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Wykaz zastosowanych skrotow

Ao- Aorta

AP- Wymiar poprzeczny serca ptodu

CHD- Wrodzona wada serca

CoA- Koarktacja aorty

CVPS- Skala sercowo-naczyniowa wg Huhty

d-TGA- Catkowite przetozenie wielkich pni tetniczych

FHR- Cze¢stos¢ rytmu serca ptodu/ tgtno ptodu

HA/CA- Wspoétczynniki pola powierzchni przekroju serca do pola powierzchni przekroju klatki
piersiowej ptodu

HLHS- Zespot hipoplazji lewego serca

LMP- Data ostatniej miesigczki

MPA.- Pien ptucny

PVs Vmax- Predko$¢ maksymalna przeptywu w zytach ptucnych
SVC- Zyla gtéwna gorna



Rozdzial 1. Wstep

Pierwsze doniesienia o zastosowaniu ultrasonografii celem oceny serca ptodu, pochodza
prawdopodobnie z 1964 roku. Profesor Xin-fang Wang w Chinach rekrutujgc do badan grupe
140 ciezarnych stat si¢ pionierem echokardiografii ptodowej [1, 2]. Szybko okazato sig, ze
ultradzwieki odegrajg kluczowa role w dalszym rozwoju kardiologii prenatalnej [3]. Juz w 1980
roku Kleinman (kardiolog dziecigcy) wraz z Hobbinsem (potoznik) i wspotpracownikami w
USA, w grupie badawczej 180 ptodow (18- 41 tydzien cigzy) wykryli strukturalne wady serca:
atrezje¢ zastawki ptucnej z hipoplazjg prawego serca oraz serce jednokomorowe [4].

Aby mozna byto w powtarzalny na catym $wiecie sposob prawidtowo interpretowaé
badanie echokardiograficzne ptodu, dla celow kardiologii prenatalnej istotne stato sig
stworzenie odpowiednich norm oraz wartosci referencyjnych. Echokardiograficzne normy
serca ptodu mogg by¢ opracowane na podstawie badan wykonanych u zdrowych cigzarnych.
Wystapienie u ci¢zarnej chorob przed cigza lub w trakcie cigzy moze stac si¢ przyczynkiem do
dyskwalifikacji takiej pacjentki z rekrutacji do grupy badawczej. U plodow wazne jest, aby
wiek cigzowy wedlug daty ostatniej miesigczki zgodny byt z wiekiem biometrycznym, aby nie
stwierdzono anomalii, ani w okresie przedurodzeniowym, ani w okresie noworodkowym.
Przeptyw krwi w tetnicach i w zyle pepowinowej powinien by¢ prawidtowy. Tak samo
prawidtowa powinna by¢ echogeniczno$¢ samego tozyska oraz objetos¢ wod ptodowych.
Noworodek powinien si¢ urodzi¢ o czasie, z prawidlowg masg ciata oraz wysoka punktacja w
skali Apgar (9-10 punktow). Jedne z pierwszych norm badania echokardiograficznego ptodu,
stworzone zgodnie z wyzej opisanymi regutami, zostaty zawarte w polskich podrecznikach
Respondek-Liberskiej z 1998 r. oraz 2006 r. [5, 6] na podstawie wczesniejszych
publikacji [7-14].

Opracowane normy wykorzystuje si¢ w praktyce klinicznej, celem potwierdzenia
dobrostanu ptodu lub wykrycia ewentualnych zaburzen. Dzigki pracy polskich badaczy,
aktualna literatura tematu w dalszym ciggu dostarcza nowe wartosci referencyjne, niekiedy dla
coraz to nowszych oraz bardziej zaawansowanych parametrow oraz nowych technik badania w
echokardiografii ptodowej [15-21]. Wartosci referencyjne opracowywane sa takze przez
polskich potoznikdow oceniajgcych miedzy innymi przeplywy w przewodzie zylnym, Zyle
glownej dolnej oraz w tetnicy srodkowej mozgu u ptodéw [22-26]. Powstajg normy dotyczace
oceny wielkos$ci tarczycy czy grasicy ptodu [27, 28]. Okazuje si¢ rowniez, ze precyzyjny
pomiar grubosci przegrody miedzykomorowej serca ptodu moze by¢ przydatny w predykcji

makrosomii noworodka [29]. Powstaja nowe metody oceny funkcji serca ptodu w oparciu o



nowg interpretacj¢ funkcji przedsionkéw. Jest to mozliwe wyltacznie w okresie prenatalnym,
kiedy $ciany przedsionkoéw zawierajg w wigkszosci kurczliwe miocyty, co stanowi specyfike
zycia prenatalnego, odmienng od specyfiki serca dziecka czy dorostego [30].

Swiatowy rozwoj kardiologii prenatalnej jest procesem niezmiernie dynamicznym. W
XXI wieku, tworzac wartosci referencyjne dla badania echokardiograficznego ptodu,
wykorzystuje si¢ juz technikg¢ pierwotnie uzywana w echokardiografii dorostych- Speckle
Tracking- dedykowang analizie segmentalnej kurczliwosci myocardium [31-36], czy tez
echokardiografi¢ trojwymiarowa, w tym prezentacje czterowymiarowg [37-42]. Coraz wigkszg
uwage badaczy przykuwa jednak funkcja serca ptodu [43-51], chociaz w dalszym ciagu
tworzone sg nowe wartosci referencyjne dla pomiaréw wykonywanych w technice jedno- oraz
dwuwymiarowej [52-62]. Opracowywane s3g normy dla plodowych przepltywow
wewnatrzesercowych [63-68] z uwzglednieniem nie tylko predkosci samego przeptywu, ale
rowniez jego czasu [69-75]. Coraz cze$ciej wartosci referencyjne w kardiologii prenatalnej
przedstawiane sg w formie standardowych wynikoéw Z-score [76-81].

Zagadnienia zwigzane z warto$ciami referencyjnymi w echokardiografii ptodowej sa
przedstawiane jako opracowane normy dla poszczegdlnych kontynentow i krajow w
podrecznikach z zakresu kardiologii prenatalnej oraz diagnostyki przedurodzeniowej [82-91].
Warto zwrocié uwagg, iz powstajgce wcigz kolejne podreczniki, ze wzgledu na zaawansowanie
tematu oraz najnowsze doniesienia naukowe, dedykowane sg juz nie tylko diagnostyce
prenatalnej, czy nawet kardiologii ptodu, ale zagadnieniom tak szczegdétowym jak na przyktad
zaburzenia rytmu serca u ptodow, terapii oraz postepowaniu w tych przypadkach [92].

W przegladzie pismiennictwa na temat norm w echokardiografii prenatalnej nie mozna
poming¢ prac z zakresu niewydolnosci krazenia ptodu, ktérych pierwszym autorem i
prekursorem byt Amerykanin — kardiolog dzieciecy oraz kardiolog prenatalny James C. Huhta
[93-105]. To w jego zespole stworzono pierwsze doniesienia i zdefiniowano niedomykalno$é
zastawki trojdzielnej u ptodu [106] oraz wniesiono podwaliny pod dzisiejszy test oraz terapi¢
hiperoksygenacyjng przeztozyskowa [107-108].

Publikacje z zakresu kardiologii prenatalnej dotyczyty czesto réznych patologii [109-
142], a zatem mogly stuzy¢ jako element tzw. prewencji wtornej. Warto wspomnieé, iz
stosunkowo rzadko do tej pory zajmowano si¢ prewencjg pierwotng [143-146]. Obecnie w
dalszym ciggu nalezy pamigta¢ o istotno$ci nie tylko opracowywania nowych parametrow
echokardiograficznych u pltodéw oraz ich norm, ale réwniez o ciaglej weryfikacji juz
istniejacych. Dotychczas opracowane echokardiograficzne normy dla badan ptodu w populacji

polskiej zostaty przedstawione w Tabeli 1 [7-12, 14-30]. Powyzsze wartosci referencyjne
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opracowane zostaly w gldwnej mierze przez autorow reprezentujgcych osrodki kliniczne z
Fodzi, Warszawy oraz ze Slaska. Natomiast nie ulega watpliwosci, iz opracowywanie norm dla
danych subpopulacji stato si¢ powszechnie przyjeta praktyka na catym §wiecie.

Na tle przegladu wybranego pismiennictwa z zakresu kardiologii prenatalne;j,
przedstawiam ponizej nowe oryginalne prace badawcze jako wiasny wktad w polski dorobek
echokardiografii prenatalnej. Za cel niniejszego cyklu publikacji przyjeto stworzenie nowych,
wybranych, brakujacych dla populacji polskiej echokardiograficznych wartosci referencyjnych
u zdrowych ptodow. Podjecie proby stworzenia wartosci referencyjnych dla poszczegolnych
populacji lub subpopulacji (w tym przypadku dla populacji polskiej) biorac pod uwagge rdéznice
w: pochodzeniu, regionie geograficznym zamieszkania, etniczno$ci, otaczajagcym srodowisku i
klimacie, czy chociazby coraz to nowszym sprzecie diagnostycznym, wydaje si¢ by¢ konieczne

bioragc pod uwage liczne doswiadczenia [147-151].



Tabela 1. Dotychczas opracowane echokardiograficzne normy dla badan ptodu w

populacji polskiej, przedstawione wg roku publikacji [7-12,14-30].

Autor 1t wykazu pismiennictwa Warto$¢ referencyjna w echokardiografii ptodowe;j Rok

Respondek M. et al.” Wielko§¢ komor serca oraz  grubo$§¢  przegrody | 1991
miedzykomorowe;j

Respondek M. et al.® Funkcja skurczowa serca oraz czesto$é akcji serca 1991

Respondek M. et al.’ Wielko$¢ zastawki aortalnej oraz ptucnej 1991

Respondek M. et al.*° Stosunek pola powierzchni serca do pola powierzchni klatki | 1992

piersiowej oraz stosunek wymiaru poprzecznego serca do

szerokosci klatki piersiowej

Respondek M. et al.1? Wielkos¢ przeptywu krwi przez zastawke aortalng i ptucng | 1992

Respondek M. et al.*2 Przeptyw krwi mierzony metoda Dopplera przez zastawki | 1993

przedsionkowo-komorowe

Respondek M. et al.* Przeptyw krwi w zytach plucnych 1997

1.22 Przeplyw krwi w przewodzie zylnym: indeks predkosci | 2005

Wegrzyn P. et a
szczytowej, zylny wskaznik pulsacji, indeks obcigzenia

wstepnego, wskaznik skurczowo-rozkurczowy

Wegrzyn P. et al.?® Przepltyw krwi w zyle glownej dolnej: indeks predkosci | 2006
szczytowej, zylny wskaznik pulsacji, wskaznik skurczowo-
rozkurczowy

Jaczynska R. et al.® Wskaznik pulsacji w przewodzie zylnym 2006

Sodowski K. et al.* Przeplyw krwi w przewodzie zylnym 2007

Szymkiewicz-Dangel J. et al.?® | Funkcja skurczowo-rozkurczowa migénia sercowego 2007

Wioch A. et al.*® Wymiar poprzeczny serca oraz czestos¢ akcji serca ptodu w | 2007
| trymestrze

Wioch A. et al.*® Przeplyw krwi w przewodzie zylnym, zyle oraz tetnicach | 2008
pepowinowych

Hamela-Olkowska A.et al.* Czas przewodzenia przedsionkowo-komorowego 2009

Hamela-Olkowska A et al.%® Czgstos¢ akeji serca ptodu pomiedzy 6 a 11 tygodniem cigzy | 2009

Ceglowska K. et al.Y Wielko$¢ serca metoda 4D STIC 2009
Hamela-Olkowska A et al.* Wskaznik sprawno$ci migénia sercowego 2011
Gietka-Czernel M. et al.? Wielko$¢ tarczycy 2012
Breborowicz A. et al.?s Przeptyw krwi w prawej tetnicy ptucnej 2014
Zych-Krekora K. et al.?8 Wielko$¢ grasicy 2019
Respondek-Liberska M.%0 Funkcja skurczowa przedsionkéw oraz ruch zastawki | 2020

otworu owalnego

Szmyd B. et al.?® Grubo$¢ przegrody migdzykomorowej 2021
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Rozdzial 3. Wykaz publikacji stanowiacych prace doktorska

Ponizszy cykl prac stanowi spdjng kontynuacje tematu przewodniego. Cykl zawiera cztery
prace oryginalne opublikowane w recenzowanych czasopismach. W trzech pracach mam
zaszczyt by¢ pierwszym autorem, natomiast w pracy czwartej jestem autorem

korespondencyjnym.

1. Sylwestrzak O, Respondek-Liberska M. Echocardiographic methods of fetal heart size
assessment-heart to chest area ratio and transversal heart diameter. Prenatal Cardiology.
2018;(1):20-23. doi: 10.1515/pcard-2018-0003
(MNISW 8).

2. Sylwestrzak O, Stodki M, Respondek-Liberska M. Maximal velocity of fetal
pulmonary  venous blood flow. Prenatal Cardiology. 2019;(1):17-19.
doi:10.5114/pcard.2019.92713
(MNISW 40).

3. Sylwestrzak O, Nowakowska A, Murlewska J, Respondek-Liberska M. Normal ranges
of fetal heart rate values for healthy fetuses in Poland, as determined by ultrasound
between weeks 18 and 29 of gestation. Kardiol. Pol. 2021;79(11):1245-1250. doi:
10.33963/KP.a2021.0119
(IF 3.108, MNiSW 100).

4. Murlewska J, Sylwestrzak O, Respondek-Liberska M. Unfavorable postnatal outcome
with significant dilation of the fetal main pulmonary artery near term. Birth Defects Res.
2021 Jan 1;113(1):55-62. doi: 10.1002/bdr2.1828.

(IF 2.344, MNiSW 20).

Laczny Impact Factor cyklu publikacji: 5.425
Laczna punktacja MNiSW cyklu publikacji: 168

Laczny Impact Factor wszystkich publikacji (do dn. 11.04.2022): 15.257
Laczna punktacja MNiSW wszystkich publikacji (do dn. 11.04.2022): 488
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Rozdzial 4. Cele cyklu publikacji

1.

Analiza korelacji pomigdzy poszczegdlnymi pomiarami echokardiograficznymi u
zdrowych ptodéw w populacji polskiej, a wiekiem cigzowym.

Ustanowienie wartosci referencyjnych dla wybranych parametrow
echokardiograficznych u zdrowych ptodéw w populacji polskie;.

Proba wykorzystania stworzonych wartosci referencyjnych w praktyce klinicznej.
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Rozdzial 5. Komentarz do pracy: Echocardiographic methods of
fetal heart size assessment-heart to chest area ratio and transversal

heart diameter.

Wstep

Cykl publikacji otwiera praca, bedaca niejako rozwinigciem wczesniej opublikowanych
badan polskich naukowcow [10], opisujaca warto$ci prawidtowe dwoch metod oceny wielkosci
serca ptodu: wspdtczynnik pola powierzchni przekroju serca do pola powierzchni przekroju
klatki piersiowej ptodu (HA/CA) oraz wymiar poprzeczny serca ptodu (AP).

Grupe¢ badawcza stanowity zdrowe ptody z cigz pojedynczych (zakres 15- 39 tydzien
cigzy). Kazdy z plodow mial wykonane przynajmniej raz badanie echokardiograficzne.
Kryterium wylaczenia przypadku z analizy stanowity jakiekolwiek nieprawidtowos$ci sercowe
lub pozasercowe mozliwe do wykrycia w badaniu ultrasonograficznym oraz
echokardiograficznym na odpowiednim etapie trwania cigzy.

Materiat stanowita dokumentacja medyczna, obrazy oraz nagrania echokardiograficzne
zgromadzone w Zaktadzie Kardiologii Prenatalnej, Instytutu Centrum Zdrowia Matki Polki w

Lodzi.

Wyniki

Lacznie do analizy zostalo wiaczonych 609 ptodow. U 179 zidentyfikowano pleé
zenska, u 267 pte¢ meska, a w 163 przypadkach pte¢ nie zostata udokumentowana w protokole
badania. Wspotczynnik HA/CA wyniost $rednio 0,30 + 0,015 1 wydawal si¢ pozostawa¢ na
wzglednie stalym poziomie w trakcie trwania catej cigzy (r=0,02). W podgrupie ptodow
zenskich wspotczynnik HA/CA wynidst srednio 0,30 = 0,01, a w podgrupie ptodow meskich
0,30 +0,02. Nie wykazano roznicy statystycznej dla wspotczynnika HA/CA pomiedzy ptodami
zenskimi oraz meskimi (p>0,05). Wymiar AP silnie korelowat z wiekiem cigzowym (1=0,94).
Nie wykazano réznicy dla wymiaru AP pomigdzy ptodami zenskimi (r=0,92), a meskimi

(r=0,95).

Whioski

Wspotczynnik HA/CA u zdrowych ptodéw pozostaje na wzglednie statym poziomie w
trakcie trwania cigzy. Wymiar AP u zdrowych ptodéw wykazuje silng dodatnig korelacje z

wiekiem cigzowym.
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Znaczenie kliniczne i naukowe

Ocena wielkosci serca ptodu jest podstawowym elementem podczas kazdego badania
echokardiograficznego ptodu. W prezentowanej pracy analizowano dwa relatywnie proste do
uzyskania metody oceny wielkosci serca ptodu. O ile pomiar wskaznika HA/CA stanowit
rozwinigcie tematu pracy badawczej promotora z roku 1992 [10], o tyle analiza wskaznika
szerokosci serca plodu- AP stanowila dosy¢ nowatorskie opracowanie, dotad niepublikowane
na podstawie tak licznej grupy badawczej w populacji polskiej, o istotnym znaczeniu
praktycznym ze wzgledu na prostote pomiaru i jego powtarzalno$¢.

Wymiar AP (parametr bezposrednio wskazujacy wielko$¢ serca ptodu), wraz ze wzrostem
ptodu, wykazywat dodatnig korelacje z wiekiem cigzowym. Natomiast wspotczynnik HA/CA
(parametr posrednio wskazujacy na wielko$¢ serca ptodu- tj. w porownaniu do pola
powierzchni przekroju klatki piersiowej) pozostawatl na wzglednie statym poziomie. Mimo, ze
ocena nieprawidtowej wielko$ci serca ptodu sama w sobie nie stanowi diagnozy wrodzonej
wady serca, to w pewnym stopniu moze obrazowaé stopien niewydolnosci uktadu krazenia
ptodu. Powiekszenie jam serca stanowi uniwersalny objaw rozwijajacej si¢ lub obecnej
niewydolnos$ci krazenia ptodu. Pomiar HA/CA stal si¢ jednym z elementéw zawartych w skali
sercowo-naczyniowej wedlug Huhty (Cardiovascular Profile Score, CVPS) [101], a sama
kardiomegalia stanowi zazwyczaj negatywny czynnik prognostyczny w wielu patologiach
polozniczych np. w przypadku wewnatrzmacicznego ograniczenia wzrastania plodu, w
przypadkach wrodzonej wady serca u ptodu czy w zespole TTTS. Warto zwréci¢ uwagg, iz
zaproponowane potaczenie uzycia dwdoch metod oceny wielkos$ci serca ptodu w dosy¢ prosty
sposob pozwoli na odréznienie kardiomegalii bezwzglednej (prawdziwej tj. serce ptodu jest
powickszone) od kardiomegalii wzglednej (zaleznej od ucisnigcia klatki piersiowej ptodu w
przebiegu np. matowodzia, wad uktadu kostnego, opoznienia rozwoju wewnatrzmacicznego).
Kazda nieprawidlowo$¢ wielkos$ci serca ptodu wykryta podczas ultrasonograficznego badania
potozniczego powinna by¢ wskazaniem do skierowania pacjentki do osrodka referencyjnego

kardiologii prenatalne;j.
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Rozdzial 6. Komentarz do pracy: Maximal velocity of fetal

pulmonary venous blood flow.

Wstep

W tej pracy analizowano ocen¢ pr¢dkosci maksymalnej przeptywu krwi w zytach
phucnych zdrowych ptodow (PVs Vmax).

Grupe badawcza stanowity ptody z cigz pojedynczych w wieku od 18 do 36 tyg. wieku
ptodowego. Kazdy z plodow miat wykonane przynajmniej raz badanie echokardiograficzne.
Kryterium wylaczenia przypadku z analizy po raz kolejny stanowily jakiekolwiek
nieprawidlowoséci sercowe Iub pozasercowe mozliwe do wykrycia w badaniu
ultrasonograficznym oraz echokardiograficznym na danym etapie trwania cigzy.

Material stanowita dokumentacja medyczna, obrazy oraz nagrania echokardiograficzne
zgromadzone w Zakladzie Kardiologii Prenatalnej, Instytutu Centrum Zdrowia Matki Polki w

Lodzi.

Wyniki

Lacznie do analizy zostalo wiaczonych 184 zdrowych ptodow. Stworzono wykres
rozrzutu dla poszczegdlnych wartosci PVs Vmax w grupie badawczej. Rownanie regresji dla
PVs Vmax wyniosto:

Vmax for PVs (cm/sec) = 0.1 x GA (in days) + 5.5 (r = 0.45, C1 0.95).

Obliczono 5-ty, 10-ty, 50-ty, 90-ty oraz 95-ty percentyl dla wartosci PVs Vmax w
poszczegbdlnych tygodniach cigzy oraz stworzono wykres pokazujacy wartosci referencyjne

poszczegbdlnych percentyli.

Whnioski

Stworzono wartosci referencyjne dla PVs Vmax ptodow pomiedzy 18 a 36 tygodniem
cigzy. Przedstawione nomogramy moga zosta¢ wykorzystane w praktyce klinicznej placowek
zajmujacych si¢ echokardiografig ptodowa. Prawidtowa interpretacja uzyskanego pomiaru PVs

Vmax wymaga indywidualnego podejscia oraz analizy cato$ciowej danego przypadku.
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Znaczenie kliniczne i naukowe

Mimo, ze tylko niewielka cze$¢ rzutu serca ptodu dociera do krazenia ptucnego, to z
czasem trwania cigzy obserwujemy stopniowy wzrost objetosci krwi przeptywajacej przez
tetnice oraz zyty ptucne. Z czasem trwania cigzy obserwujemy sukcesywne przyspieszenie w
przeplywie maksymalnym przez zyty plucne u zdrowych plodow. Ma to zwigzek z
prawidlowym rozwojem unaczynienia plucnego i stanowi wazny element monitorowania
echokardiograficznego plodu, szczegdlnie pod katem predykcji pourodzeniowej wydolnosci
oddechowej. Dodatkowo, podczas badania echokardiograficznego plodu, jako norme
przyjmuje si¢ uwidocznienie minimum dwoch zyt phlucnych polaczonych z lewym
przedsionkiem. Pozwala to wykluczy¢é CHD pod postacig catkowitego nieprawidtowego
splywu zyt ptucnych, w ktorej nie tylko spektrum, ale i predko$¢ maksymalna przeptywu w
zytach ptucnych moze odbiega¢ od normy. Kazda nieprawidlowos¢ w spektrum przeptywu lub
w predkosci maksymalnej przeptywu w zylach ptucnych plodu wykryta podczas
ultrasonograficznego badania potozniczego powinna by¢ wskazaniem do skierowania ci¢zarnej

do o$rodka referencyjnego kardiologii prenatalne;.
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Rozdzial 7. Komentarz do pracy: Normal ranges of fetal heart rate
values for healthy fetuses in Poland, as determined by ultrasound

between weeks 18 and 29 of gestation.

Wstep

Ocena czesto$ci rytmu serca stanowi jeden z najwazniejszych elementdw badania
ultrasonograficzno-echokardiograficznego u ptodow. Celem niniejszej pracy byto opracowanie
warto$ci referencyjnych dla FHR populacji polskiej przy uzyciu pomiaru FHR tetnicy
pepowinowej przy zastosowaniu techniki Dopplera fali pulsacyjnej.

Grupe¢ badawcza stanowity zdrowe ptody z cigz pojedynczych (zakres 18- 29 tydzien
cigzy). Kazdy z ptodéw mial wykonane przynajmniej jeden raz badanie echokardiograficzne.
Kryterium wylaczenia przypadku z analizy po raz kolejny stanowity jakiekolwiek
nieprawidlowosci sercowe lub pozasercowe mozliwe do wykrycia w badaniu
ultrasonograficznym oraz echokardiograficznym na odpowiednim etapie trwania cigzy, lub
stosowana przez ci¢zarng farmakoterapia.

Do analizy wykorzystany zostal material zgromadzony w Zakladzie Kardiologii

Prenatalnej, Instytutu Centrum Zdrowia Matki Polki w Lodzi.

Wyniki

Lacznie do analizy zostalo wiaczonych 258 zdrowych plodow. Stworzono wykresy
rozrzutu dla wartosci FHR w poszczegdlnych tygodniach cigzy wedlug daty ostatniej

miesigczki oraz wedtug pomiaru biometrii. Opracowano rownania regresji dla FHR:

FHR (bpm) = 149 — tydz. cigzy wg biometrii x 0.22; (r =-0.1032; P = 0.098);
FHR (bpm) = 148 — tydz. cigzy wg LMP x 0.16, (r = -0.0722; P = 0.253);

Obliczono 5-ty, 50-ty oraz 95-ty percentyl dla wartosci FHR w poszczegoélnych tygodniach

cigzy (wedlug LMP oraz wedlug pomiaru biometrii) oraz skonstruowano odpowiednie tabele z

wartosciami referencyjnymi.
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Whnioski

Stworzono warto$ci referencyjne dla FHR populacji polskiej pomiedzy 18 a 29 tyg.
cigzy w oparciu o pomiar tetnicy pepowinowej przy uzyciu techniki Dopplera fali pulsacyjne;.
Zaprojektowane nomogramy moga zosta¢ wykorzystane w praktyce klinicznej oddziatoéw oraz
praktyk potozniczych w Polsce. Pomiar FHR powinien by¢ podstawowym parametrem

ocenianym podczas kazdego badania ultrasonograficznego u ptodu.

Znaczenie kliniczne i naukowe

Wykrycie FHR podczas badania ultrasonograficznego ptodu potwierdza obecnosé
zywej ciazy. Roznice w warto$ciach referencyjnych dla FHR w zalezno$ci od tygodnia cigzy
moga wynika¢ z rozwoju uktadu autonomicznego. Uktady sympatyczny oraz parasympatyczny
rozwijaja swoja funkcjonalno$¢ w réoznym okresie trwania cigzy, przy czym dominacja uktadu
sympatycznego przypada na okres wczesniejszy. Zarowno zbyt szybki rytm serca, jak i zbyt
wolny moga powodowaé zaburzenia hemodynamiczne w funkcjonowaniu uktadu sercowo-
naczyniowego ptodu. Przy uzyciu powyzszych nomogramow mozliwe jest wykrycie juz
subtelnych odchylen od normy, ktére w kazdym przypadku nalezy kontrolowa¢. Interpretacja
uzyskanego pomiaru FHR powinna uwzglednia¢ min. stan aktywnos$ci ptodu oraz stan snu
ptodu. Na przyktad podczas spontanicznych zwawych ruchéw ptodu, przy zachowaniu
prawidlowych fizjologicznych odruchéw, spodziewa¢ si¢ mozemy przyspieszenia FHR. W
takich sytuacjach nalezy rozwazy¢ kilkukrotny pomiar FHR podczas jednej sesji badania.
Stworzone normy, wedtug mojej najlepszej wiedzy, sg najbardziej aktualnymi warto$ciami dla

populacji polskiej.
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Rozdzial 8. Komentarz do pracy: Unfavorable postnatal outcome

with significant dilation of the fetal main pulmonary artery near term.

Wstep

Jako autor korespondencyjny, bralem udzial w badaniu ukazujacym znaczenie kliniczne
pomiaru szerokosci MPA w §rdodpiersiu ptodu w trzecim trymestrze cigzy.

Celem stworzenia wartosci referencyjnych dla pomiaru MPA w $rodpiersiu do grupy
kontrolnej wiaczono 238 zdrowych plodow. Ponownie kryterium wylgczenia przypadku z
grupy kontrolnej staty sie jakiekolwiek nieprawidlowosci sercowe lub pozasercowe mozliwe
do wykrycia w badaniu ultrasonograficznym oraz echokardiograficznym na danym etapie
trwania cigzy. Nastepnie, na podstawie otrzymanego nomogramu, zdefiniowano punkt odcigcia
dla wartosci szeroko$ci MPA, powyzej ktdrego sprawdzano znaczenie kliniczne takiego

odstepstwa od normy.

Wyniki

Stworzono nomogram dla pomiaru szeroko$sci MPA w $rodpiersiu u ptodu. Na
podstawie otrzymanych norm stwierdzono, iz szerokosci MPA ptodu w 3 trymestrze ciazy o
warto$ci 12 mm i1 wigcej stanowi pomiar nieprawidlowy. W zwiazku z powyzszym do grupy
badawczej wiaczono 11 plodéw z poszerzeniem MPA- wszystkie z CHD: 7 przypadkow
HLHS, 2 przypadki d-TGA oraz 2 przypadki CoA. Dziesi¢¢ z jedenastu przypadkow po
urodzeniu zostato zoperowanych w Instytucie Centrum Zdrowia Matki Polki w £odzi z powodu
choroby podstawowej. Osiem z jedenastu przypadkow zmarto w okresie noworodkowym. W
trzech przypadkach rodzice dzieci poprosili o niewykonywanie badania autopsyjnego. W
kazdym z pigciu pozostatych przypadkéw wynik badania autopsyjnego zawierat opis zmian
nadci$nienia plucnego, dodatkowo do prenatalnie zdiagnozowanej CHD (przymykanie

przewodu tetniczego w tych przypadkach zostalo prenatalnie wykluczone).

Whioski

Znacznie poszerzona MPA u ptodu mierzona na poziomie $rodpiersia w przypadku
niektorych przewodozaleznych wad serca takich jak: HLHS, d-TGA oraz CoA moze sugerowac
nieprawidlowy rozwoj tkanki ptucnej ptodu i stanowi niekorzystny czynnik rokowniczy. Jezeli
w 3 trymestrze cigzy, pomiar MPA w $rodpiersiu ptodu wynosi 12 mm 1 wigcej, jako

rozpoznanie roznicowe nalezy rozwazy¢ nadci$nienie ptucne.
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Znaczenie kliniczne i naukowe

Uzyskanie obrazu trzech naczyn w $rédpiersiu ptodu umozliwia jednoczasowo pomiar
MPA, Ao oraz SVC. W prawidlowo przebiegajacej cigzy, réznica szerokosci MPA oraz Ao w
srodpiersiu nie powinna by¢ znaczna (mozna przyjac¢ prawidlowg réznice w szerokosciach < 2
mm). W przedstawionej publikacji, stworzono normy dla pomiaru szeroko$ci MPA w
Srddpiersiu i na ich podstawie pokazano, ze znaczne poszerzenie MPA powyzej 12 mm moze
by¢ objawem zwiastunowym nadci$nienia plucnego, co znacznie pogarsza rokowanie
noworodkow z wadg serca. Informacja zawarta w wyniku badania prenatalnego o koniecznos$ci
rozwazenia w diagnostyce rdznicowej nadcisnienia plucnego, moze okazaé si¢ kluczowa i
umozliwi¢ podjecie wczesniejszej, nakierowanej diagnostyki, czy wczesniejszego wiaczenia
odpowiedniego leczenia zanim objawy kliniczne ujawnig si¢ w pelni. W jaki sposob ta
obserwacja wplynie na przyszie rokowanie ptodow z wybranymi wadami serca i pomiarem pnia

phlucnego (MPA > 12 mm) jest tematem kolejnych projektow badawczych.
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Rozdzial 9. Whnioski z cyklu publikacji

Opracowano nomogramy dla wielkos$ci serca ptodu, dla ptodowego pomiaru predkosci
maksymalnej przeptywu w zytach ptucnych, czgstosci rytmu serca ptodu mierzonego na tetnicy
pepowinowe] oraz szerokosci pnia ptucnego uzyskanego w obrazie Srddpiersia ptodu w
populacji polskiej. Udokumentowano, iz warto$ci znacznie wykraczajace poza zakres
prawidlowy dla szerokosci pnia plucnego okazaty si¢ niekorzystnym czynnikiem
rokowniczym. Zaprezentowane zakresy prawidlowe dla wybranych parametrow
echokardiograficznych u ptodow moga zosta¢ uzyte w praktyce klinicznej przez potoznikow,
perinatologéw, fetologow czy tez kardiologéw prenatalnych, a odstepstwa od przedstawionych
wartosci referencyjnych odnajduja swoje odzwierciedlenie w koniecznos$ci pogiebienia
echokardiograficznej diagnostyki prenatalnej, z uwagi na swoje znaczenie praktyczne.
Analizowany materiat pochodzi z referencyjnego osrodka kardiologii prenatalnej (o$rodek typu
C wedlug Ogolnopolskiego Rejestru Probleméw Kardiologicznych u  Plodéw).
Zaprezentowany cykl publikacji stanowi istotny wktad w rozwdj nauki i moze stanowi¢ punkt

wyjscia do kolejnych opracowan.
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Rozdzial 10. Streszczenie w jezyku polskim

Badanie  echokardiograficzne  plodu  stanowi integralng cze$¢  wysoce
wyspecjalizowanego dzialu medycyny- Kkardiologii prenatalnej. Celem potwierdzenia
dobrostanu ptodow lub wykrycia ewentualnych zaburzen naszych pacjentow podjeliSmy probe
stworzenia nowych wartosci referencyjnych dla wybranych parametréw echokardiograficznych
u ptodow w populacji polskiej lub rozwinigcia juz istniejacych. Stworzenie uzytecznych
klinicznie nomogramow wymaga wyselekcjonowania zdrowej grupy badawczej (zaréwno
ptodu, jak i kobiety cigzarnej). Wykorzystujagc material badawczy Zaktadu Kardiologii
Prenatalnej Instytutu Centrum Zdrowia Matki Polki w Lodzi (osrodek typu C wedlug
Ogolnopolskiego Rejestru Problemoéw Kardiologicznych u Ptodow) opracowano nomogramy
dla wielko$ci serca ptodu, dla ptodowego pomiaru predkosci maksymalnej przeptywu w zytach
phucnych, czgstosci rytmu serca ptodu mierzonego na tetnicy pgpowinowej oraz szerokosci pnia
phucnego uzyskanego w obrazie srodpiersia ptodu w populacji polskiej. Udokumentowano, iz
wartosci znacznie wykraczajace poza zakres prawidlowy dla szerokosci pnia ptucnego okazaty
si¢ niekorzystnym czynnikiem rokowniczym. Zaprezentowane zakresy prawidlowe dla
wybranych parametréw echokardiograficznych u plodéw moga zosta¢ uzyte w praktyce
klinicznej przez potoznikow, perinatologow, fetologow czy tez kardiologéw prenatalnych, a
odstgpstwa od przedstawionych wartosci referencyjnych odnajduja swoje odzwierciedlenie w
koniecznos$ci poglebienia echokardiograficznej diagnostyki prenatalnej, z uwagi na swoje

znaczenie praktyczne.
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Rozdzial 11. Streszczenie w jezyku angielskim

Fetal echocardiographic examination is an integral part of a highly specialized area of
medicine- prenatal cardiology. In this series of publications, we aimed to create new selected
reference values for fetal echocardiography in polish population or to develop previously
created. The reference values could be used to confirm fetal well-being or to detect presumptive
abnormalities. To create an applicable nomogram, one needs to select a healthy study group of
patients (both fetus and mother). We used study material from Prenatal Cardiology Department,
Polish Mother’s Memorial Hospital Research Institute in £.6dz (referral center type C according
to the Polish National Registry for Fetal Cardiac Pathology). We created normal ranges of fetal
heart size, maximal velocity of fetal pulmonary venous blood flow, fetal heart rate measured
on the umbilical artery and diameter of fetal main pulmonary artery measured at the level of
the three vessels and trachea view in polish population. We also showed that dilated fetal main
pulmonary artery foreshadowed an unfavorable postnatal outcome. Presented reference values
of selected fetal echocardiographic parameters could be used in clinical practice by
obstetricians, perinatologists, fetologists and fetal cardiologists. Abnormal values of these
selected echocardiographic parameters should be noted, as further detailed echocardiographic

diagnostics is advocated.
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Intodction: Ulrssound sssessment of fotsf et see (FHS) 15 widely wsed and ecommendedin many guidsines of f= i schocsmogeniy
due fo ifs cincd value. The am of hi sfudy was an 2nelss of some feld haard messurement's: =0 of heart sras o chest anes (HAS
CA) 2nd remsvessl diameater of hear fAF) and thar comalation o gestationzl age.

Matenisl and mathods: Ths remspecive siudy wes based on darahase of recoms of uirasound and echocamliographic examinafons
perormed inowr uni andinduded fefuses batwesn 156 .and 3060 wesk of ges [=Hon with mo swdence of heart defect or any shrormalty:
Results: 809 ukmsound sxamingfons were zreleed. The mean HACA was 0,30 = 0015, with no steistcal diference beween femals
and male (p=008), and seemed 0 be ralatively constant wih siight norease wif advancing gestaionzl age. The AP damester i whols
group correlsfed with gesiaiona age (r=024) and there was no difference related o the feuses gender

Conclusion: The cormelaion of AP diameter snd reative constancy of HA/CA refio with gestziond e presenfad in Ouwr MOmMograms
could be used for montorng felel development, but abo for fetel cardiomegaly 85 sessment ..

Key worde: haan measurament, camiomegaly, feil devalopmen, ekl echocardiography

INTRODUCTION % This simple measurs, sometimes
indicati heart dafact
Ultrasound assessment of How to cite this article: B Eﬁ;"’;"ﬂgmn o
ietal heart size (FHE] i= widaly Sytwastzak O, Respondek-Liberska M. sefvery of the chid in ref
usad and recommanded in Echocardiographic methods of fatal canier, can support providing
many guidelines of fetal heart zize assessment- heart to chest u;:a:a of patiants "3
echocardiography. 1234 area rafio and fransvarsal heart diameler
Echocardiographic FHS Pranat Cardio 2018 Jan; B[1):20-23 The importance of FHS
assesament can ba achieved — gzsazament also arizes from
by many waye®® and ssems the high chanca of demize and
to ba relatively ezsy and halpiul both for scresning of complicated postnatal period when the cardiomegaly
fatal congenital hean defects as well as for diagnosing occurs, independently of the reason.™
mcﬁg‘;ﬂ;ﬁlw“mmﬂ?a:mmm; In this stucy we wanitad to paint soms fetal haart
- ' messuremants out and their correlation fo gestational aga.
or in normal heart anatomy and beginning of congastive ' ==
hezart failure™™. Many forms of conganital heart disesse MATERIAL & METHODS
dho miot show candiac enlangemant but individual chambsers ] ]
abnormal measuramants, 2o not only FHES should be Thiz retrospective study was based on databasa
maasursd, but also many other paramatars and not of records of ultrazound and echocardiographic
only in normal heart anstormy but also in axracardiac axaminations, perfomed in our unit. The included group
anomakan iz comprized fetuses batwesn 15" and 38" wesk of gestation
; ; ) . with no evidence of heart delect or any sbnomality.
_FHS'm lnngmﬁdad'u{_:arciugmmgmmm_:rrg Anzlyzed parameters consisted of the transversal dismetar
mlgﬂ ra!ie-ﬂ fatal heart sdaptation to actual conditions. of heart (AF") messured in shor &xds of fetal chest taken
Using this method we can evelusle some heart defects &t the laval of tha 4 chamber view [Fig.1), the ratio of hear
progression or wall-being in proparty growing fetuses. area o chest zres [HAY CA)(Fig. 1), sex and gestational
age at examanation.
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gestational age. (Fig.2) In

Osiar Sywoszms, Moia fespondes Lborssa

group of female the mean 0.44
HA/ CAwas 0,30 = 001 and D42t
n group of male 0.30 = 0,02, 0.40 }
and the U Mann- Whitnay 038 |
test showed no statistical X
difference between groups (p 0.36

> 005). The ‘AP  diameterin < 0,34
whole group correlated with 153 032 |
gestational age (r=0,94) % 0.30
(Fig. 3), and there was no 0‘28 =2
difference related to the 2
fetuses gender: in female 0.26
group (r=0,92) and in male 0,24
group (r=095) 0.22

T T T T T
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DISCUSSION 0.20

For the first time i literature
FHS was described by
Garrett and Robinson in
1870." In the early 1880s fetal
echocardicgraphy was introduced to clinical medicine and
the logical approach to datection of some congenital heart
defects was enabled by concept of using four-chamber
wiew as initial screening tool '® This intersection also tumead
out to be suitable for normalized assessmeant of FHS

Fig 2 AP ralatve o gestahinnal-2g0

Total prevalence of congenital heart defects (CHD)
varies among studies' ™ and birth prevalence of CHD
is generally accepted as 8 per 1.000 kve births,* but
prevatence of prenatal cardiac defects is much bigger
according to Norwegian and Chinese data fom the last
decade ™ Ultrasound pranatal examination.

60 80 100 120 140 160 180 200 220 240 260 280 300 320

Gestational age {days)

of fetal haart cardiomegaly may have significant impact
on neonatal folow-up and parents counselling.

FHS should be included in every written report from
echocardiography examination due to its chinical value.
Simplicity of methods performed in our unit strongly
suggest that could also be used by obstetricians
performing routine ultrasound screening at different
gestational age®

Comparing with the previcus publications (Table 1) cur
results are similar. There are some differences between

especially in tertiary referral centers, where Year of Gastational Area of heart/

well- trained specialists demonstrate high Name of the 15t author publication age (weeks) | thorax

performance of scans®, allows for fzvourable Garren

postnatal outcome, even if some selected aa ) 25 131+ 6

critical CHD.® m eral 1002 22-38 0,30 = 0,05
The CHO usualy have normal heart size. . | Chaou et 1904 2040 s

even during progression of the malformation ’

in fetal period™. Enlargement of cardiac | Gembruch etal. 2000 1.10.2017 0.19-0.23

chambers is a universal sign of heart | Sylwestzak &

failure, =o fetal hean size ratio belongs 1o | Respondek- Liberska s L i

cardiovascular profile scora (CVPS) elements,

where <0,35 and > 0,2 means normal and

imples adequate tissue perfusion. When the
heart failure occurs, the long-term prognosis depends on
the underiying cause, but is always connected with poorer
outcome. When growth- restricted fetuses, cardiomegaly
wae one of the strongest predictors for adverse neonatal
outcome. A CVPS <7 iz asscciated with monalty *=
Moreover in severe second-tnmester twin-twin transfusion
syndrome cardiomegaly is one of the frequently obsarved
features, most often in recipient twins, that may lead to
death, whan not treated.™ The cardiothoracic ratios are
aiso very useful in the prenatal evaluation of pulmonary
hypoplasia and skaletal dysplasia.® Therefore detection

22

39

W 1. Arsa of heart/ Mewas by d¥faron shudies?

HA/CA, which may result from different technigues of
measurements or different gestational age of fetuses *

Qur normograms could be used for monitoring fetal
devalopment, but also for fetal cardiomegaly assessment.
CONCLUSION:

Heart transversal diameter correlates with gestational
g8

Ha/Ca ratio is relatively constant with slight increase
with gastationzl age.
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Maximal velocity of fetal pulmonary venous blood flow
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Introduction: Doppler imaging of foetal pulmonany veins plays 2 oudal ole in prenatal cardiology centres.
Thanedoee, we established referance rangas for masdmal fetal pulmonany venous blood fiow vedocity for our unit
Material and methods: A database of fetal uitrasound and echocndiographic exsminations was analysad etrospac-
tively. Healthy fetuses with no evidenca of heart defect or any abnoomality at the time of examination wese selectad
a5 3 study group. Fetuses with functional or morpholooical anomelies ware escluded. The obtzined data included:
gestational age of pregnancy soconding to st menstrual parod, maxmad vel ooty of blood flow through pulmo-
rary velns (v for Pys), prenatal candiclogical diagnoss, extracardac anomialies, and extracandiac abnormalies
Rasults: Ulrasound data wese collected at 13-39 wesks of gastation In singleton pragnances. The study group
contalmad 184 haalthy fetuses. Scatter graph and reflerence ranges for thelrv__ for PVs duning presgnancy were
preqpared. The regrasson equation forv_ for Pyvs as 3 function of gestational age (GA) In dzys was:

Voo for P fomy'sect = @1 xGA {In days) + 55 (= 045, O 055).

Condhusion: W presented noemal ranges fior pulmonany veln Doppler fow for the 18738 week of gestation in
fetuses with noemal heart anstomy, showing a steady Inoease towards the term In statistical anatysts. Howeser,
each czse should be approached individually because Intespratation of the calculated values might not be veey
easy o stralghtionaard.

Ky woords: fietal echocardiography, fetal heset, pulmonany veins masimal velodty.
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Introduction

Colour-coded imaging of fal polmonary veins was de-
scribed for the first time in 1992 by De'Vore. Now it is possible
to detect the pulmonary veins with their blood fows as early
a5 week 12 of gestation and to trace them in detail as far as the
distal end with advancing age [1].

Acrording to Pofish Prenatal Cardinbogy Society and Amer-
ican Ulirasound Institote of Medicine, examination of fetal
pulmanary venows blood fow is not compalsory during basic

obstetrical ultrasound, but it is an essential part of advanced
examination in prenatal cardiology referential centres [2-3].

The purpose of this research was to establish reference
ranges for maximal fetal pulmonary venous blood flow veloc-
ity fior paur onit.

Material and methods

The database of fetal ultrasound and echocardiographic
examinations performed by experienced feta] cardiclogists in
the referentizl centre of prenatal cardiology was analysed ret-

This i am Open Aocees jowmal, &l artices am distribuied under the berms of the Creathe: Commones Attribution-Noncommercial- Mo Derwatives 40 1
Interraitional (00 BV-RC-HD 404, Licenss (hifpefooaivecommors.ongiiensa sy -nd /405,
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Figare 3. Measurement of blood flow through peimonzry vein (30 ki)

rospectively. Dbtained data induded: gestational age of preg-
nancy according to st menstmoal persod, maximal velocity of
blood flow through pulmenary veins (V_ for Fis), prenatal
cardinlogical diagnosis, extracardiac anomalies, and extracar-
diac sbnormalities. [n our centre, visualisation of two PVs is
astandard. ¥__ for PVs was measared for left and right pulmo-

iOskar Sytwestrzak, Macie) Slodkl, Marts Respondek-Libarsia

nary veins at their entrance to the left atrium separately, using
the transducer position to abtain almost zero degree for blood
flow. A correction angle was not used. The finzl result was the
mean of these two measurements. Healthy fetuses with no
evidence of heart defect or any sbnormality at the time of ex-
amination were selected as a stady group. In owr databese they
had labels of normal heart anstomy, no extracardiac malforma-
tioms, and no extracardiac anomalies. Fetuses with functional
ar morphalogical anomealies, olige- or polyhydramnios, bright
spat, arriythmias, and nmbilical cord around the neck andfor
2 vessel cord were excluded. For statistical analysis Statistica
13.1 software was nsed.

Rasults

Ultrasound data were collected at 18-38 weeks of gesta-
tion in singleton pregnancies. The stody group contained 184
healthy fetuses. A scatter graph for their ¥__ for P¥Vs during
Pregnancy was prepared using Pearson correlation (1 0.95)
{Figure 1). The regression equation for V_ for F¥s 25 a func-
tion of gestational zge (A} in days was:

¥ for PVs {emfsec) = 01 = (A (in days) + 5.5 (r =045,
CI0.85).

The 55, 10, 508, D07, and 95% percentiles of V_ for PVs
between 18* and 35% week of gestation were calculated. For
consecutive percentiles a logarithmic dispersion line was cre-
ated, and they were combined imo a graph (Figure 2).

Discussion

As fetal lung parenciyma develops, so does the pulmanary
vasculatnre. Its development starts by 34 days of gestation. Fe-
tal pulmonary bleod flow increases with gestation, from an
initizl low o glmost 50% of the combined ventricular owlput
by term [4]. Only a small amount of blood reaches the fetal
pulmonary veins, which is cansed by preferential shunting of
axygenzted blood from the right to left side of the feta] heart
and high vascular resistance in fetal lungs. Nevertheless, visu-
alisation of feta] pulmonary veins connecting bo the lefi atrinm
plays a crucial role in prenatal cardiology centres (Figare 3).

Many stundies show normal fetal pulmonary venous blood
flow pattern and velodity [1. 5-7]. Fetal pulmonary venous
imternal diameters were also evaloated |8]. Comsidering socio-
economic, environmental, and behavipural changes in the con-
temporary popalation, it is essential to re-evaluste this data.
Meormal ranges for pulmonary vein blood Sow regoire contim-
ous elehoration. We estimated ranges of normal V_, for PVs in
our region, for our own centre as a reference value for this and
subsequent analyses, but it may be used by other obstetrical!
cardiac centres. According to Paladini et 21, normal '|."m: for
fetz] PVs diffiers from oar results marginally [5). Differences in
ranges may be cansed by various regions of study or different
ultrasound devices used. Pulmonary blood flow velocity and
its pattern should always be evaluated during fetal echocardio-
graphic examination in a referentiz] cenire. Proper fetal cardio-
pulmonary circulation yields better outcomes after delivery.

Hzemodynamic changes in the long veins may occor in
utern a5 early a5 in the second trimester and could explain re-
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ports of chronic changes in the lung veins complicating neo-
nazial or postoperative outcome in some heart anomalies [9].
An abnormal pattern may be seen in anomalous pulmonary
venous connection or obstmacted left atrium and restrictive fo-
ramen avele [10, 11]. In the case of ftal critica] aoriic stenosis,
2 dowhle reverse pattern in the pulmonary veins is associated
with a poor prognosis [12]. In the IUGR population and in fe-
tuses of dizbetic mothers, we can observe higher pulsatility,
which is lower during fetal respiratory movements [13-15].
That is why velocity measurement of bood flow through pal-
monary veins is of great valoe.

Muother hyperaxygenation is considered to be 2 potential
therapy in spme cases of prenatal congenital heart defects
[16~18]. Such a new way of treztment requires the respanse af
pulmonary veins to a high concentration of oxygen. It is used
also in our centre. Monetheless, its precise role should be carne-
fully evaluated [19].

Conclusions

We present normal ranges for pulmaonary vein Doppler
flow fior the 18%- 35™ week of gestation in ftuses with normal
heart anatomy, showing a stezdy increase towards term in sta-
tistical analysis. However, the scattered graph of ¥__ for PVe
sigpested that for an individoal case the proper interpretation
af the caloulzted vaboes might not be very easy or straightfor-
ward.
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ABSTRACT
Background: Fetal heart rate (FHR) is commonly used to assess fatal well-being.

Alms: The aim was to establish normal ranges of FHR during pregnancy by umbilical artery (UMB-A)
Doppler analysis in a healthy Polish population.

Methods: The study was conducted in a tertiary center for fetal cardiology. Data on gestational age
(A, FHR measured on UMB-A, cardiac problems, and extracardiac problems were collected. All
fetuses undarwent echocardiographic examination. The inclusion criteria comprised nomal fetal
biomatry and biophysical profile, labels of “normal heart anatomy and normal heart function?, “nio
extracardiac malformations’ and no “extracardiac anomalies”

Results: Based on the data from 258 haalthy fetuses, a scatter graph with regrassion line giv-
ing a prognasis of normal values for FHR during pregnancy was prepared (5% confidence
intervaly. The regression eguation for FHA, as function of GA in weeks, was found 1o be: FHR
{beats/minute) = 149 - GA according to biometry paeseks) = 0.22; jr=-0.1032; P= 0.098); FHE (beats’
fminuwte) = 148 - GA according to the last menstrual period paesks) = 0.06; r= -0.0722; F=0.253).
The 58, 509, 958 parcantiles, mean and standard deviation of FHR between wesks 18 and 29 of
gestation were calculated.
Conclusions: We present the nomnal ranges for FHR measured on UMB-A for weeks 18 to 29 of
gastation in haalthy fetuses with normal heart function and anatomy. The obtained values may be
of walue to departments of obstetrics and should be considered important elements of the basic
fetal uitrasound report.
Key words: fetal echocardiography, fetal heart rate, prenatal, ultrasound, umbilical artery

Kardiol Pol 2021; 79, 11- 1245-1250

INTRODUCTION

The heart is the first organ of the human body
todevelop in fetal life and its contractions are
the first markers of live pregnancy [1]. As such,
fetal heart rate (FHR) is commonly used to
assass fatal wall-being at the earliest stages of
fztal life to the late third timester of pregnan-
cy. Despite its long history, FHR remains one
of the maost important parameters obtained
during a prenatal ultrasownd examination.
Hiowraver, thereis still no consensus as towhat
constitutes a normal FHR.

Current guidelines suggest normal FHR
ramges of 110 to 150 bpm or 110to 160 bpm
[2E however, these values vary depending on
warious factors, such as the stage of pregnan-
cy, matemal health, and utenus conditions
[3]. Ho recent studies have examined normal
FHR asseszment by ultrasound, especially
in Paland; therefore, a5 normal ranges may
depend on ethnicity or region of living [4]
and considering the rapid changes inPoland
ower the past couple of decades, there is
arguably a need to revise these FHR ranges

www.journals.viamedica.plfkardiclogia_polska 1245
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WHAT'S NEW?

Fetal heart rate (FHR) s commonty used to assess fatal well-baing. However, no normmal ranges of FHR have been published for
the Polish population, aven thouwgh Poland has undergone considarabla emdronmantal and structural changeas. We present the
nizrmzl ranges for FHR measured on the umbilical artesy In haalthy fatusas with nommal heart function and anatomy betwesn
weeeks 18 and 79 of gestation. To identify haalthy fetuses, obstetrical ulrascund examination was supplementad with fetal
achocasdiography. The obtained nomograrms can be usad by prenatal and obstetrical departments in Potand to imgrove FHRE
asessmant and should be corsidered an important element of a basic fetal ultrasound repaort.

and establish nomograms, especially for the healthy
population.

Various methods are used for FHR assessmient; howeer,
the standard approach is based on measuring the blood
flowr in the umbilical cord by Doppler ultrasound [5, 6].
Therefore, this study aimed to establish normal ranges of
FHR walues fior healthy fetuses in Poland during gestation,
as determined by ultrasound.

METHODS

Prenatal ultrasound and echocardiographic examinations
were performed on singleton fetuses in a single tertiary
fetal cardiology center. Examinations were performed
by specialists in fetal medicing using GE Voluson ES, GE
Voluson 10 (GE Healthcare, Chicago, IL U54), and Philips
iU22 (Philips, Amsterdam, Netherands) ultrasound equip-
mient. Gestational age (GA) was calculated based on the last
menstrual period (LMF) and fetal biometry.

All patients gave their permission for their data to be
used for scientific anahyses. As the present study focused
on the interpretation of previously collected data, rather
than performing ultrasound — echocardicgraphic exami-
nations, no additional approval was required from the local
Ethical Committes.

Estimation of normal FHR values
Diata om gestational age at examination, FHR, cardiac
problems, and extracardiac problems were collected and
stored in the records at the clinic. FHR values measured
on the umbilical artery (UMB-A) were calculated based on
automatic presats on the ultrasound machines. The steps
were as follows: (1) umbilical cord was first demonstrated;
(2} to obtain the proper plane for measurement, a part
of UMEB-A parzllel to the Doppler gate was selacted: (3)
the transducer was positioned to obtain the best angle
betwean the Doppler gate and the blood flow through
UME-A. Thres sats of measurements were made, and the
values were averaged and recorded. Every f2tus undenwent
an umbilical blood flow assessment with color Doppler, FHR
mieasurament, and pulsatility index calculation. All fetuses
undenwent at least one echocardicgraphic examination.
The inclusion criteria cormprised normal fetal biometry
and biophysical profile, and the labeled “normal heart
anatormy and normal heart function® in the databasa,
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i.e. without “extracardiac malformations” or “extracardi-
#C anomalies”. Cases with maternzal diabetes, maternzl
Hashimaoto, maternal heart problems, maternal hyper-
tension, functional anomalies, aligo- or polyhydramnios.
and a two-vessal cord or amy other fetal abnormality were
excluded, as well as premature deliveries. Cases with
information about maternal drug wse, which could hawe
influenced FHR, were excluded. Only completed records
with infarmation about delivery and newbom conditicons
were included in the search (labeled in our database as
“irth at tarm").

Statistical analysis

All statistical analyses were performed wsing Statistica
13.1 software. Results are expressad as mean (standard
deviation [0, median {interguartile range [IOR]. or 5%
confidence interval (Cly as appropriate. The normality of
distribution was tested using Shapiro-Wilk and Kolmog-
orov-5mirnoy tests (the tests confirmed normality of
distribution of FHR with gestation P =0.05). The associa-
tion between dependent and independent vanables was
evaluated by Pearson correlation and linsar regression.
A Pvalue <005 was considered statistically significant.
Basad onthe best-fit equation and the predicted standard
deviation, predictive values for 5, 505, and 55 percentile
ranges of FHR were constructed.

RESULTS

The age of the studied fetuses ranged from min. 18 + 2 to
miax. 29 4+ 5 jwesks of gestation + days), acconding to fetal
biometry, and from min. 18 + 2 to mas 28 + 5 (weaks of
gestation +days), according to LMF, in singleton pregnan-
cies. Jut of a total of 763 cases studied between 2016 and
2020, 505 were excluded due to a lack of delivery data
or FHR information. Therefore, 258 healthy fetuses weare
included in the study group.

A scatter graph with regression line giving a prognosis
of normal values for FHR during pregnancy was prepared
[95% Cly (Figures 1 and 2). The regression equation for FHR
a5 3 function of GA in weeks was:

« FHR [bpm) = 149 - GA according to biometry

(weeks) x 0.22; (r=-0.1032 P = 0.098);
= FHRbpm)= 148 - GA according to LMP fweaks) = 0.16;

(r=-007%2; P =0.253).
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Dckar Sybweshrmak et al, Ulirasound normal anges of fietal heart e

180
i
170
L
1604 *
R S I —————— P S
L ] E
t - * L] - ¥ ]
'Isu_ t : - -*
g RENENEEE Pt !
] 4y | +
£ 104 ST S B BRI S
+ * * ¥
o ___-.- - : i -
- e e e .
1204 : o
1o . . T y y y y
3 18 0 2 4 2 8 0
GA biometry, week of gestation

Figura 1. Scatter graph of fietal heart mie (FHE) by gestational age (GA) (biometry). The theee lines represent the predicied value of mean and

5558 confidence intervals

180+
-
1701
L
15”-__-----F__—‘—-—.t.--.l..__.‘ _: ....... I|:___ll---.."‘n.__.i_—---__.
i - -
. : L | : ¥
15“— - * E L ]
a i o+ -
g ——et e i c PP
o * .
T 1804 "I T 2 LT T
- : * * - * * iy * * .
A = e e D e e —————
® *
1204 *
110 T T T T T y Y
113 18 0 r) M 5 8 30
GA LMP, week of gestation

Figura 1. Scatter graph of fietal heart mie (FHE) by gestational age (GA) The three ines represent the predicied value of mean and 5%

confidence intervals
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Linear regression demonstrated no statistically signif-
icant correlation betwean FHR and GA.

The 5=, 50%, 05 pnercentiles of FHR between weeks
18and 28 (for GA according toLMP) or 29 (for GA according
o biometry) of gestation were calculated. The percentiles
of FHR with mean and standard deviation are given in
Tables 1 and 2.
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DISCUSSION
The present study examined FHR values previously ob-
tained by ultrasound measurements of the blood flow
in the UMB-A, one of the easiest prenatal assessments to

perform [7, 8). The ultrasound beam penetrates tissues and
is reflacted whenever it encounters a change in acoustic
impedance [9]. When reflected from a moving object, the
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Tabla 1. Fetal heart rate according to fetal biometry during gestation
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Tabla 2. Fetal heart rate acconding to last merstrual pericd {LMP) during gestation
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wave changes its freguency, the Doppler effect, which can
be analyzed by the ultrasownd apparatus to determing tha
speed of the object. The procadure is parfectly safe for both
the mother and the fetus. Previows studies about the use
of Doppler ultrasound [10] found it to be of great value in
FHR mionitoring, even inthe 21 century.

The FHR varies depending on the stage of pregnancy.
It increases from about 100 bpm inweek 5 to 170 bpm in
week 10. The rate is usually around 140-150 bpm in the
second trimester and 120-160 bpm in the third timester
[11.12]. The current intermationzl guidalines of the Fadéra-
tion Intermationale de Gynécologie et d Obstétrique (FIGDY
recommend a normal reference from 110 to 150 bprm; hosw-
ayer, this value was based on the consensus from aconfer-
ence in 1985 [13]. The previcws consensus recommended
arange of 120 to 160 bpm; this was revised on the basis of
abnormal findings associated with 24% of scalp blood low
anahyses when FHR was higher than 160 bpm [14].

Although wider FHR ranges of 110 to 150 bpm can be
used by obstetricians during standard obstetrical ultra-
sound examination, more precise normal ranges related
fi the course of pregnancy may help to distinguish subtla
abnormalities which may influence postnatal life. For ex-
ample, Cuneo et al. have shown that repeated measures of
FHR <3™ percentile for gestational ageor 2:1 AV conduction
and/orventricular tachycardia, diagnosed by fetal echocar-
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diography, were associated with long OT syndrome [15]
Ewven though Cuneo and her team worked with magneto-
cardicgraphy, we belisve that cur nomograms should be
used niot only in research but in dinical practice as well [16].

Cwwr results indicate that the mean value of the FHR
between 18-20 weeks is 140-145 bpm, located in the 50%
percentile.

Chur tables present data from 18 to 29 weeks of preg-
nancy, according to fetal bicmetry, and 18-28 weeks of
pregnancy, according to LMP. The results indicate that
FHR waries according to GA: the lowest levels were noticed
onweek 13 and the highest values inweek 20 (Figure 1)
The highest observed value was 172 bpm, with a range of
30 biprm; howewer, this was only a temporary phenomenon
related to fetal movements and otherwise, no abnomality
was observed. This underines the importance of relating
the FHR with the clinical status of the fetus.

The considerzble variation observed in FHR may be
related to the development of the fetal heart. Its regulation
depends inter alig on the function of autonomic cardizc
nerves and neurctransmitters. Although the anatomical
pathways appear early, the sympathetic and parasympa-
thetic elemeants develop their functionality independenthy,
with the sympathetic nervous system being formed in the
first wesks of pregnancy and the parasympathetic nervous
system being established [ater [17-19]. This difference in

www.journals.viamedica.plfkardiclogia_polska
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the pace of development could be the reason why lower
FHRwas noticed at the 25™ week of gestation, charactenized
by @ more significant vagal tone, than in the 187 week of
gestation, with a more sympathetic tone [20]. Similarly, Mo-
mura &t al. [12] also report significant discrepancies in FHR
between the second and third trimesters and propose that
FHR anahysis may clarify the effect of autonomic nervous
system maturation on FHR regulation.

Howeeer, the prasent study does not examine the in-
fluences on FHR during pregnancy. [t has previously been
reported that the cardiac and motor development of the
fetus were altered in overweight and obesa mothers and
that these effects became greater as the pregnancy pro-
gresses [20]. Howewer, by 36 weeks, the fetuses of obesa
wiamen showed decreased FHR wvariability and fewer
accelerations [21, 22]. Although matemal weight befora
pregnancy could have influenced our results, this was not
included in the data set; nevertheless, our findings repre-
sent the most recent and precise FHR nomograms for the
fetal population in Poland.

Although all of the 763 cases examined in the center
during the sampled period had received an umbilical
Doppler blood flow assassment fior FHR measurement and
a pulsatility index assessment jreflecting placental resist-
ance), the records only included FHR values for 258 febuses
(34%;). This may reflect the educational importance of cur
ressarch in the future and the need to pay more attention
to the value of exact FHR during gestation. FHR meas-
urement is important for preparing an accurate prenatal
medical ultrasound report. Although our fetal ardiology
referral center deals with various types of fietal arrhythmia
and their pharmacological treatmient, FHR measurement
wias absent from more than 50% of cases presant in the
database [23-25]. Our findings demonstrate the need to
improve this approach; for example, patients with FHR just
below the bottom 5th percentile should be candidates for
further cardiological work-up, e.g electrocardicgram with
the OTc evaluation.

Qwr research prasents the normal ranges for FHR meaas-
ured on UMB-A by ultrasound bebween weeks 18 and 29 of
gestation in healthy fetuses with normal heart function and
anatomy. These nomograms may be valuable for pracisa
FHR assessment by prenatal and obstetrical departrmentsin
Poland and should be considersd as animportant element
of a basic fetal ultrasound report.
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1 | INTRODUCTION

Congenital heart defoct {CHD) is the most common form
of severe congenital abnormality. Tts prevalence varies
among studies and is generally accepted as § per 1,000
live births (Dolk et al., 2011; Leirgul et al., 2014; van der
Linde et al, 2011). Nevertheless, prevalence of prenatal

| Maria Respondek-Liberska'”

Abstract

Introduction: Fetal echocardiography in third trimester is reltively rare
reported and there is no data, what is the cinical meaning of the main pulmao-
nary artery (MPA) dilatation in third tomester or before the deivery in fetuses
with congenital heart defect. We analyzed the neonatal follow-up in cases of sig-
nificantly dilated MPA diameter to better undemstand its clinical significance.
Material and Methods: Retrospectively 238 healthy singleton fetuses were
selected as a reference group. Consccutive percentiles for MPA diameter
acoording to the gestational age were calculated. In second step, we selected
cases whose MPA diameter measured at the level of three vessel trachea view
(3VT view) was pointedly above 95th centile in third trimester of pregnancy,
acoording to the obtained data of our healthy population.

Results: Thew were 11 fetuses, with dilated MPA  diameter (range
12-132.5 mm), who had last echocardiography performed at 37.6 weeks of ges-
tation. There were 11 isolated heart defects: 7 cases with HLHS, 2 with d-TGA,
and 2 cases with CoA Mean neonatal weight was 3,345 g, with Apgar soore
£-10. About 10 newborns out of 11 had cardiac surgery at the mean 12th day
of the postnatal life and & of them died on the mean 23rd day. Autopsy was
performed in 5 cases. In all of them histopathology reports described pulmao-
nary hypertension in addition to cardiac structural abnomalities,
Conchision: Severe dilation of the fetal MPA before the delivery sugpested
prenatal abnormal lung development and was a poor prognostic factor. In
these cases postnatal pulmonary hypertension should be suspected.

KEEYWORDS

thind trimesier of pregnancy, febl echocandiography, prenatal, pulmonary artery dilatation,
pulmemary hypertemsion

cardiae defects is much bigger acoording to Norwegian
and Chinese data from the last decade {Tegnander, Wil-
liams, Johansen, Blaas, & Eik-Mes, 2006; Zhang o al,
2011} During fetal echocardiography main pulmonary
artery { MPA) diameter is assessed routine y, as it inorease
with gestational age. In the first half of pregnancy ratio of
MPA and aortic valve is approxdmately 1:1 and later on,
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pulmonary artery trunk is a bit wider comparing to aortic
root (Achiron et al, 1998; Deng, Cheng, Gao, & Wen,
1992). Many studies show normal fetal MPA diameter
(Cartier et al., 1987; Moon et al., 2007; Ruano, de Fatima
Yukie Maeda, Niigaki & Zugaib, 2007). Considering
sodoeconomic, environmental, and behavioral changes
in the contemporary population, it is still essential to
re-evaluate available data (Sylwestrzak, Stodk, &
Respondek-Liberska, 2019), so we decided to base this
study on our regional population, to distinguish norm
from pathology. Fetal echocardiography in third trimes-
ter is rarely meported, but Strzelecka et al. showed that
normal result of fetal ultrasound examination before
labor might be of high predictive value (Straelecka,
Michalska, Zych-Krekora, & Respondek-Liberska, 2017).
Because ther are reference ranges estimated for fetal
MPA, abnormal values should be examined carefully.
Aim of this study was to examine clinical meaning of sig-
nificantly dilated fetal MPA in third trimester of gesta-
tion, based on actual reference ranges.

2 | METHODS
2.1 | Studypopulation

This was a single-center study of fetuses, who had prenatal
ultrasound and echocardiographic examination performed
in tertiary fetal cardiology center. Routine fetal ultrasound
scans and fetal echocardiographic examinations were per-
formed by fetal medicne specialists on GE Voluson ER, GE
Volison 10, and Phillips iU22. Gestational age (GA) was
calculated based on last menstrual period date. Ewery
patient in our unit & requested for approval of wsing
their data for scientific analyses. As in our presented
research data, we did not change the way of performing
ultrasound-echocardiographic examinations, but focused
on the interpretation of data collected earlier, thus, addi-
tional approval from Ethical Committee was not necessary.

2.2 | Estimation of normal values of
main pulmonary artery diameter

GA at examination, MPA diameter measured at the level
of three vessel trachea view (3VT view) (FAgure 1), cardiac
problems, extracardiac problems were collected. Value of
each MPA diameter is a mean of three measurements per-
formed by one fetal spedalist. All included fetuses under-
went at least one echocardiographic examination.
Inclusion criteria consisted of: nomal fetal biometry, with
labeds of nommal heart anatomy and function, no
extracardiac malformations (defined as abnormality
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FIGURE1

Messurement of dilatsd MPA in 3VT view

requiring surgery after birth), and no extmcardiac anoma-
lies (defined as rather functional abnormality not requir-
ing surgery after birth). Fetuses with matemal diabetes,
maternal Hashimoto, maternal pharmacotherapy, mater-
nal heart problems, matemal hypertension, functional
anomalies, oligo- or polyhydramnios, and two vessels cord
or any other fetal abnomnality were excluded. These
fetuses constituted reference group for normal MPA diam-
eter analysis. Data of all patients were de-identified.

2.3 | Statistical analysis and study
conduction

For this and further analysis Statistica 13.1 program
was used. Continuous variables were expressed as
means + SD and qualitative variables as numbers (%)
There were also minimal and maximal values, confidence
interval presented, i reasonable. For consecutive gesta-
tional week mean MPA diameter was estimated and pres-
ented with confidence interval CI 095 and 5th, 10th,
S0th, 90th, and 95th percentile. Respective percentiles
were connected by linear regression lines (CI 0.95) and
connected into percentile graph.

2.4 | Dilated main pulmonary artery

According to the data of healthy population from our
center, strongly dilated MPA measured at the level of
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IVT view, was defined as pointedly above 95th centile in
third timester of pregnancy, MPA was assessed. After
that, we found and selected cases whose MPA was signifi-
cantly dilated. Their detailed fetal echocardiographic
data, GA, estimated weight at the last ultrasound exami-
nation, amniotic fluid index, time to delivery in days,
type of delivery, neonatal weight, Apgar score, day of car-
diac surgery, and outcome were collected. Apgar score
was evaluated twice: in the first and in the fifth minute of
life (if in the first minute the newborn received §-10
points) and is evaluated four imes: in 1st, 3rd, 5th, 10th
minute, if the newborn in the first minute received 0-7
points. In case of neonatal death, autopsy findings were
analyzed.

3 | RESULTS

31 | Reference group

Reference group constituted of healthy 238 singleton
fetuses, who were referred to our center for fetal echocar-
diography, because of previous bad obstetrical history of
the mother, higher risk of congenital defects, mothers

S - wiLey-L

age, or without any spedal indications for fetal echocar-
diography. Mean GA was 25 + 4 weeks (min. 17th week;
max. 37th week). Mean MPA diameter was 536 +
16 mm (CI 095 515557 mm; min. 25 mm; max.
10 mm). Consecutive percentiles of MPA diameter in
IVT view during gestation were presented (Table 1,
Figure 2). Mean MPA diameters in VT view with CI
095 during gestation were also presented {Figure 3)

32 | Dilated MPA
After meference group analysis, strongly dilated MPA
diameter was considered as greater than or egual to
12 mm (Figure 4).

In the group of strongly dilated MPA there were:
11 fetuses of young healthy women (Table 2, Figure 5)
Mothers’ mean age was 36.4 4.1 years (C1 0.95: 229-
29.8 years; min. 20 years, max. 30 vears). Last fetal echo-
cardiographic examination was performed at mean 37
+ 6 week of gestation (range 34 + 6 to 40 week of gesta-
tion). There were isolated heart defects: 7 cases with
hypoplastic left heart syndrome (HLHS), 2 with dextro-
transposition of the great artedes (d-TGA), and 2 cases

TABLE 1 Felal MPA diameler (mim) mesiursd ai the level o medisstinm wilh gestation in contnl g mup n = 238 (nommal ks of

Thesal thy mresthers)
Week of gestation Mo of cases Fifth percentile
17 3 27 27
15 8 30 30
19 13 25 26
A 19 26 17
21 22 30 33
2 19 36 37
i} 14 3.0 3R
24 18 33 4.0
25 11 38 40
24 16 49 52
n 16 4.0 4.2
28 20 5.5 5.5
b 14 44 45
1 11 54 58
3l 7 6.5 6.5
v a9 6.4 64
33 & 6.5 6.5
34 [ 56 546
35 3 76 76
37 3 a5 95
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1lith pereentile  Sith percentile  90th percentile  95th percentile

30 39 39
32 37 37
32 35 iR
37 4.6 48
44 50 52
44 51 57
44 5.7 6.0
48 39 6.3
5.3 54 6.9
5.7 6.3 6.5
6.2 7.0 7.1
6.4 7.5 7.7
6.7 80 B2
70 82 82
6.7 B0 B0
Th B3 B3
7.5 100 100
81 9.5 9.5
B0 B B
9.5 98 98
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FIGURE 3 MeanMPAdiameers messunsd al the level of VT view with CT 095 during gesiation

with coarctation of aorta (Cod), without any sign of fetal
congestive heart failure. All of them presented normal
fetal growth, normal amniotic fluid index, and normal
Doppler umbilical flov. All of the fetuses were delivernsd
at term. Mean neonatal weight was 3,345 + 330g
(CT 0.95 3,123-3. 567 g min. 3,000; max. 3,950 g), with
mean Apgar score in the fifth minute 8.9 +0.7 (CI 0.95
BA-94; min. § max10) All deliveries were in our ter-
tiary center and postnatal treatment was without delay,
starting with TV line, Prostin infusion, and monitoring at
the Intensive Care Unit. 10/11 (90%) cases had cardiac
surgery in the same hospital at the mean 12th day of the
postnatal life and 8/11(73%) died on the mean 23rd day.
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In 3 (38%) cases parents asked not to perform further
investigation, so the autopsy was performed in 5 (62%)
cases. In all of them (5/5) histopathology reports
described  pulmonary  hypertension i addition  to
detected prenatally cardiac structural abnormabities.

Only 3/11 (27%) cases survived (Table 3). First case
after spontaneous mprovement with prenatal diagnosis
of CoA was false positive and this newborn was dis-
charged home on the 15th day.

Second survivor with prenatal diagnosis of d-TGA
and good size foramen ovale (5 mm) had good oopgen
saturation on the 1st day and low oxygen saturation on
the 2nd day (80-85%) and had Rashkind procedure
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TABLE 2 Demographic datsof 11 M STD M
Eelisied and neonales with MPA
diameterol 12 of 13 mm during st Matema) age 263 a4 -30
el echocandiography exam in our Gesttional age/IMP 379 13 34.6-40
center 7 HLHS, 2 % TGA, 2% CoA Gestational age/hiometry 378 L18 —
(including three sunivors) Felal growth in 11 fhses AGA
Felal eslimmied weight a the bl echa 3128 iM7 2 5IR-3, 540
AFT 14 25
Mean lime b delivery (in daa) .5 78 1-12 (in 1 casze 28)
Vg nal delivery N=4
Cesarean seclion N 10-18
HMeonatal weight 3545 3155 3,000-3,950
Apgar woore in the Bith minse 84 047 810
Ty of candiac surgery 12 iR T-18 (36lh day-second
surgery)
iy of neonatal death 23 12,7 529

performed on the same day. Echomardiographic findings
after Rashkind procedume sugpested an increased pulmo-
nary pressurs with mitral regurgitation. Complete cardiac
surgery repair was performed on the Sth day and new-
born was discharged home in a good condition on the
Zdth day.

Thind survivor with prenatal diagnosi of HLHS had
first cardiac surgery on the 10th day with pulmonary
artery banding and purulent infection after the surgery.
Morwnod procedure was performed on the 35th day with
prolonged  artifidal ventilation during  postoperative
course until day 50th, and finally the baby was dis-
charged home on the Tlst day.
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As all fetuses with heart defects had hard copy of
their exams, all of them had been mtmspectively
reviewed to look for restriction of the fommen ovale or
ductus artericsus (DA} constricion or both, however in
0411 {7} cases these anomalies were found.

4 | DISCUSSION

Established normative data are helpful in prenatal diag-
nosis of CHDs. That includes, among their manifesta-
tions, discordant diameters of the great vessels. In 1988
Allan et al. showed us, that the coarctation of aorta in
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FIGURE 5 Sumngly dilvied MPA
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TABLE 3 Dt of hree survivon wilh prena] MPA 13 mm
M, of case Prematal Postnatal Home discharge on day
L Cak Progtin 5 dans, spanlanedus im provemenl 15
Z d-TGA, FO 5 mm 1 day Sal 95%-90%, Prastin 24
2 day Sal S0%—Rashkingd procedune, miial
regurgitation on ECHO afler Rahldnd
Candise surgery Ialene day «ighth
i HLHS Promting canliae surgery: Banding of MPA, 71

oomplications, inlection, Morsood proae dure

day 3th

prenatal life could be suspected by a dilatation of the
right ventricle and pulmonary artery, when these struc-
tumes were compared with those of the left heart, most
readily between 20 and 20 weeks' gestabon (Allan
et al., 1988). However, couple years later her team con-
firmed that only the most severe forms of coarctation
are associated with relative hypoplasia of the left heart
structures compared with the right (Sharland, Chan, &
Allan, 1994 ). In late pregnancy it may be impossible to
exclude coarctation categorically as the right heart
structures may appear larger than the left in the normal
fetus, This problem was also reported by the others
{David, Isclin, Blaysat, Durand, & Petit, 1997). Sall,
comparing the ratio of MPA to aorta seems to be reason-
able, as it conld help to distinguish some CHD requiring
neonatal cardiac surgery in the first month of life and
simple  disproportion  requiring  medical  attenton
(Slodkd et al., 2011; Slodki, Rychik, Moszura, Janiak, &
Respondek-Liberska, 2009).
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The fist who reported the value of using the MPA
diameter to predict pennatal outcome was Ruano et al;
hovwever, his focus was on those affected by diaphragmatic
hernia, They concluded that MPA diameters might be use-
ful to predict perinatal death in isolted CDH, but not
postnatal pulmonary arterial hypertension, sugresting that
MPA diameters are probably melated to the seeerity of pulk
maonary hypoplasia { Ruano et al, 2008). Also, Vuletin etal.
focused on disphmgmatic hernia and emphaszed the pos-
sibility to assess prenatally the posinatal pulmonary hyper-
tension occurenoe (WVuletin et al, 2010). They used the
diameters of the right pulmonary artery, left pulmonary
artery, aorta, and the length of vermis of the cerchddlum
obtained from prenatal magnetic resonance imaging to
cakulate the prematal pulmonary hypertension index
{PPHI). PPHI and modified MoGoon index were compared
with hmg-to-head ratio, pereent prdicted lung volume,
total lung volume for pulmonary hypertension, and sur-
vival. Here, we present more simple method, which is the
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measurement of MPA diameter at the level of mediasti-
mum uEng ultmsound. According to Ruano et al antenatal
MPA diameter meagsurement is potentially uaeful to pre-
dict pennatal deaths, but not pulmonary arterial hyperten-
sion; however ther target group constiboted cases with
imlated diaphragmatic hernia (Ruano et al., 2008).

In our study we presented 11 fetuses with a structural
heart defect (HLHS, TGA, and CoA) who at the time of
fetal echocamdiography prior to birth had dilatation of
MPA (it ocourred to be 12 mm or more) and we analyzed
their follow-up to better understand the meaning of this
abnormal pre-birth measurements. The normal MPA
measurements came from the same unit from healthy
fetses. It seems that pre-hirth dilatation of the pulmo-
nary arery such as 12 or 13 mm in analyzed ductal
dependent selected CHDs may be related to abnormal
fetal lung development: increased periphem] pulmonary
arteries msistanoe, as suggested by autopsy findings. Will
this kmowledge change the owtcome in the future,
remains to be debated and further prospective investiga-
tion & neaded. Still, we do not kmow if MPA diameter of
13 mm versus 11 mm contributes to higher maortality.
This great mortality of our study group (811 cases) might
be connected with abnormal lung development, addition-
ally to CHD and prenatally detected MPA dilatation
oould reflect these organic changes.

Iz neonatal pulmonary hypertension induced by long
term chronic hypoxia not only in diaphragmatic hemia,
but also like in high-altinde or in selected CHDs
(Herrera et al., 2010)7 In case report of HLHS presented
by Tada in the 26 week of gestation the diameter of pul-
monary artery was normal and gmdually dilated to signif-
icant dilatation after the 36th week of gestation (Tada
et al., 2003). Maybe the cause of enlarged pulmonary
artery in fetal hypoplastic left heart syndrome was abnor-
mal pulmonary hmngs development in third trimester
leading to pulmonary hypertension seen after birth?

This was a retrospective study with limited number
of cases induded into the stmdy group Although
MPA = 12 mm was not so frequent finding in fetuses
mome extensive prospective study could explain and enable
to predict postnatal pulmonary hypertension. Moreover,
interobserver variahility was not assessable, because MPA
diameter was a2 mean of thee measurements performed
by the same fetal spedalist and the measumements were
not megisterod separately. Also, patients were not blinded,
what could have affected margin of ermor in measurement.

5 | CONCLUSIONS

Significant dilatation of the fetal MPA measumed at the
level of 3WT viewi{=12 mm) before the birth, in case of
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some ductal dependent CHD: HLHS, d-TGA or suspected
CoA sugpested prenatal abnormal lung development and
oorurred to be a poor postnatal prognostic factor mortal-
ity rate was as high as 72.2% (8/11 cases). Posmatal pul-
monary hypertension should be taken into differential
diagnoses as it was found by an autopsy in 5 of & cases
(62.5%) Fetal echocardiography in third trimester of
pregnancy or just before the labor opens a new gate for

investigations.
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Rozdzial 13. Opinia Komisji Bioetycznej

Opinia Komisji Bioetycznej zostata zlozona wraz z rozprawa doktorskg do Dziatu

Informacji Naukowej Instytutu Centrum Zdrowia Matki Polki w Lodzi.
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Rozdzial 14. Oswiadczenia wspolautorow

Rozdzial 14. Oswiadczenia wspolautorow

(migjsce. data)

Prof. dr hab. n. med. Maria Respondek-Liberska

OSWIADCZENIE

Jako wspolautor publikacji:

e Sylwestrzak O. Respondek-Liberska M. Echocardiographic methods of fetal heart size
assessment-heart to chest area ratio and transversal heart diameter. Prenatal
Cardiology. 2018:(1):20-23.

oswiadczam. iz w wyzej wymienionej pracy moj wkiad w powstanie publikacji polegal na
stworzeniu konceptu pracy. krytycznej ocenie tresei artykutu oraz zaakceptowaniu ostatecznej

tresci artykutu. M6j udzial w realizacji pracy szacuj¢ na 30%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy przedlozonej przez lek. Oskara

Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

(podpis)
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ATARE La: 0% L0%1....

(migjsce, data)

Prof. dr hab. n. med. Maria Respondek-Liberska

OSWIADCZENIE

Jako wspdlautor publikacji:

* Sylwestrzak O, Stodki M, Respondek-Liberska M. Maximal velocity of fetal
pulmonary venous blood flow. Prenatal Cardiology. 2019;(1):17-19.
doi:10.5114/pcard.2019.92713

o$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegal na
stworzeniu konceptu pracy, interpretacji wynikow, tworzeniu oraz krytycznej ocenie tresci
artykulu oraz zaakceptowaniu ostatecznej tresci artykutu. Méj udzial w realizacji pracy

szacuj¢ na 25%.

Jednoczesnie wyrazam zgodg¢ na wykorzystanie w/w pracy przedtozonej przez lek. Oskara

Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

..........................................

(podpis)
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..... Tstlh., f6: 2. AQAL.

(miejsce, data)

Prof. dr hab. n. med. Maciej Stodki

OSWIADCZENIE

Jako wspoétautor publikacji:

e Sylwestrzak O, Stodki M, Respondek-Liberska M. Maximal velocity of fetal
pulmonary venous blood flow. Prenatal Cardiology. 2019;(1):17-19.
doi:10.5114/pcard.2019.92713

o$wiadczam, iz w wyzej wymienionej pracy mdj wklad w powstanie publikacji polegal na
tworzeniu oraz krytycznej ocenie tresci artykutu. M6j udziat w realizacji pracy szacuje na
15%.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy przedlozonej przez lek. Oskara

Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

holf,

(podpis)
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..... oSl A6 S A ..

(micjsee, data)

Prof. dr hab. n. med. Maria Respondek-Liberska

OSWIADCZENIE

Jako wspoétautor publikacji:
e Normal ranges of fetal heart rate values for healthy fetuses in Poland, as determined
by ultrasound between weeks 18 and 29 of gestation. Kardiol Pol. 2021;79(11):1245-
1250. doi: 10.33963/KP.a2021.0119
o$wiadczam, iz w wyzej wymienionej pracy mdj wkiad w powstanie publikacji polegal na
stworzeniu konceptu pracy oraz zaakceptowaniu ostatecznej tresei artykutu, Moj udziat w

realizacji pracy szacuj¢ na 15%.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy przedlozonej przez lek. Oskara

Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

(podpis)
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(miejsce. data)

dr n. med. Julia Murlewska

OSWIADCZENIE

Jako wspétautor publikacii:
e Normal ranges of fetal heart rate values for healthy fetuses in Poland. as determined
by ultrasound between weeks 18 and 29 of gestation. Kardiol Pol. 2021:79(11):1245-
1250. doi: 10.33963/KP.a2021.0119
oswiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegal na
interpretacji wynikow oraz kryvtyeznej ocenie tresci artykulu, Moj udzial w realizacji pracy

szacuje na 10%.

Jednoczesnie wyrazam zgode na wykorzystanie wiw pracy przediozonej przez lek. Oskara

Sylwestrzaka jako czesci evklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

"% 5‘(_,1,.!,1:#2- { ,Ll'_.\é CA }llb.;

(podpis)
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Fsolh . AQ QR AR ...

(miejsce, data)

lek. Aleksandra Nowakowska

OSWIADCZENIE

Jako wspétautor publikacji:
e Normal ranges of fetal heart rate values for healthy fetuses in Poland, as determined
by ultrasound between weeks 18 and 29 of gestation. Kardiol Pol. 2021;79(11):1245-
1250. doi: 10.33963/KP.a2021.0119
o$wiadczam, iz w wyzej wymienionej pracy moj wkiad w powstanie publikacji polegal na
zbieraniu materialu badawczego oraz tworzeniu tresci artykutu. M6j udziat w realizacji pracy

szacuj¢ na 20%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy przedtozonej przez lek. Oskara

Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

(podpis)
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..... Agdliy. Ao 03.8,022....

(micjsce, data)

Prof. dr hab. n. med. Maria Respondek-Liberska

OSWIADCZENIE

Jako wspotautor publikacji:
* Unfavorable postnatal outcome with significant dilation of the fetal main pulmonary

artery near term. Birth Defects Res. 2021 Jan 1;113(1):55-62. doi: 10.1002/bdr2.1828.

wyrazam zgode na wykorzystanie wyzej wymienionej pracy przedtozonej przez lek. Oskara
Sylwestrzaka jako czgsci cyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

Alotte,

(podpis)
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(miejsce, data)

Dr n. med. Julia Murlewska

OSWIADCZENIE

Jako pierwszy autor publikacji:
e Unfavorable postnatal outcome with significant dilation of the fetal main pulmonary

artery near term. Birth Defects Res. 2021 Jan 1:113(1):55-62. doi: 10.1002/bdr2.1828.

wyrazam zgode na wykorzystanie wyzej wymienionej pracy przedlozonej przez lek. Oskara

Sylwestrzaka jako cz¢sei eyklu publikacyjnego do przeprowadzenia przewodu doktorskiego.

bin, Mesbesbe

(podpis)
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Rozdzial 15. Komentarz do cyklu prac w jezyku angielskim

e Echocardiographic methods of fetal heart size assessment-heart to chest

area ratio and transversal heart diameter.

Introduction
The aim of this study was to analyze and establish normal ranges of fetal heart area to

chest area ratio (HA/CA) and transversal fetal heart diameter (AP).

Results

609 ultrasound examinations were analyzed. In 179 cases sex was identified as female,
in 267 as male and in 163 cases sex was not stated in medical records. The mean HA/CA was
0,30 + 0,015 and seemed to be relatively constant with a slight increase with advancing
gestational age. In group of females the mean HA/ CA was 0,30 = 0,01 and in group of males
0,30 £ 0,02, and the U Mann- Whitney test showed no statistical difference between groups (p
> 0,05). The AP diameter in whole group correlated with gestational age (r=0,94), and there
was no difference related to the fetuses gender: in female group (r=0,92) and in male group
(r=0,95).

Conclusions

Fetal heart transversal diameter correlates with gestational age. Fetal HA/CA ratio is

relatively constant with a slight increase with gestational age.
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e Maximal velocity of fetal pulmonary venous blood flow.

Introduction
The aim of this study was to establish normal ranges of maximal fetal pulmonary venous

blood flow velocity (PVs Vmax).

Results
The study group contained 184 healthy fetuses. A scatter graph for their Vmax for PVs
during pregnancy was prepared. The regression equation for Vmax for PVs as a function
of gestational age (GA) in days was:
Vmax for PVs (cm/sec) = 0.1 x GA (in days) + 5.5 (r = 0.45, CI 0.95).
The 5th, 10th, 50th, 90th, and 95th percentiles of Vmax for PVs between 18th and 35th

week of gestation were calculated and nomogram was created.

Conclusions

We present the normal ranges for fetal PVs Vmax for weeks 18 to 36 of gestation in
healthy fetuses with normal heart function and anatomy. The obtained values may be of value
to departments dealing with fetal echocardiography. For an individual case the proper

interpretation of the calculated values might not be very easy or straightforward.

68



e Normal ranges of fetal heart rate values for healthy fetuses in Poland, as

determined by ultrasound between weeks 18 and 29 of gestation.

Introduction
The aim was to establish normal ranges of FHR during pregnancy by umbilical artery

Doppler analysis in a healthy Polish population.

Results

Based on the data from 258 healthy fetuses, a scatter graph with regression line giving
a prognosis of normal values for FHR during pregnancy was prepared (CI 0.95). The regression
equation for FHR, as function of GA in weeks, was found to be:
FHR (beats/minute) = 149 — G4 according to biometry (weeks) x 0.22;
(r =-0.1032; P = 0.098);
FHR (beats//minute) = 148 — GA according to the last menstrual period (weeks) * 0.16;
(r=-0.0722; P = 0.253).

The 5th, 50th, 95th percentiles, mean and standard deviation of FHR between weeks 18
and 29 of gestation were calculated and presented in tables.

Conclusions

We presented the normal ranges for FHR measured on umbilical artery for weeks 18 to
29 of gestation in healthy fetuses with normal heart function and anatomy. The obtained values
may be of value to departments of obstetrics and should be considered important elements of

the basic fetal ultrasound report.
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e Unfavorable postnatal outcome with significant dilation of the fetal main

pulmonary artery near term.

Introduction
The aim of this study was to examine the clinical meaning of significantly dilated fetal

MPA in third trimester of gestation, based on actual reference ranges.

Results

We presented normal ranges for fetal MPA in three vessel and trachea view. Based on
created nomograms, MPA > 12mm in the third trimester of pregnancy was considered as
dilated. There were 11 fetuses, with dilated MPA diameter. There were 11 isolated heart
defects: 7 cases with HLHS, 2 with d-TGA, and 2 cases with CoA. About 10 newborns out of
11 had cardiac surgery in the Polish Mother’s Memorial Hospital Research Institute in £odz.
Eight of them died during neonatal period. Autopsy was performed in 5 cases. In all of them
(5/5) histopathology reports described pulmonary hypertension in addition to cardiac structural

abnormalities (fetal ductal constriction was prenatally excluded).

Conclusions

Significant dilatation of the fetal MPA measured at the level of the three vessel and
trachea view before the birth, in case of some ductal dependent CHD: HLHS, d-TGA or
suspected CoA suggested prenatal abnormal lung development and occurred to be a poor
postnatal prognostic factor. In these cases postnatal pulmonary hypertension should be taken

into differential diagnoses.
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