceleraci znamena, Ze plod nema hypoxii/
Akcelerace 50 minut po dobu > acidozu, nicméné vyznamnost jejich nepfitomnosti
40 minut v pribéhu porodu je nejista
Pl izk
Plod bez r(;(\j/;ém(z) d(z)LE)— Plod s vysokou
Interpretace hypoxie/ P , P ; pravdépodobnosti
acidozy no_stl hypoxie/ hypoxie/acidozy
acidozy
Opatreni Okamzité opatreni
ke korekci ke korekci
odvratitelnych odvratitelnych
. pricin, pricin, pouziti dalSich
iNée;rl]gotreba pokud jsou metod k zhodnoceni
intervence identifikovany, oxygenace plodu
Klinicky 1o zlepgent peclivé nebo, pokud to neni
management Stavu P monitorovani mozné, rychly porod
oxvOEnace nebo pouziti V akutnich situacich
ondgu pridatnych (prolaps pupecniku,
P metod ke rpt. délohy i
zhodnoceni abrupce placenty)
oxygenace by mél byt porod
plodu bezprostredni

acidézy v pripadé vyskytu suspektnich a patolo-
gickych CTG zaznamf. Tyto studie prokazaly, Ze
v pfipadé porodu bezprostfedné po normalnim
CTG zaznamu neni pfitomna hypoxie/acidéza
u novorozence. Soucasné byla také potvrzena

omezena schopnost predikce metabolické acidé-
zy a nizkého Apgar skore, tj. u velkého procenta
pfipadt se suspektnim a patologickym CTG za-
znamem neni nasledné hypoxie/acidéza u novo-
rozence potvrzena [61].
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Zaroven ale existuje silna souvislost mezi né-
kterymi typy CTG zaznami a hypoxii/acidézou,
nicméné jejich schopnost rozliSovat mezi novo-
rozenci s metabolickou acidézou, nebo bez ni je
omezend. Znamena to, Ze jde o citlivé indikatory,
které vS§ak maji nizkou specificitu a nizkou pozi-
tivni prediktivni hodnotu. Nemélo by se zapomi-
natnato, ze cilem intrapartalniho monitorovani
plodu je odhaleni situace, kterd predchazi zavazné
hypoxii/acidémii tak, aby nedos$lo k poskozeni
plodu. Vyznam CTG v diagnostice intrauterinni
tisné plodu je omezen znacnou mirou subjektivity
pfi hodnoceni zaznami a skutec¢nosti, Ze hypoxie
je kontinuum, které nemusi dosdhnout prahu
metabolické acidézy nebo poskozeni plodu. Byl
proveden velky pocet randomizovanych kontro-
lovanych studii porovnavajicich kontinualni mo-
nitorovani s intermitentni auskultaci v prubéhu
porodu, jako screeningovych metod pro hypoxii
plodu/acidézu, u nizko a vysoce rizikovych Zen
[2, 63].

Nicméné, tyto studie byly provedeny v 70.,
80. a ranych 90. letech a pouzivaly k interpre-
taci CTG zaznam odlisna kritéria, takze je
obtizné zjistit, jak se jejich vysledky vztahuji
k soucasné klinické praxi. Vysledky naznacuji
omezenou vyhodu kontinualniho CTG pro mo-
nitorovani plodu u vSech Zen v pribéhu porodu,
kdy jako jediné vyznamné zlepSeni bylo 50%
sniZeni neonatalnich kieci (ve vétsiné studii
nebyla hodnocena hypoxicko-ischemicka ence-
falopatie), nebyly zjistény zadné rozdily v inci-
denci celkové perinatadlni mortality a mozkové
obrny. Vyznam téchto studii je vSak povazovan
za omezeny [57].

Pouze mald ¢ast perinatalnich tmrti a moz-
kové obrny je zplisobena intrapartalni hypoxii/
acidézou, takze je zapotfebi velky pocet pripadi
k prokazani jakéhokoli rozdilu. Na druhé stra-
né, kontinudlni CTG bylo spojeno s nartstem
cisarskych fezli o 63 % a narfistem instrumen-
talnich vagindlnich poroddi o 15 % [1]. Zbytecné
porodnické intervence s naslednymi riziky pro
matku a pro novorozence mohou vyplyvat z chyb-
ného hodnoceni kardiotokografickych zdznamt
a z omezenych znalosti patofyziologie fetalni
oxygenace a z inadekvatniho klinického ma-
nagementu [44, 51]. Je znamo, Ze klinické do-
porucené postupy musi byt co nejjednodussi
a nejobjektivnéjsi, aby umoznily rychlé rozho-
dovani dokonce i ve slozitych a stresovych situa-
cich. Kardiotokografie je metoda, ktera vyzaduje
pravidelny a strukturovany trénink pracovnik
porodnich sald.
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Viz srovnavaci tabulku (tab. 4).

Vzhledem Kk vysoké senzitivité, ale omezené
specificité kardiotokografie k identifikace plo-
did ohroZenych hypoxii (acidézou) bylo béhem
poslednich desetileti predstaveno mnoho metod
s cilem doplnit a zpfesnit informace o stavu plo-
du. Z téchto metod se v soucasnosti pouziva jen
nékolik z nich. Patfi sem vySetfeni kapilarni kr-
ve z hlavicky plodu (FBS), analyza ST tiseku EKG
kiivky plodu (STAN), stimulacni testy a pocitacova
analyza CTG zaznamu (cCTG). Ostatni metody byly
opustény. Metoda FBS byla predstavena v roce 1962
a ma mnoho zastanct i odptircii. Jedna se o odbér
a analyzu kapilarni krve ze skalpu plodu béhem
porodu v pripadé abnormalniho CTG zaznamu.
Hlavnim argumentem proti této metodé je fakt,
Ze kapilarni krev ze skalpu plodu je ovlivnéna re-
distribuci krve béhem hypoxémie plodu, a proto
nemuze byt zdrojem informaci o stavu centralni
cirkulace [32].

Pripadny stagnac¢ni otok na hlavi¢ce plodu ma-
Ze vysledek dale zkreslovat. Jedna se o vysledek
vztaZzeny pouze k okamziku odbéru, a proto je
Casto potfeba odbér provadét opakovaneé. Zastanci
této metody argumentuji tim, Ze metoda slouzi
k diagnostice ¢asné faze hypoxie, kdy pravé do-
chazi k centralizaci obéhu, ne k odhadu stavu
centralnich organdi. V pfipadé pouziti metody
je nezbytné dodrzet spravnou metodiku odbéru.
Vedle stanoveni pH z kapilarni krve se stale vice
prosazuje stanoveni hladiny laktatu. Za abnormal-
ni hodnotu je povazovano pH pod 7,20 a hladina
laktatu pod 4,8 mmol/1 [67].

Prestoze byla provedena fada studii se snahou
stanovit vyznam FBS pro zlepsSeni neonatalnich
vysledki a redukci operacnich porodi, vysledky
nejsou jednoznacné.

Stimula¢nimi testy je mySlena stimulace plodu
prstem béhem vaginalniho vySetfeni. Alternativou
je vibro-akusticka stimulace pfes bfi$ni sténu mat-
ky. Hlavnim cilem je rozliSeni mezi hlubokym
spankem plodu a stavem hypoxie/acidézy za si-
tuace redukované variability na CTG zaznamu.
V ptripadé plné normalizace CTG zdznamu po sti-
mulaci plodu je hypoxie plodu nepravdépodob-
na. Pokud vSak pretrvava absence akceleraci nebo
omezena variabilita, je vypovédni hodnota testu
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omezena a doporuceno je pokracovat v kontinudl-
nim monitorovani [17].

Analyza ST tiseku EKG kfivky plodu vyuziva
kombinace kontinualniho CTG zdznamu a kon-
tinudlniho zaznamu EKG plodu pomoci skalpové
elektrody. Podstatou je sledovani zmén vysky viny
T a komplexu QRS na EKG kfivce plodu. Jedna se
o monitorovani srdce plodu, jakozto centralniho
organu, a predevs§im obrannych a adaptacnich
procestt myokardu. Typickym obrannym mecha-
nismem myokardu pfirozvoji pokrocilé hypoxémie
je prechod na anaerobni metabolismus, ktery je
provazen charakteristickymi zménami ST tseku
EKG kfivky plodu [21, 55].

Mezi nejvyraznéjsi limity metody patii ne zcela
snadna interpretace vysledki, kterd vyZaduje pred-
chozi zkuSenosti. Zakladem je spravna klasifikace
zmén na CTG zaznamu, nasleduje vyhodnoceni
ST analyzy a klinicka interpretace zalozena na
vzajemné korelaci vysledkii obou metod. Nezbytné
je dodrzet pravidla pro zahajeni ST analyzy, kdy je
nutné zacit s monitorovanim jesté pred rozvojem
vyznamné hypoxémie. V opacném piipadé hrozi,
Ze charakteristické obranné projevy plodu nebudou
zachyceny. Dal$im diilezitym pravidlem je nadra-
zenost CTG v ptipadé jednoznacneé patologického
CTG zadznamu, kdy je nutnd intervence bez ohledu
na vysledek ST analyzy [54].

Zavéry velkych randomizovanych studii, zamé-
fenych na pokles incidence metabolické acidézy
operacnich porodii, nejsou jednotné. Posledni publi-
kovana studie z USA pfinos metody neprokazala [68].

Na druhou stranu existuji velka perinatologicka
centra, kterd opakované dokladaji kontinualni
zlepSovani vysledki (pokles metabolické acidézy,
stabilni nebo klesajici procento operacnich inter-
venci) po zavedeni ST analyzy a systematického
tréninku hodnoceni CTG [36, 46, 50].

ST analyza je stale povazovana za relativné novou
metodu a je poukazovano na potfebu dalSich ran-
domizovanych studii a zmén pravidel pro hodnoce-
ni. Poc¢itacova analyza CTG zaznamu si klade za cil
eliminovat vyraznou variabilitu v hodnoceni CTG.
Soucasné jsou pomoci pocitace hledany nové jevy na
CTG zaznamu, které neni mozné stanovit pouhym
okem. Dosud predstavené systémy hodnoceni jsou
zaloZeny na rozdilnych matematickych algoritmech
a zptisobech interpretace. Jedna se o nové technolo-
gie, které predstavuji velky potencial do budoucna.
Zatim je vSak jejich vyznam omezeny [64].
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4.2. Variabilita hodnoceni kardiotokografie a jeji vliv na
véasny zachyt intrapartalni hypoxie plodu.

Od zavedeni kardiotokografie do klinické praxe je vénovana zna¢na pozornost neshodé pfi
interpretaci zdznam mezi vice hodnotiteli i1 v rdmci opakovaného hodnoceni jednim
hodnotitelem. Vysledky fady studii prokazuji vysokou miru neshody mezi porodniky [47].
Jednou z n¢kolika zasadnich pficin, na které bylo opakované poukazovéno, byla plvodni
klasifikace pro hodnoceni CTG zdznami — FIGO 1986. Tato klasifikace byla v roce 2015
nahrazena novou klasifikaci FIGO 2015. Vysledky recentni studie, kterd vychdzi z klasifikace
FIGO 2015 ukazuji, Ze jeji implementace ma pozitivni vliv na shodu pfi interpretaci zmeén na
CTG zaznamu [48,49]. Nicméné stale pretrvava fada dalSich pficin, mezi néZ patii nedostatec¢na
edukace hodnoceni CTG a interpretace zmén v SirSim kontextu s ohledem na soucasnou uroven
znalosti patofyziologie oxygenace plodu.

V ramci habilitacni prace autor predklada rozbor a zavéry studie, kterd je zaloZena na detailni
analyze vysledkii hodnoceni CTG zaznamu deviti zkuSenymi porodniky z Sesti velkych
porodnickych pracovist v CR.

Cilem bylo stanoveni shody pii roz¢lenéni zaznami do jednotlivych tfid (normalni, suspektni,
patologicky), porovnani Casovych intervalti pii hodnoceni a stanoveni miry shody v ramci
opakované¢ho hodnoceni stejnych zdznamii jednim hodnotitelem. Na zdklad¢ intrapartalniho
CTG se porodnici pokusili odhadnout stav novorozence s ohledem na vysledné pH
z pupecnikové arterie. Tento piistup nebyl dosud nikdy publikovan. Déle bylo porovnano
skutecné klinické hodnoceni, tak jak bylo béhem vybranych porodia slouzicim Iékafem
provedeno s experimentalnim hodnocenim v ramci studie.

V projektu byla pouzita elektronickd databaze 552 intrapartadlnich CTG zédznamd, ktera byla

vybrana z 9164 nemocni¢nich CTG zaznamt potizenych pouze ve FN Brno na zakladé
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presnych klinickych a technickych pozadavki. Zatazeny byly vyhradné zdznamy jednocetnych
téhotenstvi s dokoncenym 37. tydnem gravidity. Ze vSech zafazenych CTG zédznamu byly
extrahovany 2 tficetiminutové useky béhem I. doby porodni a 1 tsek béhem II. doby porodni.
Zéaznamy byly roz€lenény do 3 kategorii dle vysledné hodnoty pH z pupecnikové arterie po
porodu plodu. Tato elektronickd databdze je publikovéna a volné piistupna na webovych
strankach Physionet, zaméfenych na vyzkum v oblasti kardiologie, variability srdecni
frekvence a pfibuznych témat.

Pro hodnoceni byla pouzita internetova aplikace CTG anotator, ktera byla dostupna vSem deviti
porodnikiim. Tato aplikace byla vytvoiena tak, aby presné kopirovala obvyklé¢ zobrazeni CTG
zaznamt, pouzivané v CR a vétsiné evropskych zemi. VSech devét porodnikil pracovalo
v daném obdobi na Sesti porodnickych pracovistich univerzitniho typu v Ceské republice
a melo za sebou vice jak 10 let klinické praxe.

Median miry shody (PA) pro opakované hodnoceni t¢hoz zaznamu jednim hodnotitelem se pro
vSechny porodniky dohromady pohyboval okolo 70 %. Celkova mira shody mezi vice
hodnotiteli dosdhla 48 % a pro kategorii patologickych CTG zdznaml pouhych 41 %.
Senzitivita celkového hodnoceni vSech deviti porodnikil k odhadu hypoxie (pH, BD) doséahla
hodnoty 39 % pro BD a 27 % pro pH. Specificita byla stanovena na 89 % pro oba hodnocené
parametry. Vzajemné porovnani odhadu vysledku porodu ve vztahu k acidéze plodu mezi
expertnim hodnocenim deviti porodniky a klinickym hodnocenim dostupnym na nemocni¢nich
zaznamech, se vyrazné liSilo. Senzitivita expertniho hodnoceni dosahovala 86 %, zatimco
klinického hodnoceni pouze 40 %. Hodnoty specificity se pftili§ nelisili, 86 % versus 93 %.
Pokud vSak meélo byt vramci expertniho hodnoceni odhadnuto vysledné pH, vysledky
senzitivity a specificity se témet shodovaly s klinickym hodnocenim. Ve svém dusledku se tedy

expertni hodnoceni v rdmci studie od realného klinického hodnoceni piili§ neodlisuje.
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Jedna se o dosud nejvétsi publikovanou studii s ohledem na pocet hodnoticich a pocet
hodnocenych zdznam, ktera popisuje klinické hodnoceni CTG a jeho variabilitu. Na rozdil od
ostatnich dosud publikovanych studii, nebylo cilem pouze kvantitativni stanoveni shody
pomoci koeficientu kappa, ale vytvotreni podrobné charakteristiky vzajemné shody a neshody
mezi porodniky. Analyza byla provedena na predem vytvotrené a volné ptistupné databazi CTG
zaznamu (CTU-UHB database).

Detailni rozbor vysledkl — viz. ptilohy 4.2.1. a 4.2.2. Prvni ¢lanek byl publikovan pod nazvem
»Analysis of obstetricians' decision making on CTG recordings” v mezinarodnim
impaktovaném casopise Journal of Biomedical Informatics a jeho cilem bylo identifikovat
optimalni matematicky model pro stanoveni miry variability pfi hodnoceni CTG zdznam.
Druhy clanek byl publikovan pod nazvem ,,Agreement on intrapartum cardiotocogram
recordings between expert obstetricians” v mezinarodnim impaktovaném c¢asopise Journal
of Evaluation in Clinical Practice a jeho obsahem je vlastni analyza klinickych dat z uvedené
studie. Podil autora: spoluautor koncepce studie, propojeni klinické ¢ésti s matematickym
modelovanim, interpretace vysledkl, spoluautor klinické ¢asti prvni publikace, organizace
studie, klinické hodnoceni CTG zaznam, prvni autor druhé publikace.

Vysledky studie poukazuji na fadu dilezitych problémt, kterymi je tfeba se déale zabyvat.
Skutecnost, Ze interpretace CTG je zatizena vysokou mirou neshody mezi vice hodnotiteli
1 vramci opakovaného hodnoceni jednim hodnotitelem provazi kardiotokografii od jejich
pocatku. Nova klasifikace FIGO 2015 je vyrazné jednodussi a reflektuje moderni poznatky
z oblasti patofyziologie hypoxie plodu. Implementace nové klasifikace neni mozna ze dne na
den, bude vyzadovat urcity Cas a systematickou edukaci. Kazdopadné prvni krok, ktery by mé¢l
vést k omezeni neshody mezi hodnotiteli pii pouzivani CTG za porodu byl proveden.

Je ziejmé, ze pouhé zjednoduSeni kritérii pro hodnoceni CTG k vyraznému zlepSeni senzitivity

a specificity k hypoxii plodu nepovede. Dal§im krokem by mélo byt vypracovani systému
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vzdélavani, ktery bude zahrnovat vyuku patofyziologie, nacvik hodnoceni CTG a také
periodické testovani znalosti [50,51]. Bez studia zékladnich principti patofyziologie hypoxie
plodu nelze spravné porozumeét zmeénam, ke kterym na CTG dochézi [52]. Kazdd zména CTG
zdznamu ma svou pfi¢inu a snahou hodnotitele by méla byt identifikace této pti¢iny, umoziujici
v ptipad¢ potteby cilenou korekei, kterd maze vést k opétovné normalizaci CTG zaznamu. Je
s podivem, Ze interpretace CTG zaznamii, ktera je predmétem vice jak jedné tietiny soudnich
sporti z oboru porodnictvi, neni systematicky vyucovana a naprosta vétSina zacinajicich Iékait
a porodnich asistentek neni pfed nastupem do praxe podrobena validnimu testovani znalosti.
Situace v Ceské republice je obdobna, systematickd vyuka CTG s naslednym periodickym

testovanim znalosti zcela chybi.
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ABSTRACT

Interpretation of cardiotocogram (CTG) is a difficult task since its evaluation is complicated by a great
inter- and intra-individual variability. Previous studies have predominantly analyzed clinicians’ agree-
ment on CTG evaluation based on quantitative measures (e.g. kappa coefficient) that do not offer any
insight into clinical decision making. In this paper we aim to examine the agreement on evaluation in
detail and provide data-driven analysis of clinical evaluation.

For this study, nine obstetricians provided clinical evaluation of 634 CTG recordings (each ca. 60 min
long). We studied the agreement on evaluation and its dependence on the increasing number of clinicians
involved in the final decision. We showed that despite of large number of clinicians the agreement on
CTG evaluations is difficult to reach. The main reason is inherent inter- and intra-observer variability
of CTG evaluation.

Latent class model provides better and more natural way to aggregate the CTG evaluation than the
majority voting especially for larger number of clinicians. Significant improvement was reached in par-
ticular for the pathological evaluation - giving a new insight into the process of CTG evaluation. Further,
the analysis of latent class model revealed that clinicians unconsciously use four classes when evaluating
CTG recordings, despite the fact that the clinical evaluation was based on FIGO guidelines where three

classes are defined.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Interpretation of cardiotocogram (CTG). The CTG is a simulta-
neous recording of fetal heart rate (FHR) and uterine contractions.
It is an integral part of every day clinical practice. However, since
its introduction, it has been a subject of many controversies as well
as malpractice litigations [1]. The evaluation of CTG is accompa-
nied with high intra- and inter-observer variability from the very
beginning. And even though guidelines, e.g. the most prominent
FIGO guidelines [2], were introduced to tackle the heterogeneity
of the CTG evaluation, high inter- and intra-observer variability is
reported frequently even today [3].

The FIGO guidelines consists of 3-tier classification system and
in 1980s became the first internationally recognized guidelines.
Since then national alternatives with minor tweaks were
introduced [4-6]. The comparison of various guidelines and their
statements was performed by de Campos and Bernardes [7] with

* Corresponding author. Address: Karlovo namesti 13, 121 35 Prague 2, Czech
Republic. Tel.: +420 224 357 325.
E-mail address: spilka.jiri@fel.cvut.cz (J. Spilka).

http://dx.doi.org/10.1016/.jbi.2014.04.010
1532-0464/© 2014 Elsevier Inc. All rights reserved.
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conclusion that the guidelines are, in general, too complex and
hard to follow and thus attribute to high inter- and intra-observer
variability. To better interpret the CTG patterns and to lower the
variability additional improvements were suggested. Schifrin
stated [8] that the guidelines lack a definition that can identify
the transition from normal to ominous CTG - the so called conver-
sion pattern. Parer and Ikeda [9] and Parer et al. [10] proposed an
extension of the guidelines to a 5-tier system. A comparison in [11]
claimed this system to be superior to the classical guidelines.
Recently, Tommaso et al. showed [12] that the NICHD' guidelines
have better sensitivity and specificity over 5-tier system. But in gen-
eral, the performance of 5-tier was better since NICHD evaluated a
lot of recordings as “intermediate”. Further, Coletta et al. claimed
[13] that there is better sensitivity using the 5-tier system, though
the contrary was claimed in [14]. Despite all the efforts, none of
the major guidelines changes were thoroughly evaluated in a larger
group settings exceeding several hospitals interested.
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Agreement on interpretation. The substantial inter-intra-
observer variability makes it difficult to reach agreement on CTG
interpretation. For the purpose of this paper, the agreement does
not mean a discussion and consensus of all the clinicians in a con-
sulting room. It means reaching an agreement over independently
evaluated CTGs. Generally, the majority voting is a natural way to
aggregate different opinions. When making decisions, people
usually use weighted majority voting where weights are based
on experience, reputation, work place, and other factors. However
the determination of weights is subjective and could be
misleading.

Observer agreement measures. Among statisticians there is no
general agreement on how the observer agreement should be mea-
sured. The kappa coefficient, proportion of agreement, and intra-
class correlation coefficient are the most used measures for
agreement [15] even though they have many flaws. For example,
the kappa coefficient is influenced by prevalence and base rate
and is not suitable for comparison across different studies
[16,17]. Also it lacks a natural extension to multiple rates and mul-
tinomial classes. There is no single measure of agreement that
could outperform the others [15]. The use of quantitative measures
and reporting a single value of agreement is tempting, however the
results are usually difficult to interpret.

Goals and contributions. In our work we aim at examining the
agreement of obstetricians using latent class analysis and majority
voting. In Section 2.1 we briefly describe the process of annotation
that was performed on the CTU-UHB? database [19]. In Sections
2.3.1 and 2.3.2 we further describe the most common method to
aggregate different opinions - the majority voting together with
an alternative - the latent class analysis. In Section 3.1 we examine
stability of clinicians’ agreement using these two methods and show
that the agreement is greatly improved especially on pathological
class when using the latent class analysis. The latent class analysis
shows us a different perspective on the controversial question of
how many classes should be used for CTG evaluation. According to
our results, the four class model yielded the best results, despite
the fact, that clinicians had used guidelines with three classes
(cf. Section 3.2).

2. Materials and methods
2.1. Clinical annotations

Evaluation of CTG recordings has been acquired using stand-
alone application (CTGAnnotator [18]). The CTGAnnotator adopts
the most commonly used display layout of CTG machines (in Euro-
pean format — 1 min/cm and 30 bpm/cm), and therefore poses no
difficulty for clinicians to adjust. The evaluations were obtained
from nine clinicians working on delivery wards of six Obstetrics
and Gynaecology Clinics in the Czech Republic. All the clinicians
are currently working in delivery practice with experience ranging
from 10 to 33 years (with a median value of 15 years). The CTU-
UHB intrapartum CTG database [19] was used for evaluation. All
the experts had to undergo a basic training on the experiment
methodology and the CTGAnnotator usage. Although we expected
that all experts adhered to the FIGO guidelines criteria (as required
by the Czech authorities®) we did not provide any special training
for it nor we encouraged it. In our retrospective study we used eval-
uation of 60 min of CTG recordings at the end of the first stage of
labor. Clinicians evaluated the CTG recordings into three classes:
normal, suspicious, and pathological (FIGO classes).

2 Czech Technical University - University Hospital Brno.
3 Czech Gynaecological and Obstetrical Society.
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2.2. Observer agreement

We use proportion of agreement (PA) to measure the agreement
between clinicians. The PA is simply probability that clinicians
agree on evaluation. We decided to use PA, which is intuitive and
understandable, instead of other complex statistical measures that
could obscure the analysis.

2.3. Voting schemes

The different schemes of voting were thoroughly studied in
social sciences. The famous Condorcet’s jury theorem (1786),
details e.g. [20], states: if voters are right with probability
p > 1/2, then majority vote is more likely to be right than wrong
and the probability of being right tends to 1 when number of
voters goes to infinity. Intuitively it is expected that potential
variability could be cancelled out by a high number of voters.

Letyi: be a evaluation of the i-th example, i = {1,2,...,N}, given
by the j-th clinician, j = {1,2,...,]J}. Further let ¢ € C be a category
to which yﬁ could be assigned and §( ,:, ¢) be an indicator function
that equals 1 when the j-th clinician evaluates yﬁ:c and 0
otherwise.

2.3.1. Majority voting

The majority voting is a simple voting mechanism to aggregate
evaluation from J clinicians. The probability that the i-th example
is assigned to the c-th class is

1<~
Hic :jzé( 1 C). (1)
j=1

The majority voting, or more precisely plurality voting, is
simply choosing a class ¢ for maximum of . In the case of ties
a flip of fair coin is performed.

Problems with majority voting. Majority voting is simple and
usually preferred method. However, there are some limitations
when using majority voting on evaluation of CTG, which are
summarized as follows:

1. There is high inter- and intra-observer variability in clinical
evaluation (see for example [3,22,23]) and agreement might
not be reached.

2. Each clinician has different expertise not only based on the
length of his/her career (experienced vs. inexperienced) but also
influenced by labor management at workplace; e.g. a clinician
who is called only to the most serious cases could loose, to some
extent, knowledge related to the normal cases.

3. Clinicians could loose concentration/motivation or be simply
distracted during annotation.

2.3.2. Latent class analysis

The latent class analysis (LCA) is used to estimate the true
(unknown/hidden) evaluation of CTG and to infer weights of indi-
vidual clinicians’ evaluation - the latent class model (LCM). Let
y; € Y;Y={1,2,...,C} be the unobservable ground truth for the
i-th example and & = (o¢,,%,,...,0d,,...,0/.) be a multinomial
parameter that represents probabilities that the c-th class
corresponds to an evaluation in the k-th class, k € C, assigned by
the j-th clinician

. _ c
OCJCI( = P(y{ = k|y1 = C), Olek = 07 ZOCJCk =1. (2)
k=1

The assumption for &, is that the evaluation for different ¢ and
k are independent on the observed data. This assumption is

violated in practice since some examples are more difficult than
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others and each clinician has different level of expertise. The
approach dealing with dependence on observed data was
described in [24], however no significant improvements were
acquired. Unlike [25] we formulate the model in a simplified way
that is, every clinician provides one evaluation for each example.
With this simplification we completely rule out the possible viola-
tion of conditional independence between two evaluations
assigned by a clinician to a certain example.

The LCM considers clinical evaluation as a finite mixture of
multinomial distributions. Finite mixture models [26] have fixed
number of parameters and the standard method to estimate these
parameters is expectation maximization (EM) algorithm [27]. Let
us consider one particular set of evaluations y!,...,)/. Then, it is
assumed that these evaluations are from a mixture of initially
specified C components in some unknown proportions p;,...,pc-
Each data point is a realization of the mixture probability mass
function

Y10 = chp Y00, 3)

where 0 include the unknown mixing proportion p, (prevalence)
and the elements of 6. Then, given a set of evaluations

={y},. y’}l ; and vector of parameters 0 = { Ck,pc}, the likeli-
hood correspondmg to C component mixture is

p(Dlo) = H{prp yl,-.-,ﬂ,»wc)]. (4)

i=1

We treat the unknown truth y; as a latent (hidden) variable and
use the EM algorithm to estimate it. We assume that y!, ...,y are
independent (i.e. all clinicians make their evaluation indepen-
dently) and that the evaluations are from multinomial distribution.
Then, the likelihood function of the parameters ¢ given D can be
formulated as

N[c I ¢ -o(v‘k
p(D|0) = HZPCHH (5)

The maximum likelihood is found by maximizing the log likeli-
hood function

O = {2 %P1y e } = arg max{log p(DI0)}. (6)

To maximize the log likelihood we followed the work of Dawid
and Skene [25] and used the EM algorithm.

Estimation using the EM algorithm. The hidden variables to be
estimated are multinomial parameter of,, prevalence of classes
P., and true (unknown/hidden) evaluations {y,—}ﬁl. If we would
have known the true evaluation y, the complete log-likelihood
would be computed as

33 5(3,.0)log {pCHH o ”“”?"”}. @)

i=1 c=1 j=1k=1

log p(D,y|0) =

In the E-step we compute the conditional expectation of
y; given the evaluations from clinicians D under the current
estimates of parameters 6

N C J ¢ d(y,k
E{log py|D,0)} = > > 1. log [chH o) } 8)
i=1 c=1 j=1k=1

where p,. = p(y; = cyl,... ,y{, 0) is estimated probability of ground
truth given the y, and 6 and is proportional to

LSS
e o J [T ™. (9)

j=1k=1

In the M-step we use the current estimates to maximize the
conditional expectation. Taking a derivative of (8) equal to zero,
the parameters o ', and p. are updated using the following
equations

a}k Zl llLtIC y{”( )
‘ Zi:l e

where max(u;.) assigns a class ¢ that has the maximum probability.
The E and M steps are repeated until convergence. The EM
algorithm is guaranteed to converge to a local maximum only;
therefore, it is usually restarted several times with different starting
values. Another possible solution, used in this work, is to use the
majority voting for initialization as proposed in [25]. The limit of
log-likelihood convergence was set to 10~

N

2.3.3. Latent class analysis with different number of classes

The latent model is powerful not only for estimating the latent
class from multiple, possibly noisy, evaluations but could be also
used to infer the number of classes the clinicians are actually using.
Employing the LCA we can infer the number of classes, for which
the evaluation would yield the best score - irrespective of the
number of classes the clinicians used. In (5) we supposed a fixed
number of classes. However, the guidelines are not precise, nor
they are strictly followed by clinicians, leaving an open space for
alternative evaluation. Our goal is to examine whether choosing
different number of classes offers better description of clinical
evaluation in terms of model fit. The extension to encompass dif-
ferent number of classes is straightforward. We replace C by a
number R representing different number of latent classes:

N R J C y’ k)
D‘o H[ZPTH rk :| (1])
i=1 Jj=1k=1
where the same holds for &, as it did for ¢/, . In our experiments we
used the value of R = {2,3,...,8}, obtaining models M,,Ms, ..., Ms.
Number of estimated parameters. The number of estimated
parameters + increases rapidly with increasing R,J, and C and is
computed as: 9 =R—1+] - [R(C — 1)]. If the ¥ exceeds number of
examples the model is not identifiable. The model is also not
identifiable if the probabilities o/, are sparse.

2.4. Rank of clinicians

The latent class model (LCM) can also be used to rank contribu-
tion of individual clinicians. The scoring/ranking based on
detection of spammers was proposed by Raykar and Yu [21], where
random evaluations were penalized. In our work, we had to adapt
the penalization to reflect clinical evaluation, which we do not
expect to be random. We use the following accuracy based score
that is fairly simple and easily interpretable. Let A’ be a C x C con-
fusion matrix with entries [A],, = oc’ The diagonal elements rep-
resent probabilities of correct claSSIﬁcations with respect to
latent class, ¢ = k, and off-diagonal elements represent probabili-
ties of misclassification, ¢ # k. Consider the following confusion
matrices for a good clinicians A% and bad A?

09 01 O 05 05 0
A =|01 09 O A= 0 005 095]. (12)
0 05 05 0 005 095

The good clinicians A® performed well on the first and second
class and poorly on the third class, where the probability of correct
decision dropped to 0.5. The bad clinician A® correctly evaluated
prevalently the third class. The accuracy based score for C = K is
defined as
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) 1 . )
S]acc = C (ZAJck - ZA{rk> : (13)
c=k c#k

The score simply equals to summation of diagonal elements
with subtraction of off-diagonal elements. In the case of matrices
A? and A® the score yields S8, = 0.53 and S°._ = 0, respectively.
The score for the worst possible clinician is S, = —1 and for the
best possible is Syc = 1.

Ranking for different number of classes. The accuracy based score
has a limitation in case the latent variable has different number of
classes than the clinicians actually used. We focus only on the sce-
nario when R = 4 because of the best model fit. Let A/, be a matrix

[A'],, = o/, where R # C. When R = 4 and C = 3 the score is defined
as

rk?
1
Sjacc R (

The score allows misclassification over one latent class. The
computation of the score is visualized in Table 1. We discuss the
rationale for clinical evaluation later. Note that the score serves
for ranking clinicians for particular choice of r. We detail the com-
parison of the models (i.e. their fit) for various r in the next section.

rk

S A

r=k, r—1=k

> Af;k) (14)

r#k, r—15k

2.5. Model selection and fit

We can use various techniques to evaluate a model fit and to
determine which model is more appropriate for different values
of R. Increasing R from two to eight increases the model fit but also
increases the possibility of over-fitting. Additionally, higher R val-
ues lead to estimation of more model parameters. A trade-off
between better model fit and number of parameters to be
estimated is usually sought and tackled by penalizing the log like-
lihood using a function of parameters 0 that are to be estimated.
The two most common measures are the Akaike information crite-
rion (AIC) [28] and Bayes information criterion (BIC) [29]. For a
likelihood L the AIC and BIC are defined as:

AIC(r) = -2In L+ 29,
BIC(r)=-2InL+d¢InN.

The better is the model the lower BIC and/or AIC measures are
obtained. Usually the AIC overestimates the number of R while BIC
underestimates it. Therefore a compromise between these is often
sought.

2.6. Stability of clinical evaluation

We use majority voting for the description of stability, but any
other method for aggregation could be used. The motivation for
analysis of the stability of clinical evaluation follows: Let us con-
sider majority voting of ] clinicians. It would be interesting to know
whether the created majority was obtained simply by a chance

Table 1
Score computation for the four latent classes (R = 4). The latent classes are in rows
and classes given by clinicians in columns.

k=1 k=2 k=3
r=1 + - -
r=2 + + -
r=3 - + +
r=4 - - +

Legend: The correct classification is marked by (+) and incorrect by (—).
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or whether the majority is stable and the possible variability
in clinicians’ decision was cancelled out by using a sufficient
number of clinicians. We summarize the definition of stability in
Proposition 1.

Proposition 1. We consider a majority vote of | clinicians stable if a
majority voting of J+ 1 clinicians is not different (measured by
proportion of agreement).

In the proposition, the term “different”, our criterion, is not
rigorous and allows various approaches to be used, i.e. statistical
testing. However, the statistical evaluation is not that straightfor-
ward as the created majority votes are not independent. In order
to analyze the stability we performed the following experiment:
we computed majority votes (MV) for all combinations of clini-

cians (é) where q € Q;Q = {3,4,...,] — 1}. Then we compared

the majority obtained with the majority vote of all clinicians,
J = 9. The procedure is shown in Algorithm 1.

Algorithm 1. Stability of clinical evaluation

Input: Q = {3,4,...,8} number of clinicians, Y clinical
evaluation of size N x J, my; majority vote of all J clinicians,
muv),, majority vote of combination b of clinicians

Result: pa - proportion of agreement

begin
for g € Q do

comb — (é) - all combinations of q clin. from J

for b € comb do
Y, = Y(:,b) - get evaluation of selected b
muvy, — majorityVoting(Yy)
pa(q,b) — proportionOfAgreement(muv,, muvy)
end
end
end

3. Results and discussion
3.1. Stability of evaluation in majority voting and latent class model

The stability of clinical evaluation in majority voting (MV) and
latent class model (LCM), irrespective of evaluated classes, is pre-
sented in Fig. 1. For both, MV and LCM, stability increases with
increasing number of clinicians in ensemble. The stability for
LCM is better with higher number of clinicians while for the lower
number the MV performs better with lower variance. Thus we con-
clude that for g < 5 the MV should be preferred and for g > 5 the
LCM should be favoured. The same conclusion holds when the
overall evaluation is split into the individual classes as shown in
Fig. 2. Especially for the pathological class with g > 5 the LCM pro-
vides more stable aggregation than the MV. These conclusions are
confirmed with statistical testing” for differences between models
MV and LCM for different combinations of clinicians. The statistical
significance, p < 0.05, is marked in Figs. 1 and 2 with an asterisk.
Note, that in some cases (for even number clinicians) the majority
vote had to be determined by flip of a fair coin since the votes were
equal. This phenomenon can explain larger improvements from even
g to odd q, e.g. in Fig. 1 the improvement of the MV model’'s

4 Wilcoxon rank-sum test for paired samples of not normally distributed data was
used (normality tested using Kolmogorov-Smirnov test with Lillefors correction);
p < 0.05 was considered as significant.
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Fig. 1. Stability of majority voting (MV) and latent class model (LCM) for all classes
and different combinations of clinicians. Legend: pa(modely, models) stands for
proportion of agreement between model for ¢ clinicians and model for nine
clinicians, where the model is replaced either by MV or LCM (i.e. it leads to
pa(mvg, mvy) and pa(lcmg, Icmg)), * marks statistical significance on p < 0.05.

proportion of agreement from q = 4 to ¢ = 5 in comparisonto q =5
toq=6.

3.2. Latent class analysis - different number of classes

We analyzed the clinical evaluation using the latent class model
for different number of classes. The model fit statistics are shown
in Table 2. The progression of AIC and BIC for the increasing value
of r is shown in Fig. 3. Clinicians evaluate the CTG into three FIGO
classes (normal, suspicious, and pathological). Nevertheless, from
Fig. 3 we can conclude that the best fit is obtained for the model
M,. From the model M3 to M, both measures, AIC and BIC,
decreases. The BIC starts rising from M, to Ms while the AIC only
slightly decreases, hence the best fitted model is M.

In order to have better insight into models M; and M4 we eval-
uated the multinomial parameter ¢, (conditional probability of
assigning class k with respect to the latent class c). Models M;
and M, are presented in Figs. 4 and 5 respectively. The clinicians
are marked with numbers (1,2,...,9) and their evaluation are sep-
arated with respect to estimated latent class. Note that prevalence
of evaluated classes of each clinician could be easily observed in
Fig. 4. Prevalence of k-th class for the j-th clinician is determined
as p, = (1/0) ZC 104, For instance, for the first clinicians, j =1,
we compute p1 =(1/C) ZC 1o =(1/3)(1+0.49 +0.03) = 0.51,
pl =0.41, and p} = 0.1.

For the M the latent class can be separated into normal (¢ = 1),
suspicious (¢ = 2), and pathological (c = 3) based on the majority
of clinical evaluation. For the M, the situation is more complicated.
The assignment of classes is rather intuitive and could be

Table 2

Fit statistics for different number of classes (df - degrees of freedom, AIC - Akaike
information criterion, BIC - Bayes information criterion). The lower the AIC and/or
BIC, the more fit is the model.

Model df AIC BIC
M, 515 7316 7476
Ms 496 6842 7083
My 477 6677 7000
Ms 458 6656 7062
Mg 439 6666 7154
My 420 6669 7239
Mg 401 6688 7340
7400 —
3
E 7200 — measure
= —o— AIC
-2 7000 -
2 BIC
-
© 6800 —

I I I | |
2 3 4 5 6 7 8

number of classes

Fig. 3. Progression of AIC and BIC for different number of classes (r = {2,3...,8}).

determined with help of knowledge about proportions of classes
of each clinician. For the first class of the M, model, that was ex-
post labelled as normal (r = 1), we can see in Fig. 5 that majority
of clinicians’ evaluation was normal. For the second class, ex-post
labelled to normal/suspicious (r = 2) we can observe discrepancy
in evaluation of different clinicians. Prevalently normal evaluation
by clinicians 1, 6, and 7, prevalently suspicious by clinicians 2, 4, 5,
8, and 9, and prevalently pathological by clinician 3. Considering
proportions of evaluation, we can see that clinician 6 mostly eval-
uated CTG as normal, while clinician 3 mostly evaluated CTG as
pathological. In this case we can neglect them for decision on class
label and use the other clinicians’ votes. Hence we labelled it as
normal/suspicious. The other classes were: suspicious/pathological
(r = 3), and pathological (r = 4). Again, we would like to note that
the label of final class is based on the intuition rather than rigorous
classification.

Rank of clinicians. The score of clinicians for M3 and M, was
determined using (13) and (14) respectively. The confusion matrix
in Table 3 details the computation of (14).

The rank of clinicians for majority voting (first iteration of the
M3) and the M3 model are presented in Table 4; the ranks for the
M, are shown in Table 5. Note that for comparison of models with

1.0 e — o=

= % s = o === | 3 A %
§ 0.8 %# 2 08 ﬁ 2 08 ﬁ ==
g + 1 g g .
Toel | ¢ i S 061 % S 06
S ¥ <] 1 5
£ £ * £
S 047 S 047 * s 0.4+
T T T T T T T T T T T T T T
3 4 5 6 7 8 3 1 6 7 8 3 4 5 6 7 8
q q q
model £ MV E3 LCM model E9 MV E5 LcM model E MV EF LCM
(a) normal (b) suspicious (c) pathological

Fig. 2. Stability of majority voting and latent class model (LCM) with respect to different evaluation: normal, suspicious, and pathological. pa(modely, models) stands for
proportion of agreement between model for g clinicians and model for nine clinicians, where the model is replaced either by MV or LCM (i.e. it leads to pa(mv,, mvs) and

pa(lemg, Icmy)), * marks statistical significance on p < 0.05.
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Fig. 5. Conditional probability of clinical evaluation to the latent class. Model M,. Estimated latent classes were named as follows: normal, normal/suspicious, suspicious/

pathological, and pathological (shown in gray headings). Latent class prevalences: P(normal) =

P(pathological) = 0.08.

Table 3

0.25, P(normal/suspicious) = 0.38, P(suspicious/pathological) = 0.29,

Score computation for the model My. The latent classes are in rows and classes given by clinicians in columns.

normal (k= 1)  suspicious (k = 2)

pathological (k = 3)

normal (r = 1) + _
normal/suspicious (r = 2) + +
suspicious/pathological (r = 3) - +

pathological (r = 4)

Legend: The correct classification is marked by (+) and incorrect by (—), i.e. when a clinician assigned normal class then latent classes normal and normal/suspicious were

considered as correct.

different classes we are interested in rank of clinicians rather than
absolute values of score since the scores are generally higher for
the M, because more elements of confusion matrix in Table 3 are
considered as correct. The workplace was anonymised by assign-
ment of letters A-F. There are three pairs of clinicians coming from
the same workplace (B, E, and F). Because of low number of
clinicians coming from the same workplace the difference between
workplaces was not evaluated. Experience of clinicians is not
presented because it would compromise their anonymity. Never-
theless we found no relationship between the score and the
experience.
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The rank of clinicians for majority voting and model M5 are
essentially the same. The ranks for model M4 in comparison to
majority voting and M3 are different in the way that clinicians 1,
5, and 8 change their ranks markedly. The reasons were as follows:
clinician 1 improved on pathological recordings. In the model M;
this clinician mixed suspicious evaluation into the pathological
class (c = 3) while for the M, the proportion of suspicious in path-
ological class (r =4) was significantly lowered. Clinician 5 was
ranked lower mainly because of mixing suspicious evaluation into
normal class (r = 1). The drop in rank for clinician 8 in M, with
regard to Ms is due to excellent performance on pathological class
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Table 4
Score and rank of individual clinicians for majority voting and model Ms. (#clin. -
number of a clinician, WP - workplace).

Rank Majority voting M3
Sace #clin. WP Sace #clin. WP
1 0.1778 4 B 0.4487 4 B
2 0.1202 5 E 0.3984 5 E
3 0.1178 9 E 0.2677 9 E
4 0.1111 7 C 0.2061 8 F
5 0.1029 1 B 0.1907 7 C
6 0.0833 8 F 0.1753 2 A
7 0.0736 2 A 0.1716 1 B
8 0.0060 6 D 0.0202 3 F
9 -0.0313 3 F —0.0556 6 D
Table 5

Score and rank of individual clinicians for model M. (#clin. - number of a clinician,
WP - workplace).

Rank Sace #clin. WP
1 0.8431 4 B
2 0.8202 1 B
3 0.7595 9 E
4 0.6976 7 C
5 0.6668 5 E
6 0.6395 2 A
7 0.5916 6 D
8 0.4379 8 F
9 0.2173 3 F

(c = 3), for the M, his evaluation were mixed into different latent
classes; mainly suspicious evaluation to normal class (r = 1).

4. Discussion

Agreement on CIG evaluation. The latent class analysis
provides broader insight into obstetricians’ decisions on CTG
evaluation. It was shown that when clinicians evaluate CTG
independently the agreement using majority voting is hard to
reach. The main reason for difficulties in reaching the agreement
is the inherent large inter-observer variability that remains
problematic even when using evaluations acquired from large
number of clinicians.

We have shown that in the case when seven clinicians have
evaluated (by majority voting) a CTG record as pathological, an
additional clinician might change the current majority vote in
about 17% of cases. We have shown that to weight clinical deci-
sions is superior to the majority voting, and it is in fact more nat-
ural way to reach an agreement in the experience based field.

We employed novel approach using the latent class modelling
where the latent (hidden) true class of clinical evaluation was esti-
mated iteratively by changing weights of individual clinicians (i.e.
their reliability in the given ensemble of clinicians). We have
shown that such an approach leads to better stability of evaluation
where a large improvement has been obtained especially for the
pathological evaluation.

Varying number of latent classes. The latent class model (LCM) is
powerful tool not only for estimation of a latent class from multi-
ple, possibly noisy, evaluations but could be also used to infer the
number of classes the clinicians are actually using - although pos-
sibly unconsciously. By investigating the LCM model with varying
number of classes, we tried to attribute to the ongoing discussion
of how many classes should be used for CTG evaluation. We found
that the model has the best fit for four classes. The main advantage
of using four instead of three classes is in better separation of path-
ological records from the other ones. In other words, for the M,

model there is a clear group of pathological records, for which
there is a good agreement among clinicians; for the other classes
the evaluation is more diverse and splitting these classes further
did neither contribute to better model fit, nor did it lower clini-
cian’s variability.

Rank of clinicians. For the latent class model we assessed the
contribution of each clinicians using a scoring function. Interest-
ingly the ranks of clinicians for the majority voting and model
M3 were essentially the same. This implies that the model M; is
in fact data-driven weighted majority voting that gives more stable
results, cf. Section 3.1. We have found no relationship between
clinical experience and rank of clinicians.

We have shown that latent class analysis is more suitable
approach than majority voting. However its limitation is the need
to re-learn the model when a new evaluation is obtained. The gen-
eralization of the achieved results to the whole population is
always difficult in agreement analysis. The database was selected
without knowledge about any specific type of evaluation hence
we believe that results are valid also with regard to the whole
population. In terms of number of evaluated records and number
of clinicians taking part in annotation, our study is the largest
study that has been performed so far. The typical size of other stud-
ies was 30-50 recordings [23,30].

5. Conclusion

In this paper we have described a novel approach for analysis
of CTG evaluation - the latent class model (LCM). With the LCM
model with varying number of classes we have contributed to
the discussion on how many classes should be used for CTG eval-
uation. We have shown that the model has the best fit for 4-tier
classification. The difference between 3 and 4 classes lies in bet-
ter separation of pathological records from the other ones. In
other words, there is a clear pathological group for which there
is a good agreement among clinicians. We have proved that even
with a high number of clinicians the agreement (majority voting)
cannot be reached. The lack of agreement can be contributed to
the large inter- and intra-observer variability. The latent class
model allowed to examine agreement in more detail and pro-
vided more stable aggregation of clinical evaluation. A large
improvement have been obtained especially for the pathological
evaluation.

The goal of the paper was to use data-driven approach to agree-
ment analysis and not to change the current practice in the obstet-
rics ward. The presented results support the arguments asking for
modernization of the FIGO guidelines. The existing and widely
reported inter- and intra-observer variability is major suspect in
the difficulties to establish agreement among clinicians. If we
exclude consensus achieved in a panel discussion - often based
on hospital hierarchy rather than objective facts - the guidelines
do not provide stable basis for easy agreement. Four evaluation
classes used unconsciously by our group of clinicians, as revealed
by the latent class analysis, suggest that the definitions of the clas-
ses in FIGO guidelines are ambiguous and difficult to understand.
Such a conclusion is not new but in this paper it is supported by
the data-driven analysis.

In the future there is a need for even larger pool of clinicians in
order to achieve 100% stable agreement on a CTG record. We plan
to involve more clinicians to evaluate the CTU-UHB database® in
order to confirm the established relationships presented in Figs. 1
and 2. In addition, we plan to further examine the pathological group
where there is a good agreement (model My).

5 We would welcome any researcher/clinicians interested in CTG annotation.
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Introduction

Cardiotocography (CTG), measurement of fetal heart rate and
uterine contractions, remains the main instrument for direct
assessment of the well-being of a fetus during delivery. The
rationale of CTG monitoring is that it enables clinicians to inter-
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Abstract

Rationale, aims and objectives To evaluate obstetricians’ inter- and intra-observer agree-
ment on intrapartum cardiotocogram (CTG) recordings and to examine obstetricians’
evaluations with respect to umbilical artery pH and base deficit.

Methods Nine experienced obstetricians annotated 634 intrapartum CTG recordings.
The evaluation of each recording was divided into four steps: evaluation of two 30-
minute windows in the first stage of labour, evaluation of one window in the second stage of
labour and labour outcome prediction. The complete set of evaluations used for this
experiment is available online. The inter- and intra-observer agreement was evaluated using
proportion of agreement and kappa coefficient. Clinicians’ sensitivity and specificity was
computed with respect to umbilical artery pH, base deficit and to Apgar score at the fifth
minute.

Results The overall proportion of agreement between clinicians reached 48% with 95%
confidence intervals (CI) (CI: 47-50). Regarding the different classes, proportion of agree-
ment ranged from 57% (CI: 54-60) for normal to 41% (CI: 36-46) for pathological class.
The sensitivity of clinicians’ majority vote to objective outcome was 39% (CI: 16-63) for
the umbilical artery base deficit and 27% (CI: 16-42) for pH. The specificity was 89% (CI:
86-92) for both types of objective outcome.

Conclusions The reported inter-/intra-observer variability is large and this holds irrespec-
tive of clinicians’ experience or work place. The results support the need of modernized
guidelines for CTG evaluation and/or objectivization and repeatability by introduction of a
computerized approach that could standardize the process of CTG evaluation within the
delivery ward.

vene in a timely fashion in order to prevent potential adverse
outcome of the labour. Nevertheless, since the very introduction
of CTG in the 1960s, its merit was widely disputed [1]. The
interpretation of CTG still suffers from large inter-observer dis-
agreement, cf. [2-5], despite the introduction of clinical guide-
lines for CTG evaluation [e.g. the most prominent worldwide
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being the International Federation of Gynecology and Obstetrics
(FIGO)] [6]. High inter- and intra-observer variability is reported
frequently [5] (see also references therein for overview). Accord-
ing to a recent article by de Campos and Bernardes [7], guide-
lines are in general too complex with too many parameters,
which are difficult to assess precisely in the clinical setting.
Changes to the FIGO guidelines had been proposed extensively
but still no general agreement on the guidelines exists. More
complex guidelines were proposed by Parer et al. [8,9] and com-
pared in terms of sensitivity and specificity to neonatal status at
birth (measured by umbilical artery pH) with sometimes contro-
versial results [10-12].

Since the CTG introduction, a large attention was devoted to
analysis of inter- and intra-observer variability of its interpretation.
The most recent study [5] shows only moderate agreement on
CTG evaluation among obstetricians and is consistent with studies
published before. In general, two possible solutions to overcome
difficulties with CTG interpretation were suggested: more educa-
tion and training [13] or cost-effective solution in form of decision
support system serving as an aid and providing additional infor-
mation [14-17]. Majority of these solutions still waits to be
adopted into daily clinical practice. The only systems being used
(mostly in ‘research’ conditions) are based on the FIGO param-
eters emulating and objectifying the decision-making process
of clinicians. Among the most widespread systems are the
Omniview-Sisporto [18], K2 System [19], Peri-CALM [20] and
Monako [21].

This study provides contribution through an in-depth analysis of
the CTG evaluation performed by nine experienced obstetricians
from six obstetrics and gynecology clinics in the Czech Republic.

The analysis is based on following measures: proportion of
classes assigned (normal, suspicious and pathological), time
needed to decide on a class and intra-observer agreement. Results
of clinicians’ prediction based on the intrapartum CTG recording
to umbilical artery pH are presented for the first time. Additionally,
the study compares clinical evaluation (acquired using the
CTGAnnotator software) and evaluation of attending obstetrician
(acquired during delivery) in terms of proportion of agreement
(PA), sensitivity and specificity. Finally, all the evaluations are
available online together with the CTU-UHB database enabling
further analysis.

Materials and methods

CTG database

Open access intrapartum CTG database [22] (the CTU-UHB
database) is used as the set for the annotation. The database con-
tains 552 CTG recordings selected from hospital repository of
9164 recordings based on clinical and technical parameters.
Clinical parameters were used to achieve consistent database.
Only singleton pregnancies and fetuses with more than 37 com-
pleted weeks of gestation and were included. Excluded were all
fetuses with known intrauterine growth restriction, fetal infection
and fetuses with congenital malformations. In addition, only
records with second stage shorter than 30 minutes and
distance of delivery to the end of CTG trace shorter than 30
minutes were selected for the database. In all recordings, two
30-minute windows of CTG in the first stage of labour and one

© 2015 John Wiley & Sons, Ltd.
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window in the second stage of labour (if the second stage was
available) were prepared. The full description of database is
provided in Chudédcek etal. [22]. The characteristics [mean
(standard deviation)] of recordings are as follows: distance of the
time of the end of the actual CTG signal and time of birth of 3
(3) in minutes; length of the first stage of labour of 225 (111)
minutes; length of the second stage of labour 12 (8) minutes.
CTGs with umbilical artery pH < 7.05 were considered as patho-
logical (38 cases), with pH >7.05 and pH < 7.15 as suspicious
(56 cases) and the rest with pH >7.15 as normal (412 cases).

Ethical committee approval to collect and work on the
anonymized data had been granted and informed consents were
obtained.

Data preparation for intra-observer
agreement analysis

In order to establish intra-observer agreement, 82 recordings were
randomly selected from the CTU-UHB database and were pre-
sented repeatedly to each clinician. The first half of repeated
recordings (41 out of the 82 recordings) was selected randomly in
advance and was kept the same for each user. The second half
(another 41 recordings) was based on evaluation of each obstetri-
cian and automatically selected by the application to acquire the
same number of repeated evaluation for each evaluation class
(normal, suspicious, pathological).

Annotation software

The CTGAnnotator [23], see screenshot in Fig. 1, was used to
obtain annotation of the CTG recordings from nine obstetricians.
The CTGAnnotator is a stand-alone Java-based application that
was deployed separately at each clinic involved. The application
adopted the most commonly used display layout of CTG machines
(in European format — 1 cm min™" and 20 bpm cm™) and therefore
posed no difficulty for obstetricians to adjust. It presented the CTG
trace in the form of consecutive 30-minute windows together with
basic clinical information (described in Evaluation methodology
section). The application was designed so that CTG recordings
presented repeatedly to obstetricians were as far apart as possible
from a first occurrence.

Clinical annotation

All obstetricians working on delivery wards of six obstetrics and
gynecology departments of all the University Hospitals in the
Czech Republic have been currently practising delivery ward
doctors with median experience of 15 years (minimum 10,
maximum 33). Simple introduction to the application was
provided individually to each obstetrician at their workplace.
It included a tutorial mode using additional CTG recordings
that were not used for evaluation. It is expected that all obste-
tricians adhere to the FIGO guidelines criteria (as required for
the clinical decision making by the official Czech Society of
Gynecology and Obstetrics), any training was neither provided
nor recommended.
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Figure 1 Cardiotocogram (CTG) recording and an example screen of the CTGAnnotator software that was used for CTG annotation.

end of 1st stage

delivery

CTG evaluation, 30 min.

Step 1

CTG evaluation, 30 min.

Step 3

CTG evaluation, 30 min.

Step 2

Labor outcome prediction

Step 4

Figure 2 Workflow of the annotation
process. Two 30-minute windows were evalu-
ated in the first stage of labour and one

1st stage 2nd stage

Based on the data structure each recording was presented in four
steps, see Fig. 2:

1 30 minutes long window beginning at maximum 1 hour before
the end of the first stage of labour

2 30 minutes long window beginning at maximum 30 minutes
before the end of the first stage of labour

3 Full second stage of labour signal presented for evaluation if 5
minutes or more of CTG signal was available

4 Evaluation of labour outcome — prediction of umbilical artery
pH after delivery

General clinical information about mothers’ age, gestational
age, gravidity, parity and total length of the first stage was pro-
vided. The obstetricians were aware a priori of the general outlines
of the database as described in the previous section and the way of
the presentation of the recordings.

From step 1 to 3, the clinicians evaluated CTG recordings as
normal, suspicious, pathological or uninterpretable according to
their daily practice. In step 4, clinicians predicted a labour outcome
(umbilical artery pH after delivery), divided into four categories
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window in the second stage (if the CTG signal
was longer than 5 minutes). The labour
outcome was evaluated in the step 4.

as no hypoxia (normal), mild hypoxia (suspicious), severe
hypoxia (pathological) or uninterpretable. During introduction of
CTGAnnotator these classes were described in terms of pH values
(pH > 7.15 for no hypoxia; 7.15 = pH > 7.05 for mild hypoxia and
pH < 7.05 for severe hypoxia). For the step 4, occurrences of risk
factors, as written in the patient record, were provided in addition to
the basic clinical information described earlier. It included presence
of diabetes, fever, hypertension, preeclampsia, meconium stained
amniotic fluid or induction of labour.

Evaluation methodology

The analysis of proportion of evaluation to each class, intra-/inter-
observer agreement and sensitivity and specificity to objective
outcome [pH and base deficit (BD)] is performed for the all steps
of evaluation. If not stated otherwise, the results are presented as
summary of all clinicians, for example for each clinicians, i = 1, 2,
..., 9, the proportion of evaluation to normal, suspicious and
pathological class, n; s; and p; is computed, respectively. The

© 2015 John Wiley & Sons, Ltd.
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Figure 3 Proportion of evaluation by each
obstetrician (1-9) into normal, suspicious,
pathological and uninterpretable class based
on 552 recordings evaluated.

summary results are presented as median (n;), median (s;) etc.
Furthermore, the step 2 is used for detailed analysis for two
reasons. First, step 1 is well reflected in the data of step 2. Second,
step 3 (evaluation of second stage) is ridden with issues of signal
quality because of increased maternal activity (93 CTG recordings
has more than 50% of missing data) and is usually evaluated
differently from the recording in the first stage of labour [24].

Proportions of recordings assigned by each clinician to
normal, suspicious, pathological and non-interpretable CTG cat-
egories in step 2 were examined. We have also measured time in
seconds needed to arrive at decision for each recordings (in the
CTGAnnotator). For the step 4, predictions of the newborn
outcome based on the CTG recording in step 1 to step 3 were
evaluated with respect to the umbilical artery pH (pH) and BD
computed according to Siggaard-Andersen and Huch [25]. For
296 CTG recordings,' the CTG evaluations (normal, suspicious
and pathological) were available directly from the paper at
Masaryk University Hospital Brno. These recordings were evalu-
ated by an attending doctor on a printed CTG trace (as part of
the patient documentation) during delivery. Such data represent
unique insight into the evaluation of the CTG in daily clinical
practice. Results based on these annotations are analysed with
respect to the pH and BD in order to obtain sensitivity and
specificity.

Statistical analysis

The results are presented as a median with 95% confidence inter-
vals (Cls) estimated using bias-corrected and accelerated bootstrap
method [26]. The Fleiss kappa coefficient [27] and proportion of
agreement (PA) are used for analysis of agreement. The kappa
coefficient is predominantly used to measure agreement in other
studies, cf. [2,3,5,28], but it is heavily dependent on observed
marginal proportions (making comparison across different popu-
lation hardly possible) and also lacks natural extension for multi-
ple rates and multinomial classes [29,30]. Thus, we consider the
kappa coefficient as only a complementary measure. The Kruskal—
Wallis test is used for statistical evaluation; P < 0.05 indicates
statistical significance.

' Only those recordings with CTG evaluation for the steps (1-3) were

selected. This selection was performed prior to the experiment described in
this paper.

© 2015 John Wiley & Sons, Ltd.
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Clinicians

Suspicious — Pathological mmmm Uninterpretable —=
Table 1 Median proportions of evaluation to each class
Evaluation Step 1 Step 2 Step 3 Step 4
Normal 49 37 29 68
Suspicious 41 42 37 24
Pathological 7 13 17 7
Uninterpretable 1 1 4 2
Results

Nine clinicians evaluated 552 CTG recordings. From these record-
ings, 82 were repeated (for intra-observer agreement) making it
634 CTGs evaluated in total by each clinician. Clinicians were
randomly assigned a number, which can be used to connect the
respective results across all the figures.

Analysis of individual clinicians (proportion of
evaluation, intra-observer agreement)

Table 1 shows proportion of evaluation into different classes and
confirms that clinicians evaluate CTG dominantly as normal and
suspicious. Interestingly, from step 1 to step 3 (i.e. longer CTG
recording for decision), the proportion of normal class is redistrib-
uted in favour to suspicious and pathological class. The detailed
analysis for step 2, cf. Fig. 3, clearly shows that proportion of
normal, suspicious, pathological and uninterpretable annotation
differs substantially for each clinician, clinicians 3 and 8 are the
most defensive ones (higher number of pathological evaluation),
clinician 6, on the other hand, is the most confident one.

Table 2 shows median time in seconds of evaluation for each
step and class, with pathological/uninterpretable class evaluation
taking the longest and normal evaluation the shortest time overall.
Details for step 2 and individual clinicians are shown in Fig. 4. All
clinicians had significantly different time for each type of evalu-
ation on significance level P < 0.05 (Kruskal-Wallis). The median
length of annotation, that is time elapsed between evaluation of the
first and last recording, was 38 days. The repeated CTG recordings
(for intra-observer agreement) were presented on average 5 days
after the first occurrence. Hence, it is unlikely that clinicians would
remember the repeated CTGs.

The median of intra-observer PA for all clinicians was about
70% for the all steps. Table 3 shows slightly better agreement for
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step 1 (76%) although it could be linked to higher proportion of
normal class in step 1, cf. Table 1 for details. The detailed results
for step 2 are presented in Fig. 5. Two clinicians (3 and 8) have
large agreement on pathological evaluation in comparison with
other clinicians. This can be explained by disproportionate amount
of pathological evaluations, as it is evident in Fig. 2.

Table 2 Median time for evaluation into different classes

Evaluation Step 1 Step 2 Step 3 Step 4
Normal 3.4 2.9 3.4 3.9
Suspicious 5.8 4.5 4.6 4.3
Pathological 6.4 6.3 5.1 8
Uninterpretable 7.5 5.7 4.5 7.3

Al 4.4 3.6 4.1 45
Table 3 Median intra-observer proportion of agreement

Evaluation Step 1 Step 2 Step 3 Step 4
Normal 86 77 69 85
Suspicious 69 61 61 59
Pathological 57 59 63 52
Uninterpretable 0 0 40 0

All 76 70 71 71

L. Hruban et al.

Analysis of inter-observer agreement

The inter-observer agreement, cf. Table4, follows similar
patterns across all steps as the intra-observer agreement. The
agreement on normal class decreases from step 1 to step 3, which
could be linked to the decrease in proportion of normal evaluation
in Table 1.

The reason for the low PA value is that two clinicians (3 and 8)
could be considered as outliers as they evaluated CTG defensively
(higher proportion of pathological), as it was shown in Fig. 2. This
is also clearly presented in Fig. 6, where the pairwise PA is shown
in form of symmetric matrix. The majority voting outcome based
on evaluation of all clinicians is shown in the first row and first
column labelled by 0. The rest of the rows and columns represent
individual clinicians as in the previous figures. For example, the
first clinician (marked with 1) agrees with majority voting (marked
with 0) on 80% and with second clinician (marked with 2) on 65%.
Again, it can be seen that clinicians 3 and 8 are distinct from the
others. The overall kappa was: 0.255 with 95% CI (0.253-0.258)
being the fair agreement although we warn against its improper
use to compare different populations.

Clinical evaluation to pH and to the CTG
evaluation stored in hospital records

Table 5 presents sensitivity and specificity of the majority vote of
the nine clinicians with respect to the objective outcome measures

Time [seconds]

Clinicians

Normal == Suspicious ——= Pathological

mmmm Uninterpretable

Figure 4 Median time for evaluation into dif-

= ferent classes with 95% confidence intervals.
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Figure 5 Intra-observer proportion of agree-
ment based on the analysis of the repeated
recordings (82 in total) with 95% confidence
intervals in respect to assessed CTG class.
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(pH, BD and Apgar score at fifth minute). To be able to compute
sensitivity and specificity, and for the sake of clarity, the results are
presented as evaluation of pathological versus suspicious + normal
traces. From step 1 to step 3, the sensitivity increases while the
specificity decreases for all measures. For the step 4 (labour
outcome prediction), the sensitivity decreases again. The distribu-
tion of pH with respect to labour evaluation is shown in Fig. 7.
Ideally, for recordings with pH < 7.05, there should be only evalu-
ation to pathological class. However, the pathological evaluation is
scattered across the whole range of pH.

Table 4 Inter-observer proportion of agreement with 95% confidence

interval

Evaluation Step 1 Step 2 Step 3 Step 4
Normal 69 (66-72) 57 (64-60) 48 (44-52) 65 (63-67)
Suspicious 49 (47-51) 46 (44-48) 41 (39-43) 32 (30-34)
Pathological 33 (28-39) 41 (36-46) 42 (37-47) 29 (24-33)
Uninterpretable 26 (14-44) 15 (10-20 26 (20-33) 20 (16-24)
All 56 (64-58) 48 (47-60) 63 (60-66) 50 (48-52)

0
] .100
. 90
2 . 80
3 D 70
. D 60
D 50
5 D 40
6 - 30
7 B 20
0 K
9

Figure 6 Matrix of inter-observer agreement for step 2. Majority voting
of all clinicians is marked by 0. Clinicians are marked by number 1-9. The
matrix represents pairwise comparison of proportion of agreement
between all clinicians.

Obstetrician agreement on CTG records

CTG evaluation from hospital records

The PA between evaluation of the first stage from the clinical
documentation and the evaluation using the majority voting of nine
obstetricians was 59%. The sensitivity and specificity for majority
voting and hospital records, cf. Table 6, are remarkably similar to
each other.

Discussion and conclusion

This study presents the analysis of CTG evaluation by nine
experienced obstetricians. Each clinician evaluated 634 record-
ings (approximately 691 hours of CTG recordings). It is the
largest study ever performed when both the number of clinicians
and number of recordings are considered, providing broader
insight into clinical evaluation and its variability. In contrast to
other studies published in medical journals, it is not restricted to
a quantitative measure of agreement such as kappa coefficient
but it aims to provide a clear picture of clinicians’ agreement/
disagreement. The analysis is performed on well-constructed and
documented open access database (CTU-UHB database). The
clinical evaluations are available upon request and are published
online at webpage of corresponding author.

The assessment of agreement between observers is not an easy
task. Among statisticians, there is no accordance on how the
observer agreement should be measured. For the categorical vari-
ables, the kappa coefficient has been used in the past to measure
agreement in many studies, for example [2,3,5,28]. But it has
been shown that the kappa is dependent on observed marginal
proportions making comparison across different population
infeasible. Additionally, the kappa coefficient lacks natural exten-
sion for multiple rates and multinomial classes [29,30]. In
general, there is no single measure of agreement that could out-
perform the others [31]; therefore, the PA and also Fleiss kappa
value [27] were used. However, having in mind disadvantages of
the kappa coefficient, it is considered as a complementary
measure.

The analysis of CTG evaluation of individual clinicians revealed
that each clinician has different proportion of assigned classes.
Clinicians mostly evaluated CTG as normal and suspicious. Time
needed to decide on CTG evaluation was approximately the same
for all clinicians. Clinicians spent more time with decision on
pathological class than on normal and suspicious. This was
expected as pathological recordings could be more complex and
difficult to evaluate.

The presented large intra- and inter-observer variability supports
the results of previous studies [4,5]. Obstetricians using FIGO

Table 5 Sensitivity and specificity for majority voting of nine clinicians. The results are presented for the 552 records (pathological vs.

normal + suspicious evaluation)

Step 1 Step 2 Step 3 Step 4
Objective SE SP SE SP SE SP SE SP
pH < 7.05 12 (5-26) 95 (92-96) 27 (16-42) 89 (86-92) 59 (38-78) 87 (82-90) 25 (13-41) 95 (93-97)
BD>12 18 (5-42) 94 (92-96) 39 (16-63) 89 (86-91) 43 (13-77) 84 (80-88) 24 (8-49) 95 (92-96)
Apgar < 7 11 (2-33) 94 (92-96) 11 (2-32) 88 (85-91) 39 (17-66) 85 (80-88) 21 (8-45) 95 (92-96)
BD, base deficit; SE, sensitivity; SP, specificity.
© 2015 John Wiley & Sons, Ltd. 699
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Figure 7 Majority voting versus pH (step 4). The vertical line marks pH threshold (pH < 7.05).

Table 6 Sensitivity and specificity of CTG evaluation as noted in hospital records and for majority voting based on nine clinicians. The results are
presented for the same 296 CTG recordings (pathological vs. normal + suspicious evaluation)

Step 1 Step 2 Step 3 Step 4
Annotation Objective SE SP SE SP SE SP SE SP
Majority voting pH<7.05 29(12-54) 92 (88-95) 1(20-65) 86 (81-90) 6 (45-99) 86 (79-90) 8 (18-63) 94 (91-97)
BD>12 30 (9-62) 92 (87-95) 0(22-78) 86 (81-90) 0 (3-94) 83 (76-88) 2 (4-56) 93 (89-96)
Apgar<7 50 (10-90) 1(87-94) 0(10-90) 85 (80-89) 100 (5-100) 83 (76-89) 5(25-99) 93 (90-96)
Hospital records  pH<7.05 41 (20-65) 4 (91-97) 1 (20-65) 94 (90-97) 0(15-71) 93 (88-96) N/A N/A
BD>12 60 (29-85) 4 (91 97) 60 (29-85) 94 (90-96) 5 (1-75) 92 (87-95) N/A N/A
Apgar < 7 0 (0-53) 2 (88-95) 0 (0-53) 92 (87-95) 3 (2-86) 92 (87-95) N/A N/A

BD, base deficit; CTG; N/A, Not Available; SE, sensitivity; SP, specificity.

guidelines or its derivatives struggle with consistency of their
assessment of CTG recordings regardless of the experience or
academic stature. The intra-observer agreement of 71% for step 2
was partly caused by lower agreement on pathological class (59%).
For the normal class, the intra-observer agreement was 77%.

The PA in step 2 was 48%. There are several reasons for low
PA. Two clinicians (3 and 8) provided distinct evaluation and the
PA computed without these clinicians raised significantly to
58%. Another possible factor is lower inter-observer agreement
on pathological cases, cf. Table 4. Our recent work [32] suggests
that suspicious and pathological classes are broad, possibly not
well defined, and that the boundary between suspicious and
pathological cases is different for each clinician. The direct com-
parison of inter- and intra-observer agreement to the state-of-the-
art publications is rather difficult. First, the number of recordings
evaluated in other studies ranges from 3 [33] to 845 [3] with 30
to 50 recordings being the most common size, for example
[2,4,34]. Regarding the number of evaluators, again, the wide
range and professional background of the experts can be found
from 116 Obstetrics and gynaecology (ob-gyn) residents in
Lidegaard et al. [35], 28 midwives in Devane and Lalor [33] to
three experts in Ojala er al. [36]. Second, inter-observer agree-
ment is usually presented using kappa coefficient, which cannot
be compared across different populations.

700
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In general, fetal heart rate has high sensitivity and low speci-
ficity to fetal acidosis. However, in our study, the sensitivity and
specificity of clinicians’ evaluation of labour outcome (step 4) to
fetal acidosis was 25% (95% CI 13-41) and 95% (CI 93-97),
respectively. The clinical evaluation has lower sensitivity than
specificity. These results are consistent with those reported for
the National Institute of Child Health and Human Development
classification system in Coletta et al. and Tommaso et al [10,12].
For the FIGO guidelines, the sensitivity and specificity was
evaluated only with a computerized system for CTG evaluation
[37]. In Schiermeier et al. [37], the computerized system had
higher sensitivity and lower specificity. We would like to note
here that comparison of these studies [10,12,37] is limited as
each study aimed at different scenario and chose a different pH
threshold.

The reported sensitivity and specificity in Table 6 is remarkably
similar to the sensitivity of 41% and specificity of 94% of the CTG
evaluation recorded by an on-duty obstetrician on printed traces
during the actual delivery. This implies that the process of anno-
tation and information provided to clinicians corresponds to the
situation in clinical practice.

This work provides expert obstetrician’s annotations for the
CTU-UHB database that are open to research community, avail-
able at Physionet [22]. This paper brings up several topics which

© 2015 John Wiley & Sons, Ltd.
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are of broader interest. It is well known that interpretation of CTG
is accompanied by high intra-/inter-observer variability as it has
been reported from the beginnings of the CTG. The solutions to
improve the interpretation were interestingly summarized and dis-
cussed in Santo and Ayres-de-Campos [38]. The very first step
forward is to simplify guidelines for interpretation and keep them
as simple and as objective as possible. The FIGO guidelines were
not updated since its introduction in 1986 [6] and are partly in
disagreement with several national guidelines, cf. [7] for guide-
lines comparison. An alternative to guidelines simplification (or its
implementation in clinical practice) would be to employ intensive
education (training and testing sessions) [19,39]. However, the
regular education is very resource demanding (especially time)
and thus usually sustained only for limited time periods after
which the additional knowledge deteriorates. Another possibility
is to use a computer-based interpretation of CTG although algo-
rithmic implementation of FIGO guidelines is cumbersome as the
guidelines offers room for different interpretation, for example the
circular definition of baseline heart rate and acceleration and
deceleration. It is not surprising that computer interpretation of
FIGO criteria, implemented and reported in Schiermeier et al.
[37], and its sensitivity and specificity to pH is in strong contra-
diction to the sensitivity and specificity achieved by clinicians in
our study — the FIGO guidelines are simply not rigorously fol-
lowed in clinical practice.

From the perspective of computer-based CTG interpretation,
two directions are possible: to design a system adhering strictly to
guidelines [37] and use only morphological CTG features defined
in the guidelines or to take advantage of ongoing research in fetal
heart rate variability [14,16,40—42] and use features that probe the
FHR in more detail and thus go beyond FIGO. In this case, the
clinical evaluation of CTG together with pH and BD could be used
to guide the choice of new features. Either way, the best possible
approach is to implement all the steps to improve the CTG evalu-
ation, that is to make the guidelines as simple and as objective as
possible, to establish and maintain education of clinical personal
and to employ computer interpretation of CTG that would aid
clinicians’ decisions.
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4.3. Vyuziti pocitacové analyzy kardiotokografického
zaznamu pro zpresnéni diagnostiky intrapartalni hypoxie
plodu

Dalsi opatieni, které¢ by mohlo vyznamné ovlivnit senzitivitu a specificitu CTG k hypoxii plodu
je zavedeni pocitacového hodnoceni CTG. Automatickd analyza ma potencidl objektivné
hodnotit jednotlivé jevy na CTG zaznamu, navic je mozné vyuzit fadu dalSich znakd, které
nelze rozpoznat pouhym okem. Mozné jsou dva sméry dal§iho vyvoje. Prvnim je konstrukce
systému, ktery bude zalozen pouze na piesném dodrzovani soucasnych doporuceni FIGO
a bude vyuzivat pouze morfologické znaky jasné definované v téchto doporucenych postupech.
Druhou moznosti je vyuziti soucasnych poznatkii ze studia variability srdec¢ni frekvence plodu
a zapojeni novych znakl (hodnotitelnych pouze pocitacovou analyzou), které mnohem
detailnéji popisuji zmény srde¢ni frekvence plodu, ale nemaji zddnou oporu v doporucenich
FIGO [53,54]. Vyhodna by mohla byt i syntéza obou ptistupt spolu s dal§im hledanim novych
znakd.

Role podpory rozhodovani na zdklad¢ automatické analyzy CTG zaznami nespociva jen ve
zlepSovani perinatalnich vysledki, ale také v homogenizaci a ziskani vétsi davéry
v rozhodovani na zékladé CTG.

Pro pocitacové hodnoceni CTG je tfeba zpracovat ziskané signdly pomoci popisnych atributti
— ptiznaki. K popisu srdecni frekvence je mozné pouzit pfiznaky z riznych domén, naptiklad
priznaky Casové (délka/amplituda), frekvencni (energie ve specifickych pasmech), casove-
frekvencnich (koeficienty vlnové transformace), nelinedrni (entropie, fraktalni dimenze),
piipadné ziskavani popisnych atributli popisujicich chovani signalu ptes jednotlivd métitka

(multiscale analyza) [55,56].
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Dalsi postup prace s daty se nijak neliSi od jinych klasifika¢nich uloh. Je tieba vytvofit
dostatetn¢ velkou a reprezentativni ,trénovaci skupinu dat, na niz je naucen
model/klasifikator, u kterého jsme po otestovani na testovaci mnozin¢ schopni usuzovat o jeho

klasifika¢nich kvalitach na obecnych (neznamych) datech.

Je tada faktort, které komplikuji proces identifikace vhodnych ptiznaki a proces uceni. Patii
mezi n¢ predevsim kvalita signald, kterd predevsim ve druhé dobé porodni Casto nedosahuje
pozadovanych parametrd. Dal$im faktorem je mozna zaména srdecni frekvence matky a plodu,
ke které miize béhem monitorovani dojit a ktera predstavuje velkou slabinu zevniho zptsobu
kardiotokografie. Caste¢né je mozné tyto vlivy eliminovat pouzitim vnitini skalpové elektrody
nebo novych technologii vyuZzivajicich registrace elektropotencialti z povrchu bfiSni stény
matky.

V roce 2015 byly ukonceny dvé velké randomizované studie — FM-ALERT a INFANT trial,
ktera byla tfeti nejvétsi studii viibec v rdmci systému anglického zdravotnictvi, snazici se najit
odpovéd’ na otdzku, zda je pocitaCovd podpora rozhodovani schopnd pozitivné ovlivnit
perinatologické vysledky [57,58]. Ani v jedné studii nebyl nalezen signifikantni rozdil mezi
pouzivanim ¢i nepouzivanim podpory rozhodovani. V obou porovnavanych podskupinach vsak
byla shodné pfitomna velmi nizka incidence piipadd klinicky vyznamné hypoxie u plodu. Pii
detailnim rozboru byl soucasné jako jeden z hlavnich diivodi ,,selhdni* automatické analyzy
identifikovan fakt, ze nebyly respektovany stanovena kritéria, nebo doslo k pfili§ velké ¢asové
prodlevé od stanoveni diagnézy po realizaci nutnych opatfeni. Retrospektivni studie
publikovana Pereirou a kol. vroce 2019 prokazuje vyrazny pokles incidence hypoxicko-
ischemické encefalopatie pii soucasné redukci procenta cisafskych fezli, po zavedeni
centralniho monitorovaciho systému s pocitacovou analyzou CTG [59].

Vzhledem k potiebé vytvorfeni ucelené databaze CTG zdznamd, ktera by byla volné ptistupna

a se kterou by bylo mozné dale pracovat na vyvoji pocitacové analyzy CTG signalu, byla
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vytvoiena databaze CTU-UHB database. Tato databaze obsahuje 552 intrapartalnich CTG
zdznamu, ziskanych vyhradné z Gynekologicko-porodnické kliniky MU a FN Brno. Zaznamy
zahrnuji obdobi maximalné 90 minut pied porodem a jsou propojeny s vyslednymi hodnotami
acidobazické rovnovahy a nezbytnymi klinickymi udaji.

Databaze je voln¢ piistupna pro nekomerc¢ni ucely, ptedevsim pak pro vyzkum CTG signalu a
Vyvoj systtmii  pro  automatickou  pocitatovou  analyzu CTG  z4dznamu

(http://physionet.org/physiobank/database/ctu-uhb-ctgdb/). Velmi rychle se tato databaze stala

zdkladem pro vyzkum v oblasti pocCitatové analyzy pro fadu tymi po celém svété, coz
dokladuje 1 pocet citaci. Databaze byla podrobn¢ piedstavena v ¢lanku s nazvem ,,Open access
intrapartum CTG database“ v mezindrodnim impaktovaném casopise BMC Pregnancy and
Childbirth — viz. ptiloha 4.3.1. Podil autora: vybér CTG zaznamt, klinické hodnoceni CTG
zaznamd, podil na tvorb¢ publikace se zaméfenim na klinickou interpretaci CTG zdznamu.
Soucasné s tvorbou databaze CTG zaznamt bylo nutné vytvofit funk¢ni systém propojujici
stavajici nemocni¢ni informacni systém s archivem CTG zaznamt a vytvofit jeden funkcni
celek, umoznujici efektivni ziskdvani a zpracovavani informaci. Analyza velkych objemt dat
muze byt v mnoha smérech zavadéjici a nemusi vzdy vést k pozadovanym vysledkiim. Vyuziti
efektivnich automatickych metod miize vést k vyraznému urychleni a cilené analyze velkych
objemt dat.

Cilem bylo vytvofeni efektivniho podptirného systému zalozeného na analyze dostupnych
klinickych informaci a propojeni téchto informaci s CTG signalem za ucelem predikce miry
rizika intrapartalni hypoxie plodu. V budoucnu by tyto algoritmy mohly poslouZit pro vytvoteni
komplexniho podpiirného systému pii klinickém rozhodovani v realném case. Prace byla
publikovana pod nazvem ,Information retrieval from hospital information system:
Increasing effectivity using swarm intelligence®“ v mezinarodnim impaktovaném c¢asopise

Journal of Applied Logic — viz. pfiloha 4.3.2. Podil autora: zajiSténi klinické Cast projektu,
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propojeni s matematickym modelovanim, podil na tvorbé publikace se zaméfenim na

interpretaci klinickych dat.
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Abstract

Background: Cardiotocography (CTG) is a monitoring of fetal heart rate and uterine contractions. Since 1960 it is
routinely used by obstetricians to assess fetal well-being. Many attempts to introduce methods of automatic signal
processing and evaluation have appeared during the last 20 years, however still no significant progress similar to that
in the domain of adult heart rate variability, where open access databases are available (e.g. MIT-BIH), is visible. Based
on a thorough review of the relevant publications, presented in this paper, the shortcomings of the current state are
obvious. A lack of common ground for clinicians and technicians in the field hinders clinically usable progress. Our
open access database of digital intrapartum cardiotocographic recordings aims to change that.

Description: The intrapartum CTG database consists in total of 552 intrapartum recordings, which were acquired
between April 2010 and August 2012 at the obstetrics ward of the University Hospital in Brno, Czech Republic. All
recordings were stored in electronic form in the OB TraceVue®system. The recordings were selected from 9164
intrapartum recordings with clinical as well as technical considerations in mind. All recordings are at most 90 minutes
long and start a maximum of 90 minutes before delivery. The time relation of CTG to delivery is known as well as the
length of the second stage of labor which does not exceed 30 minutes. The majority of recordings (all but 46 cesarean
sections) is — on purpose — from vaginal deliveries. All recordings have available biochemical markers as well as some
more general clinical features. Full description of the database and reasoning behind selection of the parameters is
presented in the paper.

Conclusion: A new open-access CTG database is introduced which should give the research community common
ground for comparison of results on reasonably large database. We anticipate that after reading the paper, the reader
will understand the context of the field from clinical and technical perspectives which will enable him/her to use the

database and also understand its limitations.

Keywords: Cardiotocography, Intrapartum, CTG, Database, Signal processing, Fetal heart rate

Background

Introduction

Fetal heart activity is the prominent source of information
about fetal well being during delivery. Cardiotocography
(CTQ) - recording of fetal heart rate (FHR) and uterine
contractions — enables obstetricians to detect fetus with
deteriorating status (e.g. ongoing fetal hypoxia), which
may occur even in a previously uncomplicated pregnancy.
Even though fetus has its own natural defense mechanism
to tackle the oxygen insufficiency during the delivery, in
some cases only timely intervention can prevent adverse
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consequences. Hypoxia, with prevalence lying in the
region of 0.6% [1] to 3.5% [2], is considered to be the third
most common cause of newborn death [3].

Cardiotocography was introduced in late 1960s and is
still the most prevalent method of intrapartum hypoxia
detection. It did not, however, bring the expected
improvements in the delivery outcomes in comparison to
previously used intermittent auscultation [4]. Moreover,
continuous CTG is the main suspect for growing percent-
age of cesarean sections (CS) for objective reasons, which
increased in the last decade [5].

To tackle the problems of CTG three principal app-
roaches were followed during the years. The first approach
focused on improving low inter and intra-observer agree-
ment [6]. In 1986 International Federation of Gynecology
and Obstetrics (FIGO) introduced general guidelines [7]

© 2014 Chudacek et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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based on evaluation of macroscopic morphological FHR
features and their relation to the tocographic measure-
ment. But even though the guidelines are available for
almost thirty years now, poor interpretation of CTG still
persists [8-10]. Many tweaks to the guidelines were pro-
posed during the years, but with no significant change to
the inter-observer variability. For overview of the different
guidelines we refer the reader to [11].

The second approach to improve the overall results of
CTG looks for technical solutions to add more objec-
tive/quantitative evaluation of the state of the fetus using
additional measurement techniques. Some used tech-
niques are regionally/country limited in their use — such
as fetal blood sampling [12,13] or fetal pulse oxymetry
[14]. The only widespread method is evaluation of aver-
aged repolarization behavior of fetal ECG performed by
STAN. Many studies were published comparing STAN-
enhanced CTG with use of CTG only. The majority of
studies proved that the addition of STAN indeed leads to
slightly better fetal outcomes [15,16] but problems were
also reported [17,18].

Attempts to computer evaluation of the CTG — the third
approach — started almost immediately after introduc-
tion of the first unified FIGO guidelines. FIGO features
became fundamental in most of the first clinically oriented
approaches and automatically extracted morphological
features played the major role in all automatic systems for
CTG analysis [19,20].

We suggest interested reader to refer to e.g. [21] for
more details on CTG preprocessing and to e.g. [22] for
more details on different features that had been extracted
to characterize the FHR since the focus of this paper is
rather on the database presentation.

When reviewing literature on automatic CTG process-
ing, two things are striking. First, there is a large dis-
connection between approaches and goals in the clinical
and technical papers. The clinical papers are mostly
looking for applicable solutions to the clinically pressing
issues (lack of agreement, critically misclassified record-
ings). The technical papers often use CTG data as just
an another input to the carefully tuned classifiers. Most
works use very small ad-hoc acquired datasets, differently
sampled with various parameters used as outcome mea-
sures, though we have to concede that our previous works
[22,23] were done exactly in the same manner. It is hard
to believe that it is more than 30 years when computer
processing of CTG has begun [24] and since then, no com-
mon database of CTG records is available?. There is no
way how to compare/improve/disregard among different
results. And that, in our opinion, hinders any significant
progress towards the ultimate goal of a usable and working
automated classification of the CTG recordings.

In this paper we present a novel open-access CTG
database, which we will call further in the paper CTU-
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UHB databaseP. It consists of CTG records and clinical
information. We first provide a comprehensive overview
of databases used in literature in the last years. Then we
describe development of the CTU-UHB database. We dis-
cuss the criteria for selection of records for the database
from clinical and technical point of view. At last, we
present a detailed description of main clinical and tech-
nical parameters, which, in our opinion, are important
for understanding and should be taken into account when
using the database.

Overview of CTG databases used in literature

We performed a systematic search in the electronic
database PUBMED including records up to February
2013. The language of studies was restricted to English.
The various combination of the following keywords were
used: cardiotocography, fetal heart rate, fetal heart rate
monitoring, computer assisted diagnosis, fetal distress,
asphyxia, hypoxemia, fetal hypoxia. In the selected arti-
cles the references were searched and articles that cited
the paper were searched as well.

It is impossible to provide exhaustive review and, there-
fore, several inclusion criteria were applied to include
all relevant works but keep the overview as clear as
possible. First, if a CTG database was used in multi-
ple works, we included the paper where the database
was described in most detail. If the description was
the same, we included the most recent paper, e.g. we
preferred paper of Jezewski et al. [25] rather than of
Czabanski et al. [26]. Second, only those works that used
intrapartum CTG signals were considered, e.g. we did
not include the work of H. Ocak [27] since he worked
with UCI Cardiotocography Data Set®. Third, we pre-
ferred journal papers and works that attempted to show
results with regards to objective annotation (pH, base
excess, etc.).

Our search of CTG databases used in other studies
(with applied selection criteria) resulted in inclusion of 22
works. Due to the space limitation the overview had to
be split into two tables, Tables 1 and 2. Table 1 presents
used databases regarding the CTG signals and clini-
cal parameters, namely: type of acquisition (ultrasound
Doppler (US), direct fetal electrocardiogram measure-
ment (FECQ)); antepartum (ante.) or intrapartum (inte.)
phase; stage of labor (I. or I1.); length of FHR signal; time to
actual delivery; use of uterine contractions (UC), descrip-
tion of inclusion criteria; description of clinical data;
evaluation type: objective (obj.), subjective (subj.), or com-
bination of both (comb.); number of total cases. The num-
ber of cases varies from study to study, the lowest being
around 50 cases, and the highest being 7568 cases. Table 2
presents the overview of databases from classification
point of view. It is apparent that in each paper different
criteria for classes division were used, thus, making any



Table 1 Overview of databases used in various works |

Reference Acquisition Timing Labor stage FHR sig. used Time to delivery UC used Incl. Clinical Evaluation # Total

[min] [min] criteria info. type cases
Nielsen et al. 1988 [28] N/A intra. l. 30 N/A Yes No No obj. 50
Chung et al. 1995 [29] FECG intra. N/A N/A N/A Yes Yes Yes obj. 73
Keith et al. 1995 [30] N/A intra. N/A > 120 Until del. Yes No Yes comb. 50
Bernardes et al. 1998 [31] US, FECG ante,, intra. LI - Until del. Yes No Yes obj. 85
Maeda et al. 1998 [32] N/A intra. N/A 50 N/A No No No subj. 49
Lee etal. 1999 [33] FECG intra. N/A - N/A Yes No No subj. 53
Chung et al. 2001 [34] us ante,, intra. LI N/A 120 No No Yes comb. 76
Strachan et al. 2001 [35] FECG intra. LI > 30 Until del. Yes No Yes obj. 679
Siira et al. 2005 [36] FECG intra. (MR 60 95% bellow 9 Yes Yes Yes obj. 334
Cao et al. 2006 [37] US, FECG intra. N/A 30 N/A Yes No No subj. 148
Salamalekis et al. 2006 [38] us intra. I N/A Until del. No Yes Yes comb. 74
Georgoulas et al. 2006 [39] FECG intra. I 20-60 Until del. No No No obj. 80
Goncgalves et al. 2006 [40] US, FECG intra. LI 32-60 Until del. No Yes Yes obj. 68
Costa et al. 2009 [41] FECG intra. I - Until del. Yes Yes Yes obj. 148
Elliott et al. 2010 [42] N/A intra. I > 180 Until del. Yes Yes Yes subj. 2192
Warrick et al. 2010 [43] US, FECG intra. I > 180 Until del. Yes Yes No obj. 213
Jezewski et al. 2010 [25] us ante,, intra. N/A - N/A Yes Yes Yes obj. 749
Helgason et al. 2011 [44] FECG intra. LI, > 30 Until del. Yes No No comb. 47
Chudacek et al. 2011 [22] US, FECG intra. I 20 Until del. No Yes Yes comb. 552
Spilka et al. 2012 [23] US, FECG intra. I 20 Until del. No Yes No obj. 217
Georgieva et al. 2013 [45] N/A intra. I - Until del. No Yes Yes obj. 7568
Czabanski et al. 2013 [46] N/A ante,, intra. N/A 60 N/A No Yes Yes subj. 2124%
Legend: “N/A” - information not available, “~" - authors used the whole available FHR signal without specifying the length, T — 2124 recordings, 333 woman.
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Table 2 Overview of databases used in various works Il
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Reference Classes (categories) Division criteria for # classes # cases in classes # total cases
classes
Nielsen et al. 1988 [28] Normal; pathological Apgar 1 min. < 7 or pH < 2 34,16 50
7.150rBE <-10
Chung et al. 1995 [29] Normal; abnormal pH < 7.15 2 65; 8 73
Keith et al. 1995 [30] 5-tier scoring system 17 clinicians, pH, BDecf, 5 38:12 50
Apgar
Bernardes et al. 1998 [31] norm.; susp.; pathol. pH, Apgar, neonatology 3 56;22;7 85
Maeda et al. 1998 [32] norm.; susp.; pathol. manual clinical rules 3 12,18;19 49
Lee et al. 1999 [33] Normal CTG; decels. 1 clinician 2 N/A 53
Chung et al. 2001 [34] Normal; presumed norm. FHR; abnorm. & 3 36;26; 14 76
distress; acidemic pH > 7.15; abnorm. & pH
<715
Strachan et al. 2001 [35] Normal; abnormal pH < 7.15 &BDecf > 8 2 608; 71 679
Siira et al. 2005 [36] Normal; acidemic pH < 7.05 2 319; 15 334
Cao et al. 2006 [37] reassuring; NR 2 clinicians 2 102; 44 148
Salamalekis et al. 2006 [38] Normal; NR [NR & pH > FIGO, pH < 7.20 2 32,42 74
7.20; NR & pH < 7.20]
Georgoulas et al. 2006 [39] Normal; at risk pH > 7.20; pH < 7.10 2 20: 60 80
Costa et al. 2009 [41] Omniview-SisPorto pH < 7.05 2 7; 141 148
3.5 alerts
Elliott etal. 2010 [42] Normal; abnormal BDecf > 12 & NE 2 60; 2132 2192
Warrick et al. 2010 [43] Normal; pathological BDecf < 8; BDecf > 12 2 187; 26 213
Jezewski et al. 2010 [25] Normal; abnormal Apgar N/A min. < 7 or 2 28% abnorm. 749
birth weight < 10™ perc.
orpH <72
Helgason et al. 2011 [44] FIGO-TN; FIGO-FP; FIGO-TP norm. FHR & pH > 7.30; 3 15;17;15 47
abnorm. & pH > 7.30;
abnorm. & pH < 7.05
Chudacek et al. 2011 [22] norm.; susp.; pathol. 3 clinicians 3 139; 306; 107 552
Spilka et al. 2012 [23] Normal; pathological pH < 7.15 2 123;94 217
Georgieva et al. 2013 [45] Normal; adverse pH < 7.1 & neonatology 2 N/A 7568
Czabanski et al. 2013 [46] Normal; abnormal Apgar 10 min. < 5 2 306; 27 21247

Abbreviations: NR - non-reassuring, NE — neonatal encephalopathy, ¥ — 2124 recordings, 333 woman.

comparison of results between different studies virtually
impossible.

Construction and content

Ethics statement

The CTG recordings and clinical data were matched by
anonymized unique identifier generated by the hospital
information system. The timings of CTG records were
matched to stages of labor (first and second stage) and
were made relative to the time of birth, thus also de-
identified. This study was approved by the Institutional
Review Board of University Hospital Brno; all women
signed informed consent.

Data collection
The data were collected between 27 of April 2010 and
6 of August 2012 at the obstetrics ward of the University
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Hospital in Brno (UHB), Czech Republic. The data con-
sisted of two main components, the first were intrapartum
CTG recordings and the second were clinical data.

The CTGs were recorded using STAN S21 and S31
(Neoventa Medical, Molndal, Sweden) and Avalon FM40
and FM50 (Philips Healthcare, Andover, MA) fetal mon-
itors. All CTG signals were stored in an electronic form
in the OB TraceVue'system (Philips) in a proprietary for-
mat and converted into text format using proprietary
software provided by Philips. Each CTG record con-
tains time information and signal of fetal heart rate and
uterine contractions both sampled at 4 Hz. When a sig-
nal was recorded using internal scalp electrode it also
contained T/QRS ratio and information about bipha-
sic T-wave. From 9164 intrapartum recordings the final
database of 552 carefully selected CTGs was created keep-
ing in consideration clinical as well as technical point of
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view; the details about recordings selection are provided
further.

The clinical data were stored in the hospital informa-
tion system (AMIS) in the relational database. Complete
clinical information regarding delivery and fetal/maternal
information were obtained. The clinical data included:
delivery descriptors (presentation of fetus, type of deliv-
ery and length of the first and second stage), neonatal
outcome (seizures, intubation, etc.), fetal and neonatal
descriptors (sex, gestational week, weight, etc.), and infor-
mation about mother and possible risk factors. For the
final CTU-UHB database, clinical data were exported
from relational database and converted into Physionet text
format.

Data selection and criteria considered

The selection procedure of the records was based on both
clinical and CTG signal parameters and the process is
shown in Figure 1.

Clinical criteria

In the following paragraphs we describe criteria that were
used for records exclusion. Additionally we discuss shortly
the criteria that were included in the description of the
final database but were not used for records exclusion.

Clinical selection criteria The following parameters
were taken into account for inclusion of recordings into
the final database. References in this section refer to a
description of particular parameter.

e Women's Age — although the women’s high age plays
significant role in the probability of congenital
diseases, for the intrapartum period no significance
was found [47]. Low age (maternal age < 18 years)
could have an adverse effect [48] and such records
were therefore excluded.

Week of gestation — maturity of the fetus plays
significant role in the shape and behavior of the FHR
antepartum as well as intrapartum [49]. Therefore
the selection was limited to mature fetuses

(weeks of gestation > 37) according to the last
menses counting, which was in majority cases
confirmed by ultrasound measurement during
antepartum check-ups.

Known fetal diseases — fetuses with known congenital
defects or known intrauterine growth restriction
(IUGR) that could influence the FHR and/or
outcome of the delivery were excluded from the
database. Additionally, postnatally detected defects
were consulted and two cases with transposed large
veins were left in the set, since these two particular
changes should not have influenced the FHR.

Type of gravidity — only singleton, uncomplicated
pregnancies were included.
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e Type of delivery — the majority of the database
consists of vaginal deliveries. Nevertheless to increase
the number of cases with pathological outcome in the
database, 16 CS recordings with pH < 7.05 were
included and consequently a control group consisting
of 30 CS with normal outcomes was also included to
enable separate evaluation if necessary.

Additional clinical criteria provided Together with cri-
teria used for selection, the following criteria were consid-
ered and are available together with the CTG data:

e Sex of the fetus — both sexes were included even

though the sex of fetus significantly influences the
outcome according to Bernardes et al. [50].

Parity — although the first delivery can be “more
difficult” in general clinical sense [51] it is the same
from the point of view of the FHR recording.

Risk factors — to be able to describe and identify the a
priori high-risk pregnancies. We have included risk
factors that could have influenced the state of the
baby before entering the labor. For full review of the
parameters and further references we recommend
paper of Badawi et al. [52]. The final risk factors
included in the database were gestational diabetes,
preeclampsia, maternal fever (>37.5°C), hypertension
and meconium stained fluid.

Drugs — especially those administered during delivery
were considered only with regard to their influence
on FHR. Opiates may influence the FHR directly but
are rarely used in the Czech Republic during delivery
and were not used in any of the cases included in the
database. Therefore, we do not provide information
about drugs administration in the database. Note that
e.g. oxytocin used for enhancement of the uterine
activity influences the FHR in majority indirectly, via
increase of uterine activity, and thus can be assessed
from the CTG alone.

Other criteria — complementary information in order
to offer insight why e.g. operative delivery was
chosen. These include: induced delivery, type of
presentation (occipital/breech), no progress of labor,
dystocia cephalocorporal (incoordinate uterine
activity), dystocia cephalopelvic.

Labor outcome measures

Since our main intention was to prepare database that
could be used for comparison of different automated
approaches we have selected only those recordings that
included umbilical artery pH. We added all additional out-
come measures that were available for the recording in
the hospital information system. Some of these measures
are often misused and we will discuss their disadvant-
ages below.
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14 492 deliveries

—| 871 non-singleton pregnancies excluded

Y

13 621 singleton deliveries

7637 missing information/excluded
* 1o CTG record

* no intrapartum CTG record

Y * no pH values

5984 deliveries

4352 clinical/excluded:

* premature (gestational weeks < 37)
— * maternal age < 18

* pCO2 out of 95% CI for pH > 7.05
Y * length of II. stage > 30 min.

1632 deliveries with selected

clinical parameters. 514 CTGs parameters/excluded:
* length of FHR < 30 min. in I. stage
in 90 min. preceding delivery
P + length of FHR < 40 min. in L. stage
in 90 min. preceding delivery & pH > 7.15

\ * no FHR signal more than 30 min.
1118 deliveries with selected before delivery
CTG parameters
Y Y Y Y
89 VAG 417 random (VAG 16 (CS 30 random (CS
& pH <7.15 & pH > 7.15) & pH <7.15) & pH > 7.15)

552 records in CTU-UHB
database

Figure 1 Selection of recordings for the final database. Flowchart diagram describing the process of data selection for the final database.

Outcome measure selection criteria To enable objec-
tive classification the pH measure was considered as
essential for the evaluation of the database.

e Umbilical artery pH (pH) — is the most commonly
used outcome measure, sign of respiratory hypoxia.
Records with missing pH were excluded. Following
suggestion by Rosen [53] records, which had values of
pCO, outside 95t percentile [54] were excluded
except those with pH < 7.05, which even according
to [54] should be approached with care.

Additional outcome measures provided Even though
the is pH is the most commonly used measure, we
included additional measures such as following:
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Base excess (BE) — is often used in the clinical setting
as a sign for metabolic hypoxia, but is often false
positive [53].

Base deficit in extracellular fluid (BDecf) — is
according to Rosén et al. [53] a better measure of
metabolic hypoxia than BE. Still pH remains more
robust measure and according to last study of
Georgieva et al. remains the most informative [45].
Neonatology — complete neonatological reports were
acquired for all the cases in pre-prepared database.
No severe cases of neonatal morbidity were found, no
hypoxic ischemic encephalopathy, no seizures (for
details on neonatal morbidity see [55]).

Subjective evaluation of the outcome of the delivery
based on Apgar’s score (Apgar), where five categories
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are used to assess the newborn child in 1%, 5t and
10" minute [56].

The complete database was used for inter-intra observer
variability study. In this study 9 senior obstetricians evalu-
ated CTG signals. The clinical evaluation will be added to
the database as soon as processed.

Signal criteria

When the data were filtered according to the clinical infor-
mation, we have applied the following criteria on CTG
records:

e Signal length — we have decided to include 90
minutes preceding the delivery, where the delivery
time represents also the time when the objective
(pH, etc.) evaluation of labor was acquired.

— I stage — the length of the I. stage was limited
to a maximum of 60 minutes in order to keep
recordings easily comparable. The minimal
length was dependent on the pH of the
records in question — to include as much
abnormal records as possible. Thus the
minimal length of the I. stage of 30 minutes
was required for recording with pH < 7.15
and 40 minutes for others. The time distance
from the end of the Lstage to birth was not
allowed to be larger than 30 minutes.

I1. stage — based on our previous experience
with analysis of the II. stage of labor (active
pushing phase), we limited the II. stage to 30
minutes at maximum. This also limits the
possibility of adverse events occurring in the
II. stage, which could disconnect CTG
recording in the I. stage with objective
evaluation of the delivery.

Given the restriction above the signals are 30(40)-90
minutes long depending on a) the length of the II.
stage and also b) available signal in the I. stage. No
signal ends earlier than 30 minutes before delivery.
Missing signal — amount of missing signal was,
except for the II. stage, kept to possible minimum.
Nevertheless the trade-off between having full signal
and having recordings with abnormal outcomes had
to be made. No more than 50 % of signal was allowed
to be missing in the I. stage.

Noise and artifacts — these are a problem especially
for the recordings acquired by the ultrasound probe.
Certainly in some recordings maternal heart rate is
intermittently present. But even though it can pose a
challenge for user of the database it also reflects the
clinical reality.
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e Type of measurement device — the database is
composed as a mixture of recordings acquired by
ultrasound doppler probe, direct scalp measurement
or combination of both — again reflecting the clinical
reality at the obstetrics ward of UHB.

Description of the Database

Records for the CTU-UHB database were selected based
on clinical and technical criteria described above. Table 3
provides overview of patient and labor outcome measure
statistics and Table 4 presents main parameters regarding
the CTG signals. The CTG signals were transformed from
proprietary Philips format to open Physionet format [57],
all data were anonymized at the hospital and de-identified
(relative time) at the CTU side. An example of one CTG
record is shown in Figure 2.

CTG database - vaginal deliveries
The main part of the CTG database consists of 506 intra-
partum recordings delivered vaginally. It means the deliv-
eries got always to the II. stage of labor (fully dilated
cervix, periodical contractions), even though not all deliv-
eries had active pushing period. Some were delivered
operatively by means of forceps or vacuum extraction
(VEX). The main outcome measures are presented in
Tables 3 and 4.

Please note the column “Comment’, which gives addi-
tional information either with regard to the number of
potential outliers or points out interesting features of the

Table 3 Patient and labor outcome statistics for the
CTG-UHB cardiotocography database

506 - Vaginal (44 - operative); 46 - Caesarean Section
US =412; DECG = 102; US-DECG =35; N/A=3

Mean (Median) Min Max Comment
Maternal age 29.8 18 46 Over 36y: 40.
(years)
Parity 043 (0) 0 7
Gravidity 143 (1) 1 M
Gestational 40 37 43 Over 42 weeks: 2
age (weeks)
pH 723 685 747
BE -6.36 -26.8 -0.2
BDecf 460 -340
(mmol/l)
Apgar Tmin 8.26 (8) 1 10 AST < 3:18
Apgar 5min 9.06 (10) 4 10 AS5 < 7:50
Neonate’s 3408 1970 4750 SGA: 17; LGA: 44
weight (g)
Neonate's 259/293
sex (F/M)

Abbreviations: AS1, AS5 — Apgar score at 15t and 5% minute respectively; SGA,
LGA - fetus small, large for gestational age.
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Table 4 CTG signal statistics for the CTG-UHB
cardiotocography database

506 - Vaginal (44 - operative); 46 - Caesarean Section
US =412; DECG = 102; US-DECG =35;N/A=3

Mean Min Max Comment
Length of I. 225 45 648
stage (min)
Length of II. 11.87 0 30
stage (min)
Dist. SignalEnd 2.70 0 29 Over 10 min: 9
to Birth (min)
Noisy data 12.38 0 74
W1 (%)
Missing data 359 0 87
W1 (%)
Overall 15.98 0 89 Over 50%: 18
W1 (%)
Noisy data 1342 0 49
W2 (%)
Missing data 0 0 0
W2 (%)
Overall 13.14 0 49 Over 25%: 98
W2 (%)
Noisy data Il. 2262 0 91
stage (%)
Missing data II. 847 0 100
stage (%)
Overall II. 31.26 0 100 Over 50%: 97
stage (%)

W1 - 30 minute-long window beginning 60 minutes before end of the first stage
of labor, W2 - 30 minute-long window beginning 30 minutes before end of the
first stage of labor.

database such as number of pathological cases based on
certain parameters or quality of the recording in each
window.

CTG database - deliveries by Caesarean Section

The database was selected to have the majority of intra-
partum recordings with vaginal delivery. Nevertheless
due to low number of cases with severely-abnormal out-
comes, we have decided to add all recordings delivered
by Cesarean Section (CS) with abnormal outcomes that
conformed with the requirements mentioned above (16
CS records). Additional 30 CS recordings with normal
outcome were randomly selected and added as a control-
group. This control should enable the user of the database
to evaluate CS recordings separately, if necessary. The
details of the CS part of the database can be found in
Tables 3 and 4.

Additional perspectives on the database

In addition to the tables presented above four more tables
are included in the Additional files section. Additional
file 1: Table S5 and Additional file 2: Table S6 show the
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structure of the database with respect to umbilical cord
artery pH values. The main reason for presentation of the-
ses tables is to allow clear visibility of the features’ values
and their change with different pH. We are well aware
of the article of Yeh [58], which states that there is weak
relation between umbilical artery pH after delivery and
negative outcome to the baby. Nevertheless the pH still
remains the main “objective” parameter — a summary of
the delivery — as clearly presented in [45]. Finally, two
short Tables S7 and S8 in the Additional file 3 describe dif-
ferent risk factors presented in the database again related
to umbilical cord artery pH on vaginal and CS part of the
database, respectively.

Utility and discussion

The CTU-UHB database is the first open-access database
for research on intrapartum CTG signal processing and
analysis. In the following paragraphs we will highlight the
subjects, that could, if unobserved, lead to problems with
use of the database.

The CTU-UHB users should be aware that there is a
possible noise in the clinical data, since some information
had to be mined from free text. Even though the whole
data was carefully checked it is possible that some noise
is present. However, this noise should not significantly
disrupt any results obtained. Also we note that, due to
the selection process, the database is biased from normal
population (disproportional amount of low pH deliveries
etc.) but this bias is evident in all other studies and, more
importantly, if we would keep the database in the original
form, the potential users would be forced to select the data
themselves — resulting in different selection criteria and
making, again, any comparison across studies infeasible.

From Table 2 it is evident that each study used differ-
ent outcome measures, or their combinations. Again, this
makes any comparison across studies infeasible. There are
two main sources of evaluation: objective by e.g. umbili-
cal artery pH, which is prominent example, and subjective
evaluation by experts according to their knowledge and/or
guidelines used. For the clarity reasons we will focus on
non-expert outcome measures, as those are discussed in
another recently prepared paper of our research group
(Spilka et al.: Analysis of CTG interpretation by expert-
obstetricians, submitted).

Exact relation of umbilical pH after delivery to
CTG/FHR is so far not fully understood, time between the
recording and actual delivery plays a crucial role, and it
seems that pH is only weakly correlated to clinical anno-
tation [59,60]. The best example is the timely CS due to
suspect CTG — the CTG is suspect/pathological but the
intervention prevented the baby to get into real asphyxia
that would be reflected in the pH value. Yeh [58] claims
that there is only weak relation between pH and actual
outcome for the well-being of the baby. Following work
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Figure 2 Record of fetal heart rate (FHR) and uterine contractions (UC). An example record from the database. Fetal Heart Rate at the top, and
uterine contractions at the bottom. The end of |. stage of labor is marked with blue line and an arrow.

00:55 01:00

[45] on the same database relates low values of pH to
higher risk of clinical complications. From the studies
on cerebral palsy in neonates pH and BDecf are rec-
ommended as preferred measures [61] even though [62]
says the opposite. Additionally intrapartum events and
cerebral palsy are very rarely related by the intrapartum
hypoxia only [63] and the real outcome of the delivery can
be seen only in several years-long follow up [64].

There is no general agreement on the threshold, which
should be used to distinguish between the normal and
abnormal outcome of the delivery. There are several
used/supported possibilities.

e Cerebral Palsy — pH < 7 together with BDecf < 12
[65] was found to be related to significant increase of
the cerebral palsy.

Pathological — pH < 7.05 [16] is used as a threshold

by most studies. Even though this value is not used

unanimously, it is generally accepted as the threshold
between pathological and not-pathological delivery
outcomes. Combination with BDecf was used e.g. in

[66].

e Abnormal (lower than normal) pH < 7.10 [67,68] —
this value is supported by recent works on the large
Oxford database as well as used heuristically at the
UHB as a sign of severe problems with the delivery.

e Abnormal (lower than normal) pH < 7.15 [69,70].
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e Abnormal (lower than normal) pH < 7.20 [71] this
particular value is also mentioned as an threshold to
abnormal outcome pH by Irelands’ obstetrician
guidelines.

Regarding the Base deficit/base excess values the BDefc
established by [72] is the only usable measure for assess-
ment of metabolic hypoxia [53]. Nevertheless in many
papers as well as in the clinical practice the base excess
(BE) is used erroneously [53].

In general pH is more robust but is affected more
by respiratory asphyxia, BDecf is more about metabolic
asphyxia. Regarding the reliability of the objective mea-
surements they are in general much more reliable than
any expert opinion. Nevertheless biochemical measures
are very dependent on the measuring procedure — pH is
in general considered to be more robust than the BDecf
where it is necessary to use consideration about the pCO,,
measurements [54].

Among undocumented parameters in the database,
which could influence the shape and/or different prop-
erties of FHR one could count e.g. smoking [73], which
can increase the heart rate, or epidural analgesia [74,75]
responsible for intermittent fetal bradycardia due mater-
nal intermittent hypotension. Some risk factors can
influence the look of the FHR such as diabetes melli-
tus, where FHR looks more immature [76]. Also technical
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parameters can influence the FHR itself — such as size
of autocorrelation window for deriving FHR from ultra-
sound [77], or the derived parameters — such as power
spectral density (PSD) of FHR, which can be affected by
the type of interpolation [78].

Length of the data used is usually limited by the avail-
ability of the data. Really long signals (spanning from
the check-in to delivery) enable us to create individual-
ized approach to each fetus with regard to its starting
point [53]. We have much more information to analyze,
which can be positive [79] or confusing based on the
point of view [80]. Short signals such as e.g. 70 min long
[81] enables us to try to find direct relation between the
features measured and the outcome.

Another question is how to treat the I stage of labor.
Will the length of it confuse the extracted features? Gen-
eral opinion on the second stage is that it is different from
the I. stage — in shape of the signal. It is also very often
noisy and it differs even in the clinical treatment where
obstetricians are much more lenient to apply operative
delivery in case of unclear trace [82].

Conclusion

The CTU-UHB database is the first open-access database
available for research on intrapartum CTG signal pro-
cessing and analysis. It is available at the Physionet
website. The database is reasonably large and allows
researchers to develop algorithms/methods for CTG anal-
ysis and classification. Using CTU-UHB database — differ-
ent approaches can be easily compared one with another
in the objective fashion. Intuitively, the use of common
database can stimulate the research in CTG signal pro-
cessing and classification and move the community to
the ultimate goal — an automatic analysis of CTG and
its possible extension to a decision support system for
clinicians.

Availability and requirements
The database is published at http://physionet.org/
physiobank/database/ctu-uhb-ctgdb/ as an open-access
database on the website dedicated to research in
cardiology, heart rate variability and related fields.

The database is free to use for non-commercial pur-
poses given that any publication using the database refers
to this paper.

Endnotes

2 The only published attempt in this direction was
found in [83], but it was discontinued since.

b Czech Technical University — University Hospital
Brno.

¢ UCI Cardiotocography Data Set includes only CTG
features not the signals — for more details see [84].
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Additional files

Additional file 1: Table S5. Main clinical parameters of the vaginal
delivery part of the CTG database and its relation to pH.

Additional file 2: Table S6. Main clinical parameters of the CS part of the
CTG database and its relation to pH.

Additional file 3: Table S7 and Table S8. Clinical parameters (risk factors
and means of measurement) - vaginal delivery part of the CTG database -
pH related. Presentation: O stands for occipital and B for breech.

Table S8 Clinical parameters (risk factors and means of measurement) -
sectio caesarea delivery part of the CTG database - pH related.
Presentation: O stands for occipital and B for breech.
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1. Introduction

The boom of computers, computational appliances, personalized electronics, high-speed networks, in-
creasing storage capacity and data warehouses is present everywhere. An enormous amount of various data
is transferred and stored, often mixed from different sources, containing different data types, unusual cod-
ing schemes, and seldom come without any errors (or noise) and omissions. Massively parallel distributed
storage systems are used nowadays to provide computational nodes with data in reasonable time.

Even with rapidly increasing computational power of modern computers (and cloud technologies), the
analysis of large datasets becomes very expensive, justifying the development of novel techniques.

A related phenomenon is that humans are getting flooded by the big data and are unable to draw correct
conclusions. Especially in text processing, the influence of effective automated methods is crucial. Contrary
to classical methods, nature-inspired methods offer many techniques, that can increase speed and robustness
of classical methods.

By studying the behavioral and self-organizing patterns in nature, namely ant colonies, we have high
chance to discover inspiring concepts for many successful metaheuristics. The high number of individuals
and the decentralized approach to task coordination in the studied species indicates that ant colonies show
a high degree of parallelism, self-organization and fault tolerance.

In this work we use the ant-colony paradigms for clustering similar literals together to ease the human
task of structural discovery in a text.

1.1. Motivation and outcome

Grave asphyxia during childbirth can lead to severe complications, such as several brain damage of
the neonate. If asphyxia could be detected in advance, Caesarian section might be indicated to speed up
the whole process and reduce the time spent in the oxygen insufficiency. The detection is much more
process complicated and the prediction is usually based on the cardiotocography signal (CTG) that is being
monitored during the delivery. Moreover, supplemental clinical information is needed for making the correct
decision — such as Apgar score, biochemical markers (pH value, base excess, base deficit), delivery and
neonatal descriptors, risk factors and others.

The outcome of this work is a set of representative attributes retrieved from the text attributes that
significantly facilitates rule mining and automated information retrieval that are used for the design of
decision support system for asphyxia prediction. The proposed methodology has an important benefit in
reduction of the processing time of loosely structured textual records for both informatics and medical
experts and allows efficient design and definition of further processing rules (regular expressions). By loosely
structured we mean that the information is entered as a free text, the only formatting is performed by the
newline characters mainly.

Apart from analyzing the CTG (and related data), the CTG signal database (together with clinical
information retrieved with the help of this approach) has been accepted and is currently being published in
order to be available for comparative studies.’

1.2. Nature inspired methods

Nature inspired metaheuristics offer fast and robust solutions in many fields (graph algorithms, feature
selection, optimization, clustering, feature selection, etc). Stochastic nature inspired metaheuristics have in-

1 The open-access database [3] should already be freely available at the following link: http://www.physionet.org/physiobank/
database/ctu-uhb-ctgdb/.
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teresting properties that make them suitable to be used in data mining, data clustering and other application
areas.

In the last two decades, many advances in the computer sciences have been based on the observation and
emulation of processes of the natural world.

1.2.1. Ant algorithms

Ant colonies inspired many researchers to develop a new branch of stochastic algorithms: ant colony
inspired algorithms. Based on the ant metaphor, algorithms for both static and dynamic combinatorial
optimization, continuous optimization and clustering have been proposed. They show many properties
similar to the natural ant colonies, however, their advantage lies in incorporating the mechanisms, that
allowed the whole colonies to effectively survive during the evolutionary process.

Cemetery formation and brood sorting are two prominent examples of insects’ collective behavior. How-
ever, other types of ant behavior have been observed, for example predator-prey interaction, prey hunting,
etc. The most important are mentioned in Section 2.

Ant Colony Optimization (ACO) [6] is an optimization technique that is inspired by the foraging behavior
of real ant colonies. Originally, the method was introduced for the application to discrete and combinatorial
problems.

1.3. Knowledge extraction and text mining

Several techniques to extract knowledge from raw data have been developed in the past. These techniques
have various and multiple origins: some result from the statistical analysis of the data, regression analysis,
decision trees, etc.; some originate from the branch of artificial intelligence such as the expert systems,
intelligent agent systems, fuzzy logic, etc.

The accuracy for relation extraction in journal text is typically about 60 % [7]. A perfect accuracy in
text mining is nearly impossible due to errors and duplications in the source text. Even when linguists are
hired to label text for an automated extractor, the inter-linguist disparity is about 30 %. The best results
are obtained via an automated processing supervised by a human [13].

The data in the hospital information systems contain much more errors and is strongly influenced by
the doctor’s personality (his/her style of expression) — for example the word mesocaine is present in more
than 10 variants in our data. Such phenomenons complicate the task of knowledge extraction. See also
Section 3.2.

2. Theoretical background
2.1. Ant colony clustering

2.1.1. Basic model

Observing the ants clustering dead bodies inspired Deneubourg et al. [5] to model their behavior. The
authors presented biologically inspired model for clustering by a group of homogeneous agents. The model
uses (artificial) ants that move randomly through a two dimensional grid. If the ants discover an object, the
probability of picking up the object is higher if the object is isolated. In a similar manner, the probability of
dropping an object is higher if the ant is in an area containing more similar objects. The ants possess only
local perceptual capabilities — the natural ants are nearly blind — they can sense the objects immediately
surrounding them, and they can also compare whether they are similar or not to the object they are carrying.

The model can be described as follows: First the data vectors are randomly scattered onto a two-
dimensional grid (usually a toroidal one) (which is an analogy of the real world of an ant). Ants (also called
agents) are then randomly placed onto the two-dimensional grid. In each iteration step an ant searches its
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neighborhood and computes a probability of picking up a vector (if the ant is unloaded and steps onto a
vector) or of dropping down a vector (if the ant is loaded and steps onto a free grid element). The ant
moves randomly. Intuitively the search process can be speed up by traversing the data vectors or guided by
pheromone placed [6]. The probability of the ant to pick up an object is given by the following equation:

= (50 f)2 1)

where f is the perceived fraction of items in the neighborhood of the agent (3), and k; is a threshold

constant. If f is much lower than ki, the probability is close to a value of 1, thus the probability of picking
up the item is high. The probability of dropping down the carried object is given by the following equation:

Pd:(’fzif)z @

where ks is a similar threshold constant. Again, with high values of f (much greater than k3) the probability

is close to the value of 1, thus the probability of dropping the vector is high. The function f (usually called
a similarity measure) is computed as follows: Assume agent located at site r finding a vertex v; at that site.

fvi) = 3)

d(vi, vy .
s% ZvjeNeigh(sxs)(r)[l -« o )] if f >0
0 otherwise

where f(v;) is a measure of the average distance within the graph of element v; to other elements v,
present in the neighborhood of the element v;. The function d(v;,v;) is a distance measure between the
two parameters (Euclidean, Cosine, Levenshtein [11] in case of this paper; however it can be any other in
general). Parameter « defines the scale for dissimilarity.

If (for example) the neighborhood contains many vectors identical to v;, then the function f(v;) =1 thus
the vertex should not be picked up. On the other hand, when the surrounding area contains no vertices, the
vector will be picked up with high probability (f(v;) = 0). For ant carrying a data vector, the same Eq. (3)
is used. The v; parameter in such case represents the vector being carried by the ant agent.

2.1.2. Improved versions

Lumer and Faieta [14] have generalized the model of Deneubourg et al. to apply it to exploratory data
analysis. In contrary to the model of Deneubourg et al., Lumer and Faieta use a continuous similarity func-
tion to judge the similarity between different objects. They have also left the idea of having a homogeneous
population of agents. The proposed algorithm has been called Ant Colony Clustering. Its drawback is that
it has a number of parameters that must be set empirically and can produce more clusters than the optimal
number is in reality.

In the model proposed by Lumer and Faieta, the ants carrying isolated corpses (outlier data items) will
make never-ending move since they never find a proper location to drop them. This consumes a large amount
of computation time. To speed up convergence and to reduce complex parameter settings, Monmarché et
al. [16,17] proposed an interesting hybridization of this algorithm with k-means called AntClass. In this
algorithm, several objects are allowed to be on the same cell of the workspace grid. Each cell with one or
more objects together corresponds to a cluster. Each ant is also capable of carrying more than one object at a
time (this property is a configurable parameter). This way, a kind of hierarchical clustering is implemented,
where an ant carries an entire heap of objects.

Another contribution of Monmarché was to use k-means clustering to improve the convergence of the
ant algorithm. K-means algorithm is used on the clusters formed by the ants, to remove small classification
errors, and therefore improves the partitioning found by the ants.
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Handl et al. published an article on the strategies for increased robustness of ant-based clustering [9] and
also a comparative study on the performance of the algorithm.

To improve performance, stability and convergence of the Ant Colony Clustering algorithm, Vizine et.
al [19] proposed an adaptive algorithm called A2CA (An Adaptive Ant Clustering Algorithm) which improves
the standard ant-clustering algorithm. The A?2CA algorithm was inspired by the fact that termites, while
building their nests, deposit pheromone on soil pellets. This behavior serves as a reinforcement signal to
other termites placing more pellets on the same region of the space [2].

2.2. Kohonen SOM

The Kohonen self-organizing network (SOM) [12] is a single layer feed-forward network inspired by the
way the visual, auditory or other sensory information is handled in separate parts of the cerebral cortex in
human brain. The output neurons are arranged in a low dimensional structure that can be visualized easily.

Each input of the network is distributed to all output neurons. There is a weight vector attached to
each neuron having the same dimensionality as the input vector. The size of input dimension is usually
much greater than the output grid dimension. Kohonen self-organizing networks are mainly used for dimen-
sionality reduction rather than expansion, working similarly to PCA (primary component analysis) or ICA
(independent component analysis).

Unlike the most of artificial neural networks, this neural network is trained by unsupervised training.
Note, that the number of neurons remains the same through the whole learning process.

3. Processing of the textual dataset
3.1. Metrics considered

A key part in the clustering process is to properly use relevant distance measure(s). A simple measure
as Manhattan distance (L1 norm) can be used. A more common measure used is Euclidean distance (L2
norm). These two metrics (L1 and L2) are special cases of more general Minkowski distance where p = 1
and p = 2 respectively. The Minkowski distance is defined as follows:

d 1/p
Ly(x,y)p = (Z |zi — yi|p> = [x-yl, (4)

i=1

which is defined for any two vectors x = (x1,...,24) and y = (y1,...,yq) of the same dimension d (where
every (i-th) component x; € R and y; € R). The drawback in the direct use of Minkowski metrics is the
tendency of the largest-scaled feature to dominate the others. Solutions to this problem include normalization
or weighting policies. In case of nominal or symbolic data, a mapping to discrete numeric domain is often
used.

Many other distance metrics have been proposed in the literature, for example the Chi-square metric [20],
the Mahalanobis metric [15], the Cosine Similarity metric [18], the Quadratic metric [8], the Modified Value
Difference metric [4], Hausdorff metric [1,10], etc.

In the clustering methods described, the Euclidean metric is the most often used. Note that for comparison
purposes and in order to speed up the comparison process, the computation of square root is not necessary.
Additionally we have used Levenshtein distance that is more suitable for string comparison.
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Fig. 1. The DB contains 16 textual attributes that are susceptible for information retrieval via natural language literal extraction.
Number of literals (vertices) and transitions between the literals (edges) in the probabilistic models are shown for each attribute
in a left/right bar respectively. Note the different y-axis scales.

3.2. Dataset overview and basic preview

The whole dataset to be processed consists of a set of approximately 50000 to 120000 records X cca
20 attributes (scattered in different relational DB tables). The number of records is not constant for a
patient and depends on the parameters and history of pregnancy. Each attribute item contains about
800 to 1500 characters of text (diagnoses, patient state, anamneses, medications, notes, etc.). In the whole
database 16 attributes are considered a large free text (the attributes contain sufficiently large corpus in
each instance).

Actually the large textual corpses are a relict from the time the medical documentation has been kept
in paper form. The hospital information system uses the same style and organization as the paper forms
did. Within the records there is a high variability among writing styles and terminology used. The paper
documentation is still used nowadays and the paper documents are typed into the system during night shifts
(by a nurse usually). This also increases number of errors in the data.

The first information (apart from visual inspection) has been obtained by performing a statistical analysis
of n-grams. The most frequent n-grams have been retrieved and analyzed to find the most important and
descriptive indicators. In order to automatically retrieve important features from the text we have opted for
text processing using regular expressions (RE). These are very flexible and can rather efficiently search in
the input text. The problem was the design of the expressions and their verification. Apart from the n-gram
analysis the need to visualize the data emerged in order to make the RE design more effective.

4. Graphical visualization
4.1. Transition graphs

In this paper we have used a visualization in the form of transition graphs that preserves the structure
of the sentence. Moreover we have visualized the prevalence of words and their connectedness (see Fig. 1).
These graphs are created for each attribute of a relational table separately. An attribute consists of multiple
records in form of a sentence. By sentence we hereby mean a sequence of literals (words), not a sentence
in a linguistic form. The records were compressed — unnecessary words (such as verbs is, are) are omitted.
In this paper, only the attribute describing the anesthetics during deliveries visualized, as it is the simplest
one that fits onto the page (and only about 5 % of the record is displayed, otherwise it renders as a black
stain).
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Vertices of the transition graph represent the words (separated by blank characters, commas or punc-
tuations) in the records. For each word (single or multiple occurrence) a vertex is created and its potence
(number of occurrences is counted). For example, the words mesocaine, anesthetics, not, mL form a vertex
each. Note that also words as mesocain, mezokain and other versions of the word mesocaine are present in
the text. For a number (i.e. sequence of digits) a special literal _ NUMBER__ is used.

Edges of the graph are created from single records (from the sentences retrieved). For example the
sentence “mesocaine 10 mL” would add edges from vertex mesocaine to vertex _ NUMBER__ and from
vertex _ NUMBER__ to the vertex mL (or the edge count is increased in case it already exists). For all
records, the count of the edges is also useful. It provides an overview on the inherent structure of the data
— the most often word connections. Refer to Fig. 1 for the vertice and edge count for different attributes —
it is obvious that human (pre)processing would be quite exhausting.

4.2. Dataset visualization

We have visualized the data in form of a directed graph where each word (literal) represents a vertice
and two successive literals form an edge. This way we are able to visualize the most common words and
n-grams in the corpus. Fig. 2 shows a basic visualization of about 5 % of a very simple attribute (related
to anesthetics). The circular visualization is used in this case providing a quick preview. We had to limit
the plot to the most potent vertices and edges as the whole set would render into a incomprehensible black
stain.

The overview of one small (shorter sentences) attribute is visualized in Fig. 3. The vertices (literals)
are represented as filled circle, the size reflects its potence (frequency). Edges represent transition states
between literals (the sequence of 2 subsequent words in a sentence/record); edge stroke shows the transition
rate (probability) of the edge. The same holds for all subsequent figures showing the transition graph, only
a different visualization approach has been used.

It is clear, that human interpretation and analysis of the textual data is very fatiguing, therefore any
computer aid is highly welcome.

4.8. Human organization

In order to use an automated approach, we had to acquire an idea about what we are looking for. Therefore
multiple attributes have been selected for visualization and given to human operators to organize the
structure according to expert’s needs keeping in mind their future use for designing the regular expressions.
An example of human organization is available in Fig. 4 and Fig. 5.

We can observe that the vertices in a human-only organization are (usually) organized depending on the
position in the text (distance from the sentence start) as they have the highest potence (reflected by the
vertice diameter).

Number literal (a wildcard) had the highest potence, as many quantitative measures are contained in
the data (medication dose, etc.). Therefore it has been fixed to the following literal, splitting into multiple
vertices (i.e. a sequence mesocain 10 mL becomes two vertices — mesocain_ NUMBER__ and mL). This
allowed to organize the chart visualization in more logical manner.

A problem is that the unit might be omitted, the number literal might be prefixed or suffixed to the
object. Time needed to organize such graph was about 5-10 minutes. Another problem is that the transition
graph contains loops, complicating the manual organization.
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Fig. 2. Figure shows a transitional diagram (directed graph) structure of single attribute literals (a subset). Circular visualization
has been used to present the amount of literal transitions (vertices). It provides a higher-level overview of the textual attribute
and the most prominent transitions.

4.4. Automated organization

Fig. 3 shows a first automated attempt: transitional graph where only positioning based on the word
distance from the sentence start is used. Although it might look correct, note that the same words are
mispositioned in the horizontal axis (i.e. the words related to mesocain are placed in multiple columns).
This can be solved by clustering similar vertices together.

4.5. Clustering

First we have incorporated a simple k-means approach to cluster the words (vertices). The k-means
algorithm quite quickly combined similar vertices together, however the main problem was to keep the
clusters apart from each other — as the algorithm had tendency to compact the whole graph.

Another approach implemented was the self-organizing map (Kohonen SOM). This approach did not
work well — the data were merely randomly distributed and randomly clustered. We were unable to find
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Fig. 3. A fully automated approach: transition graph showing the most important relations in one textual attribute. No clustering
has been used. The layout is based on the word distance from the start of the sentence. Note the mis-alignment of the similar/same
words (marked by a + sign).
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Fig. 4. Descriptive graph (sub-graph) providing the basic information about the attribute presented. Note that similar words are
clustered (positioned nearby using a simple neighborhood search) and the flow of the most common sentences can be easily traced.
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Fig. 5. An expert (human) organized transition graph (sub-graph) showing the most important relations in one textual attribute.

parameters of the network that worked correctly. In addition, this method also had really high computational
overhead.

The most successful method has proven to be the ant colony inspired algorithm (Deneubourg model with
improvements from Lumer and Faieta).

4.6. Combined approach

Although the automated methods provided quite usable results, the human operators always needed to
make a subtle changes as the automated methods did not have the domain knowledge.

An aid of a human expert has been used in semi-automated approach (see Fig. 6) where the automated
layout has been corrected by the expert. The correction time has been about 20-30 seconds only.

5. Results and conclusion

When we have evaluated the human behavior, two main behavioral patterns have been discovered: (1) the
similar words are being clustered together, (2) the spatial structure followed the natural flow of the sentence.
Therefore we have introduced methods to spatially position the data in a plane.

In this work we have developed (1) a methodology for effective mining information from large text
attributes in a hospital information system and (2) a tool for extracting and visualization of the most
prominent parts of the loosely organized text attributes.

Based on the observation we have implemented basic methods to automatically place the graph nodes:
(1) based on the position in the sentence, and (2) using clustering methods. The ant colony inspired clustering
has been the most helpful for automated grouping related data. Apart from using Euclidean or Cosine
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Fig. 6. A semi-automatically (corrected by a human expert) organized transition graph showing the most important relations in
one textual attribute.

similarity, we have used the Levenshtein distance that is advantageous in case of typographical errors and
simple mistakes. Short words (up to 4 characters) are still a problem — as the clustering algorithm usually
groups them together. A penalty might be introduced if this is a problem, or a certain rules to avoid the
problem might be used (such as replacement with constant literals).

The main advantage of the nature inspired concepts lies in automatic finding relevant literals where the
group of literals can be adopted by the human analysts and furthermore improved and stated more precisely
for use in regular expression design.

The use of induced probabilistic models in such methods increased the speed of loosely structured textual
attribute analysis and allowed the human analysts to develop lexical analysis grammar more efficiently in
comparison to classical methods. The speedup (from about 5-10 minutes to approx 20-30 seconds for an
attribute) allowed to perform more iterations, increasing the yield of information from data that would be
further processed in rule discovery process. However, the expert intervention and minor correction is still
inevitable. The results of the work are adopted for rule discovery and are designed to be used in expert
recommendation system.

6. Discussion and future work

The work uses textual data in Czech language that has not so strict rules (for word positioning) as the
English language does. Therefore the records contain many ambiguities, for example it is not always clear to
which word the negation (the word not) belongs, as it can be positioned before or after the related term. It
is even harder to distinguish the context of the negation, as many numbers and metrics are usually present.
Hopefully, the University Hospital of Brno is very helpful and provides us with proper expert feedback.

Another possible extension of this work would be to search in medical database(s) (literature) and use
them to match important keywords. The problem is that no corpus is available: The only corpus available
is the Medline translation.

The future work is to evaluate the DB analyst’s utilization and aid of such graphs using other modern
methods and possibly pre-seeding the clustering with non-random centers. The graphs serve as a bases
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for extraction rule proposal. However the only relevant measure is the time to reorganize the transitional
graphs. The subjective opinion is very expressive and is not coherent. Next, the semantic meaning of the
attributes will be extracted and verified followed by rule discovery mining.
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4.4. ST analyza fetalniho EKG pfri intrapartalnim
monitorovani plodi z rizikovych skupin

Zakladem metody je posouzeni hypoxické zatéze myokardu pomoci analyzy ST intervalu EKG
ktivky plodu v pribéhu porodu. Predpoklada se, Ze srdce i mozek jsou dva centralni organy se
srovnatelnou senzitivitou na nedostatek kysliku. Monitorovanim stavu myokardu tak
dostdvame nepiimou informaci o kyslikovém zasobeni mozku plodu. ST analyzu je nutno brat
pouze jako doplitkovou metodu k CTG. Samostatné hodnoceni, bez vztahu k aktuélnimu CTG
z4dznamu neni mozné.

ST analyzator vyuziva vnitini skalpovou elektrodu, kterd se po dirupci plodovych obali
pfipevni pomoci drobné kovové spirdly Sroubovitym pohybem na ktzi hlavicky plodu.
V ptipadé naléhani koncem panevnim lze elektrodu ptipevnit na hyzdé plodu.

Zatimco zevni CTG sonda zaznamenava pouze R-R interval, tedy cCasovy usek mezi
jednotlivymi srde¢nimi tdery plodu, vnitini sonda ST analyzitoru snimad kompletni EKG
kiivku plodu. Na EKG kiivce je sledovana vyska QRS komplexu, denivelace ST segmentu viici
zakladni izoelektrické linii a vyska viny T. Udaje jsou piistrojem automaticky vyhodnocovany.
N¢kolikrat za minutu je stanovena priimérna EKG vlna a z ni odvozen pomér mezi vySkou QRS
komplexu a vyskou viny T, tzv. pomér T/QRS. Tento aktualni pomér je zaznamenan do grafu
pod CTG kiivku na monitoru pfistroje. Vedle pravidelného automatického vypoctu poméru
T/QRS, jsou piistrojem hodnoceny denivelace useku EKG kiivky mezi vinou S a vlnou T, tzv.
segmentu ST. Pokud dojde k vyznamné denivelaci segmentu ST, pfistroj udalost oznaci dle
zavaznosti stupném 1 az 3 a zaznamena ve spodnim fadku grafu. Mluvi se o tzv. bifazickém ST
segmentu.

Hodnoceni zmén ST useku EKG viny v souvislosti s nedostatkem kysliku neni v medicing€ nic

nového. V kardiologii dospélych se dle hloubky a charakteru deprese ST useku urcuje stupen
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zavaznosti ischemie myokardu pii chronické ischemické chorob¢ srdecni. Elevace ST useku
a viny T hraji vyznamnou roli pii diagnostice akutniho infarktu myokardu. ST analyza fetalniho
EKG je pouze analogii s hodnocenim EKG u dospélych. Vyhodou pfistroje je automatické
vyhodnocovéni a upozoriiovani porodnika na vyznamné udalosti. Porodnik tedy nemusi piimo
hodnotit EKG kiivku, coZz za n& provadi pfistroj. Pro spravné pochopeni a interpretaci
ziskanych udaju je vSak nezbytna dikladna znalost patofyziologie zmén v myokardu béhem
hypoxie a asfyxie. Rada studii doklada relativné dlouhou uéebni kiivku, ktera je nutna k plnému
osvojeni metody [38]. Hodnoceni neni snadné a zavisi také na piesném popisu zmén na CTG
zdznamu, bez které¢ho nelze ziskané informace pievést do konkrétnich klinickych vystupa.
Nespornou vyhodou metody je eliminace rizika zamény pulzu matky a plodu, které¢ piedstavuje
velkou slabinu zevni kardiotokografie. Dale je to vynikajici kvalita signalu, ktery neni zavisly
na konstituci pacientky a neni ovlivnén zménami polohy matky. Veskeré zédznamy jsou
archivovany v elektronické podobé, coz umoziuje, v piipadé potieby, jejich opakované
hodnoceni.

V ramci habilita¢ni prace autor predklada ¢ast vysledki grantového ukolu MZ CR s nazvem
»Predikce akutni intrapartalni fetalni hypoxie v pritb¢hu pied¢asného porodu a u patologickych
gravidit pomoci analyzy ST useku EKG kifivky plodu®, na kterém se aktivné podilel jako
spolufesitel. Cilem bylo zjistit vyznam ST analyzy pro monitorovani porodi z vybranych
rizikovych skupin. Vyzkum probihal v letech 2003-2005, tedy v obdobi, kdy v CR bylo zatim
velmi malo zkuSenosti s ST analyzou, ktera predstavovala zcela novou metodu pro
monitorovani plodu v prubéhu porodu. Naopak rozsifena a ¢asto vyuzivana byla metoda pulzni
oxymetrie, jejiz vyznam byl v dalSich letech zpochybnén a kterd je dnes jiz opusténa.

Jednim z ukolt bylo posoudit v podminkach perinatologického centra vztah mezi diagnostikou
akutni intrauterinni tisn€¢ plodu pomoci kardiotokografie, intrauterinni fetalni pulzni oxymetrie

a ST analyzy fetalniho EKG. Stanovit, zda zavedeni uvedené¢ metody muze ptispét ke snizeni
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opera¢nich vykonu v porodnictvi, piedev§im cisaiskych fezti. Urcit, zda se jedna o metodu,
ktera je dobte vyuzitelna v provozu velkého perinatologického centra jak z pohledu oSetiujiciho
personalu, tak z hlediska komfortu téhotnych.

Do prospektivni studie, kterd se zabyvala diagnostikou hypoxie u rizikovych téhotenstvi
pomoci ST analyzy fetdlniho EKG bylo v obdobi roku 2003—-2005 zatazeno 862 téhotnych,
které rodily na Gynekologicko-porodnické klinice FN Brno a na Gynekologicko-porodnickém
oddéleni nemocnice Jihlava.

Kritériem k zafazeni do souboru byl rizikovy pribéh téhotenstvi s predpokladem castéjSiho
vyskytu intrapartalni hypoxie. Soustiedili jsme se piedevsim na hypotrofii, pfed¢asny porod,
preeklampsii, diabetes mellitus, poterminovou graviditu, viceCetné t€hotenstvi a jiné zdvazné
fetalni a mateiské komplikace, které jsou spojeny s vyssim vyskytem intrapartalni hypoxie
a ztoho pramenicich nasledkti jako je mozkova obrna, perinatalni umrti a neonatalni
encefalopatie.

V ramci studie bylo celkem vySetteno 862 téhotnych zen. Pomoci ST analyzy fetalniho EKG
bylo sledovano 239 Zen a kontrolni soubor tvofilo 623 téhotnych, které byly na naSich
pracovistich monitorovany do té doby standardnimi elektronickymi metodami, tedy
kardiotokografii a fetalni pluzni oxymetrii. Tym l€katii, ktery hodnotil ST analyzu fetalniho
EKG prodélal skoleni firmou Neoventa a byl jim udélen certifikat Skolitele metody v ramci
Ceské republiky.

Hodnocena byla délka a zptasob ukonceni porodu. Stav plodu po porodu byl hodnocen pomoci
pH z arterialni pupecnikové krve bezprostiedné po porodu plodu a pomoci skore dle Apgarové
v prvni, paté a desaté minute. Poporodni priabéh u novorozence byl déale sledovan neonatologem
a jako kritéria poporodniho stavu byla hodnocena celkova délka hospitalizace, nutnost a délka
pobytu na neonatologické jednotce intenzivni péce nebo intermediarni jednotce intenzivni péce,

vyskyt sepse, hyperbilirubinémie a neurologicky stav.
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Z celkového souboru rizikovych téhotnych byly vytvofeny podsoubory dle jednotlivych
patologii tak, aby spliiovaly zakladni kritérium zvySeného rizika intrapartalni hypoxie. Stejnym
zpusobem byly ¢lenény kontrolni soubory téhotnych monitorovanych klasickymi metodami.
Dalsi clenéni jednotlivych podsouborti jiz nebylo vzhledem k relativné malé cCetnosti
a obtiznému statistickému zpracovani mozné.
Soubor téhotnych s diagndzou intrauterinni rastové restrikce plodu byl stanoven na zakladé
vysledku opakované prepartalni ultrazvukové biometrie plodu s odhadem hmotnosti, ktery
odpovidal skupiné pod 10. percentil pro dané gestacni stafi. VSechny zarazené t€hotné porodily
v terminu mezi 37. az 42. gestatnim tydnem. Zatrazeno bylo 47 t€hotnych s ristovou restrikci
plodu, kontrolni soubor tvofilo 87 téhotenstvi, které spliiovaly podminky diagnostiky ristové
restrikce. Diagnostika pozdni formy rlstové restrikce, ktera se rozviji béhem tfetiho trimestru
neni snadna. Definice pozdni riistové restrikce 1 zpiisob zachytu prochazi v poslednich letech
zasadni revizi. U ¢asti novorozencu v hodnoceném souboru byla postnatalné stanovena
hmotnost nad 10. percentil pro dané gestacni staii. Podil téchto novorozencii byl v obou
souborech obdobny, statisticky nevyznamny.

V ptipadé plodi s rastovou restrikci nebyl rozdil v po¢tu operacnich ukonceni porodu
z indikace hrozici hypoxie plodu mezi obéma skupinami (ST analyza vs. CTG + pulzni
oxymetrie) statisticky vyznamny. Zachyt intrapartalni astyxie plodu byl v obou sledovanych
skupinach obdobny a ani v pfipadé porovnani hodnot pH roz¢lenénych do tfi skupin nebyl
prokézan statisticky vyznamny rozdil. V obou souborech nebyl zaznamenan zadny ptipad tmrti
plodu béhem porodu nebo novorozence v ¢asném novorozeneckém obdobi. Pii vzajemném
porovnani neonatologickych vysledkii mezi obéma soubory nebyl nalezen statisticky vyznamny
rozdil. V obou souborech nebyl zaznamenan zadny ptipad tézkého neurologického postizeni
novorozence. Vyskyt lehkého neurologického postizeni vyzadujiciho naslednou vyvojovou

rehabilitaci byl mezi obéma soubory statisticky nevyznamny. Podrobné vysledky — viz. ptiloha
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4.4.1. Podil autora: organizace studie, nabor pacientek, klinické hodnoceni zdznam1i, sbér dat,
priprava publikace, prvni autor.

V ramci skupiny predcasnych porodt bylo do studie zatazeno 39 plod, které porodily mezi 30.
— 36. tydnem tchotenstvi a byly sledovany pomoci ST analyzy. Kontrolni soubor tvoiilo 229
téhotnych, které byly sledovany pomoci kardiotokografie a intrapartalni pulzni oxymetrie.
Z celkového poctu zatazenych tchotnych bylo ukonceno cisafskym fezem 43 gravidit,
tedy 16,0 %. Mezi obéma soubory nebyl shledan statisticky vyznamny rozdil. U Zadné téhotné
nebyla gravidita ukoncena pomoci forcepsu nebo vakuumextraktoru. V ramci hodnoceni
poporodni adaptace novorozence dle Apgarové nebyl v obou sledovanych skupinach zjistén
signifikantni rozdil. Stejn¢ tak pti hodnoceni pH z pupecnikové krve nebyl shledan rozdil mezi
skupinou pfedcasnych porodii monitorovanych pomoci ST analyzy a skupinou monitorovanou
pomoci CTG a pulzni oxymetrie. Rozdil v délce porodu byl u obou souborti rovnéz
nevyznamny. Statisticky vyznamny rozdil nebyl zaznamenén ani pfi hodnoceni poporodniho
prubéhu a délky hospitalizace. Rozdily se rovnéz nepotvrdily pii srovnani vyskytu
hyperbilirubinémie a sepse u novorozence. U neurologického postizeni lehkého typu byl
detekovan mezi sledovanymi soubory statisticky vyznamny rozdil ve prospéch souboru
monitorovaném pomoci ST analyzatoru (33,3 % vs. 56,3 %; p =0,001). Neurologické postiZzeni
tézsiho typu nebo perinatalni ¢i postnatalni imrti nebylo v uvedenych souborech pozorovano.
Podrobné vysledky — viz. ptiloha 4.4.2. Podil autora: podil na organizaci studie, nabor

pacientek, klinické hodnoceni zaznamti, sbér dat, podil na piipravé publikace.
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Structured Abstract

Objective: Evaluation of the role of ST analysis of fetus ECG for early detection of developing acute hypo-
xia in the course of delivery of fetuses with presumed growth retardation. A comparison with present
way of intrapartal fetus monitoring. Impact on the number of surgical births for indications of threate-
ning fetus hypoxia. Influence of the method on perinatal results and postnatal adaptation of the new-
borns.

Type of study: A prospective study.
Setting: Gynecology — Obstetrics Clinic, Masaryk University and Teaching Hospital Brno.

Method: Forty seven women with a growth retardation of the fetus diagnosed before delivery who gave
birth in the Teaching Hospital in Brno during 2003 — 2005 and intrapartal ST analysis of fetus ECG was
subsequently used, were enrolled into this prospective study (group A). The control group consisted of 87
deliveries taking place in the same period of time and concerning women with fetuses suffering from
growth retardation and monitored by standard methods (group B). The standard methods included car-
diotocography (CTG), supplemented with pulse oximetry (IFPO) if needed. The diagnosis of intrauteri-
ne fetus growth retardation was established on the basis of the results of repeated prepartal ultrasound
fetus biometry with estimation of the mass, which corresponded to a group below 10 percentile for the
given gestational age. The numbers of vaginal deliveries and surgically treated delivery due to threate-
ning fetus hypoxia (Cesarean section, forceps delivery) were recorded. The authors evaluated postpar-
tal pH from umbilical artery, independently for the group of values of pH < 7.00, the group of pH 7.00 -
0.10 and pH 7.10 or more. The values of Apgar score were evaluated for the first, fifth and tenth minu-
te, respectively. The neonatologist followed the duration of stay of the newborn at the Newborn Intensi-
ve Care Unit, the Intermediate Care Unit, total duration of hospitalization, the occurrence of sepsis in
the early newbotn period, the occurrence of hyperbilirubinemia, and the conclusion of neurological exa-
mination. All the results were evaluated statistically by the x? test, Kruskal — Wallis test or the Anova
method.

Results: There was no statistically significantly difference in the number of delivery ended by surgery for
threatening fetus hypoxia (p = 0.856) or the detection rate of intrapartal hypoxia according to pH valu-
es of umbilical blood divided into the three groups (p = 0.657, p = 0.958, p = 0.730, respectively). The valu-
es of Apgar score differed in favor of the group A significantly only in the first minute at the level of 5%
opf significance (p = 0.018). The values of Apgar score in the fifth and tenth minute did not show any sig-
nificant difference (P = 0.301 and p = 0.313, respectively). There was no statistically significant differen-
ce in neonatological results between the group A and B.

Conclusion: The use of ST analysis of fetal ECG in the course of delivery of fetuses with presumed intrau-
terine growth retardation did not show any significant difference from the presently used methods (CTG
supplemented with IFPO if needed). In using the method there was not any effect on the number of sur-
gically treated deliveries for indications of threatening acute fetus hypoxia or perinatal results and post-
natal adaptation of the newborns.

Key words: cardiotocography, fetal pulse oximetry, ST analysis of fetal ECG, fetus hypoxia

Souhrn

Cil studie: Zhodnoceni vyznamu ST analyzy EKG plodu pro véasny zachyt rozvijejici se akutni hypoxie
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v prubéhu porodu plodi s predpokladanou riistovou retardaci. Porovnani se stavajicim zptisobem intra-
partalniho monitorovani plodu. Ovlivnéni poc¢tu opera¢nich porodi z indikace hrozici akutni hypoxie
plodu. Vliv metody na perinatélni vysledky a postnatalni adaptaci novorozencii.

Typ studie: Prospektivni studie.
Ndzev a sidlo pracovisté: Gynekologicko porodnicka klinika MU a FN Brno.

Metodika: Do prospektivni studie bylo zatazeno 47 zZen s prepartalné diagnostikovanou riastovou retar-
daci plodu, které porodily ve FN Brno v letech 2003-2005 a kde byla nasledné vyuzita intrapartalni ST
analyza EKG plodu (soubor A). Kontrolni soubor tvorilo 87 porodu Zen s ristové retardovanym plodem
ve stejném sledovaném obdobi, monitorovanych standardnimi metodami (soubor B). Za standardni
metody byla povazovana kardiotokografie (KTG), v pripadé potieby doplnéna pulzni oxymetrii (IFPO).
Diagnéza intrauterinni riistové retardace plodu byla stanovena na zakladé vysledku opakované prepar-
talni ultrazvukové biometrie plodu s odhadem hmotnosti, ktery odpovidal skupiné pod 10. percentilem
pro dané gestacni stari. Byly zaznamenany pocty vaginalnich porodii a opera¢nich ukonceni porodu
z indikace hrozici hypoxie plodu (cisaisky tez, forceps). Hodnoceno bylo poporodni pH z pupec¢nikové
arterie, samostatné pro skupinu hodnot pH <7,00, dale skupinu hodnot pH 7,00-7,09 a pH 7,10 a vice.
Porovnavany byly hodnoty Apgarové skére, zvlast’ pro prvni, patou a desatou minutu. Neonatologem
byla sledovana délka pobytu novorozence na jednotce intenzivni novorozenecké péce, jednotce interme-
diarni péce, celkova délka hospitalizace, vyskyt sepse v casném novorozeneckém obdobi, vyskyt hyper-
bilirubinémie a zavér neurologického vySetireni. Veskeré vysledky byly statisticky zhodnoceny metodou
%> testu, Kruskalovym-Wallisovym testem nebo metodou Anova.

Vysledky: Nebyl nalezen statisticky vyznamny rozdil v po¢tu operacné ukoncenych porodi z indikace
hrozici hypoxie plodu (p = 0,856) ani v zachytu intrapartalni asfyxie plodu podle hodnot pH z pupecni-
kové arterie ¢lenénych do t¥i skupin (p = 0,657, resp. p = 0,958, resp. p = 0,730). Hodnoty Apgar-skore
se lisily ve prospéch souboru A pouze v prvni minuté a tento rozdil je statisticky signifikantni na 5% hla-
diné vyznamnosti (p = 0,018). Hodnoty Apgar-skére v paté a desaté minuté nevykazuji statisticky
vyznamny rozdil (p = 0,301, resp. p = 0,313). Pri vzijemném porovnani neonatologickych vysledkii mezi
obéma soubory A a B nebyl nalezen statisticky vyznamny rozdil.

Zdver: Pouziti ST analyzy fetalniho EKG k zachytu intrapartalni hypoxie v pribéhu porodu ploda
s predpokladanou intrauterinni ristovou retardaci nevykazuje vyznamny rozdil oproti stavajicim meto-
dam (KTG doplnéné v pripadé potieby o IFPO). Pri pouziti metody nedoslo k ovlivnéni poctu operac-
nich porodu z indikace hrozici akutni hypoxie plodu ani perinatalnich vysledku a postnatalni adaptace
novorozence.

Kli¢ovd slova: kardiotokografie, fetalni pulzni oxymetrie, ST analyza fetalniho EKG, hypoxie plodu

UVOD

Vysledky vétSiny souCasnych studii zaméfenych na
analyzu ST-useku fetdlntho EKG ukazuji na moZnost
casného zachytu intrapartalni hypoxie plodu [1, 5]. Pou-
ziti ST analyzy je v dneSni dobé omezeno na obdobi po
36. tydnu gestacniho stdii. Pfevazna vétSina studif zaby-
vajicich se touto metodou je zaméfena na porody u fyzi-
ologicky probihajicich t€hotenstvi. Mdlo informaci je
dostupnych pro vyuziti ST analyzitoru u predcasnych
porodi a jednotlivych téhotenskych patologii.

Porody plodu s intrauterinni ristovou retardaci jsou
hodnoceny jako rizikové. Je dokladovédna asociace s vys-
§i morbiditou a mortalitou rtistové retardovanych ploda
porozenych v terminu [14, 17]. Divodem je oslabeni
kompenzacnich mechanismid a vyCerpdni energetickych
rezerv plodu, Casto zapfic¢inéné chronickou hypoxif [10,
11, 17]. Zatéz v pribéhu porodu predstavuje pro takto
oslabeného novorozence vyznamné vyssi riziko mozné-
ho poskozeni akutni intrapartalni hypoxii. Ta se projevu-
je CastéjSimi epizodami a zdvaznosti pozdnich a variabil-
nich deceleraci, sniZzenim bazalni frekvence akce srde¢ni

plodu [8]. Casto pfitomny oligohydramnion mtize vést
ke kompresi pupecniku, projevujici se variabilnimi dece-
leracemi [9]. Nezbytné je intenzivni monitorovani v pri-
béhu celého porodu [18].

METODIKA

Do prospektivni studie bylo zafazeno 47 Zen s prepar-
talné diagnostikovanou ristovou retardaci plodu, které
porodily v letech 2003-2005 ve FN Brno, kde byla
nasledné vyuzita intrapartdlni ST analyza EKG plodu
(soubor A). Kontrolni soubor tvofilo 87 porodd Zen
s rustové retardovanym plodem ve stejném sledovaném
obdobi, monitorovanych standardnimi metodami (soubor
B). Za standardni metody bylo povazovéano pouZiti intra-
partaln{ kardiotokografie (KTG), v pfipadé potfeby dopl-
néné pulzni oxymetrii (IFPO). Diagndza intrauterinni
rustové retardace plodu byla stanovena na zdkladé
vysledku opakované prepartdlni ultrazvukové biometrie
plodu s odhadem hmotnosti, ktery odpovidal skupiné
pod 10. percentilem pro dané gestacni stari.
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K vypoctu vahy plodu byly vyuZivdny: obvod hlavy,
biparietdlni primér hlavy, obvod bficha a délka stehenn{
kosti plodu. V8echny zatazené téhotné porodily v termi-
nu mezi 37. az 42. gestacnim tydnem v Perinatologickém
centru, které je soucdsti Gynekologicko-porodnické kli-
niky FN Brno. Vyloucena byla téhotenstvi komplikova-
nd strukturdlni nebo chromozomdlni vadou plodu. Ran-
domizace probihala ndhodné podle momentdlni
dostupnosti ST analyzatoru a lékafe vySkoleného k po-
uziti metody.

Pro monitorovani a hodnoceni fetdlntho EKG byl po-
uzit ST analyzator STAN S 21 firmy Neoventa. Lékari
pouzivajici k intrapartdlnimu monitorovani plodu ST
analyzdtor byly vyskoleni a byl jim udélen certifikat Sko-
litele metody v rdamci Ceské republiky. Pulzni oxymetr
Nelcor N 400 byl pouZivan pro kontrolni soubor v piipa-
dé abnormdlniho nebo patologického KTG zdznamu.

Hodnocen byl i zptisob ukonéeni porodu. Byly zazna-
mendny pocty vagindlnich porodii a operacnich ukonce-

ni porodu z indikace hrozici hypoxie plodu (cisafsky
ez, forceps). Hodnoceno bylo poporodni pH z pupecni-
kové arterie, samostatné pro skupinu hodnot pH <7,00,
déle skupinu hodnot pH 7,00-7,09 a pH 7,10 a vice.
Porovnavany byly hodnoty Apgar skére, zvlast pro prv-
ni, patou a desatou minutu. Neonatologem byla sledova-
na délka pobytu novorozence na jednotce intenzivni
novorozenecké péce, jednotce intermedidlni péce, cel-
kovd délka hospitalizace, vyskyt sepse v Casném
novorozeneckém obdobi, vyskyt hyperbilirubinémie
a zavér neurologického vysetfeni. Za vyznamnou hyper-
bilirubinémii byl oznacen stav, ktery podle Hodrova gra-
fu jiz vyzadoval aplikaci fototerapie. Vysledek neurolo-
gického vysetfeni novorozence byl rozdélen do tfi
skupin: negativni neurologicky nélez, lehké neurologic-
ké postizeni, t¢zké neurologické postizeni. Jako lehké
neurologické postizeni byl klasifikovdn prechodny stav,
ktery si vyzadal naslednou vyvojovou rehabilitaci. Jako
tézké neurologické poskozeni byl oznacen stav s dlou-

Tab. 1. Operacni ukoncéeni porodu a pH novorozence odebrané z a. umbilicalis

Soubor A Soubor B Relative risk p/ TEST
(n=47) (n=87) RES
Porod
operac¢ni ukonceni
(cisarsky fez, forceps) 7 (14,8 %) 14 (16,0 %) 0,97 0,856 / x2
NS
pH
pH <7,00 12,1 %) 445 %) 2,16 0,657 / FE
NS
PH
6,99< pH <7,10 5 (10,6 %) 9 (10,3 %) 0,97 0,958 / FE
NS
pH
pH > 7,09 41 (87,2%) 74 (85,0%) 0,98 0,730 / x?
NS

NS = nesignifikantni, FE = Fischeriv exaktni test

Tab. 2. Poporodni stav novorozence (Apgar skore) a délka hospitalizace na JIP, IMP a celkova délka hospitalizace novorozence

Soubor A Soubor B p/ TEST /RES
prumér (SD) prumér (SD)

AS 1. min. 8,36 (1.40) 8,57 (1,36) 0,018 / x*/ p<0,05
AS 5. min. 9,12 (1,07) 9,37 (1,04) 0,301 / x>/ NS
AS 10. min. 9,46 (0,88) 9,65 (0,69) 0,313 /x?/ NS
JIP 0,71 (2,10) 1,29 (4,93) 0,388 / KW/ NS
IMP 8,92 (12,09) 8,32 (12,03) 0,793 /ANOVA / NS
celkem hospitalizace 12,18 (11,44) 12,56 (13,77) 0,376 /ANOVA / NS

AS = skore dle Apgarové, Kruskal-Walllis, NS = nesignifikantni

Tab. 3. Neonatologické vysledky

Soubor A Soubor B OR (95% C)) p/ TEST /RES

% %
Sepse 2,6 4,7 0,55 (0,02-5,59) 0,507 / FE / NS
Hyperbilirubinémie 42,1 30,5 1,65 (0,69-3,96) 0213 /x2/NS
Lehké neurologické postizeni 13,1 21,1 0,56 (0,16-1,83) 0,291 / x2/ NS

NS = nesignifikantni, FE = Fischertv exaktni test
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hodobymi nebo trvalymi ndsledky. Veskeré vysledky
byly statisticky zhodnoceny metodou ? testu, Kruska-
lovym-Wallisovym testem, metodou Anova nebo Fis-
cherovym exaktnim testem.

VYSLEDKY

Rozdil v poctu operacnich ukonéeni porodu z indika-
ce hrozici hypoxie plodu neni mezi skupinami A a B sta-
tisticky vyznamny (p = 0,856). Zachyt intrapartalni asfy-
xie plodu je v obou sledovanych skupinidch obdobny
a ani v piipadé porovnani hodnot pH roz¢lenénych do tf{
skupin neni prokdzdn statisticky vyznamny rozdil (p =
0,657, resp. p = 0,958, resp. p = 0,730). Hodnoty Apgar
skore porovndvané zvlast v prvni, paté a desaté minuté se
mezi souborem A a B li§{ ve prospéch souboru A pouze
v prvni minuté a tento rozdil je statisticky signifikantni
na 5% hladiné vyznamnosti (p = 0,018). Hodnoty v paté
a desdté minuté nevykazuji statisticky vyznamny rozdil
(p=0,301, resp.p=0,313).

Ani v jednom z obou souborti nebyl zaznamenan pfi-
pad umrti plodu béhem porodu nebo novorozence v Cas-
ném novorozeneckém obdobi. Pfi vzdjemném porovndni
neonatologickych vysledkii mezi obéma soubory A a B
nebyl nalezen statisticky vyznamny rozdil. Délka pobytu
novorozence na jednotce intenzivni péce (p = 0,888),
délka pobytu novorozence na jednotce intermedidrni
péce (p =0,793), celkova délka hospitalizace novorozen-
ce (p = 0,876), pocet piipadi poporodni sepse (p =
0,507), pocet piipadti poporodni hyperbilirubinémie (p =
0,213). Ani v jednom z obou souborti nebyl zaznamenan
pripad tézkého neurologického postiZeni novorozence.
Vyskyt lehkého neurologického postiZzeni vyZadujiciho
néslednou vyvojovou rehabilitaci je mezi obéma soubo-
ry statisticky nevyznamny (p = 0,291).

DISKUSE

Prepartdlni diagnostika intrauterinni riistové retardace
plodu je zalozena predevsim na vysledcich opakovanych
ultrazvukovych vysetieni v intervalu 2 az 3 tydnut. Velkd
¢ast zen prichdzejicich do porodnice poprvé piimo
k porodu nemd k dispozici validni vysledek pfedchoziho
ultrazvukového vysetfeni. Identifikace plodi ohroZenych
chronickou hypoxii spojenou s rozvinutou intrauterinni
rlstovou retardaci se v takovych piipadech opird o jedi-
né predporodni ultrazvukové vySetfeni. MoZnost exaktn{
diagnostiky je za danych podminek velmi omezend. Po
vyclenéni skupiny plodd s odhadem hmotnosti pod 10.
percentilem pro dané gestacni stafi je pravdépodobné
zastoupeni intrauterinné ristové retardovanych ploda
30 %. Zbylych 70 % plodt je pouze konstituéné malych
(small for gestational age) [17, 21]. K diagnostice je
mozné dale vyuzit rizné biometrické poméry, jako je
obvod hlavy k obvodu bficha (BPD/AC) nebo délka
femuru a obvod bficha (FL/AC) [4, 7]. Pomoci téchto

vySetieni 1ze dale odlisit disproporciondlni typ intraute-
rinni rdstové retardace od proporciondlniho [19]. V nas{
studii bylo jako jediné kritérium pro stanovenf intraute-
rinni rastové retardace plodu vyuZito hmotnostniho
odhadu plodu pod 10. percentilem pro dané gestacnf sta-
ii. Je jisté, Ze se jednd o diagnostiku nepfesnou a u ¢asti
novorozencti byla postnatalné stanovena hmotnost nad
10. percentilem pro dané gestacni stafi. Podil téchto
novorozenctl byl v obou souborech obdobny, statisticky
nevyznamny (p = 0,84).

Rada studif hodnoticich ST analyzu fetdlniho EKG
jako metodu slouZici k v€asnému zachytu akutni intra-
partalni hypoxie vyzniva ve prospéch této metody [2, 5,
12, 15, 16, 24]. V predkladané studii nebyl prokdzan
vyrazné&jsi rozdil pfi porovnani s KTG doplnénym v pfi-
padé abnormadlniho zdznamu o IFPO, coZ predstavuje
soucasny zplsob monitorovani plodu v pribeéhu porodu.
Jednou z pfi¢in miZe byt nizky pocet pacientek v obou
souborech. Nelze vyloudit, Ze pfi rozsiteni soubort by
lépe vynikly trendy v jednotlivych hodnocenych modali-
tdch. Velky vyznam ma rovnéZ schopnost sprdvného
hodnocenf a interpretace vysledkd ST analyzy. Roli zde
hraji pfedchozi zkuSenosti s metodou.

Vysledky predkladané studie mohou vyznit jako obha-
joba KTG, doplnéného v ptipadé nutnosti o IFPO. Kom-
binace téchto dvou metod intrapartdlniho monitorovani
plodu je v Ceské republice velmi &asto pouZivana [20].
ST analyza fetdlntho EKG se jevi pfinejmensim jako
plné srovnatelnd. PIné elektronické zpracovani zdznamu
a soucasné propojeni dvou metod jednim pristrojem
posunuje intrapartdlni monitorovdni plodu znatelné
kupfedu. V zemich, kde metoda dosdhla nejvétstho roz-
Sifeni, je navic rutinné provadén odbér krve z hlavicky
plodu na vySetfeni pH [2, 3].

V Ceské republice je ST analyzator dostupny pouze na
nékolika pracovistich. Vysokd cena piistroje a relativné
madlo zkuSenosti zatim brani roz§ifeni metody. Jsou nut-
né dalSi studie na dostate¢né velkych souborech a zod-
povézeni otdzky, zda ST analyza ve spojeni s KTG muze
v budoucnu zcela nahradit stavajici zplsob intrapartdlni-
ho monitorovani plodu.

ZAVER

PouzZiti ST analyzy fetdlniho EKG k zachytu intrapar-
taln{ hypoxie v pribéhu porodu plodti s predpoklddanou
intrauterinni rtistovou retardaci, nevykazuje vyznamny
rozdil oproti stavajicim metoddim (KTG v kombinaci
s IFPO). Studie nepotvrdila ptivodni predpoklad lepsich
perinatdlnich vysledkt, postnatdlni adaptace novorozen-
ce a snizeni poctu operacnich ukonceni porodu pii po-
uziti ST analyzy. Statisticky vyznamny rozdil mezi obé-
ma soubory byl prokdzan pouze v pripadé hodnoceni
Apgar-skére v prvni minuté po porodu, a to na 5% hla-
diné vyznamnosti (p = 0,04). Intrapartdlni ST analyza
fetdlniho EKG u plodt s intrauterinni riistovou retardaci
je rovnocennou alternativou ke stdvajici metodice dia-
gnostiky hypoxie plodu v pribéhu porodu.
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Structured Abstract

Objective: To determine the possibilities of ST analysis of fetal ECG (STAN) in premature deliveries
between 30th to 36th week of pregnancy. To compare the results of a group of premature deliveries moni-
tored by ST analysis with a control group of premature deliveries monitored by means of cardiotoco-
graphy (CTG) and intrapartum fetal pulse oxymetry (IFPO).

Type of study: A prospective study.
Setting: Department of Gynecology-Obstetrics, Masaryk University and Faculty Hospital Brno.

Methods: The authors evaluated 39 women with premature delivery between 30th and 36th week of
pregnancy from a total cohort of 239 high-risk pregnant women, who had been monitored by means
of ST analysis of fetal ECG. The control group included 229 pregnant women who gave birth between
30th and 36th week of pregnancy under the monitoring with CTG and IFPO. The allocation into indi-
vidual groups was at random order. The authors evaluated the duration and way of termination of
delivery, pH in arterial umbilical blood, Apgar score in the first, fifth and tenth minute, total duration
of hospitalization, necessity and duration of stay at the Neonatologic Intensive Care Unit, Intermedia-
try Intensive Care Unit, the presence of sepsis, hyperbilirubinemia and neurological state of the new-
born.

The statistical analysis was performed by means of the Fisher’s exact test, Kruskal-Wallis test, y* test and
the parametric test Anova.

Results: Almost none of the observed parameters in both categories of premature deliveries (STAN vs.
CTG+IFPO) exhibited a statistically significant difference except a mild neurological affection of the
newborn. In the group of premature deliveries monitored by ST analysis there are only 33.3% of new-
borns with signs of light neurological damage as compared with the control group, where 56.3 % subjects
were so affected (p<0.01).

Conclusion: It has become obvious that the ST analysis of fetal ECG in premature deliveries between
30th and 36th week of pregnancy provides the same results as the so far used monitoring by CTG and
IFPO. In the group of premature deliveries monitored by the ST analysis, there were significantly less
frequent neurological disturbances.

Key words: ST analysis, fetal ECG, premature delivery, monitoring, cardiography, IFPO

Strukturovany souhrn

Cil studie: Zjistit moznosti ST analyzy fetalniho EKG (STAN) u predc¢asnych porodii mezi 30. a 36. tyd-
nem téhotenstvi. Srovnat vysledky souboru piedc¢asnych porodii monitorovanych ST analyzou s kon-
trolnim souborem predcasnych porodi sledovanych pomoci kardiotokografie (KTG) a intrapartalni
fetalni pulzni oxymetrie (IFPO).

Typ studie: Prospektivni studie.
Nadzev a sidlo pracovisté: Gynekologicko—porodnicka klinika Masarykovy univerzity a FN Brno.

Metodika: Z celkového souboru 239 rizikovych téhotnych, které byly monitorovany pomoci ST analyzy
fetalniho EKG, bylo zhodnoceno 39 Zen s pred¢asnym porodem mezi 30. a 36. tydnem téhotenstvi. Kon-
trolni soubor tvorilo 229 téhotnych, které porodily mezi 30. a 36. tydnem a byly sledovany pomoci KTG
a IFPO. Rozdéleni do jednotlivych soubori bylo nahodné. Byla hodnocena délka a zpisob ukonceni
porodu, pH arteridlni pupecnikové krve, skore podle Apgarové v prvni, paté a desaté minuté, celkova
délka hospitalizace, nutnost a délka pobytu na neonatologické jednotce intenzivni péce (NJIP), interme-
diarni jednotce intenzivni péce (JIMP), pritomnost sepse, hyperbilirubinémie a neurologicky stav novo-
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rozence. Statisticka analyza byla provedena pomoci Fisherova exaktniho testu, Kruskalova—Wallisova

testu, 2 testu a parametrického testu Anova.

Vysledky: Témér v Zadném ze sledovanych parametriu nebyl v obou kategoriich predc¢asnych poroda
(STAN vs. KTG + IFPO) shledan signifikantni rozdil, kromé lehkého neurologického postiZzeni novo-
rozence. V souboru piredéasnych porodit monitorovanych ST analyzou bylo pouze 33,3 % novoro-
zenci se znamkami lehkého neurologického posSkozeni proti kontrolnimu souboru, kde jich bylo

56,3 % (p<0,01).

Zdvér: Bylo prokazano, ze ST analyza fetilniho EKG ma u pfedc¢asnych porodi mezi 30.-36. tydnem
téhotenstvi stejné vysledky jako dosavadni zptisoby monitorovani pomoci KTG a IFPO. V souboru pred-
c¢asnych porodi monitorovanych pomoci ST analyzy bylo statisticky vyznamné méné lehkych neurolo-

gickych postiZeni.

Kli¢ovd slova: ST analyza, fetalni EKG, piedc¢asny porod, monitorovani, kardiotokografie, IFPO

UVOD

Elektronické monitorovani plodu je v dnes$ni dobé
nedilnou soucdsti vedenf drtivé vétSiny porodil a hlav-
ni zbran{ v boji s intrapartlni hypoxii. V Ceské repub-
lice patii intermitentni kardiotokografické monitoro-
vani mezi screeningové metody sledovani stavu plodu
bé&hem porodu [11]. Diagnostika intrapartdlni hypoxie
plodu byla doneddvna doménou kardiotokografie.
Nadéje, které do ni byly vkladany v pribéhu 60. a 70.
let minulého stoleti, kdy byla zavddéna do klinické
praxe, byly bohuzel splnény jen z ¢4sti. Pfedpokldda-
lo se, Ze dojde k podstatné redukci perinatdlni morta-
lity a morbidity a mozkové obrny. Metaanalyzy vel-
kych multicentrickych kontrolovanych studii pak
neprokdzaly jednoznaény rozdil v perinatdlnich
vysledcich u fyziologickych gravidit pfi srovnani
elektronického monitorovani s auskulta¢nim sledova-
nim porodu. Vyznam kontinudlniho elektronického
monitorovani plodu béhem porodu byl potvrzen pouze
u rizikovych téhotenstvi [12, 18, 21]. RovnéZ neexis-
tuji dikazy podporené kontrolovanymi randomizova-
nymi studiemi, Ze by kontinudlni monitorovani plodu
béhem porodu pfindSelo nizZ§i vyskyt intrapartdlni
hypoxie plodu nebo signifikantni rozdil ve zplsobu
ukoncenfi gravidity ve srovndni s intermitentnim moni-
torovanim [7, 18].

Negativnim vysledkem rozvoje elektronického intra-
partalniho monitorovani plodu je vzrust operacnich
porodil a cisafskych fezl, ¢imz dochazi ke zvySovan{
matefské morbidity a ndkladt na péci. Tam, kde je do
klinického algoritmu zavedena diagnostika fetdlni hypo-
xie na zdakladé odbéru pH z hlavi¢ky plodu, neni ndrtist
operac¢nich vykoni tak vyznamny [24]. Byla potvrzena
signifikantni zdvislost mezi poctem specifickych riziko-
vych faktord a vyskytem mozkové obrny, perinatdlni
umrtnosti a neonatdlnich encefalopatii [18]. Neexistuje
vSak dostatek kontrolovanych randomizovanych studii,
které by hodnotily specifitu jednotlivych rizik a jejich
vliv na intrapartdlni hypoxii a zdvazné perinatalni a neo-
natdlni komplikace.

Jednim z nejdilezit€jSich rizikovych faktori, které

NP2

jsou spojeny s CastéjSim vyskytem intrapartalni hypo-

xie je prematurita [20, 25]. Prematurita do 32. tydne
t€hotenstv{ je sdruZena s vySS$im rizikem mozkové obr-
ny, novorozenecké encefalopatie a perinatdlni dmrt-
nosti [4, 13, 14, 18]. Skodlivy vliv hypoxie byva
u pred¢asného porodu potencovan dal§imi rizikovymi
faktory, jako je intrauterinni infekce a nékteré dalsi
matefské nebo fetdlni komplikace, které pfedcasny
porod velmi Casto provazeji. Zatim nebylo prokdzano,
Ze by spontdnni vedeni pfed¢asného porodu (s vyjim-
kou urcitych specifickych stavi, jako je napf. poloha
koncem panevnim) néjak ovliviiovalo perinatdlni
vysledky [5].

V dsledku snah zkvalitnit diagnostiku hypoxie
béhem porodu v poslednich letech se zacinaji rozvijet
i jiné zplisoby monitorovani plodu béhem porodu, nez
je kardiotokografie. Mezi ty nejmodernéjsi patfi intra-
partaln{ fetdlni pulzni oxymetrie (IFPO) a fetdln{ ana-
lyza ST useku EKG (STAN) [2, 8, 11, 26]. Princip
fetdlntho EKG je zndm pravé 100 let, ale teprve
v poslednich letech bylo vyvinuto poc¢itacové hodno-
ceni kiivky EKG plodu, které umoziuje definovat
zmény poméru T/QRS a ST useku fetdlnitho EKG, kte-
ré jsou potom porovndvdny a hodnoceny s interné
nebo externé snimanym kardiotokografickym zazna-
mem. Vysledkem analyzy fetdlntho EKG béhem poro-
du je odhaleni eventudlni hypoxie myokardu. Srdce
patii spolu s mozkem k centrdlnim organtim, které
jsou na nedostatek kysliku nejcitlivéjsi, tudiz se u této
metody pfedpoklada vcasnd a citliva diagnostika poci-
najici hypoxie [8]. VétSina ze studii, které hodnotily
vyznam ST analyzy fetdlntho EKG ve srovnani s kar-
diotokografickym monitorovanim, prokdzaly mensi
vyskyt novorozenct s niz§im pH a redukci opera¢nich
vykonu [18]. Dosavadni studie se zabyvaly pouze
donoSenymi graviditami po 36. tydnu. U pfedcasnych
porodi se predpokladd nezralost myokardu, kterd
miize modifikovat odpovéd kardiomyocytii na stimuly
z okolniho prostfedi.

Cilem naSi prace je provéfit, zda Ize ST analyzu
aplikovat i u pfed¢asnych porodl a zda Ize kontinudl-
nim monitorovdnim pomoci skalpové elektrody a poci-
tacovym vyhodnocenim fetdlni EKG kfivky zdsadné
ovlivnit perinatdlni vysledky a Cetnost operacnich
intervenci.
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Tab. 1. Klinické postupy u ST analyzy. Kritéria ST analyzy k ukonceni gravidity u intermedidrniho a abnormédlniho CTG

ST analyza

KTG

intermediarn{

abnormdlni pretermindlni

epizodicky nartst T/QRS
<10 min

vzestup >0,15

vzestup >0,10 ukonceni gravidity bez

ohledu na ST analyzu

protrahovany ndrtst
T/QRS 210 min

vzestup >0,10

vzestup >0,05

bifazické ST kontinudlni >5 min

usekt ST typu 2 nebo 3

nebo >2 epizody shluki bifazickych

kontinudlni >2 min
nebo >1 epizoda shlukt
bifazickych tsekt ST typu 2 nebo 3

SOUBOR ZEN A METODIKA

Do prospektivni studie, kterd se zabyvala diagnosti-
kou hypoxie u rizikovych t€hotenstvi pomoci ST analy-
zy fetdlniho EKG, bylo v obdobi let 2003-2005 zafaze-
no celkem 862 téhotnych Zen, které rodily na
Gynekologicko—porodnické klinice FN Brno a na
Gynekologicko—porodnickém oddéleni Nemocnice
Jihlava. Kritériem k zafazeni do souboru byl rizikovy
prubéh téhotenstvi s pfedpokladem castéjsitho vyskytu
intrapartdlni hypoxie. Soustfedili jsme se pfedevSim na
hypotrofii, predcasny porod, preeklampsii, diabetes
mellitus, poterminovou graviditu, vicecetné t€hotenstvi
a jiné zavazné fetdlni a matetské komplikace, které jsou
spojeny s vyS§im vyskytem intrapartdlni hypoxie
a z toho pramenicich ndsledku, jako je mozkova obrna,
perinatdlni dmrti a neonatdlni encefalopatie, podle
doporuceni RCOG (Royal College of Obstetricians and
Gynaecologists) [18]. Pomoci ST analyzy fetdlniho
EKG bylo sledovano 239 téhotnych Zen a kontrolni
soubor tvofilo 623 té¢hotnych Zen, které byly na naSich
pracoviStich monitorovdny do té doby standardnimi
elektronickymi metodami, tedy kardiotokografii a fetal-
ni pluzni oxymetrif.

Z celkového souboru rizikovych téhotnych sledova-
nych ST analyzou fetdlntho EKG bylo zhodnoceno 39
Zen, u kterych nastal pfedcasny porod mezi 30. a 36. tyd-
nem téhotenstvi. Kontrolni soubor tvorilo 229 t¢hotnych,
které porodily pfed¢asné mezi 30.-36. tydnem téhoten-
stvi a stav plodu byl béhem porodu sledovéan do té doby
standardnimi monitorovacimi metodami, tedy pomoci
kardiotokografie a fetdlniho pulzniho oxymetru. Vsech-
ny zafazené t€hotné Zeny porodily v rdmci Perinatolo-
gického centra, které je soucasti Gynekologicko—porod-
nické kliniky FN Brno. Rozdé€leni do jednotlivych
souborti bylo ndhodné, kontroln{ soubor tvofily t€hotné
Zeny, u kterych nebyl ST analyzétor v dané dobé k dis-
pozici nebo nebyl k dispozici tym, ktery by dokonale
ovlddal funkci a vyhodnoceni ST analyzy. V uvedené
studii jsme pouzivali pro hodnoceni fetdlni EKG kiivky
ST analyzdtor STAN 21 od firmy Neoventa Medical AB.
Kfivka fetdlntho EKG byla snimdna jednosvodou skal-
povou elektrodou. Kromé EKG byl zaznamendvan
pomoci stejné vnitini elektrody i kardiotokograficky za-
znam. Ke snimdnf kardiotokografického zdznamu v ram-
ci kontrolniho souboru byly pouzity KTG pfistroje Hew-

lett Packard Series 50 A. Saturace kysliku u plodu byla
méfena fetdlnim pulznim oxymetrem Nelcor N — 400
tehdy, pokud byl patologicky nebo suspektni kardiotoko-
graficky zaznam. Tym 1ékaid, ktery hodnotil ST analyzu
fetdlntho EKG, prodélal Skoleni firmou Neoventa a byl
jim ud&len certifikat kolitele metody v ramci Ceské
republiky.

V souboru téhotnych Zen monitorovanych pomoci ST
analyzy byly klinické postupy tykajici se diagnostiky
hypoxie plodu a eventudlniho ukonceni téhotenstvi vole-
ny dle doporuceni vyrobce ST analyzétoru s vyjimkou
hranice, kterd omezuje pouZzit ST analyzu a uvedené hod-
noceni do 36. tydne téhotenstvi [23] (tab. 1). U kontrol-
ntho souboru byl KTG zdznam hodnocen podle FIGO
(International Federation of Gynecology and Obstetrics)
kritérif [3].

Pri patologickém nebo suspektnim kardiotokografic-
kém zdznamu byl plod monitorovan navic pomoci fetal-
ni pulzni oxymetrie, a pokud byla hodnota saturace kys-
liku u plodu niZsi nez 30 % po dobu del§i nezZ 5 min.,
byla gravidita ukon¢ena. Na naSich pracovistich nepatii
odbér fetdlni krve ze skalpu k urceni pH do standardniho
spektra vySetfovacich metod, proto nebyl do algoritmu
zarazen.

V ramci studie byla hodnocena délka a zpGsob ukon-
¢eni porodu. Stav plodu po porodu byl vyhodnocovan
pomoci pH z arteridlni pupecnikové krve bezprostfedné
po porodu plodu a pomoci skére podle Apgarové v prv-
ni, paté a desaté minuté. Poporodni pribéh u novorozen-
ce byl déle sledovan neonatologem a jako kritéria popo-
rodntho stavu byla hodnocena celkovd délka
hospitalizace, nutnost a délka pobytu na neonatologické
jednotce intenzivni péce nebo intermedidrni jednotce
intenzivni péce, vyskyt sepse, hyperbilirubinémie a neu-
rologicky stav.

Za vyznamnou hyperbilirubinémii byl povazovan stav,
ktery podle Hodrova grafu jiz vyZadoval aplikaci fotote-
rapie. Neurologické vySetfeni bylo provedeno détskym
neurologem, vysledek byl hodnocen jako fyziologicky,
popiipadé lehké ¢i tézké neurologické postizeni. Jako
lehké neurologické postiZeni byl klasifikovan pfechodny
stav, ktery si vyzadal naslednou vyvojovou rehabilitaci.
Jako t€zké neurologické posSkozeni byl oznafen stav
s dlouhodobymi nebo trvalymi nésledky.

Statistickd analyza zplisobu ukonceni porodu byla
provedena pomoci Fisherova exaktniho testu, délka
porodu byla vyhodnocena pomoci Kruskalova—Walliso-
va testu. Analyza pH z pupecnikové krve byla porovnana
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Tab. 2. Délka porodu, poporodni stav novorozence (Apgar skore a pH) a délka hospitalizace

STAN KTG + IFPO
pramér (SD) pramér (SD) p
AS 1. min. 821 (1,30) 8,16 (148) 0857 ns..
AS 5. min. 8,87 (1,17) 8,93 (1,29) 0,787 ns.
AS 10. min. 9,28 (1,05) 9,19 (1,15) 0,654 ns.
pH celkem 7,21 (0,09) 722 (0,10) 0,600 ns.
délka porodu (min.) 241 (122) 233 (90) 0,32 n.s.
NIJIP 2,15 (3.,56) 2,08 (3,88) 091 n.s.
IMP 17,44 (12,72) 18,28 (10,51) 0,70 n.s.
celkem hospitalizace 20,30 (13,47) 21,05 (11,01) 0,74 n.s.
pozn: AS = skére podle Apgarové, n.s. = nesignifikantni
Tab. 3. Cetnost cisafskych fezdl a neonatologické vysledky
STAN KTG + IFPO
- % o % OR (95% Cl) p
S.C. 8 20,5 35 153 1,51 (0,76 - 5,25) 0,121  ns.
pH < 7,00 0 0 5 22 nedef. 0,365 n.s.
pH 7,00 — 7,09 3 7.7 18 79 1,02 (0,27 - 4,62) 0,635 ns.
pH >7.09 36 92,3 206 90,0 0,62 (0,14 -231) 0,589 ns.
sepse 3 7.7 21 92 0,76 (0,17 - 2,93) 0,899 ns.
hyperbilirubinémie 28 71.8 146 63,8 1,17 (0,52 - 2,69) 0,686 n.s.
lehké neurologické
postizeni 13 333 129 56,3 0,33 (0,15-0,71) 0,00162

metodou parametrického testu Anova a Fisherovym
exaktnim testem. K vyhodnoceni poporodniho stavu
novorozence byly pouZzity parametricky test Anova (dél-
ka hospitalizace celkem a na jednotkdch intenzivni
péce), Fisherilv exaktni test (vyskyt sepse) a x> test
(vyskyt hyperbilirubinémie a neurologické patologie).
U zpusobu vedeni porodu, pH, vyskytu sepse, hyperbili-
rubinémie a neurologického postiZeni je vyhodnocen kii-
Zovy pomér (OR, odds ratio) — Cornfieldovy 95% meze
spolehlivosti.

Vsechny tehotné podepsaly informovany souhlas se
zafazenim do studie. Principy a postupy v rdmci studie,
véetné pouzivani ST analyzy pomoci skalpové elektrody
u predCasnych porodi do 36. tydne t€hotenstvi, schvali-
la etickd komise FN Brno.

VYSLEDKY

Z celkového poctu zarazenych téhotnych (n = 268)
bylo ukonceno cisafskym fezem 43 gravidit, tedy 16 %.
Ve skupiné monitorované pomoci ST analyzy byla frek-
vence cisafskych fezii 20,5 %, v kontrolnim souboru
15,3 %. Mezi obéma soubory nebyl shleddn statisticky
rozdil (p =0,121). U zZadné téhotné Zeny nebyla gravidi-
ta ukoncena pomoci forcepsu nebo vakuumextraktoru.
V rdamci hodnoceni poporodni adaptace novorozence
podle Apgarové nebyl v obou sledovanych skupindch
zjistén signifikantni rozdil v prvni (p = 0,857), paté (p =
0,787) ani v desaté minuté (p = 0,654). Stejné tak pri
hodnoceni pH z pupecnikové krve nebyl shleddn rozdil
mezi skupinou pfedCasnych porodii monitorovanych
pomoci ST analyzy a skupinou monitorovanou pomoci
KTG a IFPO (p = 0,600). Pfi rozdéleni pH do 3 skupin

podle zavaznosti nebyly mezi obéma soubory zjistény
zadné statisticky vyznamné rozdily pH = 7,0-7,09 (p =
0,64) a pro pH >7,09 (p = 0,59). U skupiny pH <7,0
nebyl zaznamendn v souboru ST analyzy ani jediny pfi-
pad, v kontrolnim souboru 5, hodnoceno jako nesignifi-
kantni. Rozdil v délce porodu byl u obou soubori rovnéz
nevyznamny (p = 0,32) (tab. 2 a 3).

Statisticky vyznamny rozdil nebyl zaznamendn ani pfi
hodnoceni poporodniho pribéhu a délky hospitalizace,
ani pfi srovnani zdvaznych neurologickych komplikaci
predcasné narozenych déti (tab. 3). Vysledky byly statis-
ticky srovnatelné u celkové délky hospitalizace (p =
0,74), u délky hospitalizace na neonatologické jednotce
intenzivni péce (NJIP) (p = 0,902) i na intermedidrni jed-
notce intenzivni péée (IMP) (p = 0,700) (tab. 2). Rozdily
se nepotvrdily ani pfi srovnani vyskytu hyperbilirubiné-
mie (p = 0,686) a sepse (p = 0,899). U neurologického
postiZzeni lehkého typu byl detekovdn mezi sledovanymi
soubory statisticky vyznamny rozdil (p = 0,00162) ve
prospéch souboru monitorovaného pomoci ST analyza-
toru (33,3 % vs, 56,3 %). Neurologické postiZeni t€¢z§iho
typu nebo perinatdlni ¢i postnatdlni imrti nebylo v uve-
denych souborech pozorovano (tab. 3).

Béhem nas$i studie se nevyskytla komplikace nebo
patologicky stav, ktery by souvisel s urcitou invazivitou
ST analyzy.

DISKUSE

ST analyza fetdlniho EKG je v souc¢asné dobé nejmo-
dernéj$i metodou ke sledovani hypoxie plodu béhem
porodu. Nékteré kontrolované randomizované studie
prokazuji vyznam této metody ve sniZovani incidence
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operacnich metod a intrapartdlni hypoxie plodu, i kdyz
vysledky zatim nejsou zcela jednoznacné a je potieba
vyckat dalSich kvalitnich studii. Dosavadni vysledky
naznacuji, ze by ST analyza mohla v budoucnu pravde-
podobné patfit mezi dilezité metody sledovéni stavu plo-
du béhem porodu [1, 2, 10, 17]. VétSina studii se dopo-
sud zabyvala plosSnym sledovanim porodid bez kladeni
dirazu na rizikové stavy, jako je ristovd retardace,
zdvaznd matefskd onemocnéni (diabetes mellitus, pre-
eklampsie a jiné) a predCasné porody. Prematurita je
zavazny rizikovy faktor, jehoz disledky mohou byt pfi-
padnou peripartalni hypoxif jesté vice prohloubeny [18].
Jednou z hlavnich pficin, pro¢ se nezraly plod nemtize
dobfe vyrovnat s hypoxii, je intrakardidlni nedostatek
glykogenu a nedostate¢nd schopnost myokardu ho vyuZit
[23]. Z hlediska nebezpeci hypoxie u pred¢asnych poro-
di se jevi nejrizikovéjsi vaginalni indukované porody pri
predcasné odteklé plodové vodé. Dal§im rizikovym fak-
torem, ktery maZe negativné prohloubit t¢inek i jen mir-
né hypoxie, je spoluptisobeni intrauterinni infekce, ktera
se u pred¢asného porodu vyskytuje az v 60 % piipadu.

Dosavadni monitorovani u pred¢asnych porodd probi-
halo pomoci KTG, popiipadé IFPO. Vzhledem k vyssi-
mu riziku hypoxie byvd doporu¢ovano monitorovat pred-
¢asné porody kontinudlné [18].

ST analyza fetdlntho EKG se zatim ve svété pouziva
u plodii nad 36. tyden téhotenstvi. Nen{ zatim zcela jas-
né, jak se chova nezraly myokard a zda dochazi pri hypo-
xii ke stejnym zméndm ST tseku EKG kfivky jako u zra-
Iych ploda [8, 23]. V soucasné dobé probihaji teprve
prvni studie tykajici se ST analyzy u pred¢asného poro-
du a zatim nebyla Zaddnd z nich publikovana. Je mozné,
Ze pro predcasné porody budou muset byt upravena sta-
vajici kritéria hrozici hypoxie. Castéji se vyskytuji bifa-
zické zmény ST useku, coz ukazuje na omezenou kapa-
citu myokardu reagovat na stres zpusobeny porodem
[22].

Nase vysledky ukazuji, Ze metodu ST analyzy fetdlni-
ho EKG lze vyuzit k monitorovani plodu i u pfedcasné-
ho porodu. Vysledky jsou srovnatelné s monitorovanim
pomoci kardiotokografu a pulzni oxymetrie. Vysvétlit,
pro¢ nase studie neodhalila rozdil v monitorovani pred-
¢asnych porodi ve prospéch ST analyzy stejné jako roz-
sahlé multicentrické kontrolované studie, které byly pro-
vadény ploSné na rizikovych i nerizikovych pacientech,
neni jednoduché. Jednou z pfi¢in miZe byt pravdépo-
dobné nepfesnost kritérii pro diagnostiku hypoxie pomo-
ci ST analyzy pred 36. tydnem téhotenstvi. Vzhledem
k tomu, Ze ani u jinych rizikovych t€hotnych Zen v ram-
ci naseho programu nebyly nalezeny takové signifikant-
ni rozdily jako v jinych studiich, je mozné, Ze se jednd
o nepresnosti v hodnoceni ST analyzy, kterych jsme se
dopustili v disledku nedostatku zkusenosti s nove zave-
denou metodou na zacdtku studie. ST analyza je kompli-
kovand metoda, kterd je sice do urcité miry automaticka
a diky pocitacovému zpracovani samostatné oznacuje
zmény v ST useku fetdlntho EKG, ale poté ndsleduje
relativné komplikované vyhodnoceni kardiotokografické
kiivky a porovnani s EKG kritérii. Tady maZze udélat
nedostate¢né zkuseny pracovnik snadno chybu. Dilezi-

tost podrobného a opakovaného zaskoleni potvrdila také
rozsahla Svédskd multicentrickd studie, kdy museli auto-
fi na zdkladé predbézné analyzy vysledkd opakovat $ko-
lenf persondlu [1]. Kvalita hodnoceni KTG, které je sou-
¢asti ST analyzy, pfimo ovliviiuje celkové vysledky
a nelze vyloucit, Ze s nastupem pocitacového vyhodno-
ceni KTG kfivky znatelné stoupne senzitivita uvedené
metody. Dulezitym faktorem, ktery nasi studii odliSuje
od ostatnich, je absence odbéri fetdlni krve z hlavicky
plodu ke zjisténi metabolické acidézy. Tato metoda se
standardné na naSem pracovisti neprovadi. Pokud by
byla zarazena do spektra vysetfovacich metod, lze oce-
kdvat zpfesnéni diagnostiky hypoxie, ale pravdépodobné
bez vyznamnéjSiho vlivu na statistické hodnoceni
vysledki obou skupin.

Vzhledem k rozsahu souboru pfed¢asnych porodi je
potfeba uvedenou studii hodnotit jako pilotni projekt.
Doposud v nasi ani svétové literatufe nebyl soubor pa-
cientek s predCasnym porodem, které by byly sledovany
ST analyzou, zpracovan. Lze ocekdvat, Ze s roz§itenim
souboru a se zdokonalenim randomizace miZze dojit
i k ¢astecnému posunu v hodnoceni nékterych kategorii.
Podminkou rozsifeni souboru pfed¢asnych porodii moni-
torovanych ST analyzou je multicentrickd koncepce stu-
die. Vétsina predcasnych porodi, kde dojde k samovol-
nému nastupu déloznich kontrakei probihd pomérné
rychle a riziko intrapartdlni hypoxie je pomérné malé.
Domnivdme se, Ze nejvétsi vyznam md kontinudlni
monitorovani ST analyzou fetdlntho EKG u indukova-
nych pred¢asnych porodd, které nastavaji napf. po pred-
Casné odtékajici plodové vodé, popiipadé z divodu jiné,
nejcastéji materské patologie. Vzhledem k tomu, Ze sou-
bor predCasnych porodtl v nasi praci je pomérné omeze-
ny, nelze zatim provést podrobnou analyzu jednotlivych
podskupin a nelze hodnotit vyznam jednotlivych zmén
fetdlnitho EKG, které slouz{ k diagnostice hypoxie.

Pozitivné musime hodnotit i komfort, ktery s sebou
tato metoda pfindsi. Kardiotokograficka kiivka, kterd je
soucdsti ST analyzy, je velmi kvalitni a tenky kontakt
spojujici skalpovou elektrodu s pfistrojem na rozdil od
klasické kardiotokografie minimalné omezuje rodicku
v pohybu. Tuto skute¢nost Zeny, které byly zarazeny do
studie, vétSinou velmi kladné hodnotily.

Nase prace prokazala, Ze ST analyza nepfinasi riziko
pro predcasné narozeny plod ani vzhledem k urcité inva-
zivité metody. To byl jeden z divodu, pro¢ jsme v ramci
studie pdtrali i po vyskytu zanétlivych komplikaci v obou
skupinach.

ZAVER

ST analyza fetdlntho EKG je metoda, kterou Ize pouZit
k detekci hypoxie i u pfed¢asného porodu mezi 30.-36.
tydnem tehotenstvi. Ve vétsiné sledovanych parametrt
jsme neprokdzali signifikantné rozdilné vysledky ve
srovnani se skupinou t€hotnych Zen monitorovanych kar-
ditotokografii a pulzni oxymetrii. Pocet operacnich inter-
venci a vyskyt metabolické acidézy byl u obou souborti
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stejny, stejné tak i celkovd délka hospitalizace nebo dél-
ka pobytu na neonatologickych jednotkach intenzivni
péce. Statisticky vyznamné byly pouze rozdily v poctu
a zdvaznosti lehkych neurologickych nésledkt predcas-
ného porodu ve prospéch souboru monitorovaného
pomoci ST analyzy. Problematika ST analyzy u predcas-
ného porodu bude vyZadovat dal$i randomizované multi-
centrické studie, které zptesni vysledky a pomohou 1épe
definovat kritéria hypoxie u ST analyzy pied 36. tydnem
téhotenstvi.

Prace byla podporena grantem IGA MZCR NH
7660-3.
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4.5. Vyuziti dalSich biomarkeri v detekci intrapartalni
hypoxie plodu

V soucasné dob¢ Ize diagnostikovat intrapartalni hypoxii plodu na zakladé hodnoty pH nebo
laktatu v krvi novorozence, ptipadné pupecniku. Diagnostika ma fadu uskali a lze ji vyuzit
pouze postpartalné. Proto pokracuji snahy o identifikaci jinych spolehlivych markerti hypoxie
plodu, které by bylo mozné stanovit z matetské krve jiz v priabéhu porodu.

V reakci na hypoxii byla u plodu popsana zvysena exprese nékterych miRNA (micro RNA).
Mezi hlavni miRNA reagujici na nizkou hladinu kysliku patfi miR-210. V téhotenstvi jsou
zminéné RNA uvoliovany z fetoplacentarni jednotky do krevniho ob&hu matky, odkud je
moznd jejich izolace. Z vysledkti nékterych studii vypliva, Ze jejich mnozstvi koreluje se
stupném hypoxie plodu a mohly by tedy byt dobrym indikdtorem pro stanoveni zdvaznosti
hypoxie [43,44]. Vybrané miRNA nebo mRNA (messenger RNA) jsou diky zptsobu svého
vzniku (reakce jednotlivych bunék na hypoxii), moznou alternativou k v§eobecné pouzivané
kombinaci pH/BDect z pupecnikové arterie plodu. Tim, ze je mozné ob¢é skupiny markert
ziskat z krve matky, je hypoteticky mozné sledovat asovy vyvoj hladiny markert v prubc¢hu
porodu. Takovy marker by mohl zpfesnit detekci hypoxie plodu, kterd je v soucasné dobé
zalozena vyhradné na monitorovani srdecni frekvence plodu (kardiotokografie). Propojeni
téchto dvou metod by mohlo znamenat vyznamné zvyseni senzitivity a specificity k zachytu
hypoxie plodu a snizit tak procento zbyte¢nych operacnich intervenci.

Cilem studie podpoiené internim grantem FN Brno bylo sledovani exprese microRNA
a messenger RNA béhem porodu v periferni krvi matky pfi intrauterinni hypoxii plodu
a u piipadi bez hypoxie. Déle byla porovnavana exprese microRNA po porodu ke zjiSténi
dynamiky clearance vybrané¢ miR-210 z krve matky. Jako optimalni materidl pro izolaci
miRNA byla vybrana periferni plna Zilni krev matky. Soubor byl rozdélen na kontrolni skupinu

téhotnych Zen, u kterych probihal vaginalni porod bez komplikaci a na skupinu t¢hotnych Zen,
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u nichz bylo vysloveno podezieni na hypoxii plodu pifed porodem a nasledné bylo toto
podezieni potvrzeno poporodnim vySetfenim ditéte dle kritérii pro diagnostiku hypoxie plodu.
Zarazeny byly pouze pacientky mezi 38. a 40. tydnem téhotenstvi. Odebirany byly jednak
vzorky krve matky, jednak krve z pupecnikové arterie po porodu.

Vysledky potvrdily expresi miR-210 a vybranych protein kodujicich genit (PKG) u t€¢hotnych
zen i jejich déti, a to jak u skupiny s hypoxii plodu, tak u skupiny kontrolni. Vyskyt u hypoxické
1 kontrolni skupiny svédci o klicové piitomnosti miR-210 a PKG v dobé€ porodu, kdy dochézi
krom& mnoha hemodynamickych zmén také k hypoxii vzniklé omezenim pratoku krve
placentou v diisledku vazokonstrikce zptisobené ¢etnymi kontrakcemi myometria.

Dale byla pozorovéana signifikantné vyssi exprese miR-210 v krvi ditéte oproti krvi matky
v dobé porodu (p<0,001). Tento rozdil je ziejm¢e odrazem vyssi potieby miR-210 v krvi ditéte
nezbytné pro regulaci nedostatecného zasobeni plodu kyslikem béhem porodu. Pro ovéteni
moznosti monitorovani hypoxie u plodu na zaklad¢ stanoveni exprese miR-210 jsme proto
porovnali zménu této exprese mezi skupinou kontrolni a skupinou s hypoxii plodu. Také byla
prokédzéna signifikantné vyssi exprese miR-210 u skupiny s hypoxii plodu ve srovnani se
skupinou kontrolni (p <0,05) a to v krvi matky 1 v krvi ditéte. Tento vysledek potvrdil moznou
asociaci mezi expresi miR-210 s patologickym stavem ditéte, ktery je zjistitelny z krve matky.
Pti porovnani exprese analyzovanych PKG byla pozorovéna signifikantné nizsi exprese vSech
PKG ve skupin¢ hypoxické oproti skupiné kontrolni v krvi matky i ditéte. Nase vysledky jsou
v rozporu s publikovanymi daty Whitehead a kol., kde byla pozorovana signifikantné¢ zvysena
exprese vSech PKG v krvi matky u hypoxické skupiny oproti skupiné kontrolni [43]. Pfi¢inou
téchto odlisnych vysledki mize byt mensi mnozstvi vySetfenych vzorki a stale neovéieny
ptivod fetalni mRNA v krvi matky, coz prozatim limituje vyuzitelnost sledovani zmén exprese

PKG jako ukazatele patologického stavu ditéte.
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Dal$im cilem bylo sledovani dynamiky exprese miR-210 po porodu. Nebyl zaznamenan zadny
statisticky vyznamny rozdil ve zméné exprese miR-210 po dvou ani 24 hodinach po porodu
u kontrolni skupiny. U hypoxické skupiny taktéz nebyl zaznamenan statisticky vyznamny
pokles exprese miR-210 po dvou, osmi, 24 ani 48 hodinach po porodu ve srovnani s dobou
porodu. Tento vysledek miize byt vysvétlen znacnou stabilitou miRNA v matetské a fetalni
krvi, kde je miRNA chranéna pied degrada¢nimi procesy.

Z vysledkt studie se jako jediny vhodny marker pro detekci hypoxie jevi miR-210. Vzhledem
k vysoké variabilit¢ exprese markerti by vSak pro ovéfeni signifikantniho zvySeni exprese
miR-210 v krvi matky s hypoxickym plodem bylo zapotiebi rozsahlého souboru pacientt. Pro
dalsi vyzkum v této oblasti je nutné objasnit cely mechanismus prostupu markert od plodu do
krve matky a také dobu, za kterou se markery od vzniku hypoxie u plodu v krvi matky objevi.
Prace byla publikovany pod nazvem ,MicroRNA-210 expression during childbirth and
postpartum as a potential biomarker of acute fetal hypoxia” v impaktovaném cCasopise
Biomedical Papers — viz. ptiloha 4.5.1. Podil autora: zajiSténi klinické casti studie, nabor
pacientek, sbér dat, podil na pfipravé publikace se zaméfenim na klinickou interpretaci

vysledka.

136



4.5.1. Vonkova B, Blahakova I, Hruban L, Janku P, Pospisilova S. MicroRNA-210
expression during childbirth and postpartum as a potential biomarker of
acute fetal hypoxia. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. 2019;163(3):259-264.

137



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2019 Sep; 163(3):259-264.

MicroRNA-210 expression during childbirth and postpartum as a potential
biomarker of acute fetal hypoxia

Barbara Vonkova®*4, lvona Blahakova*®, Lukas Hruban¢, Petr Janku°, Sarka Pospisilova®®

Objective. To explore whether miR-210 expression can be used as a diagnostic and prognostic marker in acute fetal
hypoxia.

Methods. Whole blood samples of 29 women and their fetuses without hypoxia and 24 women and their fetuses
with hypoxia were analysed in this study. Reverse transcription and quantitative real-time PCR were used to measure
the expression of miR-210. Expression level differences between the control and hypoxic group in labour time and
postpartum change fold were analyzed by standard statistical tests.

Results. We confirmed that miR-210 is significantly more upregulated in fetal blood with acute hypoxia when com-
pared to maternal blood (P<0.001). Furthermore, there was significant up-regulation in miR-210 level in the hypoxic
group when compared to the control non-hypoxic group (P<0.05) in both maternal and fetal blood. Our results did not
confirm a significant difference in postpartum miR-210 clearance level 2 h, 8 h, 24 h or 48 h after labour.
Conclusions. Our study confirmed miR-210 upregulation in the blood of pregnant women with acute fetal hypoxia
at the time of labour compared to pregnant women without acute fetal hypoxia. Additional investigation should be

done to determine miR-210 clearance and the possibility of using miR-210 as a diagnostic and prognostic marker.
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INTRODUCTION

Even though the fetus has its own natural defence
mechanism to tackle the oxygen insufficiency during de-
livery, in some cases, only timely intervention can prevent
adverse consequences'. Hypoxia, prevalent in the range of
0.6% (ref.?) to 3.5% (ref.?), is considered to be the third
most common cause of newborn deaths* in developed
countries. In addition to fetal or newborn death, hypoxic
ischemic encephalopathy (HIE) is the immediate conse-
quence of hypoxia in the newborn. The long-term conse-
quences being cerebral palsy. The overall prevalence of
cerebral palsy in developed countries remains stable at
around 2%o, regardless of a variety of reduction efforts>.

The fetal stethoscope - introduced by Pinard in 1876
- was replaced in late the 1960’s by cardiotocography
(CTG) - to date it is the standard method of intrapartum
hypoxia detection. It did not, however, bring the expected
improvements in delivery outcomes compared to the pre-
viously used intermittent auscultation® and, moreover,
continuous CTG is one of the main suspects for the in-
creased rate in casarean sections for objective reasons®.
The cause of CTG’s unsatisfactory results is primarily
considered to be the high level of inter- and even intra-ob-
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server disagreement on evaluation’’. The problems with
CTG evaluation are not only at the theoretical level, with
substantial medico-legal consequences being repeatedly
reported'®!!. Nevertheless, CTG remains the main instru-
ment to directly assess the well-being of a fetus during de-
livery. Adjunct methods try to enhance the specificity of
CTG interpretation: e.g. fetal scalp blood sampling (taken
to measure the fetal scalp capillary pH); or measuring the
fetal ECG (STAN). All methods are used only in addition
to CTG and rely on correct CTG interpretation (FIGO
consensus guidelines 2015) (ref.’).

Confirming the diagnosis of intrapartum hypoxia of
the fetus with metabolic acidosis is currently based exclu-
sively on determining pH and base deficit in the extracel-
lular fluid (BDefc) from the umbilical artery, or lactate
levels, estimated immediately after delivery>'?. Even this
method is not perfect and can be used only postpartum.
At present, there is no method available to accurately
detect fetal hypoxia during labour.

It was shown that low levels of oxygen change the ex-
pression of a many genes. This allows the cells to run
adaptive processes that involve changes in cell division,
survival, or differentiation. The reaction to hypoxia also
occurs at the post-translational level, with increased ex-
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pression of some miRNAs. The major miRNA responding
to low oxygen levels is miR-210, whose increased expres-
sion has been described in many studies'*'*. MiRNAs
in the maternal circulation are mostly derived from the
placenta and are present from early pregnancy, increase
across gestation and disappear after delivery®. The exact
mechanism by which miRNAs enter the maternal circula-
tion is largely unknown, but they may be released from
the syncytiotrophoblast by exosomes'¢. More than 90 mi-
croRNAs that are induced by hypoxia and modulate the
cellular response to hypoxia have been identified'” .

Whitehead" concluded that the number of hypoxic-
induced miRNAs increase across labour and the amount
of hypoxia-induced miRNAs correlate with the degree
of in-utero hypoxia. Also, there was a 3-fold increase in
combined miR-21 and miR-20b expression in the fetuses
with high lactate.

The aim was to identify a more accurate marker for
the ongoing intrauterine fetal distress that could be deter-
mined before delivery. Such a marker could refine fetal
hypoxia detection, which is currently based exclusively on
CTG. Linking these two methods could significantly in-
crease the sensitivity and specificity to detect severe fetal
hypoxia, reducing the percentage of unnecessary surgical
interventions.

METHODS AND MATERIALS

Study participants

A total of 53 pregnant women were recruited from
the Department of Obstetrics and Gynaecology at Brno
University Hospital, the Czech Republic between August
2016 and May 2017. Over 6000 births per year take place
in this department. All women provided written informed
consent and ethical approval has been obtained. Inclusion
criteria were as follows: non-smoker, no diabetes melli-
tus, 38-40 week of pregnancy, the age of mother 18-36.
The clinical criteria were: single birth only, vaginal de-
livery (the caesarean section was excluded). In the con-
trol group (29 participants), women with physiological
pregnancies and births were selected, while women with
acute fetal hypoxia were included in the hypoxic group
(24 participants) (Table 1). Women with chronic hypoxia,
preeclampsia and fetal growth restriction were omitted.

Sample collection

Samples were collected at the time of delivery from
both the control and the hypoxic group. Thenceforward
after 2 h, 8 h, 24 h, and 48 h after delivery in the hypoxic
group to catch immediate changes in miR-210 levels. In
the control group, the samples were collected 2 h and
24 h after delivery. At every time interval, the maternal pe-
ripheral whole blood sample (2.5 mL) was collected, and
blood samples were taken from the newborns at the time
of delivery from the fetal umbilical artery. Samples for the
hypoxic group were selected mainly based on pathological
CTG at the end of labor and after postpartum pH (<7.2)
and base excess (BE>12 mmol/L) confirmation taken im-
mediately after labor.
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Table 1. Study cohort characterization.

Hypoxic Control
Gender of child Boy 11 19
Girl 13 10
Mother age 18-30 13 11
31-36 11 18
Gestation age 38 4 6
39 6 5
40 8 9
41 2 8
42 4 1
pH 7.19-7.15 11
7.14-7.10 6
7.09-7.00 4
<7.00 3

Specimen processing and quantitative RT-PCR assay

All blood samples were collected into PAXgene
Blood RNA tubes (Preanalytix). After 2 h at room tem-
perature, the total RNA was isolated using the PAXgene
Blood miRNA Kit (Preanalytix) according to the manu-
facturer’s instructions. Then total RNA concentration
and quality were measured using a NanoDrop ND-1000
Spectrophotometer. RNA was reversely transcribed
with TagMan MicroRNA Reverse Transcription Kit
(ThermoFisher Scientific) and Reverse Transcription
Master Mix (Generi Biotech), according to the manufac-
turer’s protocols.

MiR-210, RNU6B, and RNU48 as an internal con-
trol were determined by quantitative real-time PCR with
TagMan MicroRNA Assays and Quantitative PCR was
performed with the standard cycling conditions.

Statistical analysis

The comparative CT (2%°T) method was used to
normalize all results against the mean expression of in-
ternal controls (RNU6B and RNU48). Then samples
obtained in time after labour were compared by fold
change expression. All data were evaluated in SDS v2.4
(Sequence Detection System) and statistically analyzed
using GraphPad Prism 5.0. A significant difference was
defined as P<0.05.

RESULTS

Hypoxic group characterization

The pH level was taken immediately after labor from
the umbilical artery. Based on this result and according to
the CTG, the hypoxic group was selected. Also, the BMI
(Body Mass Index) of the pregnant women was monitored
at the time of admission to the hospital. The minimal pH
level was 6.8 and the median was 7.12. The maximal BMI
was 45.9 and median was 27.7 (Table 1)

Expression of miR-210 in acute fetal hypoxia during labour
After confirming miR-210 presence in fetal and mater-
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Fig. 1. Bar chart showing relative expression of miR-210 in maternal and fetal blood during labour in (a) control group and (b)
hypoxic group. Relative expression of miR-210 is significantly higher in the fetal blood compared with the maternal blood (£<0.001).
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Fig. 2. Bar chart showing relative expression of miR-210 in control vs. hypoxic group during the labour. Samples of fetal and
maternal blood were compared. Relative expression of miR-210 is significantly higher in hypoxic group compared with control
group (P<0.05) in both fetal and maternal blood. (a) levels of miR-210 in fetal blood samples, (b) levels of miR-210 in maternal

blood samples.
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Fig. 3. Fold change showing changes of expression of miR-210 in maternal blood after the labour in time. (a) control group,
samples were analysed after 2 h and 24 h after the labour. There is no significant change of miR-210 expression after the labour.
(b) hypoxic group, samples were analysed after 2 h, 8 h, 24 h and 48 h after labour. There is no significant change of miR-210

expression after the labour.
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nal blood samples at the time of delivery, we compared
miR-210 levels in the fetal and maternal blood in both
groups (control and hypoxic).

The results were created from 24 mothers from the
control group and 17 mothers from the hypoxic group.
Other samples were not included due to insufficient
mother or child or both blood collection in the time of
delivery (this involved 5 mothers from the control group
and 7 mothers from the hypoxic group). There was a sig-
nificantly higher expression in fetal blood samples in com-
parison with maternal blood samples in both the control
(median 4.17 vs. 44.90; P<0.001; Fig. 1a) and hypoxic
group (median 6.34 vs. 54.21; P<0.001; Fig. 1b)

Subsequently, we compared miR-210 Ievels in the hy-
poxic and control group in both maternal and fetal blood.
We confirmed a significantly higher miR-210 expression
in the hypoxic group than the control group (fetal expres-
sion in control group 44.90 vs. 54.21 in the hypoxic group;
P<0.05; Fig. 2a and median in maternal expression in the
control group 4.17 vs. 6.34 in the hypoxic group; P<0.05;
Fig. 2b).

Clearance of miR-210 after labour in maternal blood

For clinical use, it is essential to know the dynamics
of blood marker levels over time.

In this study, we analyzed miR-210 expression in the
control and hypoxic groups at specific time intervals (see
sample collection). In the control group, we did not find
any significant miR-210 level changes either 2 h or 24 h
after labour (median in labour 2.48 vs. 1.82 after 2 h;
P=0.86 and median after 24 h 7.59; P=0.375; Fig. 3a).
We then analysed miR-210 levels in the hypoxic group
and surprisingly there was also no difference in the level
of expression between the time during labour (median
5.01) and 2 h after labour (median 6.24; P=0.639), 8h
after labour (median 3.56; P=0.688), 24 h (median 9.91;
P=0.188) or 48 h after labour (median 4.167; P=1.00; Fig.
3b).

DISCUSSION

The supply of oxygen to the fetus by the placenta is a
prerequisite for the proper growth, development and sur-
vival of the fetus. Acute fetal hypoxia during labour and
poor function of the placenta during pregnancy leading
to chronic fetal hypoxia are the most common causes of
neonatal mortality and persistent, especially neurologi-
cal consequences®. The occurrence of miR-210 expres-
sion associated with hypoxia has been demonstrated in
some pathological conditions in pregnancy in association
with trophoblastic hypoxia or the defective development
of the placenta and its function. Preeclampsia and intra-
uterine growth retardation are among these conditions in
pregnancy. However, an increase in miR-210 expression
is observed in a number of physiological conditions as
well as in the case of stress-induced hypoxia in malignan-
cies?® In our study, detectable miR-210 expression was
observed in a group of pregnant women with confirmed
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fetal hypoxia, as well as in non-hypoxic pregnant women
in the control group. The incidence in both groups sug-
gests the key presence of miR-210 at the time of delivery,
in addition to many hemodynamic changes, also to limit
placental blood flow due to vasoconstriction caused by
numerous contractions of the myometrium. Furthermore,
in this study, a significantly higher miR-210 expression
was found in the fetal blood compared to maternal blood
at birth (P<0.001). This difference is a reflection in the
increased need for miR-210 in the baby's blood to con-
trol inadequate fetal oxygen supply during childbirth.
However, the reason for increasing the expression of miR-
210 present in the mother's blood is still questionable, and
further tests will be needed to verify its origin. Assuming
that part of the miR-210 detected in the mother's blood
is of fetal origin, and thus reflects the potential occur-
rence of hypoxia in a child, miR-210 detection can be
used to monitor the status of the fetus before and dur-
ing childbirth'. To verify the possibility of monitoring
fetal hypoxia based on determining miR-210 expression,
we compared the change in this expression between the
control group and the hypoxic fetal group, both in the
mother's blood and in the fetal blood. Normalization to
the endogenous control of RNU48 showed a significantly
higher miR-210 expression in the fetus-hypoxic group than
the control group (P<0.05), both in the mother's blood
and in the blood of the child. This result confirmed a
possible association between miR-210 expression and
a child's pathological condition that is detectable from
the mother's blood. Our confirmed increase in miR-210
expression in the hypoxic fetal group is consistent with
the literature showing increased expression in both fetal
hypoxia, intrauterine growth fetal restriction' and other
pathological conditions in pregnancy?*?.

Diagnosis of acute fetal hypoxia during childbirth
could be a very effective tool to prevent the development
of long-term consequences or death. Detection of miR-210
expression from mother blood appears to be a suitable
approach for this diagnosis. However, the limitations of
today's technological equipment mean that there is not
yet possible to use it as a bed-side test. Thus, the detection
of miR-210 expression is only a demonstration of future
options for the detection of acute fetal hypoxia and other
perinatal pathologies during childbirth.

At the beginning of this study, sampling was provided
according to the Whitehead study' at the time of the
first contractions and the first delivery period. Due to
the complicated determination of these prenatal intervals
and the inability to identify acute fetal hypoxia before
childbirth, only 5 samples were collected from mothers
from the control group and only 2 samples from mothers
from the hypoxic group. Because of the low number of
samples thus collected, the sampling scheme was further
optimized with a focus on the postpartum period.

Consequently, we continued to monitor the dynamics
of miR-210 expression changes in post-partum delivery.
A similar trend of change was assumed as for cffDNA,
which is mainly used for diagnosing the fetal gene abnor-
malities from non-invasive maternal blood tests, as well
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as for miRNA specifically expressed in the placenta. In
both cases, there is a significant decrease in the nucle-
ic acid concentration observed after 24 h (ref.?®3%). To
closely monitor the changes in miR-210 expression after
childbirth, we, therefore, chose 2 h, 8 h, 24 h, and 48 h
sampling times in the hypoxic group to capture changes in
expression over a longer time interval and in the control
group at 2 h postpartum and 24 h postpartum.

In this work, we did not see any statistically significant
difference in miR-210 level at 2 h or 24 h postpartum in
the control group. This outcome can be partly explained
by the low level of miR-210 expression corresponding to
the rate of the child's physiological response during child-
birth, which therefore eliminates the need to lower this
expression below the physiological limit.

In the hypoxic group, there was also no statistically
significant decrease in miR-210 expression after 2 h, 8 h,
24 h or 48 h postpartum compared to the delivery time.
This result is in contrast with the decreasing trend in pla-
cental origin miRNA (ref.2*?°), but the same result as in
our study (no change of levels) confirms the monitoring
of miR-210 expression at 8 h and 24 h after terminating
the experimentally induced hypoxic status. This result
can be explained by the considerable miRNA stability in
maternal and fetal blood where it is protected from the
degradation processes by the vesicle's membrane in which
it is located, or its binding to blood proteins'®3>%* This
phenomenon is common to other miRNAs, whose expres-
sion is induced by trophoblast hypoxia in IUGR (ref.*).

One of the aims of this study was to verify observa-
tions of increased expression of miR-210 published by
Whitehead' on a cohort of 8 hypoxic patients and to
extend this study group. We confirmed the observation
on the cohort of 17 hypoxic samples. However, our re-
sults are still influenced by the limited number of samples
taken at all time intervals from one patient to maintain
the possibility of statistical paired testing. Other factors
significantly affecting the expression analysis are the non-
standardized endogenous controls used to normalize the
expression of placental origin genes3**. Further studies
must be conducted to find out if and when there is a
decrease of miR-210 after birth and thus allow the use of
this diagnostic marker and in other pregnancies.

Our results could also be affected by the biological
variability of the individual specimens, as the miR-210
expression is, among other things, associated with the
BMI of the mother?. In conclusion, the miR-210 expres-
sion change at post-partum was not confirmed by our
study, which is in line with previously reported results. It
is also important to consider the impact of the severity
of hypoxia (according to pH) to miRNA expression and
duration of hypoxia status (vary from minutes to hours in
acute hypoxia cases and days or week in chronic hypoxia).
However, our results did not observe a direct correlation
between pH level and fetal hypoxia severity. After all,
the results of this work were considerably limited by the
number of input samples and the variable expression of
the endogenous controls to which the expression of the
selected indicators was normalized.
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5. Mechanicka preindukce porodu pomoci syntetického
osmotického dilatatoru - vyhody, rizika, komplikace

Preindukce a indukce porodu je zisadnim tématem moderniho porodnictvi, kterému je
dlouhodob¢ vénovana velkd pozornost. Prostfedku, které je mozné k preindukci a indukci
porodu vyuzit neni mnoho a v poslednich letech jsme svédky Castych zmén v jejich dostupnosti.
Metody je mozné délit na farmakologické a mechanické. Mezi farmakologické metody patii
vaginalni nebo peroralni aplikace prostaglandinii PGE2 nebo PGEI. Pouziti prostaglandinti si
ziskalo znac¢nou oblibu pfedevSim diky jednoduchym aplika¢nim schématim a vysoké
ucinnosti. Obecnou nevyhodou farmakologickych metod je obtizné kontrola vyvolané délozni
C¢innosti a stim souvisejici zajiSténi bezpeCnosti pii navozeni nezddouci délozni
hyperstimulace. Riziko délozni hyperstimulace s ohroZzenim plodu intrauterinni tisni
a ohrozenim matky nadmérnymi bolestivymi kontrakcemi s hrozbou délozni ruptury je
divodem nejednotnych doporucenych postupii pro pouzivani prostaglandini k preindukci
a indukci porodu [60]. Rizikovymi skupinami jsou piedevSim rodicky s jizvou na déloze
a rodicky s placentarni insuficienci, vedouci k dlouhodobému intrauterinnimu stresu plodu.
Mechanické metody preindukce zazivaji v poslednich letech svoji renesanci. Pfedstavuji levny,
efektivni a jednoduchy zpusob piipravy porodnich cest [61]. Dfive pouzivand Laminéria,
vyrabéna z motskych tas, byla v rozvinutych zemich jiz opusténa. Dlivodem je riziko infekce
a obtizn¢ predikovatelny u¢inek. Mezi moderni metody mechanické preindukce patii riizné typy
balonkovych katetrti a syntetické osmotické dilatatory [62].

Syntetické osmotické dilatdtory vyuzivaji schopnost absorbovat vodu ze svého okoli.
Nejznaméjsim zastupcem je Dilapan-S, ktery ma piivod v Ceské republice a dosud se zde také
vyrabi. Dilapan-S je pln¢ synteticky, a proto jsou jeho vlastnosti velmi dobife definovany.
Prosttedek nevyzaduje zddné zvlastni podminky pro skladovani. Po zavedeni do d€lozniho

hrdla za¢ne absorbovat vodu ze svého okoli a tim zvétSovat svlij objem. Maximalnich rozméra
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je dosazeno za 4-6 hodin. Dilata¢ni efekt na d€lozni hrdlo spocivéa jednak v mechanickém
roztahovani a jednak v provokaci produkce endogennich prostaglandinii, které vedou
k pfirozenym zracim procesum. Jejich disledkem je pfedevsim zména konzistence délozniho
hrdla a jeho postupné zkraceni. V ptipad¢ Casové tisn€ Ize vyuzit minimalni interval 4-6 hodin,
naopak horni hranici je 24 hodin. Bé€zn¢ se dilatatory ponechéavaji zavedené cca 12 hodin, kdy
se s vyhodou vyuziva aplikace ptfes noc. Moznost preindukce béhem noci je umoznéna diky
minimalnimu vyskytu subjektivnich obtizi v priibéhu preindukce.

Na Gynekologicko-porodnické klinice MU a FN Brno ma pouzivani mechanické preindukce
porodu pomoci osmotického dilatatoru Dilapan-S dlouholetou tradici. Na vlastnich souborech
jsme opakovan¢ demonstrovali vysokou uspésnost této metody a soucasné dobrou toleranci
pacientkami. Pfi dotaznikovém prizkumu na nasem pracovisti hodnotilo 45,3 % pacientek
zavadeéni dilatatortt jako podobné gynekologickému vySetfeni. 50,0 % pacientek hodnotilo
zavadéni jako vice nepfijemné, nez je gynekologické vySetfeni, ale stale snesitelné. Pouze
ve 4,7 % byla inzerce hodnocena jako velmi nepfijemnd. Celkem 89,1 % Zen uvedlo, Ze mohly
behem vlastni preindukce nerusen¢ odpocivat. [63].

Vyskyt komplikaci v souvislosti s pouzitim osmotickych dilatatorii je velmi nizky. Nejcastéji
se jednd o kontrakéni aktivitu, odtok plodové vody nebo vypadeni dilatatoru. Infekcni
komplikace jsou pfi pouziti Dilapanu-S vzacné, protoze je vyroben vyhradné ze syntetického
materidlu a je sterilizovan gama-zarenim [63].

Dilapan-S je zdravotnicky prostiedek vyvinuty a vyrabény v CR. Gynekologicko-porodnicka
klinika MU a FN Brno dlouhodobé¢ spolupracuje na dalSim vyvoji a zdokonalovani metody.
Retrospektivné byla zpracovana vlastni data z pracovisté a na zéklad¢ ziskanych vysledka byl
vytvoien protokol pro multicentrickou prospektivni studii v ramci CR, zaméfenou na efektivitu

a bezpecnost mechanické preindukce porodu Dilapanem-S. Vysledky byly prezentovany na

145



celostatnich a zahrani¢nich konferencich. ZkuSenosti z lokdlniho vyzkumu byly nasledné
vyuzity pro ptipravu protokolu mezinarodni multicentrické studie.

V ramci habilitacni prace autor piedklada vysledky mezinarodni multicentrické prospektivni
observacni studie zamétfené na efektivitu a bezpecnost osmotického dilatdtoru Dilapan-S
v preindukci porodu. Autor se aktivné podilel na piipraveé protokolu a vlastni realizaci studie,
a to jak v ramci CR, tak na zahrani¢nich pracovistich.

Studie se zucastnilo 11 porodnickych pracovist’ ze sedmi stati Evropy, Asie a USA. Do
standardizovaného elektronického formuléafe byly pribézné zaznamenavany demografické
udaje, informace o prabéhu preindukce a porodu vcetné komplikaci u Zen podstupujicich
indukci porodu po pouziti syntetickych osmotickych dilatatortt Dilapan-S. Hodnocena byla
celkova doba zavedeni mechanickych dilatatorii, Casovy interval od zahajeni preindukce do
porodu plodu a procento dokoncenych porodl v intervalu 24 hodin od zahdjeni preindukce.
Dale byl hodnocen pocet zavedenych dilatator, zména porodnického nélezu, komplikace
béhem preindukce a porodu, celkové procento cisafskych fezil, instrumentalnich poroda
a vaginaln¢ dokoncenych porodi.

Ve sledovaném obdobi od 5/2015 do 12/2016 bylo do studie zatazeno 543 Zen. Z nich
pozadovana kritéria splnilo 444 rodicek, které byly podrobeny dalsi analyze. V 65,1 % se
jednalo o nulipary, 9,2 % mélo v anamnéze cisafsky fez. Vaginalné porodilo celkem 69,8 %
zen. V podskupiné zZen s cisatskym fezem v anamnéze porodilo vagindlné 52,3 % Zen.
K pfipravé porodnich cest pied indukci porodu byly pouzity syntetické osmotické dilatatory
Dilapan-S v poctu 1-5 ty€inek (primér 3,8). V podskupiné rodicek s trvanim preindukce méné
jak 12 hodin (n = 188) bylo vaginalné¢ dokoncéeno 76,6 % porodd, z nich 45,7 % bylo dokonéeno
do 24 hodin od zahajeni preindukce (priimérny interval od preindukce do porodu ¢inil 24,3
hodin). V podskupiné rodic¢ek s trvanim preindukce déle jak 12 hodin (n = 256) bylo vaginalné

dokonceno 64,8 % porodi, z nich 16 % bylo dokonceno do 24 hodin (primérny interval od
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preindukce do porodu €inil 39,1 hodin). Primérny vzestup cervix skére dosahl hodnoty 3,6.
Matetské komplikace nebo diskomfort rodicek béhem zrani délozniho hrdla byly zaznamenany
u 3,4 % zen a mély nezdvazny charakter. Poporodni infekéni komplikace u matky byly
pozorovany u 1,8 % zen. Zadny z p¥ipadti viak nemél vztah ke zptisobu preindukce a indukce
porodu. Zkalena plodové voda byla popsana u 11,7 % porodi. Jeden novorozenec byl 1écen na
neonatalni sepsi.

Zaveéry studie jednozna¢né vyzdvihly vyznam a pifinos metody. Aplikace osmotickych
dilatatort je bezpecna a ucinna metoda pro zrani dé€lozniho hrdla pfed planovanou indukci
porodu. Nebyly zaznamenany zddné zavazné nezadouci uinky pro matku a novorozence.
Mechanickou preindukci Dilapanem-S 1ze s vyhodou pouzit i u pacientek s cisatskym fezem
v anamnéze. Prace byla publikovéna pod nazvem ,,Synthetic osmotic dilators in the induction
of labour — An international multicentre observational study”“ v zahrani¢nim
impaktovaném cCasopise European Journal of Obstetrics & Gynecology and Reproductive
Biology — viz. pfiloha 5.1. Podil autora: piiprava protokolu studie, zavedeni metody
a organizace studie na spolupracujicich pracovistich, podil na koordinaci projektu, interpretace
vysledki, podil na ptipravé publikace.

Data ziskanad z mezinarodni multicentrické studie byla vyuzita k dalsi cilené analyze zamétené
na predikci vaginalniho porodu po pouziti syntetickych osmotickych dilatdtort. Definované
faktory (vék, BMI, gesta¢ni tyden, pocet dilatatorti, celkovy Cas preindukce, vaginalni porod
v anamnéze, hodnota cervix score pied a po preindukci) byly podrobeny multivaria¢ni analyze
a byl sledovan jejich vliv na uspésné dokonceni vaginalniho porodu. Na zéklad¢ vysledka byly
jako nejsilnéjsi faktory identifikovany predchozi vaginalni porod v anamnéze a hodnota cervix
score po dokonceni preindukce. V ptipad¢ hodnoty cervix score po dokonceni preindukce < 5,
je na zakladé ziskanych dat doporuceno v preindukci pokracovat. Soucasn¢ byly detailné

analyzovany veskeré komplikace spojené s mechanickou preindukci Dilapanem-S. Nejcastéjsi
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komplikaci bylo nezavazné krvaceni spojené se zavadénim nebo extrakei dilatatort z délozniho
hrdla (2,3 %). Nadmérna déloZni ¢innost byla popsana v jednom ptipadé (0,2 %) a suspektni
kardiotokograficky zdznam taktéz v jednom ptipadé (0,2 %). Vysledky byly publikovany pod
nazvem ,,Predictors of Vaginal Delivery after Cervical Ripening using a Synthetic Osmotic
Dilator* v zahrani¢nim impaktovaném casopise European Journal of Obstetrics & Gynecology
and Reproductive Biology — viz. ptiloha 5.2. Podil autora: sbér dat, interpretace vysledki, podil
na ptipravé publikace.

V ramci habilitacni prace se autor zabyva také vyuzitim syntetickych osmotickych dilatatora
v preindukci porodu u pacientek s pred¢asnym odtokem plodové vody (PROM — Premature
Rupture of Membranes). Jedna se o kontroverzni téma, ke kterému neni dostatek literarnich
udaji. Kontroverze se tykd piedevSim hodnoceni efektivity a bezpecnosti mechanické
preindukce pii PROM. Dosud publikované studie byly zalozeny vyhradné na pouziti Foleyova
katetru [64,65]. Zatimco nékteré studie uvadéji zvysené riziko infekénich komplikaci ve spojeni
s pouzitim Folleyova katetru pro mechanickou preindukci pti PROM, jiné studie toto riziko
nepotvrzuji. Jedina studie s pouzitim double baloon katetru dosud nebyla ukoncena [66].

K pouziti mechanickych metod preindukce pfi PROM se vétSina doporucenych postupii
nevyjadiuje, protoze neni k dispozici dostatek dat. V ptipadé negativniho vysledku GBS
kultivace z pochvy je zpravidla vyuzivano casového intervalu 12-24 hodin. Pacientek, které
vyzaduji po tomto ¢asovém intervalu preindukci je velmi mélo, ale pokud se vyskytnou, mohou
byt nepiipravené porodni cesty divodem ke zbytecnému cisatskému fezu. V ptipad€ pozitivni
porodu piistoupit diive nez za 12—24 hodin z diivodu rizika infekce plodu [67].

Na Gynekologicko-porodnické klinice MU a FN Brno je fadu let zaveden alternativni postup,
pii kterém jsou u pacientek s PROM vyuzivany syntetické osmotické dilatatory. Dle klinického

protokolu je v piipadech s PROM po 34+0 tydne gravidity aplikovan vyckavaci postup po dobu
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12—-24 hodin od odtoku plodové vody ve vSech ptipadech, kdy nejsou piitomny kontraindikace
takového postupu. Za kontraindikaci vyckavaciho postupu jsou povazovany klinické zndmky
infekce, laboratorni znamky infekce, znamky nitrodélozni tisné€ plodu, pozitivni GBS kultivace,
zavazné vaginalni krvaceni a kontraindikace vaginalniho vedeni porodu. Antibiotika jsou
aplikovana za 18 hodin od PROM. Za 12-24 hodin od PROM pftetrvava nezraly nalez na
porodnich cestach (cervix score 5 a mén€) u velmi nizkého procenta pacientek. V téchto
piipadech jsou zavedeny do cervikalniho kandlu syntetické dilatatory Dilapan-S na 6-12 hodin
a po extrakci dilatatorta je ptistoupeno k indukci porodu pomoci PGE2 nebo PGE1 nebo infuze
s oxytocinem. Podminkou pro pouziti mechanické preindukce je hospitalizace, nezraly nalez
na porodnich cestach, absence klinickych zndmek infekce a pravidelné sledovani stavu plodu
a matky (teplota matky, CTG).

Pokud je nutné indukce porodu ihned z divodu PROM a soucasné pozitivni GBS kultivaci, pak
jsou pii nezralém nalezu na porodnich cestach zavedeny syntetické dilatatory ihned na dobu
minimalné 4 hodiny a nasledné je ptistoupeno k indukci porodu. ATB profylaxe je zahajena
thned po piijmu pacientky.

Retrospektivné byly vyhledany vSechny ptipady za obdobi let 1/2014 — 9/2019, kdy byly na
naSem pracovisti pouzity mechanické dilatatory Dilapan-S k preindukci porodu pii PROM.
Celkem bylo identifikovano 15 ptipada, které spliiovaly kritéria pouzita v dosud publikovanych
studiich (zivy plod, jednocetné téhotenstvi, podélna poloha hlavickou, ukonceny 34. tyden
téhotenstvi).

Pfi hodnoceni jsme se zam¢éfili na zplisob porodu (vaginalng, cisafskym fezem) a na infekcni
komplikace: znamky chorioamnionitidy, znamky infekce u novorozence a endometritidy
u matky. Zaznamenany byly ptipady s pozitivni GBS kultivaci.

Z celkového poctu 15 piipadi porodilo 11 pacientek vaginalné, 3 pacientky porodily cisaiskym

fezem za porodu (2x hrozici hypoxie, 1x cervikokorporalni dystokie), v jednom piipadé se
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preindukce nezdaftila a t€hotenstvi bylo ukonceno cisarskym fezem. Znamky chorioamnionitidy
nebyly v souboru zaznamenany, klinické znamky infekce u novorozence byly popsany
v jednom piipadé — ve 34+1 tydnu téhotenstvi, s nutnosti profylaktického podani antibiotik, ale
bez laboratornich znamek sepse. Nebyl zaznamenan zadny piipad endometritidy po porodu.
Pozitivni GBS kultivace byla pifitomna ve 4 piipadech. V podskupin¢€ zen, které porodily

vaginalng, bylo v deviti pfipadech dosazeno porodu do 24 hodin od zahgjeni preindukce.

Konzervativni postup 12-24 hodin pii PROM vede k dozrani délozniho hrdla u vétSiny ptipada.
Malé procento Zen s pretrvavajicim nezralym nalezem lze dle naSich zkuSenosti efektivné
a bezpecné fesit pomoci mechanické preindukce syntetickym dilatatorem Dilapan-S. Vzhledem
k nizké incidenci pfipadii nelze na podkladé prezentovanych vysledki délat jednoznacné
zaveéry. Toto téma je namétem pro prospektivni randomizovanou studii.

Schéma protokolu a vysledky retrospektivni analyzy 15 piipadii pouziti mechanické preindukce
pii PROM na Gynekologicko-porodnické klinice MU a FN Brno byly publikovany pod nazvem
»Mechanical pre-induction in women with premature rupture of membranes* formou
»letter to editor” v zahranicnim impaktovaném casopise European Journal of Obstetrics &
Gynecology and Reproductive Biology — viz. ptiloha 5.3. Podil autora: identifikace
a charakteristika klinické problematiky, sbér dat, interpretace vysledki, vytvotfeni publikace,

prvni autor a soucasné¢ korespondujici autor.
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Materials and methods: Primary outcomes were duration of Dilapan-S/Dilasoft insertion (hours), total
induction - delivery interval (hours) and the rate of vaginal deliveries within 24h (%). Secondary
outcomes were the number of dilators inserted, Bishop score increase after extraction of Dilapan-S/
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Dilapan-S tion, effect on the fetus) and post induction (infections and neonatal outcomes), agents / procedures used
Induction of labour for subsequent induction of labour, immediate rate of spontaneous labours following cervical ripening
Synthetic osmotic dilators period, rate of spontaneous vaginal deliveries, rate of instrumental vaginal deliveries and caesarean
Pregnancy sections.

Birth RESULTS: Total of 543 women were recruited across 11 study sites, of which, 444 women were eligible

for analysis. With Dilapan-S/Dilasoft use of <12 h (n =188) the overall vaginal delivery rate was 76.6%
with 45.7% of these births occurring within 24 h, 66% within 36h and 75.5% within 48 h from
insertion of Dilapan-S/Dilasoft. The mean insertion-delivery interval for this group was 24.3(+10.4)
hours. With Dilapan-S/Dilasoft use of >12h (n=256), the overall vaginal delivery rate was 64.8%,
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rate was low including infection risk. No adverse neonatal outcome was attributable to the use of
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Conclusion: Dilapan-S/Dilasoft are safe and effective methods for cervical ripening. Their use is
associated with low maternal and neonatal complication rates. Future research should aim at level I
clinical trials comparing Dilapan-S to other mechanical or pharmacological cervical ripening agents.
Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT02318173.

© 2018 Published by Elsevier B.V.

Key message

Dilapan-S use of <12 h results in an overall vaginal delivery rate
of >75%. It is easy to insert and remove and is safe to use, even in
women with previous caesarean sections.

Introduction

The history of induction of labour dates back to Hippocrates’
original description of mammary stimulation and mechanical
dilatation of cervical canal [1]. Historically, induction was only
done in the event of life threatening maternal disease. With the
advent of safer and improved methods, the threshold for
intervention for induction of labour has reduced.

Based on our expanding knowledge of physiological processes
involved in spontaneous labour, the cervix usually undergoes a
process of softening, effacement and then dilatation (cervical
ripening). Cervical “ripening” is a physiological process occurring
throughout the latter weeks of pregnancy and is completed with
the onset of labour. There is a continuum from “unripe” to “ripe” or
favourable cervix. The nature of the cervix is therefore a crucial
organ that may determine a successful vaginal delivery.

Until recently osmotic dilators have been used in the context of
cervical ripening prior to surgical termination of pregnancy,
particularly at advanced gestations. However, more recently, there
has been increasing interest in their use as agents for induction of
labour.

In 1964, Edward Bishop devised a five-point scoring scale
(maximum score out of 13), which included an assessment of
cervical dilation, effacement of the cervix (length), station of the
fetus, consistency of the cervix, and position of the cervix to predict
the likelihood of a woman entering labour naturally in the near
future [2]. The score was modified to become the ‘Calder score’ or
modified Bishop score in 1974 (with minor changes in emphasis),
which is now the most commonly used scoring method [3]. A
cervix is viewed as unfavourable if the modified Bishop score is less
than six.

The cervix is a unique organ composed of collagen (typel,3,4),
blood vessels, fibroblasts, elastin and minimal smooth muscle [4].
Cervical ripening at a microstructural level is associated with
reduction in the number of cross linkages between the collagen
helices, with a resultant “soft” cervix. Enzymatic actions via matrix
metalloproteases, proteases, and collagenases alters the balance of
proteoglycans and glycosaminoglycans within the extracellular
matrix [5,6]. In addition, there is increased vascularity as well
hypertrophy of the cervical glands and stroma. Mechanical
methods, including osmotic dilators are predominantly thought
to physically dilate the cervix and induce endogenous prosta-
glandins (PG) release which in turn results in cervical ripening
described above [7].

Dilapan-S is a second-generation osmotic hygroscopic dilator
made from an anisotropic xerogel AQUACRYL®. It is a synthetic gel
rod (sterile), which acts by absorbing fluid from the cells of the
cervical canal, resulting in reversible cell wall dehydration and
softening. The increase in volume of the rod(s), in turn by
mechanical stretch, effects endogenous PG release with resultant
cervical ripening. It is currently US FDA approved and CE certified.
Like Dilapan-S, Dilasoft is made from patented AQUACRYL
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hydrogel and uses the same mechanism of action. Dilasoft was
developed on special request of the Japanese market and is
currently sold mainly in the Japan market, CE marked (2010),
Nintei approved (2009). When compared with mechanical
dilatation using balloon catheters, the mechanism utilised by
inflatable balloon catheters may result in tissue injury, inflamma-
tion and scarring as the lack of hydraulic permeation to dehydrate
the cervical cells of results in the cells being burst or damaged [8].

The most common pharmacological agents use for cervical
ripening are prostaglandin-based preparations such as controlled
release pessaries or inserts, gels, tablets and occasionally oral
solutions. The common prostaglandins used include PGE2
(dinoprostone) and PGE1 (misoprostol). Prostaglandins increase
cell membrane permeability, and decrease osmotic pressure [9],
however they are associated with significant side effects such as
uterine hyperstimulation, uterine rupture in previous caesarean
sections, postpartum haemorrhage, fetal heart rate changes or fetal
hypoxia [10].

Common mechanical methods include membrane sweeping,
amniotomy, osmotic dilators and balloon catheters.

The general perceived advantages of mechanical methods over
pharmacologic agents include comparable efficacy with low risk of
uterine hyperstimulation [11] and fetal distress, low risk of drug
related side effects such as nausea, vomiting, diarrhoea and fever
[10] and potential economic and storage benefits.

Limited evidence is available with regards to the use of osmotic
dilators in the context of pre-induction cervical ripening for term
pregnancies. Small historical randomised controlled trials com-
paring Dilapan-S to intracervical prostaglandin gel have found a
statistically significant decrease in uterine contractions and
hyperstimulation in the group of women that received Dilapan-
S [12,13].

The goal of this study was to evaluate the effects of Dilapan-S in
women who required induction of labour in a large prospective
multicentre international observational study.

Methods
Study design and population

After obtaining an ethics approval from each participating study
site, an international, multicentre, non-interventional, observa-
tional study was conducted with 11 study sites in 7 countries (the
United Kingdom, Germany, Czech Republic, India, Russia, Slovakia
and the United States of America).

In the study, 2 types of synthetic osmotic dilators were used:
Dilapan-S (n=276) and Dilasoft (n=168). They are essentially the
same product and for the study report, we have used the term
Dilapan-S by combining the data for the two types.

The primary outcomes were duration of Dilapan-S/Dilasoft
insertion (hours), total induction - delivery interval (hours) and
the rate of vaginal deliveries within 24 h (%). Secondary outcomes
were the number of dilators inserted, Bishop score increase after
extraction of Dilapan-S/Dilasoft, complications during induction
(uterine contractions, uterine tachysystole and hyperstimulation,
effect on the fetus) and post induction (infections and neonatal
outcomes), agents | procedures used for subsequent induction of
labour, immediate rate of spontaneous labours following cervical
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ripening period, rate of spontaneous vaginal deliveries, rate of
instrumental vaginal deliveries and caesarean sections.

Inclusion criteria consisted of pregnant women with >37+0-
42 weeks of gestation, with an ability to give informed consent,
that required pre-induction cervical ripening and/or induction of
labour without any contraindication to vaginal delivery.

Patients were excluded if maternal age < 18 years, lack of
informed consent, involvement in current clinical research and
need for cervical ripening and/or induction of labour within 24 h
of receiving the patient information leaflet. The indications for
induction of labour and pre-induction cervical ripening were in
keeping with NICE guidance and determined using a Bishops
score [14].

A cardiotocograph (CTG) was performed for 20 min to monitor
fetal condition and uterine activity prior to insertion of Dilapan-S.
The manufacturer’s instructions for use was followed as far as
possible. In most women, insertions were performed in a supine
position on the bed with legs flexed and in the presence of a good
light. Lithotomy position after bladder emptying was not a pre-
requisite. Sterile speculum was followed by cervical cleansing with
an antiseptic solution, but this was not always performed. Sterile
saline solution was useful to lubricate the surface of the osmotic
dilator but not essential. The anterior lip of the cervix was held
steady with the use of an atraumatic grasper. A sponge forceps was
used to insert the rod held at the plastic holder end, ensuring that
the tip of the rod went through the internal os and the plastic
holder remained outside the external os. No more than 5 rods were
placed.

Post insertion CTG was performed. Dilapan-S rods were
removed after 24 h. During recruitment of participants for the
study, the clinicians identified a critical 12-h time interval for
better outcomes with the use of Dilapan-S. A cohort subgroup
analysis was therefore performed that differentiated <12 and
>12 h use of Dilapan-S.

Statistical analyses

All data was collected on a web based electronic registry and
statistical analysis was performed by an independent statistician.
Data are reported using summary tables. For categorical variables,
frequencies and percentages are presented. For continuous
variables, descriptive statistics including sample size, mean,
median, standard deviation and range. For the main cohort, sub-
analysis was stratified by dilators’ insertion time <12 h vs >12h.
All statistical tests were two-sided at the «=0.05 level of
significance.

All confidence intervals are presented as two-sided with 95%
degree of confidence. The main statistical analysis was done using
TIBCO Spotfire S+® 8.2, additional sub analysis were calculated
using “Program environment for statistical calculations No. R-
2.15.1".

Ethical approval

e REC reference: 15/WM/0098

e Protocol number: DIS-2014-009

e IRAS project ID: 167015

e Date: 10 April 2015

e Clinical Trial Registration: https://clinicaltrials.gov/ct2/show/
NCT02318173

Results

A total of 543 women were recruited to the study across all sites,
of which, 444 women were eligible for analysis based on the

compliance with study protocol. 99 women were excluded from
the study: due to >24-h use of Dilapan-S (n=49), clinically
incorrect sequence of Dilapan-S insertion (n=44), invalid consent
(n=2), incomplete data entry (n=2) and participant withdrawal
from the study (n=2).

Mean age of participants was 29.3 (+ 5.5 years). Mean gestation
age at induction was 39.4 (+ 1.6 weeks). 65.1% of participants were
nulliparous and 34.9% were multiparas, including 9.2% of women
with one previous caesarean section. The indications for the
induction of labour are summarised in Table 1.

The mean number (n=444) of Dilapan-S dilators used was 3.8
(£ 1.1) with only 7% of participants requiring additional use of
prostaglandins simultaneously with the action of Dilapan-S in situ.
See Table 2

The mean duration (n = 444) for Dilapan-S insertion was 15.4 (+
4.9) hours. We did a sub-group analysis with a cohort of less than
12 h use [42.3% (n=188)] and more than the 12-h time interval
[57.6% (n=256)].

The mean baseline Bishop score (n=444) was 2.9 (& 1.2), which
increased to 6.5 (£2.3) after cervical ripening period i.e. a mean
gain in the Bishop score was +3.6 (& 2.3). 91.4% of women had
unfavourable baseline Bishop score prior to pre-induction (<4). A
consistent gain in Bishop score was noted in all participant cohorts
with the maximum effect being observed in women undergoing
vaginal birth after caesarean section (VBACs). See Table 3.

The most common method (n=444) used for induction after
using Dilapan-S, was prostaglandins (either PGE1 or PGE2). The
subsequent methods of labour induction are summarised in
Table 4.

The overall rate of vaginal delivery (n=444) was 69.8%, with
64.7% of these births occurring in nulliparous women, 87.7%
occurring in multiparas (without a previous caesarean section) and
52.3% occurring as VBACs. Spontaneous labours after cervical
ripening with Dilapan-S occurred in 45 (10.1%) women.

A subgroup analysis of Dilapan-S use for <12 and >12 h revealed
that, all of the delivery outcomes were statistically significantly
different between both subgroups in the study (see Table 5). The
demographic distribution baseline characteristics between these
two groups was well balanced (see Table 6) making the results
comparable.

The overall rate of caesarean section (n=444) was 30.1%. The
most common indication was failure to progress seen in 42.2% of
women. Other indications included fetal distress (20.1%), cepha-
lopelvic disproportion (18.2%), combination of failure to progress
and fetal distress (13%), unspecified maternal complications (4.5%),
maternal request (1.9%) and fetal malpresentation (2%). None of

Table 1
Indications for Induction of Labour.

Indications for induction of labour Percentage of

women (%)

Post-term pregnancy 31
Fetal growth restriction (+/— oligohydramnios) 12
Pre-eclampsia and other forms of maternal hypertension 11
Social inductions 10
Diabetes in pregnancy 10
Previous Caesarean section 6

Fetal Macrosomia 5

Reduced fetal movements 2

Obstetric Cholestasis 2

Maternal medical disorders (renal disease, inflammatory 4
bowel disease, connective tissue disease, bronchial
asthma, pulmonary tuberculosis

Others (polyhydramnios, previous stillbirth, twins, non- 5
reassuring CTG)

Pre-labour rupture of membranes 1

RH- Isoimmunisation 1
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Table 2
Distribution of Number of Dilators used.

Number of Dilators

Group Number Mean SD 95% confidence interval Median
min. max.
Nulliparas 288" 3.7 1.09 3.6 3.9 4
Multiparas without previous caesarean section 114 41 115 3.8 42 4
Multiparas with previous caesarean section 41 3.2 1.03 2.9 3.6 3
Total 4432 3.8 111 3.7 3.9 4
¢ Data for 1 patient not available.
serious complications such as: bleeding during Dilapan-S inser-
Table 3 tion/removal (2.7%), cramping or pain (0.2%), and others (0.4%).
Bishop score. . .
There were no cases of uterine tachysystole. One case of uterine
Bishop score Mean SD Mean Gain hyperstimulation was identified (0.2%). No hyperstimulation was
All women (N=444) observed in the subgroup of women with a previous caesarean
Bishop score prior to insertion 29 (£12) 3.6 section (n=41). One case of non-reassuring CTG, not associated
"3,15;;,09 SCOY:J af;;; extraction 6.5 (£2.3) with uterine hyperstimulation, was reported during cervical
ulliparas (N=289) ripening for a post term pregnancy. Four percent of women
Bishop score prior to insertion 29 (£1.3) 3.7 X o
Bishop score after extraction 6.6 (+2.3) experienced spontaneous rupture of membranes and 2% had
Women with previous caesarean section (N=41) spontaneous dilator expulsions. These events were considered by
Bishop score prior to insertion 26 (£1.1) 3.8 investigators as signs of impending labour. Infections were noted
I?;Zl;gﬁai;?rg\]"‘_f;elz)e’“rac“o" 6.4 (#17) in 3.2% of patients which included chorioamnionitis, urinary tract
Bishop score prior to insertion 29 (+11) 35 infections, endometritis and _wound infection. Howe\_/er, none of
Bishop score after extraction 6.3 (£2.3) these were deemed to be attributed to the effects of Dilapan-S use

the cases of malpresentation were diagnosed prior to insertion of
Dilapan-S.

When analysing maternal outcomes (n=444), irregular uterine
activity (contractions of low frequency and mild intensity) were
reported in 111 (25%) of women with only 3 women requiring
analgesia during the cervical ripening period. 38 (34%) of these
cases were reported from one centre, who do not have the
experience of using prostaglandins for cervical ripening. Given that
there was no unified consensus on what constitutes irregular
uterine activity, we presume that this outcome was over-reported
at this single centre. In total, 3.4% of women experienced non-

Table 4
Subsequent methods of labour induction in women with dilator use <12h & >12h.

after clinical review by the local clinicians. 1.8% of women had
postpartum infection.

When analysing neonatal outcomes, meconium was noted in
11.7% of cases. An Apgar score of <7 at 5min. was noted in 3
newborns. Cord gases with an arterial pH of <7.10 was reported in 8
neonates. There were 9 neonatal intensive care unit (NICU)
admissions in total, of which, six neonates were admitted due to
meconium aspiration, preterm birth with fetal hypoxia and
congenital cardiac anomaly, two with jaundice and one due to
sepsis. Seven cases of neonatal intensive care admissions due to
birth asphyxia were noted from one study site, where in 6 cases,
25-125 micrograms of misoprostol was used after the use of
Dilapan-S.

Subsequent Methods of Induction of Labor

Induction Method

Dilators < 12h (n=188)

Dilators > 12 h (n=256) All women (N =444)

Oxytocin 12 (6.4%)
Artificial rupture of membranes (ARM) 3 (1.6%)
Oxytocin + ARM 40 (21.3%)
Prostaglandins 60 (31.9%)
Prostaglandins + ARM 9 (4.8%)
Prostaglandins + Oxytocin 3 (1.6%)
Prostaglandins + Oxytocin + ARM 28 (14.9%)

No induction
Membrane sweep

33 (17.6%)
36 (19.1%)

14 (5.5%) 26 (5.9%)

6 (2.3%) 9 (2.0%)

47 (18.4%) 87 (19.6%)
96 (37.5%) 156 (35.1%)
12 (4.7%) 21 (4.7%)
11 (4.3%) 14 (3.2%)
27 (10.5%) 55 (12.4%)
37 (14.5%) 70 (15.8%)
66 (25.8%) 102 (22.3%)

Table 5

Summary of delivery outcomes with dilator use < 12 and > 12h>12h.
Summary of primary and secondary outcomes Dilator use <12h (n=188) Dilator use >12h (n=256) p-value
Mean gain in Bishop's score 3.6 (£2.3) 3.7 (£2.2) 0.833
Mean overall vaginal deliveries 76.60% 64.80% 0.0077
Mean vaginal delivery rate - 24h 45.70% 16% <.0001
Mean vaginal delivery rate - 36 h 66% 48.40% 0.0002
Mean vaginal delivery rate - 48 h 75.50% 54.70% <0.0001
Mean insertion-delivery interval (hours) 24.3 (+£10.4) 39.1 (£29.2) <0.0001
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Table 6

Demographic Distribution of Women with Dilator Use Of <12 and >12h.
Baseline characteristics (n=444) Dilator use <12h (n=188) Dilator use >12h (n=256) p-value
Mean age (years) 28.6 (£5.7) 29.8 (£5.3) 0.0287
Mean gestational age (weeks) 39.5 (+1.6) 394 (+1.6) 0.4603
Nulliparas 61.00% 68% 0.1376
Vaginal birth after caesarean section (VBACS) 11% 7.80% 0.2272
BMI < 30 18.60% 22.40% 0.338
Post-term pregnancy 37.80% 37.10%
Mean number of dilators 4.0 (£1) 3.6 (£1.2)
Mean duration of insertion (hours) 11.1(£2.2) 18.5(+3.8)

Discussion

Induction of labour is carried out worldwide for a broad
range of maternal and fetal indications and it is estimated that in
developed countries 1 in 4 women will have their labour
induced [15]. A systematic review comparing misoprostol with
Foley catheter and dinoprostone induction agents suggests that
oral misoprostol for the induction of labour is safer than vaginal
misoprostol and has the lowest rate of caesarean section [16].
Oral misoprostol is recommended for this indication by the
World Health Organization (WHO), the International Federation
of Gynaecology and Obstetrics (FIGO), and the Society of
Obstetricians and Gynaecologists of Canada (SOGC). This is in
contrast with the current National Institute for Health and Care
Excellence (NICE) guidelines that do not recommend the use of
misoprostol.

Two recent studies including a systematic review further clarify
the use of dinoprostone (various vaginal preparations) and
misoprostol (oral/vaginal) for cervical ripening [17,18]. A vaginal
delivery rate of 50.9% and 65.1% in 24h was noted in the
dinoprostone and misoprostol groups respectively. A comparable
caesarean section rate of approximately 25% was noted in both
groups. Systemic side effects (25%) were noted in both groups.
Irregular uterine contractions were common during the cervical
ripening period in both groups. Uterine hyperstimulation and fetal
distress was seen in 4% of women in the dinoprostone group when
compared with a much higher figure of 13.3% in the misoprostol
group. Oxytocin augmentation was needed in 55.2% of women in
the women who received dinoprostone as compared to 34.5% of
women who received misoprostol.

Our study is the first and the largest multicentre international
cohort study evaluating the effects of Dilapan-S as a cervical
ripening agent prior to induction of labour in term as well as
preterm pregnancies. The use of 3-4 dilators for a duration of up to
12h provided the comparable results in terms of achieving a
favourable Bishops score compared to use of dilators beyond 12 h.
Use for <12 h resulted in better vaginal delivery rates compared to
using Dilapan-S for more than 12 h duration.

Our study shows that an overall vaginal delivery rate of 77%,
with up to 12 h of dilator use, statistically significantly falls to
65% beyond 12 h of insertion. The vaginal delivery rate within a
24-h period was 46% and increased to 76% within a 48-h period.
Most studies use the criterion of delivery within 24 h to assess
the effectiveness of an intervention, however this view is being
challenged as it has been increasingly recognised that achieving
a safe vaginal birth is more important than timescales alone
[19,20].

Our study also confirms that Dilapan-S has a minimal potential
to cause hyperstimulation even in the women with previous
caesarean section. We believe that the use of Dilapan-S will also
have an important safety issue with regard to potential uterine
rupture risk, which is associated with prostaglandin use [21]. This
will need to be assessed in further studies.

One of the limitations of our study is that a variety of post
Dilapan-S methods were used for delivery e.g. use of prostaglan-
dins or amniotomy and oxytocin, making difficult to solely
attribute the beneficial observations to synthetic osmotic dilator
alone. However, we believe that this shows the variation in
techniques used worldwide. No single method was preferable in
the different centres but we have shown that if the cervix is
ripened with 12 h use of Dilapan-S, then amniotomy and oxytocin
would suffice for completing the delivery process. Out of the
prostaglandin types available, misoprostol use, particularly in
higher doses than 25 g, was associated with worse neonatal
outcomes.

Conclusion

NHS Maternity Statistics clearly demonstrate increasing rate of
induction of labour and to date we lack a perfect solution [15]. In
the UK, PGE2 inserts (10 mg) and PGE2 gel (1-2 mg) are licensed
and commonly used for pre-induction cervical ripening. There is
limited use of mechanical methods such as foley catheters and
synthetic osmotic dilators like Dilapan-S. Recent evidence
demonstrates that mechanical methods like foley catheters have
equivalent efficacy, equal caesarean section rates, lower risk of
hyperstimulation, and no clear evidence of increased infection risk
when compared to prostaglandins [22]. This study has shown that
Dilapan-S has similar qualities to mechanical dilators thus offering
a safe and effective alternative for induction if labour. Further
clinical trials comparing Dilapan- S to other cervical ripening
agents are needed. Two randomised control trials are currently
being conducted in the United Kingdom and the United States of
America to address this. (ClinicalTrials.gov NCT03001661 and
NCT02899689).
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Objective: To evaluate the determinants of vaginal delivery and safety in women undergoing cervical
ripening with a synthetic osmotic dilator (Dilapan-S) prior to induction of labor.

Methods: We conducted a secondary analysis of an international multicenter prospective observational
study of Dilapan-S for cervical ripening in pregnancies greater than 32 weeks. Data were obtained in a
standardized fashion and entered into a centralized electronic data capture system. The association
between Bishop score and vaginal delivery was further evaluated with a multivariate receiver-operating

I];eif;ml;g;ds: characteristic (ROC) curve analysis. A Wilcoxon rank test and multivariable logistic regression were used
Mechanical for statistical analysis (significance: P < .05).

Cervical ripening Results: Between May 2015 and July 2016, 444 pregnant women were included. Three hundred ten (70 %)
Induction delivered vaginally. Compared to patients who underwent cesarean delivery, those who delivered

Labor vaginally were more likely to have a history of prior vaginal delivery. Vaginal delivery rates were
significantly correlated with Bishop scores of pre and post Dilapan-S and difference. After adjusting for
age, BMI, number of dilators, cervical ripening time, and gestational age, both prior vaginal delivery
and post-Dilapan-S Bishop scores were strong predictors of vaginal delivery (estimate coefficient:
0.1275 + 0.03 P = .0002; 0.049 + 0.01 P = .0001; respectively). Aggregate ROC accounting for these
variables further supported these findings (AUC = 0.734). The lower confidence interval limit of vaginal
delivery rates was above 50 % when post-Dilapan-S Bishop scores were > 5. Cox regression analyses
demonstrated that the duration of labor was significant shorter in women that had vaginal delivery.
Conclusion: Bishop scores after cervical ripening with Dilapan-S are good predictors of vaginal delivery.
Bishop scores < 5 post Dilapan-S may warrant further cervical ripening. Further level 1 trials are needed
to compare osmotic dilators to other ripening methods.

© 2020 Elsevier B.V. All rights reserved.

Introduction favorable cervix remains to be determined [3], but the ideal agent
is one that is inexpensive and efficient and has minimal risks. To

In the US, 23 % of pregnant women undergo labor induction [1]. maximize the success of labor induction in women with

Recent evidence shows that elective labor induction at term in low-
risk nulliparous women is associated with a lower risk of cesarean
delivery, with no increase in adverse perinatal comorbidities [2].
Hence, one can assume that labor induction rates will increase,
emphasizing the importance for best methods. Since the majority
of women undergoing induction will have unfavorable cervixes,
cervical ripening agents are required. The best method to reach a

* Corresponding author at: Department of Obstetrics & Gynecology, The
University of Texas Medical Branch at Galveston, 301 University Boulevard,
Galveston, TX 77555-0587, USA.

E-mail address: afsaad@utmb.edu (A.F. Saad).

https://doi.org/10.1016/j.ejogrb.2020.01.048
0301-2115/© 2020 Elsevier B.V. All rights reserved.

unfavorable cervixes, various ripening methods are available,
including drugs, such as prostaglandins, and mechanical agents,
such as the Foley bulb cervical dilator. Mechanical methods of labor
induction are safe and cost effective and have been used for
decades [4]. Hygroscopic cervical dilators i.e. Dilapan are made of a
patented hydrogel (AQUACRYL) and have been used in the past for
cervical ripening in early gestation pregnancy evacuations. Dilapan
was originally produced in the USA by company Gynotech Inc., N]J
untill 1997. Due to concerns of fragmentation of the device, a
better-quality version (Dilapan-S, "S"uper version), with improved
material and mechanical properties was developed and manufac-
tured by a company in the Czech Republic. Recently, the latter
version of the device was recently approved by the FDA for cervical
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ripening in the third trimester. The dilator works by absorbing fluid
from cervical canal cells, resulting in reversible cell membrane
dehydration and softening. The rod’s volume increase creates a
mechanical stretch and leads to the release of endogenous
prostaglandins, causing cervical ripening. We performed an
analysis to identify predictors for successful vaginal delivery when
using such hydroscopic cervical dilators. We also report the
dilator’s safety profile when used in pre-induction of late gestation
pregnant patients.

Materials and methods
Study design

This is a secondary analysis of a 2-year prospective multicenter
international post marketing observational study of a synthetic
osmotic dilator (Dilapan-S) for cervical ripening prior to induction
of labor in third trimester pregnancies [5]. This cohort involved 10
medical centers from Europe, Asia, and the US. Our primary
outcome was to evaluate the association between Bishop Score and
vaginal delivery with a multivariate receiver-operating character-
istic (ROC) curve analysis. Secondary outcomes included rate of
vaginal delivery, change in Bishop scores from pre- to post-cervical
dilatation, and safety outcomes, including rates of adverse events
associated with the use of the dilator, like uterine tachysystole,
nonreassuring fetal heart rate, vaginal bleeding, chorioamnionitis,
and neonatal outcomes. Infection complications were predefined
as composite of chorioamnionitis, urinary tract infection,
endometritis, surgical site infection. Inclusion criteria consisted
of pregnant women > 37 weeks of gestation, with the ability to
give informed consent, who required preinduction cervical
ripening or induction of labor with no contraindication to vaginal
delivery. Placement of Dilapan-S was at the physician’s or
provider’s discretion.

Patients were excluded if their maternal age was < 18 years,
informed consent could not be obtained, they were participating in
other clinical trials, and induction of labor was initiated within 24 h
of their receiving the information leaflet.

Fetal heart rate and uterine activity were monitored at least 20
min prior to Dilapan-S insertion. Dilapan-S was placed according
to the manufacturer’s instructions (http://www.medicem.com/
DILAPAN-S®). Briefly, after visualization of the cervix using a
sterile vaginal speculum, the cervix was cleaned with iodine, and
up to 5 Dilapan-S rods were inserted into the cervical canal. The
rods dimensions vary between 3—4 mm in width by 55—-66 mm in
length. The duration of cervical ripening did not exceed 24 h, and a
second round of cervical ripening was allowed at the physician’s
discretion.

Data were obtained in a standardized fashion and entered into a
centralized electronic data capture system for analysis.

Statistical analysis

Sample size was estimated based on feasibility of patients’
enrolment, which was observed in a pilot study - prospective data
collection [6]. A nonparametric measure of rank correlation
(Spearman’s) was used to evaluate statistical dependence between
the rankings of relevant variables to vaginal delivery. Multivariable
regression model was used for multivariable analysis. ROC curves
were generated, and areas under the curve (AUCs) were calculated
for prediction of vaginal delivery. We used a Student t test with
2-sided alternative hypothesis for continuous variables and a
Wilcoxon rank test for categorical or ordinal variables,
as appropriate. Analysis was performed using TIBCO Spotfire
S+® 8.2 (Sommerville, MA, USA). A P value < .05 was considered
statistically significant.
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Results

Between May 2015 and July 2016, 444 pregnant women > 37
weeks gestation were included. Table 1 summarizes the popula-
tion characteristics. The majority of included subjects were young
(29.3 &+ 5.5), nulliparous (65 %), nonobese (79 %), term pregnant
women with a baseline median Bishop score of 3, range [0-6].
Three hundred ten (70 %) delivered vaginally. The average time of
cervical ripening was 15.3 + 4.85 h. During cervical ripening, the
most common complication was bleeding at insertion or extraction
(2.3 %), followed by tachysystole (0.2 %) and nonreassuring fetal
heart rate tracing (0.2 %) (Table 2). No additional procedures were
needed to stop the bleeding. No cases of dilator entrapment or
fragmentation were reported throughout the cohort.Dilapan-S was
associated with minimal neonatal and maternal adverse outcomes
(Table 2). The most common indications for induction included late
term pregnancies (37 %), maternal hypertension (15 %), elective
induction (12 %), oligohydramnios or IUGR (11 %), and maternal
diabetes (11 %). The average time interval from device placement to
delivery was 32.8 &+ 24.5 h, and the majority of patients delivered
within 48 h (64 %), followed by 36 h (56 %) and 24 h (29 %). The
most common indications for cesarean delivery included failure to
progress (42 %), nonreassuring fetal heart tracing (20 %), and
suspected macrosomia (18 %). Compared to patients who under-
went cesarean deliveries (Table 3), those who delivered vaginally

Table 1
Population characteristics.

Total, n = 444

Maternal age, y (SD) 29.3 (5.5)
GA at delivery, wk (SD) 39 (1.6)
BMI > 30. n (%) 92 (21)
Nulliparous, n (%) 289 (65)
TOLAC, n (%) 41 (9.2)
Indication for induction, n (%)

Late term 166 (37)
IUGR or Oligohydramnios 51 (11)
Maternal hypertension including pre-eclampsia 66 (15)
Elective (at mothers request) 56 (12)
Maternal diabetes mellitus including GDM 51 (12)
Previous cesarean delivery 30 (6.8)
Fetal macrosomia 29 (6.5)
Other maternal disease 22(4.9)
Reduced fetal movements 12 (2.7)
Cholestasis or liver disease 11(2.5)
Premature rupture of membranes 6(1.4)
Rh-isoimmunisation 6 (14)
Other 25 (5)
Vaginal delivery, n (%) 310 (70)
Operative vaginal delivery 37 (8)
No additional agent* 45 (10)
Interval of cervical ripening, mean in hrs (SD) 15.36 (4.85)
Admission Bishop score, median [minimum-maximum] 3 [0-6]
Post device Bishop score, median [minimum-maximum] 6 [2-13]
Change Bishop score, median [minimum-maximum] 3 [0-11]
Tachysystole, n (%) 1(0.2)
Cesarean delivery, n (%) 134 (30)
Indication for cesarean delivery, n (%)

NRFHT 27 (20)
Failure to progress 57 (42)
Non vertex presentation 3(1.9)
Maternal request 3(1.9)
Macrosomia 24 (18)
other 20 (15)
Time device placement-delivery, mean in hrs (SD) 32.8 (24.5)
Spontaneous labor after cervical ripening 70 (16)
Vaginal delivery within 24 hrs, n (%) 127 (29)
Vaginal delivery within 36 hrs, n (%) 248 (56)
Vaginal delivery within 48 hrs, n (%) 282 (64)

GA—gestational age; BMI—body mass index; TOLAC— trial of labor after cesarean;
IUGR—Intrauterine growth restriction; GDM— Gestational Diabetes Mellitus;
NRFHT—Nonreassuring fetal heart rate tracing. * Spontaneous vaginal deliveries
without any additional induction methods.
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Table 2
Maternal and neonatal complications.

During cervical ripening, n %

Tachysystole 1(0.2)
NRFHT 1(0.2)
Cervical laceration 0 (0)
Bleeding 10 (2.3)
Dilator entrapment 0(0)
Dilator fragmentation 0 (0)
Infectious complications *, n % 14 (3.2)
Composite neonatal complications, n % 17 (5.3)
5 min Apgar score < 7 3(0.7)
Cord PH < 7.1 8(3.3)
NICU admission 6 (1.3)

NRFHT—nonreassuring fetal heart rate tracing.
" Composite of chorioamnionitis, urinary tract infection, endometritis, surgical
site infection.

were more likely to have a history of prior vaginal deliveries (32.6 %
95 % CI [27.4-38.1] vs 11 % 95 % CI [5.8-16.9]). In addition, vaginal
delivery was associated with a higher Bishop score pre (3 [0-6] vs 2
[0-5]; P = 0.0001) and post Dilapan-S (6 [2-13] vs 6 [2-13];
P <.00001) as well as a larger change in Bishop score (3 [0-6] vs 3
[0-5]; P=.02). Vaginal delivery rates were significantly correlated
with Bishop scores of pre Dilapan-S, post Dilapan-S, and difference
(Spearman'’s coefficient = 0.82, 0.86, & 0.70, respectively; P < .05).
After adding to our regression model age, BMI, number of dilators,
cervical ripening time, and gestational age, both prior vaginal
delivery and post-Dilapan-S Bishop scores were strong predictors
of vaginal delivery (estimate coefficient: 0.1275 + 0.03 P = .0002;
0.049 + 0.01 P = .0001; respectively). Aggregate ROC accounting
for these variables further supported these findings (AUC = 0.734;
Fig. 1). The lower confidence interval limit of vaginal delivery rates

Table 3
Population characteristics by mode of delivery.
VD n = 310 CDn=134 P

Age, mean (SD) 29.1 (5.5) 29.6 (5.6) 04
Gestational age, mean (SD) 39.5(1.7) 39.3(1.5) 0.2
BMI, mean (SD) 25.3 (5.9) 275 (7.13) 0.005
Women with Prior history of VD, n (% [95 % CI]) 101 (32.6 [27.4-38.1]) 14 (10.5 [5.8-16.9]) -
Pre-Dilapan-S Bishop score, median [range] 3 [0-6] 2 [0-5] 0.0001
Post-Dilapan-S Bishop score, median [range] 6 [2-13] 6 [2-13] <.00001
Change in Bishop score after dilator, median [range] 3[0-6] 3 [0-5] 0.02

VD—vaginal delivery; CD—cesarean delivery; BMI— body mass index.

e
-
< 4
o
Ir.eta = 0.69:
© |
o
2 Sens: 624%
= Spec: 78.0%
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(2]
< |
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o (Intercept) -1.004 (0.807)
S NVD 1.031 (0.317)
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Model: DT ~NVD +B1+B2 + BM
o Area under the curve: 0.734
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0.0 0.2 04 0.6 0.8 1.0
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Fig. 1. Aggregate multivariable receiver operating characteristics curve.

Area under the curve (AUC) is 0.734. Variable included in the analysis: NVD: prior vaginal delivery; B1: baseline Bishop score; B2 post-cervical ripening Bishop score; BMI:

body mass index.
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Fig. 2. Vaginal delivery rates and post-cervical ripening Bishop score.

Confidence intervals are illustrated as red circles. The lower confidence interval limit of vaginal delivery rates was above 50 % (red line) when post-Dilapan-S Bishop Scores
were > 5. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

was > 50 % when post-Dilapan-S Bishop scores were > 5 (Fig. 2).
Cox regression analyses demonstrated that the duration of
labor was significant shorter in women that had vaginal delivery
(29.6 h 95 %CI [27.5-31.7]) versus cesarean delivery (39.9 h 95 %CI
[34.2-45.7]) (P = 0.00002) (Fig. 3).

Discussion

Roughly up to one-fourth of women undergo induction of labor
in the US every year [1]. Mechanical cervical dilators are one of the
most common methods used for cervical ripening [4]. Their low
cost, effectiveness, and safety profile make them ideal preinduc-
tion agents. The Foley balloon catheter has been the gold standard
method for decades [7-9]. After the findings of the ARRIVE trial [2],
an increasing rate of labor induction is anticipated, emphasizing
the importance of choosing induction methods that are safe and
efficient in achieving a vaginal delivery. Recently, a hydroscopic
mechanical cervical dilator (Dilapan-S) was approved by the FDA
for cervical ripening in late gestation pregnancies. Limited
evidence is available supporting its use in the third trimester for
preinduction of labor since prior studies involved the older version
of the device. Gilson and colleagues [10] compared Dilapan to
oxytocin alone for induction of labor. Outcomes included were

change in Bishop score, length of labor, mode of delivery, and
maternal and neonatal outcomes. The Dilapan group had a
statistically significant increase in Bishop score after treatment.
There were no differences in the overall length of labor or cesarean
delivery rate.

Another trial by Ramanauskas [11] compared Dilapan to
laminaria for prelabor cervical ripening and found no statistically
significant differences in cesarean delivery rates between the
2 groups or in comparison with a control group.

In this manuscript, we describe a multicenter prospective
descriptive cohort of more than 400 women who underwent
cervical ripening with Dilapan-S. For the first time, we performed a
secondary analysis to identify factors that may lead to higher
vaginal delivery success using this device. In the same time, we
described the effectiveness and safety profile of using this device in
pregnant women in the third trimester.

We found that pregnancies undergoing cervical ripening with
Dilapan-S required an average of 15 h of cervical ripening and had a
favorable postinsertion Bishop score of 6, and the majority of patients
had a 70 % rate of successful vaginal delivery. The most common
maternal complication during cervical ripening was bleeding at
insertion or extraction (~2 %), and nonreassuring fetal heart rate
tracing occurred in only 1 patient. Infection comorbidity occurred in

Time of Deivery (red: VD greer: CS)

Fig. 3. Cox regression analyses of duration of labor and mode of delivery.
Confidence intervals are illustrated as dashed lines.
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14 (3.2 %) patients, but none of these were directly attributed to the
dilator itself. In addition, the observed infection rate coincides with
what has been reported [12] with the Foley balloon method. Our
multivariate analysis identified prior vaginal delivery and post-
Dilapan-S Bishop scores as important predictors of vaginal delivery,
which was also supported by ROC analysis with a favorable AUC.

Limitations of our trial include firstly by being multicenter in
nature, heterogeneity in the manner labor was augmented may
consist of an important confounding variable affecting the mode of
delivery. Due to its observational design, we were not able to
compare the effects of different cervical ripening agents (no
interventions) on maternal and neonatal outcomes. The study only
recorded cohort subjects’ clinical data before and after receiving
Dilapan-S and followed them until the postpartum period. Hence,
only associations could be concluded from our results rather than
causation. Despite this limitation, our study was prospective in
design since data were collected during labor induction and
the postpartum period, thus minimizing recall bias. Another
advantage of its prospective nature is that we were also able to
estimate the time course of events or outcomes.

To our knowledge, this is the first description of the use of
Dilapan-S as a cervical ripening agent in labor induction of
pregnancies in the third trimester. Based on our analysis, Dilapan-S
is an efficient agent that leads to a favorable Bishop score, an
important predictor of vaginal delivery. A recent randomized
control trial (DILAFOL trial: NCT02899689) showed that Dilapan-S
is non-inferior to the Foley balloon [13].

Future clinical studies are needed to compare it to other cervical
ripening agents and further clarify its safety.
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Dear Editor,

We have observed controversial results from recent studies
concerning the use of mechanical pre-induction of labor in
mothers with premature rupture of membranes (PROM) and
persistent unfavourable cervix. The different results relate mainly
to the evaluation of the efficacy and safety of mechanical pre-
induction in PROM. All studies published so far have consistently
reported the use of a Foley balloon [1-4]. While some studies
report an increased risk of infectious complications in conjunction
with the use of a Foley ballon for mechanical pre-induction in
PROM, other studies do not confirm this risk. The only study using a
Cook double balloon catheter is still ongoing [5].

In this context, we consider it important to present an
alternative procedure that has been applied at the Department
of Obstetrics and Gynaecology, University Hospital Brno, which is
the largest tertiary center in the Czech Republic with more than
6000 births per year.

According to the clinical protocol, in cases with PROM after
34+0 weeks of gestation an expectant management is applied for
12-24 hours after PROM in all cases where no contraindications
of such procedure are present (clinical or laboratory signs of
infection, fetal distress, positive vaginal GBS culture, vaginal
bleeding and contraindications to vaginal delivery). Antibiotic
prophylaxis is initiated 18 h after PROM. In a 24 h period after
PROM, an unfavourable cervix (Bishop score <5) persists in a very
low percentage of women. In these cases, osmotic synthetic
dilators Dilapan-S are inserted into the cervical canal for
6-12hours and after extraction of the dilators, induction of
delivery by PGE2 or PGE1 or oxytocin infusion follows. The
condition for the use of mechanical pre-induction is hospital
admission, unfavourable cervix, no clinical signs of infection and
regular monitoring of fetal and maternal condition (maternal
temperature, cardiotocography).

Table 1

If labor induction is required urgently in PROM due to positive
GBS culture, synthetic dilators are inserted immediately for at
least 4 h in cases involving an unfavourable cervix, followed by
induction of labor by PGE2 or PGE1 or oxytocin infusion. Antibiotic
prophylaxis is initiated immediately after admission.

Retrospectively, all the cases where Dilapan-S was used due to
unfavourable cervix after PROM between January 2014 and
September 2019 were found. Fifteen cases were identified that
met the criteria used in the published studies (live fetus, single
pregnancy, longitudinal head position, completed 34th week of
pregnancy).

In our group, we focused on the mode of delivery (vaginal,
cesarean section) and infectious complications (see Table 1). Out
of 15 cases, 11 patients gave birth vaginally, 3 patients gave birth
by cesarean section during labor (2x signs of fetal distress, 1x
cervicocorporal dystocia), in one case the pre-induction failed
and pregnancy was terminated by cesarean section. Signs of
chorioamnionitis were not recorded, clinical signs of infection in
the newborn occurred in one case — with prophylactic antibiotic
therapy, but without laboratory signs of sepsis (34+1 week of
gestation). No case of endometritis was detected. GBS positivity
was confirmed in 4 cases. In addition, in the subgroup of vaginal
delivery (11 women), 9 gave birth within 24 h after pre-induction
initiation.

A conservative approach lasting 12-24 hours at pregnancies
complicated by PROM leads to cervical ripening in most cases. In
our experience, a small percentage of women with persistently
unfavourable cervix can be effectively and safely managed by
mechanical pre-induction with a synthetic dilator Dilapan-S. Given
the low incidence of cases, no clear conclusions can be drawn from
the presented results. This topic could be the subject of a
prospective randomized study.

Declaration of Competing Interest
The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

The list of infectious complications inspected in the group of 15 cases where Dilapan-S was used due to unfavourable cervix after PROM.

Infectious complications inspected

Signs of chorioamnionitis

Signs of infection in the newborn sepsis,

fever,

Endometritis in the mother

Temperature 38 °C with one or more of the following:
uterine tenderness,

maternal tachycardia,

fetal tachycardia,

foul-smelling amniotic fluid

positive cultures, or
suspicious clinical course that warranted treatment with antibiotics

postpartum fundal tenderness,

e temperature greater than 38 °C, and no other source of infection
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6. Zavéry

V kapitole ,,Obrat plodu zevnimi hmaty z polohy podélné koncem panevnim po 36. tydnu
téhotenstvi — prinos vykonu, uspésnost, komplikace a vliv na perinatalni vysledky* autor
definoval postaveni a vyznam zevniho obratu plodu pro soucasné porodnictvi. Na vlastnich
souborech se autor zamé&fil na tspéSnost vykonu, cetnost a typ komplikaci a také na hodnoceni
vykonu rodi¢kami. Prokazal stabilni uspésnost zevniho obratu, dosahujici pfi respektovani
klinického protokolu 50 % a nizké procento zavaznych komplikaci, které bylo v hodnoceném
souboru stanoveno na 0,9 %. Demonstrovan byl také pozitivni vliv Gspé$ného zevniho obratu
na dosazeni vaginalniho porodu, kdy po tsp&€Sném obratu porodilo vaginaln€ 78 % Zen. Déle
autor prokazal velmi dobrou toleranci vykonu ze strany rodicek, které hodnotily zevni obrat
plodu velmi pozitivn€. Bolestivost vykonu byla pro rodicky snesitelnd. Autor na zakladé
odpovédi rodi¢ek definoval jako hlavni zdroj informaci o zevnim obratu registrujici
gynekology. Na vlastnim souboru autor stanovil ¢etnost vyskytu pfechodné bradykardie plodu
v souvislosti se zevnim obratem a vliv tohoto jevu na vyskyt intrapartalni hypoxie plodu a na
perinatalni vysledky. Shrnul vysledky aktualnich studii, které se danou problematikou zabyvaji
a definoval hlavni rizikové faktory pro vyskyt pfechodné bradykardie plodu v souvislosti se
zevnim obratem. Vyskyt prechodné bradykardie plodu v analyzovaném souboru dosdhnul
28,3 % a jako jediny vyznamny rizikovy faktor byl identifikovan uspé$ny obrat. Viibec poprvé
byl definovan také vliv pfechodné hypotenze matky v pribéhu zevniho obratu na vyskyt
pfechodné bradykardie plodu. Autor prokéazal, Ze vyskyt pfechodné bradykardie plodu nema
vliv na procento vaginalné dokoncenych porodl po uspé$ném zevnim obratu ani na vyskyt
akutni tisn¢ plodu za porodu, pokud nepfesahne trvani bradykardie ¢asovy interval 10 minut.

V kapitole ,,VyuZiti elektronického monitorovani plodu pro zachyt a hodnoceni zavaZnosti
intrapartalni hypoxie“ autor pfehledné shrnul souasné moznosti diagnostiky intrapartalni

hypoxie plodu a zaméfil se pfedevsim na metody elektronického monitorovani. Jako zékladni
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metodu pro intrapartdlni monitorovani plodu autor definoval kardiotokografii, jeji vyhody,
nevyhody a zpisob hodnoceni. Soucasné definoval také novou klasifikaci FIGO 2015 a jeji
implementaci do prostiedi Ceské republiky formou narodniho doporué¢eného postupu. Nova
klasifikace pro hodnoceni intrapartalni kardiotokografie nahradila ptivodni klasifikaci FIGO
1986 a vedla ke zjednoduSeni a omezeni variability pfi hodnoceni kardiotokografickych
zaznamu. Daleko Iépe také odrazi soucasné poznatky o patofyziologii hypoxie plodu. Autor na
vlastnim souboru prokadzal a dale analyzoval jeden ze zakladnich problémt intrapartalni
kardiotokografie, kterym je variabilita hodnoceni mezi vice hodnotiteli i v rdmci opakovaného
hodnoceni jednim hodnotitelem. Median miry shody pro opakované hodnoceni t€hoz zdznamu
jednim hodnotitelem se pohyboval okolo 70 %. Celkova mira shody mezi vice hodnotiteli
dosahla 48 % a pro kategorii patologickych CTG zdznaml pouhych 41 %. Senzitivita
hodnoceni k odhadu hypoxie (pH, BD) dosahla hodnoty 39 % pro BE a 27 % pro pH. Specificita
byla stanovena na 89 % pro oba hodnocené¢ parametry. Vedle jiz zavedené nové klasifikace
FIGO 2015 autor poukazal na dal§i moznosti, jak omezit variabilitu v hodnoceni
kardiotokografie a zpiesnit zachyt intrapartadlni hypoxie. Takovym opatfenim by mohla byt
implementace pocitacové analyzy kardiotokografického signalu do klinické praxe, jako
podpory pii klinickém rozhodovani porodnika. Potencidl pocitacového hodnoceni spociva
nejen v objektivizaci hodnoceni, ale také v analyze dalSich jevii na kardiotokografickém
zdznamu, které nejsou hodnotitelné pouhym okem. Vytvoieni volné dostupné elektronické
databaze kardiotokografickych zdznamt z archivu Gynekologicko-porodnické kliniky FN Brno
bylo diillezitym krokem k dal§imu vyzkumu a spolupraci tymt na mezinarodni tirovni. Z dalSich
metod elektronického monitorovani plodu v pribéhu porodu se autor zamétil na ST analyzu
fetalniho EKG, jako na jedinou metodu, kterou je v soucasné dobé mozné zptesnit informaci o
stavu oxygenace plodu v déloze. Definoval souc¢asny vyznam metody, jeji vyhody a nevyhody.

Na vlastnim souboru poukédzal na moznost vyuziti ST analyzy pro monitorovani ploda
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z rizikovych skupin pro vyskyt intrapartdlni hypoxie. Zaméiil se na podskupinu té¢hotnych
s rastovou restrikci plodu a na vyuziti ST analyzy pro monitorovani pied¢asnych porodi.
V obou podskupinach nebyl nalezen statisticky vyznamny rozdil pfi porovnani se standardnim
zpusobem monitorovani plodu. Jednim z divodid mulze byt nedostatecna velikost souboru.
Autor demonstroval, ze se jedna o metodu, kterd je dobfe vyuzitelna v provozu velkého
perinatologického centra jak z pohledu oSetfujiciho persondlu, tak zhlediska komfortu
téhotnych. Na vlastnim souboru autor definoval soucasné moznosti vyuziti dalSich biomarkera
v detekci intrapartalni hypoxie plodu. Zaméfil se pfedevsim na detekci zvySené exprese miRNA
(micro RNA) a mRNA (messenger RNA) z periferni krve matky v pribéhu porodu. Autor
predlozil vysledky porovnani podskupin s prokdzanou intrapartalni hypoxii plodu a bez
hypoxie plodu. Byla potvrzena exprese miR-210 a vybranych protein kédujicich genti (PKG)
u t¢hotnych Zen 1 jejich déti, a to jak u skupiny s hypoxii plodu, tak u skupiny kontrolni.
Z vysledkt studie se jako jediny vhodny marker pro detekci hypoxie jevi miR-210. Vzhledem
k vysoké variabilité exprese markert je vSak pro ovéteni signifikantniho zvySeni exprese miR-
210 v krvi matky s hypoxickym plodem zapotiebi rozsahlého souboru pacienti.

V kapitole ,,Mechanicka preindukce porodu pomoci syntetického osmotického dilatatoru
— vyhody, rizika, komplikace” autor definoval moznosti vyuziti syntetického osmotického
dilatdtoru Dilapan-S pro mechanickou preindukci porodu. Na vlastnim souboru jsou
identifikovany hlavni vyhody a nevyhody metody, efektivita a bezpecnost. Po provedeni
mechanické preindukce Dilapanem-S z divodu nezralych porodnich cest porodilo vaginalné
celkem 69,8 % Zen. V podskupin€ Zen s cisatskym fezem v anamnéze porodilo vaginalné
52,3 % zen. Primérny vzestup cervix skore dosahl hodnoty 3,6. Matefské komplikace nebo
diskomfort rodicek béhem zrani délozniho hrdla byly zaznamenany u 3,4 % Zen a mély
nezavazny charakter. V rdmci predikce vaginalniho porodu byly jako nejsilnéjsi faktory

definovany piedchozi vaginalni porod v anamnéze a hodnota cervix score po dokonceni
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preindukce. Autor na zaklad¢ vysledki metodu definuje jako bezpecnou a ti¢innou, s moznosti
vyuziti 1 u pacientek s cisatskym fezem v anamnéze. Na vlastnim souboru autor poukazuje na

moznost bezpecného a efektivniho vyuziti mechanické preindukce Dilapanem-S i u rodicek

s pfed¢asnym odtokem plodové vody.
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7. Komentar

Habilita¢ni prace dokumentuje dlouhodobou systematickou praci autora zaméfenou na postupy
prispivajici ke zvyseni bezpec¢nosti piirozeného vaginalniho porodu. Prace vychazi z rozsahlé
veédecko-vyzkumné ¢innosti Perinatologického centra FN Brno a LF MU, které je zapojeno do
fady projekta jak na narodni, tak mezinarodni urovni. Vysledky dosavadni ¢innosti autora Ize
dolozit fadou prezentaci na narodnich i mezinarodnich odbornych konferencich. V ramci Ceské
republiky je autor aktivnim ¢lenem Sekce perinatologie a fetomaternalni mediciny Ceské
gynekologické a porodnické spolecnosti, ¢lenem vyboru Sdruzeni nemocni¢nich gynekolog
a porodnikl a ¢lenem védecké rady Sekce ultrazvukové diagnostiky Ceské gynekologické
a porodnické spolecnosti.

Vysledky a zavéry prezentovanych studii vychéazi zpivodnich praci a myslenek, které
dokladaji vyznam vybranych postupii na podporu ptirozené¢ho vaginalniho porodu a zvyseni
jeho bezpecnosti. Provadéni zevniho obratu plodu po 36. tydnu téhotenstvi umoziuje redukovat
procento Zen, které podstupuji cisafsky fez pouze z indikace naléhéni plodu koncem panevnim.
Jedna se o efektivni a bezpecny vykon, ktery ma piiznivy vliv na perinatalni vysledky.
Kardiotokografie nadéle ziistdva zakladni metodou pro intrapartdlni monitorovani plodu.
Zavedeni nov¢ klasifikace FIGO 2015 ptedstavuje prvni krok ke zvySeni efektivity metody
k zachytu hypoxie plodu vpribéhu porodu a omezeni variability v hodnoceni
kardiotokografickych zaznamt.. DalSim krokem je systematickd vyuka hodnoceni
kardiotokografie s dirazem na moderni poznatky patofyziologie intrapartdlni hypoxie plodu.
ST analyza EKG kiivky plodu ma potencial vhodné doplnit informaci o stavu oxygenace plodu
v déloze a piipadné aktivaci anaerobniho metabolismu. Blizkou budoucnost ptedstavuje
technické zdokonaleni systémil snimani srde¢ni ¢innosti a EKG plodu a dalsi vyuziti téchto
informaci pro vytvofeni plné¢ automatického hodnoceni zaznaml pocitacem. Vysledky

pocitacové analyzy srde¢ni frekvence a EKG plodu poslouzi jako podpora pii klinickém
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rozhodovani porodnika. K ¢asnéjsi a piesnéjsi diagnostice hypoxie plodu v priabéhu porodu by
v budoucnu mohlo piispét také stanoveni vybranych biomarkerti z periferni krve matky.
Z vysledkti dosavadnich vyzkumt, se jako vhodny marker jevi micro RNA-210. Bude tieba
dalSich rozsahlych studii k ovéfeni moznosti vyuziti v klinické praxi.

Mechanické preindukce syntetickymi osmotickymi dilatatory umoznuje efektivni a bezpecny
zpusob ptipravy porodnich cest pfed planovanou indukci porodu. Prezentované vysledky
dokléadaji fadu vyhod oproti farmakologickym metoddm preindukce, ptedevSim vyrazné nizsi
riziko nadmérné délozni ¢innosti.

Dalsi védecko-vyzkumny rozvoj v oblasti perinatologie se zaméfenim na vedeni a prabéh
porodu vidi autor v rozvoji metod, vyuzivanych k ziskdvani informaci o stavu plodu v déloze.
A to ptfedevsim s diirazem na kvalitu signdlu, eliminaci rizika zdmény matky a plodu a soucasné
také s ohledem na zvySeni komfortu pro rodi¢ky. Uchovavani informaci v elektronické podobé,
vzajemné propojovani a diiraz na ziskavani informaci v realném case vytvaii podminky pro
rozvoj skorovacich systémt k odhadu rizika hypoxie plodu a dalSich komplikaci v pribéhu
porodu, zalozenych na online vyhodnocovani. Dalsim tukolem bude piesnéjsi identifikace
rizikovych skupin rodicek jiz pied samotnym porodem, s ohledem na zdravi matky i plodu.
Takova védecko-vyzkumna c¢innost bude nutné zalozena na mezioborové spolupraci,
modelovani a také bazalnim vyzkumu. Vyslednym cilem je zdrava a spokojena rodicka a zdravy

novorozenec.
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8. Commentary

The habilitation thesis documents the author's long-term systematic work focused on
procedures contributing to increasing the safety of natural vaginal birth. The work is based on
the extensive research activities of the Perinatology Center of the University Hospital Brno and
the Medical Faculty of Masaryk University, which is involved in a number of projects both at
the national and international level. The results of the author's current activities can be
demonstrated by a number of presentations given at national and international professional
conferences. Within the Czech Republic, the author is an active member of the Section of
Perinatology and Fetomaternal Medicine of the Czech Gynecological and Obstetrical Society,
a member of the committee of the Association of Hospital Gynecologists and Obstetricians and
a member of the Scientific Board of the Ultrasound Diagnostics Section of the Czech
Gynecological and Obstetrical Society.

The results and conclusions of the presented studies are based on original work and ideas that
demonstrate the importance of selected procedures to support natural vaginal delivery and
increase its safety. Performing an external cephalic version of the fetus after the 36th week of
pregnancy makes it possible to reduce the percentage of women who undergo a caesarean
section only due to the indication of breech presentation of the fetus. It is an effective and safe
procedure that has a beneficial effect on perinatal outcomes.

Cardiotocography remains the basic method for intrapartum fetal monitoring. The introduction
of the new FIGO 2015 classification represents the first step to increase the effectiveness of the
method for detecting fetal hypoxia during childbirth and to reduce variability in the evaluation
of cardiotocographic records. The next step is the systematic teaching of cardiotocography
evaluation with an emphasis on modern knowledge of the pathophysiology of intrapartum fetal
hypoxia. ST analysis of the fetal ECG curve has the potential to effectively supplement the

information on the state of oxygenation of the fetus in the uterus and possible activation of
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anaerobic metabolism. The aim, in the near future, is the technical improvement of cardiac and
ECG fetal sensing systems and the further use of this information to create a fully automatic
computerized record evaluation. The results of computer analysis of the heart rate and ECG of
the fetus will serve as support in the clinical decision-making of the obstetrician. In the future,
the determination of selected biomarkers from the mother's peripheral blood could also
contribute to an earlier and more accurate diagnosis of fetal hypoxia during childbirth. From
the results of previous research, micro RNA-210 appears to be a suitable marker. Further large-
scale studies will be needed to verify the potential use in clinical practice.

Mechanical pre-induction by synthetic osmotic dilators enables an efficient and safe way of
preparing the cervical canal before the planned induction of labor. The presented results
demonstrate a number of advantages over pharmacological methods of pre-induction,
especially a significantly lower risk of excessive uterine activity.

Further scientific research development in the field of perinatology, with a focus on the
management and course of childbirth, is seen by the author in the development of methods used
to obtain information about the condition of the fetus in the uterus. There is especially an
emphasis on signal quality in eliminating the risk of confusion between mother and fetus and,
at the same time, also with regard to increasing comfort for mothers. The storage of information
in electronic form, interconnection and emphasis on obtaining information in real time create
the conditions for the development of scoring systems to estimate the risk of fetal hypoxia and
other complications during childbirth, based on online evaluation. Another task will be to
enable a more accurate identification of risk groups of mothers before the birth itself, with
regard to the health of the mother and fetus. Such scientific research will necessarily be based
on interdisciplinary cooperation, modeling and also basic research. The resulting goal is a

healthy and satisfied mother and a healthy newborn baby.
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