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Wykaz zastosowanych skrotow

e AP - Wymiar poprzeczny serca ptodu w obrazie 4 jam
e [ -Stopa
e CHD - Wrodzona wada serca

e HAJ/CA - Wspotczynnik pola powierzchni przekroju serca do pola powierzchni

przekroju klatki piersiowej ptodu
e S—Zotadek
e UB — Pe¢cherz moczowy
e S/UB index — Wskaznik wielkosci zotadka do wielko$ci pecherza moczowego
e AP/F index — Wskaznik szerokosci serca ptodu do dlugosci stopy ptodu
e SGA —P16d za maty w stosunku do wieku cigzowego
e LGA — Ptod za duzy w stosunku do wieku cigzowego

e UKM - Uktad kielichowo-miedniczkowy nerki



Rozdzial 1. Wprowadzenie

Ultrasonografia praktyczna zostata wprowadzona do szpitali na przetomie lat
60. i 70. XX wieku. Zastosowanie ultradzwickow w ocenie biometrii ptodu odgrywa
kluczowa role w coraz to prezniej rozwijajacej si¢ ultrasonografii oraz echokardiografii
ptodowej. W 1951 roku opracowano pierwszy aparat skanujacy, ktory pozwalatl na
obrazowanie m.in. zmian w obrgbie gruczolu sutkowego, kamieni w pecherzyku
zOlciowym oraz nerkach, ale to co najwazniejsze to poczatek diagnostyki
ultrasonograficznej w potoznictwie, gdzie skupiano si¢ gtéwnie na dokonywaniu
pomiarow (biometrii) zobrazowanych struktur u ptodu. Trzy lata pdzniej pojawil si¢
pierwszy aparat ultrasonograficzny umozliwiajacy ocen¢ ultrasonograficzng z
wykorzystaniem prezentacji M-mode, a to z kolei pozwolito na zobrazowanie ruchu
zastawek serca i spowodowato gwaltowny wzrost wykorzystania ultrasonografii w
medycynie [1-3]. Ultradzwigki sa bezpieczne i nie maja wplywu na rozwoj ptodu, a
ponadto brak jest nieckorzystnych nastepstw stosowania ultradzwickéw w wieloletnich
badaniach [3,5]. Dzi$, bez ultrasonografii, praktycznie niemozliwa jest praca
ginekologa-potoznika, jak réwniez kardiologa prenatalnego [4-8]. To w jaki sposob
takie badanie powinno zosta¢ przeprowadzone w odniesieniu do biometrii ptodu oraz
serca ptodu zostato opracowane, podsumowane i zawarte w podrgcznikach autorstwa
Respondek-Liberskiej M. z 2006, 2018, 2019 i 2022 roku [5-8].

Badanie ultrasonograficzne ma sens wowczas, gdy pomiary narzadow z
uzyskanego obrazu ptodu mozna poréwna¢ z normogramem, ktory przedstawia
okreslone prawidlowe wartosci referencyjne w zakresie biometrii ptodu. Dzigki wlasnie
tym normom mozliwa jest komunikacja oraz unifikacja pewnych wartosci
biometrycznych, czynigc je jednolitymi i zrozumialymi dla specjalistow z catego
swiata. To z kolei, zwigksza $wiadomos¢ osob zajmujacych si¢ ultrasonografig i
pozwala na dokladniejsza ocen¢ dobrostanu ptodu. Biometryczne normogramy
opracowuje si¢ zawsze w odniesieniu do zdrowych ptodéw oraz zdrowych ci¢zarnych.
Zdrowe plody to takie, ktore maja prawidlowa budowe serca, nie posiadaja wady serca,
anomalii sercowych oraz anomalii pozasercowych, w tym wrodzonych wad
genetycznych, czyli ich serce prezentuje prawidtowa anatomi¢ i funkcj¢ [5]. Aby taki
normogram stanowit wiarygodne Zrédlo informacji, w opracowywanej grupie
badawczej powinny znalez¢ si¢ tylko te ptody, u ktorych brak jest nieprawidtowosci w

zakresie przeplywu krwi w naczyniach obwodowych oraz sercowych, echogenicznos$ci



oraz unaczynienia tozyska oraz ilosci ptynu owodniowego. Takie samo podejscie nalezy
zastosowac u pacjentki, gdyz ewentualne wspotistniejace choroby sprzed cigzy lub w
czasie jej trwania mogg w istotny sposob wptywaé na wiarygodnos$¢ opracowywanych
normogramow 1 danych referencyjnych. Dlatego, tak istotny jest prawidtowo
wyselekcjonowany dobor pacjentek i ptodow oraz ich przyporzadkowanie do grupy
kontrolnej, aby mozna byto w rzetelny sposob poréwnac t¢ grupe z grupa badawcza [5-
7]. Jezeli opracowany normogram dotyczy np. wielkoSci serca, wielkosci zotadka,
pecherza moczowego, dtugosci stopy lub dlugosci matzowiny usznej, nalezy wzia¢ pod
uwage wiek biometryczny, majac rowniez na uwadze wiek ptodu wedtug daty ostatniej
miesigczki. Jest to 0 tyle istotne, gdyz opracowywany normogram ultrasonograficzny w
zakresie wybranych parametrow powinien rowniez odnosi¢ si¢ do wieku cigzowego
ocenianego biometrycznie w badaniu ultrasonograficznym. Celem dokonania
prawidlowego pomiaru wyzej wymienionych narzadow, nalezy pamigtac, aby narzady
te byly uwidaczniane w calosci oraz w odpowiedniej orientacji i polozeniu.
Nieprawidtowosci w tym zakresie moga negatywnie wptynac¢ na wyniKi i by¢ przyczyna
fatszywie dodatnich lub fatszywie ujemnych wynikow badan [7-9].

Rozwdj cigzy wplywa na wiele narzadow zaréwno u matki, jak i u plodu.
Prenatalna diagnostyka ultrasonograficzna anatomii i funkcji organéow u ptodu pozwala
na ocen¢ jego dobrostanu oraz podj¢cie odpowiedniej decyzji co do ewentualnego
leczenia i postegpowania prenatalnego oraz postgpowania u noworodka po porodzie [5].
Wczesne rozpoznanie anomalii oraz wad pozwala na zaplanowanie dziatania z
odpowiednim wyprzedzeniem, co zwigksza szans¢ na lepsze rokowanie dla dziecka [6].
Ultrasonograficzna ocena dobrostanu ptodu obejmuje zobrazowanie oraz oceng réoznych
narzagdow u plodu m.in. moézgowia, brzucha, konczyn, itd. Sg to organy badane
rutynowo, ale wérod nich na szczeg6lng uwage zastuguje serce [7-8].

Dzigki pracy wielu badaczy, literatura staje si¢ bogatsza o coraz to nowsze i
bardziej zaawansowane zakresy referencyjne dla oceny dobrostanu ptodu. W
odniesieniu do serca, zostaly juz opracowane normogramy w zakresie wymiaru
poprzecznego, podluznego oraz pola powierzchni serca [5,9]. Dokonano takze
pomiarow wielko$ci oraz grubo$ci $cian przedsionkow 1 komor i1 koreluje wraz z
wiekiem cigzowym [10,11]. Autorzy wykazali S$cisty zwigzek migdzy wiekiem
cigzowym, a takimi parametrami jak wymiar poprzeczny serca, czy wzrost masy
migsénia sercowego [5,11]. To samo dotyczy stosunku pola powierzchni serca do pola

powierzchni klatki piersiowej [5,12]. Ponadto, tworzone sa coraz to bardziej
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zaawansowane tabele wartosci referencyjnych w zakresie oceny odchylen Z-score w
ocenie pomiaréw serca. Odchylenia Z-score sa rowniez wykorzystywane w ocenie rzutu
serca u ptodu [13,14]. W oparciu o opracowane wartosci referencyjne oraz korelacje,
wiemy, iz istnieje istotna statystycznie korelacja pomiedzy pomiarem szerokos$ci prawej
I lewej komory oraz stosunku pomiaru dlugosci prawej i lewej komory a wiekiem
ptodowym, cho¢ autorzy poki co nie znalezli znaczenia klinicznego wykorzystania tego
stosunku [15]. Dzigki skrupulatnie opracowanym tabelom referencyjnym,
wykorzystaniu  zaawansowanych modutéw ultrasonograficznych oraz techniki
obrazowania 3D, istnieje mozliwos$¢ oceny objetosci przedsionkow oraz komor z bardzo
duza doktadnoscig [16]. Wszystko to pozwala na zwrdcenie uwagi badajacego na
wszelkie nieprawidtowosci w zakresie zaburzen anatomicznych i funkcjonalnych serca i
dobrostanu ptodu.

W licznych pracach Respondek et al. zostaly opracowane zaawansowane
schematy wartosci referencyjnych w echokardiografii plodowej w zakresie stosunku
pola powierzchni serca do pola powierzchni klatki piersiowej [17], wielkosci komor
serca, grubosci przegrody migdzykomorowej [18], wielko$ci zastawki aortalnej oraz
phucnej [19], przeptywu krwi metoda Dopplera przez zastawki przedsionkowo-
komorowe [20], funkcji skurczowej oraz czestosci akcji serca ptodu w prezentacji M-
mode oraz rytmu pracy serca [21], przeptywu krwi przez zastawke aortalng i ptucng
[22] oraz przeptywu krwi w zytach ptucnych w odniesieniu do wieku cigzowego [23].

Powstaly réwniez normy dotyczace oceny osrodkowego ukladu nerwowego
ptodu, z uwzglednieniem wymiaru poprzecznego, pola powierzchni, obwodu mézdzku
oraz robaka mézdzku w celu oceny wieku cigzowego oraz dobrostanu ptodu [24-37].
Ponadto, opracowano wykresy norm dla komory czwartej [38] oraz przeptywow w
osrodkowym uktadzie nerwowym ptodu [39-42].

Okazuje si¢, ze wiek cigzowy moze by¢ rOwniez oceniany na podstawie pomiaru
dhugosci nerek u ptodu [43]. Co ciekawe, podjeto probe oceny objetosci oraz pola
powierzchni nerek u ptodu celem jak najdoktadniejszej oceny wieku cigzowego i nie
wykazano istotnej statystycznie roéznicy pomig¢dzy objetoscia lewej i prawej nerki [44-
49]. Dotyczy to rowniez pomiarow nadnerczy [50]. Przedstawione normy w zakresie
nerek sg wykorzystywane nie tylko do oceny prawidlowego rozwoju ptodu, ale réwniez
wykrywania obecnosci anomalii, takich jak, na przyktad, niedroznos¢ dolnego odcinka
dr6g moczowych plodu, ktora stanowi niekorzystny czynnik rokowniczy u noworodka
[51].



Normogramy opracowywano rowniez w zakresie watroby ptodu w odniesieniu
do pomiaru diugosci, jak i objetosci watroby. W dostepnej literaturze opisywano
korelacje pomiedzy pomiarami watroby, a wiekiem cigzowym [52,53].  Opracowano
rowniez wartosci referencyjne dla pomiaru dlugosci oraz objetosci ptuc z
wykorzystaniem metod ultrasonograficznego obrazowania 2D i 3D [54-59]. Taki
normogram stuzy do oceny rozwoju ptuc plodu, stanowigc istotny element oceny jego
dojrzatosci [60]. Co wigcej, w pracy Merz et al. opisano wykorzystanie norm dla
pomiaréw pluc u ptodu w odniesieniu do przewidywania ciezkiej hipoplazji ptuc [61].

W literaturze znajdujemy takze zakresy referencyjne dla obwodu i powierzchni
karku w korelacji z wiekiem cigzowym [62,63].

Od dawna stosowane w praktyce klinicznej s3 takze normogramy w zakresie
obecnosci i dtugosci kosci nosowej. Taki normogram jest wykorzystywany do predykcji
wad chromosomowych u plodu, gtownie w trisomii 21 [64-68]. Warto tu wspomnie¢
rébwniez o polskim wieloosrodkowym badaniu opisujacym zalezno$¢ pomigdzy
gruboscig fatdu karkowego a zwigkszonym ryzykiem trisomii 21 chromosomu [69].

Inni autorzy z kolei opracowali normy dla pomiaréw trzustki ptodu. Gilboa Y.
wraz z polskimi badaczami, Krekora M., Zych-Krekora K., Kaczmarek P., Grzesiak M.
opracowali zakresy wartos$ci referencyjnych dla trzustki ptodu z uwzglednieniem cigz
powiktanych cukrzyca cigzowa [70]. Wedtug tych badaczy, srednie wartosci Z-score dla
trzustki w grupie pacjentek z cukrzyca cigzows i grupa kontrolng zdrowych ptodow
malejg wraz z wiekiem cigzowym do wartosci Z-Score=0 w 37 tygodniu cigzy. W tym
zakresie dostepne pi$miennictwo skupia si¢ réwniez na ocenie korelacji pomig¢dzy
obrazowaniem i pomiarem trzustki ptodu, a wptywem na wystgpowanie cukrzycy
cigzowej. Wykazano $cista zaleznosci pomigdzy zwigkszeniem wymiarow trzustki
ptodu, a niekorzystnym rokowaniem u noworodka z cigzy powiktanej cukrzyca cigzowa
[71-73].

Badacze podjeli si¢ rowniez opracowania normogramow dla sledziony u ptodu,
opisujac zarowno pomiar dlugosci, jak i objetosci tego narzadu. W oparciu 0 wartosci
referencyjne dla $ledziony, mozliwa jest ocena malformacji, rozwoju i funkcji tego
narzadu [74-79].

Kolejnym narzadem stanowigcym podstawe opracowywania normogramow u
plodu jest tarczyca. Opracowano Kkilka wykresow wartosci referencyjnych w

odniesieniu do pomiaru dtugosci oraz objetosci tarczycy celem oceny dobrostanu ptodu.



W kazdym przypadku wykazano $cista korelacje pomigdzy wymiarami tarczycy, a
wiekiem cigzowym [80-84].

Do réwnie ciekawych normograméw nalezy normogram w zakresie pomiarow
przeptywow Krwi w tetnicy pepowinowej i srednicy pepowiny W odniesieniu do wieku
plodowego [85-90]. W jednej z prac wykazano zalezno$¢ pomigdzy Srednica pepowiny,
a patologia w obrebie tozyska i przedstawiono, iz patologii tozyska towarzyszy
zmniejszenie $rednicy pepowiny [91].

W wieloosrodkowej pracy Zych-Krekora K. et al. opracowano normogram dla
grasicy i skorelowano wymiar grasicy z BMI u kobiet w cigzy powiktanej cukrzyca. W
pracy tej wykazano, iz u ptodéw kobiet ciezarnych z cukrzyca cigzowa grasica byta
istotnie mniejsza, przy czym nie wykazano wptywu nadwagi lub otytosci ci¢zarnej na
wielko$¢ grasicy u ptodu [92].

Aby prawidlowo oceni¢ struktury anatomiczne u ptodu, nalezy odnies¢ si¢ do
odpowiednich danych referencyjnych, stanowigcych punkt odniesienia dla badajgcego.
Jest to istotne, gdyz pozwalaja one na zwrdcenie uwagi badajacego na ewentualne
nieprawidtowo$ci oraz prowadzenie S$cistego monitoringu pacjentki i ptodu, a
jakiekolwiek odchylenia od norm biometrycznych stanowig podstawe do dalszej
poglebionej diagnostyki prenatalnej. Celem badania ultrasonograficznego jest ocena
dobrostanu ptodu oraz wykrycie ewentualnych nieprawidtowosci w zakresie anatomii i
funkcji narzadow. W prawidtowych warunkach, badanie ultrasonograficzne powinno
obejmowaé wszystkie narzady u ptodu, gdyz sama ocena serca ptodu, ktora obecnie
stanowi podstawe kazdego badania ultrasonograficznego, bez oceny pozostatych
narzadow oraz biometrii ptodu czesto nie pozwala na prawidlowsg interpretacje wyniku
badania [6-8, 93-95].

Przyktadowo, brak uwidocznienia potozenia zotadka u plodu wzglgdem
potozenia serca moze by¢ przyczyng braku wykrycia dekstrokardii u ptodu, a to z kolei
uniemozliwi wyciggnigciec w pelni poprawnych wnioskow 2z badania. Brak
uwidocznienia zotagdka lub nieprawidlowosci w zakresie wymiarow zotadka moga by¢
wynikiem np. atrezji przetyku. Z kolei, zbyt duzy zotadek moze by¢ spowodowany
atrezja dwunastnicy lub atrezjg jelita cienkiego [96-108].

Innym waznym narzadem jest pecherz moczowy. Prawidtowa ocena pecherza
moczowego pozwala na rozpoznanie wielu wad rozwojowych, takich jak agenezja
pecherza moczowego, ekstrofia pecherza moczowego, torbiel ujScia moczowodu, czy

zastawki cewki tylnej [109-131].



Jak wspomniano powyzej, serce to jeden z gléwnych narzadow koordynujacych
prace 1 rozwoj calego organizmu. Ocena serca w badaniu echokardiograficznym
réwniez opiera si¢ 0 normogramy opracowane przez wiodgce osrodki w Lodzi, czy w
Warszawie. Jednym z parametréw jest pomiar szerokosci serca (AP) na podstawie
obrazu 4 jam. Pomiar wymiaru poprzecznego serca (AP) jest tatwym do wykonania
pomiarem i ma istotne znaczenie kliniczne w ocenie dobrostanu ptodu. Uwidocznienie
nieprawidlowosci w zakresie wymiaru poprzecznego serca (AP) oraz w zakresie
pomiarow biometrycznych innych narzadow pozwala na wstepna ocen¢ wydolnosci
Krazeniowej oraz stanu zdrowia ptodu [132,133].

Ponadto, jest to rowniez istotne w odniesieniu do wrodzonych wad serca ptodu,
ktore moga ewoluowaé od cigzkich planowanych do wad krytycznych [134], stad
wazna jest tu diagnostyka echokardiograficzna ptodu, szczegélnie w Il i 111 trymestrze
cigzy, ktora pozwala na odpowiednio wczesne podjgcie leczenia prenatalnego i
zaplanowanie leczenia postnatalnego [135-138].

W literaturze mozna znalez¢ niewiele aktualnych normograméow w zakresie
dhugosci stopy u ptodu. Wiekszo$¢ z nich odnosi si¢ tylko do korelacji pomiedzy
dhugoscig stopy a wiekiem cigzowym. Nalezy zwrdci¢ uwage, iz ultrasonograficzny
pomiar dtugosci stopy ptodu nie nalezy do tatwych badan [139-158].

Ocena biometrii ptodu z jak najwigksza doktadnoscia moze by¢ istotna z punktu
widzenia decyzji co do sposobu rozwigzania cigzy oraz dalszego postgpowania.
Niedoszacowanie masy ciata w badaniu ultrasonograficznym jest czgstym zjawiskiem.
Nalezy zauwazy¢, ze istnieje wiele czynnikow wptywajacych na rozwoj makrosomii u
plodu, w tym najczestszy czynnik to cukrzyca u matki [159-206]. Warto tu jednak
zauwazy¢, iz w przypadku cukrzycy typu GCK-MODY, prawdopodobienstwo
wystapienia makrosomii u noworodka jest nizsze w poroOwnaniu Z pozostatymi
rodzajami cukrzycy [207].

Zakres podstawowej biometrii ultrasonograficznej nie obejmuje oceny narzgdu
jakim jest ucho. Istnieje kilka opracowan wartosci referencyjnych dla dlugosci
malzowiny usznej, na podstawie ktorych wysuwano wniosek, iz ucho u ptodow z
wadami genetycznymi obejmujgcymi m.in. trisomi¢ 13, 18 i 21 jest mniejsze niz u
plodow bez wad [208-236].

Na tle wyselekcjonowanego piSmiennictwa z zakresu poloznictwa oraz
kardiologii prenatalnej, a takze danych pochodzacych z Zaktadu Kardiologii Prenatalnej

ICZMP w Lodzi, przedstawiam nowe oryginalne prace badawcze stanowigce moj
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wlasny wklad w polski dorobek diagnostyki prenatalnej. Celem niniejszego cyklu
publikacji byto opracowanie nowych, wybranych potozniczych wartosci referencyjnych
u zdrowych ptodéw, z uwzglednieniem kardiologii prenatalnej dla populacji polskiej.
Opracowanie zakresow norm (normogramow) dla populacji polskiej wydaje si¢ byc
bardzo istotne ze wzgledu na réznorodno$¢ $rodowiskowa oraz coraz bardziej
wysrubowane wymagania diagnostyczne, w tym bardziej zaawansowany i coraz

nowszy sprzet ultrasonograficzny.
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Rozdzial 2. Wykaz publikacji stanowigcych prace doktorska

Przedstawiony ponizej zestaw publikacji stanowiacy cykl prac z zakresu wybranych

warto$ci referencyjnych i wskaznikow w ocenie ptodu i noworodka stanowi spdjng

kontynuacje tematu przewodniego, czyli rozszerzonej biometrii ptodu. Cykl ten zawiera

trzy oryginalne prace opublikowane w recenzowanych czasopismach posiadajacych

wskaznik cytowan (Impact Factor) oraz punkty ministerialne. We wszystkich trzech

przedstawionych pracach jestem pierwszym autorem, w tym w dwoch pracach (1,2)

jestem rowniez autorem korespondencyjnym.

1.

2.

3.

Witkowski S, Zalinska A, Stodki M, Respondek-Liberska M. Normograms in
Prenatal Life of Stomach and Urinary Bladder in the Second and Third
Trimesters of Pregnancy. J Ultrason. 2022 Sep 1;22(90):e161-e167. doi:
10.15557/jou.2022.0026

(IF 1.100, MNiSW 70).

Witkowski S, Strzelecka I, Respondek-Liberska M. Fetal heart biventricular
diameter/foot length index as a diagnostic marker of fetal macrosomia in the
second and third trimester of pregnancy. J Matern Fetal Neonatal Med. 2023
Dec;36(1):2183751. doi: 10.1080/14767058.2023.2183751

(IF 1.800, MNiSW 70).

Witkowski, S.; Respondek-Liberska, M.; Zielinski, R.; Strzelecka, |I.
Measurement of the Fetal Ear Length Has No Clinical Value. J. Clin. Med.
2023, 12, 3084. https://doi.org/10.3390/jcm12093084

(IF 3.900, MNiSW 140).

Laczny Impact Factor cyklu publikacji: 6.800

L.aczna punktacja MNiSW cyklu publikacji: 280
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Rozdzial 3. Wykaz dodatkowych publikacji stanowiacych dorobek
naukowy

Ponizej przedstawiono wykaz publikacji dodatkowych z zakresu ginekologii,
potoznictwa i kardiologii prenatalnej. Prace zostaly opublikowane w recenzowanych
czasopismach znajdujacych si¢ w wykazie czasopism naukowych Ministra Edukacji i

Nauki. W pracach tych jestem autorem korespondencyjnym.

1. Murlewska J, Kuémierz J, Witkowski S, Zalinska A, Grzelak P, Respondek-
Liberska M. Prenatal diagnosis of criss-cross heart with congenitally corrected
transposition of the great arteries — detection and fetal echocardiography
monitoring with one-year postnatal follow-up. Prenatal Cardiology. 2022;(1).
doi:10.5114/pcard.2022.123859.

(MNiSW 40).

2. Murlewska, J.; Sylwestrzak, O.; Witkowski, S.; Respondek-Liberska, M.;
Stodki, M.; Strzelecka, 1. Prenatal Echo-Sonographic Parameters in Fetuses
Wrapped with the Umbilical Cord in the Third Trimester of Pregnancy. J. Clin.
Med. 2023, 12, 6170. https://doi.org/10.3390/jcm12196170

(IF 3.900, MNiSW 140).

Laczny Impact Factor dodatkowych publikacji: 3.900

Laczna punktacja MNiSW dodatkowych publikacji: 180

Laczny Impact Factor wszystkich publikacji (do dn. 28 wrzesnia 2023r.): 10.700

Laczna punktacja MNiSW wszystkich publikacji (do dn. 28 wrzesnia 2023r.): 460
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Rozdzial 4. Cele cyklu dokonanych publikacji

1.

4.

Opracowanie zakresow referencyjnych (normogramoéw) dla zotadka, pecherza
moczowego, stopy, ucha oraz szerokosci serca w obrazie 4 jam u ptodow

zdrowych w odniesieniu do wieku ptodowego w populacji polskiej.

Opracowanie nowych wskaznikow morfometrycznych dla poglebienia
diagnostyki prenatalnej oraz oceny biometrycznej ptodu — wskaznik bedacy
stosunkiem wielko$ci zotadka ptodu do wielkosci pecherza moczowego (S/B)

oraz wskaznik szerokos$ci serca ptodu (AP) do dtugosci stopy ptodu (AP/F).

Przedstawienie korelacji pomiedzy zastosowaniem wskaznika szerokosci serca
ptodu (AP) do dhlugosci stopy plodu (AP/F) u plodow zdrowych, a

przewidywaniem makrosomii u noworodka w populacji polskiej.

Proba wykorzystania opracowanych normograméw w zakresie zotadka,
pecherza moczowego, stopy, ucha oraz wielkosci serca ptodow w praktyce

kliniczne;j.
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Rozdzial 5. Komentarz do pracy: Normograms in prenatal life of

stomach and urinary bladder in the second and third trimesters of

pregnancy.
7. Punktacja
Autorzy Tytul Zrodlo IF MEIN
Witkowski S, J Ultrassgn. 2022
Zalinska A, Normograms in Prenatal Life of Stomach 1'22(90)9e161-
Stodki M, and Urinary Bladder in the Second and ’ T 1.100 70
Respondek- Third Trimesters of Pregnanc e167. doi:
Libeprska M g y 10.15557/jou.202
. 2.0026
Wstep

Pierwsza publikacja otwierajaca prezentowany cykl publikacji to praca, w ktore;j
opracowano zakresy wartosci referencyjnych wielkosci zotadka (S) i pecherza
moczowego (UB) u zdrowych ptodéw. Dodatkowo, opracowano nowy wskaznik,
bedacy stosunkiem pomiaru zotadka do pomiaru pecherza moczowego (S/UB).

Grupe badawczg stanowily zdrowe plody, tj. ptody o prawidiowej biometrii,
prawidlowej budowie serca, prawidtowej funkcji serca oraz bez wad i anomalii
pozasercowych. Kazdy z plodow mial wykonane przynajmniej jedno badanie
ultrasonograficzne, podczas ktorego dokonano oceny wyzej wymienionych struktur
anatomicznych oraz wykonano badanie echokardiograficzne. Z badania wytaczone
zostaty ptody z nieprawidtowosciami w zakresie budowy oraz funkcji serca oraz ptody
z wadami i anomaliami pozasercowymi. Badanie obejmowato ptody kobiet cigzarnych
w II 1 III trymestrze ciazy (od 14 do 40 tygodnia cigzy).

Materiat do badan stanowita dokumentacja medyczna, obrazy oraz nagrania z
badan ultrasonograficznych i echokardiograficznych z Zaktadu Kardiologii Prenatalnej
Instytutu Centrum Zdrowia Matki Polski w Lodzi w latach 2016-2019. Jako cztonek
Studenckiego Kofa Naukowego Zaktadu Kardiologii Prenatalnej, uzyskalem zgodeg
Promotora oraz Kierownika Zaktadu Kardiologii Prenatalnej do przeprowadzenia
analizy wybranych danych zgromadzonych w systemie Fetal Pathology Uniwersytetu
Medycznego w £.odzi oraz Tricefy Instytutu Centrum Zdrowia Matki Polki w Lodzi. W
pracy wykorzystalem zanonimizowane dane wprowadzane do bazy danych przez

pracownikow ICZMP w Lodzi.
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Wyniki

Do badania wiaczono 867 ptodow kobiet w 11 i Il trymestrze cigzy. Oceny
pomiaru pgcherza moczowego dokonywano w wymiarze podtuznym, bioragc pod uwage
najdtuzsza Srednice pomiaru. Z kolei, zotagdek plodu byl mierzony w wymiarze
poprzecznym z uwzglednieniem najwigkszego pomiaru od wewnatrz. Zakres wielko$ci
zoladka ptodu pomigdzy 14 tygodniem cigzy a 40 tygodniem cigzy wynosit 8 — 40mm
(Srednia warto$¢: 18mm). Zakres wielkosci pegcherza moczowego plodu w tygodniu
cigzy od 14 do 38.4 wynosit 15 — 42mm (Srednia warto$¢: 17mm). Wyniki badan
wskazuja na tendencje wzrostowg wymiarow zotadka i pecherza moczowego plodu
wraz z wiekiem cigzowym wyrazanym w tygodniach. W oparciu 0 przygotowane
normogramy, oOpracowano wskaznik S/UB, czyli wskaznik ukazujacy stosunek
wielkosci  zotagdka (w mm) do wielkosci pecherza moczowego (w mm). Z
przeprowadzonej analizy wynika, ze warto$¢ stosunku pomiaru zotadka do pecherza
moczowego ptodu w okresie rozwoju prenatalnego jest praktycznie staty i wykazuje
niewielka tendencj¢ spadkowa w 111 trymestrze cigzy. Zakres wskaznika S/UB w 11 1 111
trymestrze cigzy utrzymuje si¢ w zakresie od 0.09 do 3.93 ($rednia wartos¢: 1.26).

Prezentowane wartosci nalezy odnosi¢ klinicznie do wartosci $rednich ze
wzgledu na najlepszg warto$¢ predykcyjng dla ogdlnej oceny populacji ptodow.
Wszelkie odchylenia od wyzej wymienionych wartosci pozwalaja badajacemu na
skierowanie ptodu do poglebionej diagnostyki w zakresie potencjalnych wad
rozwojowych uktadu pokarmowego i moczowego w okresie prenatalnym. Tym bardziej
moze by¢ to istotne, iz wady pecherza moczowego ujawniaja si¢ zwykle pdzno, po 32
tygodniu cigzy. Agenezja pgcherza moczowego jest bardzo rzadkg wada, bardzo tatwa

do przeoczenia, jesli nie stosuje si¢ rutynowo pomiaru pgcherza moczowego ptodu.

Whnioski

Wraz z postgpem cigzy nastepuje rozwdj narzadéw wewngetrznych ptodu.
Zotadek, jak i pecherz moczowy stanowig markery choréb ukladu pokarmowego i
moczowego. Pomiaru obu tych struktur mozna w tatwy sposéb dokona¢ w czasie badan
przesiewowych ptodu. Normogramy w zakresie $redniej wielkosci zotadka i pecherza
moczowego, a takze wskaznik wielkosci zotadka do wielkosci pecherza moczowego

(S/UB), przygotowany na podstawie grupy badawczej moze przyczyni¢ si¢ do poprawy
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doktadnosci badania i zapewni¢ jednolita organizacj¢ raportowania wynikow badan
ptodow. Niniejsze normogramy mozna zastosowaé W codziennej praktyce jako
dodatkowy marker do oceny stanu klinicznego ptodu i identyfikacji ptodéw, u ktoérych
pecherz moczowy i/lub zotadek mozna lub nie mozna zaobserwowaé¢ w badaniu
ultrasonograficznym.

Wyrazna dysproporcja w wielkosci zotadka i/lub pgcherza moczowego moze
by¢ pomocna w zwrdceniu wigkszej uwagi na ptody wykazujgce nietypowe cechy w
trakcie badan przesiewowych w osrodkach ginekologiczno-potozniczych oraz

osrodkach kardiologii prenatalnej.

Znaczenie kliniczne i naukowe

Ocena wielkosci zotadka i1 pecherza moczowego stanowi podstawowy element
kazdego badania ultrasonograficznego i echokardiograficznego ptodu. W niniejszej
pracy analizowano 3 elementy badania ultrasonograficznego — pomiar wielkosci
zotadka, pecherza moczowego oraz warto$ci wskaznika S/UB. O ile pomiary wielkoS$ci
zotadka i1 pecherza moczowego wykonywane sg od wielu lat, tak wskaznik S/UB jest
nowg propozycja. Jest to nowatorskie opracowanie, ktore nie byto dotad opublikowane
w piSmiennictwie w oparciu o tak duza grupg plodow w populacji polskiej. Co wigcej,
zadna z publikacji nie wspomina o wskazniku S/UB. W pracy Pekindil G. et al.
opracowano wskaznik bedacy stosunkiem obwodu Zotgdka do obwodu brzucha ptodu i
wykazano, iz wszelkie odstgpstwa od wartosci w zakresie 14.8 — 27.03% moga
sugerowa¢ anomalie oraz niekorzystne rokowanie dla ptodu [96]. W niniejszej
publikacji, wymiar zotadka i pecherza moczowego wykazywat dodatnig korelacj¢ wraz
z wiekiem cigzowym. Pomimo, iz takiej samej obserwacji (dodatniej korelacji) w
odniesieniu do wieku cigzowego i wymiaru zotagdka dokonali réwniez inni autorzy
[5,94,96,100,103,104], to opracowane w niniejszej publikacji normogramy sa
najbardziej aktualne dla populacji polskiej. W piSmiennictwie wykazano réwniez
dodatnig korelacje pomiedzy wskaznikiem AFI, a wielkoscig zoladka u ptodu [105]
oraz analizowano zmiany ksztattu Zzotadka od 14 tygodnia cigzy [107]. W omawianej
publikacji, wskaznik S/UB w II i Ill trymestrze cigzy utrzymywat si¢ na wzglgdnie

statym poziomie, z niewielkim spadkiem w III trymestrze cigzy.
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Pomiar pegcherza moczowego u ptodu stanowi jeden z podstawowych elementow
badania ultrasonograficznego. Wymiar podtuzny pecherza moczowego wzrasta wraz z
wiekiem cigzowym, co potwierdza rowniez literatura w tym zakresie [109-
112,115,116,131]. Z uwagi, iz wskaznik S/UB uwzglednia zarowno pomiar zotadka, jak
i pomiar pecherza moczowego u ptodu, wartosci odbiegajace od norm w zakresie
zard6wno pomiaru zotadka i trendow moga wskazywaé na r6zne anomalie, np. na atrezje
przetyku, atrezj¢ dwunastnicy, atrezje jelita cienkiego, agenezj¢ pecherza moczowego,
ekstrofie pecherza moczowego, torbiel ujScia moczowodu, czy zastawke cewkKi tylnej
[109,111,114,117-120,123-130]. Dotyczy to réwniez uwidocznienia pecherza
olbrzymiego [114,121,122]. Warto zauwazy¢, iz normy biometryczne W zakresie
pecherza moczowego sg niezalezne od plci [123]. Wszelkie odstepstwa zazwyczaj
stanowig negatywny czynnik prognostyczny np. u ptodow z wadg serca [130,131].
Nalezy zwroci¢ uwagg, iz zastosowanie dodatkowego wskaznika w ultrasonograficzne;j
ocenie ptodu moze pozwoli¢ w prosty sposéb wyselekcjonowaé ptody wykazujace
nietypowe cechy i zaplanowa¢ odpowiedni tryb weryfikacji pomiaréw oraz
postepowanie prenatalne i postnatalne. Dobrym przyktadem oceny ultrasonograficznej
zotadka plodu jest pordwnanie jego polozenia wzgledem serca. Zaréwno zotadek, jak i
koniuszek serca sg w warunkach fizjologicznych umieszczone po lewej stronie brzucha
W wymiarze poprzecznym, zatem zotadek stanowi w tej sytuacji odniesienie do
potozenia serca. W ten sposob mozna odrozni¢ lewokardie (norma) od dekstrokardii
(wariant normy lub patologia). Podsumowujac, kazda nieprawidtowos¢ w zakresie
wielkosci zotadka, pecherza moczowego oraz wskaznika wielkosci zotadka do pecherza
moczowego (S/UB) powinna by¢ wskazaniem do weryfikacji pomiaréw oraz
ewentualnie do skierowania pacjentki do o$rodka referencyjnego celem oceny
dobrostanu ptodu, w tym oceny serca ptodu. W zwiazku z tym, wskaznik S/UB stanowi

kolejny element rozszerzonej ultrasonograficznej biometrii ptodu.
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Rozdzial 6. Komentarz do pracy: Fetal heart biventricular diameter /
foot length index as a diagnostic marker of fetal macrosomia in the

second and third trimester of pregnancy

. Punktacja
Autorzy Tytul Zrodlo IF MEiN
J Matern Fetal
Witkowski S, Fetal heart biventricular diameter/foot Neon; ;;Med'
Strzelecka I, length index a§ a'dlagnostlc marker (?f Dec:36(1):21837 | 1.800 70
Respondek- fetal macrosomia in the second and third 51 doi-
Liberska M. trimester of pregnancy 10.1080/1476705
8.2023.2183751
Wstep

W niniejszej pracy skupiono si¢ na predykcji makrosomii u noworodka na
podstawie ultrasonograficznego badania prenatalnego. W zwiagzku z tym poddano
analizie wymiar poprzeczny serca (AP) oraz dtugosé¢ stopy (F) ptodu i na podstawie
tych danych przygotowano normogramy dla wartosci AP oraz dlugo$ci stopy oraz
opracowano wskaznik (AP/F) bedacy stosunkiem wielkosci serca (AP) do dtugosci
stopy (F). W zakresie pomiaru AP, praca stanowi ciagg dalszy i aktualizacje prac, ktorej
autorem [17] i wspotautorem [132] byta prof. M. Respondek-Liberska.

Grupe badawcza stanowily ptody z ciaz pojedynczych kobiet w Il i Il
trymestrze cigzy. Kazdy z ptodow mial wykonane przynajmniej jedno badanie
ultrasonograficzne, podczas ktorego dokonano oceny wyzej wymienionych struktur
anatomicznych oraz dodatkowo wykonano badanie echokardiograficzne. Z badania
wylaczone zostaty ptody z nieprawidtowosciami w zakresie budowy oraz funkcji serca
oraz ptody z wadami i anomaliami pozasercowymi.

Material do badan stanowila dokumentacja medyczna, obrazy oraz nagrania z
badan ultrasonograficznych i echokardiograficznych z Zaktadu Kardiologii Prenatalnej
Instytutu Centrum Zdrowia Matki Polski w Lodzi w latach 2016-2020. Jako cztonek
Studenckiego Kofa Naukowego Zaktadu Kardiologii Prenatalnej, uzyskalem zgodeg
Promotora oraz Kierownika Zaktadu Kardiologii Prenatalnej do przeprowadzenia
analizy wybranych danych zgromadzonych w systemie Fetal Pathology Uniwersytetu

Medycznego w L.6dzi oraz Tricefy Instytutu Centrum Zdrowia Matki Polki w Lodzi. W
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pracy wykorzystalem zanonimizowane dane wprowadzane do bazy danych przez

pracownikow ICZMP w Lodzi.

WyniKki

Do badania wtaczono 423 ptody. Analizowana grupa ptodow zostata podzielona
na dwie podgrupy. Pierwsza podgrupe stanowila grupa kontrola 109 plodow o
prawidlowej biometrii, prawidlowej budowie serca, prawidlowej funkcji serca, a takze
bez wad i anomalii pozasercowych. Wiek cigzowy badanych ptodow w grupie
kontrolnej obejmowat zakres od 17.5 do 37.1 tygodnia cigzy. Kazdy z ptodow w tej
grupie byt urodzony o czasie z masg urodzeniowa w zakresie 3000-3600g. Grupa
kontrolna postuzyta do opracowania normogramu w zakresie AP serca ptodu i1 dtugosci
stopy ptodu. Grupe badawczg stanowito 314 ptodow kobiet ciezarnych w 17.5 — 39.5
tygodniu cigzy. Wsérod plodow z grupy badawczej bylo 20 ptodow z makrosomisa,
definiowang jako masa urodzeniowa noworodka wigksza lub rowna 4000g.

Wyniki przedstawione w pracy ukazujg tendencje wzrostowa wymiaru
poprzecznego (AP) serca ptodu wraz z wiekiem cigzowym (w przeliczeniu na tygodnie
cigzy). Warto§¢ AP u zdrowych ptodéw (przy prawidlowej biometrii, prawidtowej
anatomii i funkcji serca, bez obserwowanych wad rozwojowych i anomalii
pozasercowych) w czasie cigzy od 17.5 tygodnia cigzy do 37.1 tygodnia cigzy
oscylowata w zakresie od 12.9 mm w 17 tygodniu cigzy do 38 mm w terminie porodu
(Srednia wartos$¢: 23 mm).

Podobnie, tendencj¢ wzrostowg zauwazamy w odniesieniu do dtugosci stopy
ptodu wraz z uptywem wieku cigzowego (w przeliczeniu na tygodnie cigzy). Zakres
dhugosci stopy u zdrowych ptodéw (z prawidtowa biometrig, budowa 1 czynno$cia
serca, bez wad wrodzonych pozasercowych i anomalii pozasercowych) w okresie od
17.5 tygodnia cigzy do 37.1 tygodnia cigzy wynosit od 24 mm w 17 tygodniu cigzy do
71 mm w terminie porodu ($rednia warto$¢: 43mm).

Dokonano wyliczenia wskaznika AP/F i zaobserwowano, iz warto$§¢ wskaznika
AP/F zmniejsza si¢ nieznacznie wraz z wiekiem cigzowym (w przeliczeniu na tygodnie
cigzy). Zakres wartosci wskaznika AP/F u zdrowych ptodéw (z prawidtowg biometrig,
budowg i czynnoscig serca, bez wad rozwojowych pozasercowych i1 nieprawidlowos$ci
pozasercowych) od 17.5 tygodnia cigzy do 37.1 tygodnia cigzy wynosit 0.40 — 0.65.

Wartos¢ wskaznika AP/F w drugim trymestrze cigzy wynosita 0.53, natomiast w
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trzecim trymestrze cigzy - 0.51. Srednia warto$¢ dla II i III trymestru tacznie wynosita
0.52.

W Tabeli 1 ponizej przedstawiono analizowang grupe 20 ptodow z makrosomia,
definiowang jako masa urodzeniowa noworodka wigksza lub rowna 4000g. Zestawiono
oceng przypuszczalnej masy ptodu oceniong na podstawie stosunku AP/F i poréwnano z
danymi w oparciu o ultrasonograficzng biometri¢ uwzgledniajaca pomiar BPD, HC,
AC, FL. Wsrod badanych 20 ptodéw ujawniono makrosomi¢ u noworodka na
podstawie wskaznika AP/F u 13 plodow (65%) w porownaniu z podstawowa

ultrasonograficzng biometria, ktéra pozwolita na przewidzenie makrosomii tylko u 4
ptodéw (20%).

Table 1. Fetuses with a birth weight of more than or equal to 4000g with the AP and foot measurements and the AP/Foot
Index calculated and compared with fetal estimated weight based on ultrasound calculations.

Fetal age Fetal age Estimated fetal
according according to weight based on Fetal heart - Meonatal birth

Case no. to LMP biometry ultrasound (g) AP [mim) Fetal foot (mm)  AP/Foot Index weight (g)
1 i34 345 2639 +385 36 74 0.49 4050
2 342 353 2529 +369 42 7 0.59* 4070
3 376 39.6 3588 +524" 44 68 0.65% 4100
4 38.5 385 4026 + 588" 438 81,5 0.54% 4120
5 31 35.0 2415£353 37 bl 0.52 4130
6 376 3.2 3664 £535* 44 B4 0.52 4130
7 310 342 239+327 38 65 0.58*% 4150
B 33.6 3.0 2126+310 37 74 0.50 4180
9 3r3 37.2 3079 +425 43 76 0.57% 4150
10 35.4 35.0 2802 35 T 0.51 4450
1 35.2 35.4 2724 +398 33 60 0.55% 4080
12 373 7.2 3079425 43 76 0.57% 4190
13 A5 8.4 2590+38 18 30 0.60% 4000
14 38.5 3.5 4026 +588* 438 81,5 0.54% 4120
15 241 B.6 649+95 21 40 0.53% 4010
16 4 36.6 1210 £177 327 51,5 0.63% 4220
17 325 361 773 37 7B 047 4000
18 285 76 1275+ 186 31 53 0.58* 4000
19 216 23 51275 19 42 045 4090
20 7.2 26.5 981 /- 143 28 51 0.55% 4220
Average value 3552 65.23 0.55 4125
5TD 840 15.61 0.051 10476

*Fetuses with the AP/Foot Index = 0.52.

Tabela 1: Ptody z masg urodzeniowa wigkszg lub rowna 4000g wraz z pomiarami AP i
dtugosci stopy oraz wskaznikiem AP/F w poro6wnaniu z oszacowang masg urodzeniowg

ptodéw w oparciu o tradycyjng biometri¢ ultrasonograficzng obejmujaca pomiar BPD,
HC, AC, FL.

Whnioski

Zakres warto$ci wskaznika wymiaru AP serca ptodu do dlugosci stopy ptodu
(AP/F) w II i HI trymestrze cigzy wynosit 0.40 — 0.60 (Srednia wartos¢: 0.52).
Wiaczenie wskaznika AP/F do standardowej biometrii ptodu umozliwito wykrycie 65%

przypadkow makrosomii. Wskaznik AP/F wyzszy niz 0.52 ma wigksza czuto$é i
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ujemng warto$¢ predykcyjng w wykrywaniu makrosomii w poroéwnaniu ze standardowa

ultrasonograficzng biometrig ptodu.

Znaczenie kliniczne i naukowe

Pomiar dlugosci stopy ptodu nie nalezy do tatwych pomiarow, gdyz wymaga
czasu, a to zwigzane jest z uzyskaniem odpowiedniej projekcji stopy w badaniu
ultrasonograficznym. Niemniej jednak, stanowi dodatkowy i przydatny wskaznik oceny
masy ciata noworodka i przewidywania makrosomii u noworodka, gdy wezmie si¢ pod
uwage wymiar AP serca ptodu i uzyska wskaznik AP/F. Dotychczas opracowane przez
niewielu autoréw tabele norm pomiaréw AP serca ptodu [17,132] oraz dtugosci stopy
[139-145,147] w odniesieniu do wieku cigzowego zostaly zaktualizowane i opracowane
w niniejszej publikacji i stanowig najbardziej aktualne normogramy dla populacji
polskiej i moga stanowi¢ tabele referencyjne w codziennej praktyce ginekologa-
potoznika i kardiologa prenatalnego.

W pracy Campbell J. et al. wykorzystano dtugos¢ stopy u ptodu do opracowania
stosunku dtugosci kosci udowej do dlugosci stopy. Stosunek ten okazuje si¢ by¢ istotny
w roznicowaniu ptodow, u ktorych wystepuje dysplastyczna redukcja konczyn i u
ptodow, u ktorych konczyny sa krotkie z powodu innych czynnikow lub z powodu
IUGR [148]. Oceniano rowniez dlugo$¢ stopy w odniesieniu do ptodow SGA i LGA i
wykazano, ze u ptodow z SGA dlugos¢ stopy jest mniejsza w porownaniu do grupy
kontrolnej, a u plodow z LGA dtugos$¢ stopy jest wigksza [152,153].

Pomiar dtugosci stopy analizowano rowniez pod katem wady pod postacia stopy
konsko-szpotawej — w badaniu tym stwierdzono, ze wada ta prowadzi do jednoczesnego
poszerzenia i skrocenia stopy [156]. Nie ma tu rOwniez znaczenia, czy dokonujemy
pomiaru stopy lewej, czy prawej, gdyz rdéznice nie sg statystycznie istotne [158].
Niemniej jednak, zaden z autorow w dostepnej literaturze nie oceniat dtugosci stopy i
AP serca ptodu w odniesieniu do przewidywanej masy urodzeniowej u ptodu. Wyniki
uzyskane w niniejszej publikacji potwierdzity, ze pomiar AP serca ptodu i dlugosci
stopy, a nastepnie obliczenie wskaznika AP/F w II 1 III trymestrze ciagzy ma wyzsza
czuto$¢ 1 swoistos¢ w poroOwnaniu ze standardowa biometrig ultrasonograficzng (w
sktad ktorego wchodzi pomiar BPD, HC, AC, FL).

Wtasciwa ocena masy ptodu w oparciu o badanie ultrasonograficzna jest istotna,

gdyz masa urodzeniowa wynoszaca powyze] 4000g zwigksza ryzyko komplikacji
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porodowych, masa urodzeniowa powyzej 4500g zwigksza ryzyko komplikacji
zdrowotnych dla noworodka, a masa urodzeniowa powyzej 5000g zwigksza ryzyko
$mierci okotoporodowej oraz $mieci noworodka [159-163].

Istnieje wiele czynnikdw majacych wplyw na rozwdj makrosomii u ptodu i do
najczestszych z nich nalezg wezesniejsze porody makrosomicznych ptodow, wiek oraz
wzrost cig¢zarnej, choroby cigzarnej, w tym najwigksze znaczenie ma cukrzyca u
ciezarnych, nadmierny przyrost masy ciala w cigzy lub wydhuzony okres cigzy [164-
183]. W przypadku cukrzycy u ci¢zarnych, ptody sa z reguly wieksze, stad tez
precyzyjna ocena masy ptodu jest istotna ze wzgledu na ewentualne powiktania w tej
grupie pacjentek [184-189]. W zwigzku z tym podjeto liczne proby przewidywania
makrosomii u plodu, w tym wykorzystano predkosci przeptywu przez tetnice
pepowinowa i wykazano, ze u plodow makrosomicznych ci¢zarnych z cukrzyca
cigzowa warto$¢ PI w tetnicy pepowinowej jest mniejsza w poroéwnaniu do ptodow
cigzarnych bez cukrzycy [190]. Ponadto, zwracano uwage na wigkszg ilos¢ ptynu
owodniowego (wskaznik AFI) u ptodow w ciazy powiktanej cukrzyca [192].
Podejmowane byly ponadto inne liczne proby predykcji makrosomii u ptodow,
uwzgledniajace takie parametry jak stezenie peptydu C, krzywa ROC, grubosé
przegrody migedzykomorowej serca, czy obwod brzucha [193-205].

Aktualne wytyczne nie zawieraja rekomendacji w zakresie pomiaru dlugosci
stopy ptodu, natomiast zaleca si¢ wizualizacj¢ konczyn gornych i dolnych ptodu w celu
upewnienia si¢, ze sg one obecne. Opracowany wskaznik AP/F, ktory jest stosunkowo
prosty i tatwy do obliczenia, moze by¢ stosowany w codziennej praktyce lekarskiej jako
rozszerzony marker podstawowej biometrii ptodu, ktéra to biometria jest obarczona
duzym btedem szacowania, zwlaszcza w Il trymestrze ciazy, a szczegoélnie u ptodow
makrosomicznych [205]. Dzigki temu markerowi, istnieje mozliwos¢ przewidzenia
makrosomii u ptodu w Ill trymestrze cigzy i/lub noworodka, co moze pomoc w
podjeciu decyzji co do sposobu porodu i/lub ukonczenia cigzy. Odpowiednie
zaplanowanie porodu ma istotne znaczenie dla zdrowia noworodka, rodzacej, jak i dla

pracy potoznika.
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Rozdzial 7. Komentarz do pracy: Measurement of the fetal ear length

has no clinical value

] Punkt
Autorzy Tytul Zrodlo IF acja
MEIN
Yowsid, 8- 3. Clin. Med. 2023,
Libefska e Measurement of the Fetal Ear 12, 3084. 3.900 140
Zielin k" R.-, Length Has No Clinical Value https://doi.org/10.3 '
[CHISEL - 390/jcm12093084
Strzelecka, I.
Wstep

Nieprawidlowosci pozasercowe wystepuja czgsto we wrodzonych wadach serca,
a takze w zespotach genetycznych i pozagenetycznych. W zwiagzku z tym, poszukuje si¢
coraz to czulszych markerow ultrasonograficznych w celu jak najdoktadniejszej
predykcji stanu zdrowia ptodu i noworodka. Jednym z takich markeréw wydaje si¢ by¢
matzowina uszna plodu. Pomiary dlugosci malzowiny usznej ptodu byly juz
przedstawiane w piSmiennictwie pod katem przewidywania aneuploidii, glownie
trisomii 21. W niniejszej pracy dokonano analizy dlugosci matzowiny usznej u ptodow
w celu opracowania normogramow oraz wykorzystano te dane w odniesieniu do grupy
plodéw z nieprawidtowosciami genetycznymi i innymi niz genetyczne. Celem badania
byto sprawdzenie, czy pomiar matzowiny usznej ptodu moze stanowi¢ istotny marker
diagnostyczny w tej grupie ptodow.

Grupe badawczg stanowity ptody kobiet w II i III trymestrze cigzy (17 — 39.5
tydzien cigzy). Kazdy z ptodow mial wykonane przynajmniej jedno badanie
ultrasonograficzne, podczas ktorego dokonano oceny dhugosci matzowiny usznej oraz
dodatkowo wykonano badanie echokardiograficzne. Z badania w grupie stanowigcej
podstawe¢ do opracowania normograméow dtugosci matzowiny usznej wytaczone zostaty
ptody z nieprawidtowosciami w zakresie budowy oraz funkcji serca oraz ptody z
wadami i anomaliami pozasercowymi, a takze ptody z wadami genetycznymi.

Materiat do badan stanowita dokumentacja medyczna, obrazy oraz nagrania z
badan ultrasonograficznych i echokardiograficznych z Zaktadu Kardiologii Prenatalne;j
Instytutu Centrum Zdrowia Matki Polski w Lodzi w latach 2019-2022. Jako cztonek
Studenckiego Kofa Naukowego Zaktadu Kardiologii Prenatalnej, uzyskalem zgode
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Promotora oraz Kierownika Zakladu Kardiologii Prenatalnej do przeprowadzenia
analizy wybranych danych zgromadzonych w systemie Fetal Pathology Uniwersytetu
Medycznego w L.6dzi oraz Tricefy Instytutu Centrum Zdrowia Matki Polki w Lodzi. W
pracy wykorzystalem zanonimizowane dane wprowadzane do bazy danych przez

pracownikow ICZMP w Lodzi.
Wyniki

Opracowano normogram dla pomiaru dlugo$ci matzowiny usznej u plodu.
Zakres wartosci z pomiaru dtugosci ucha ptodu wynosit od 10.00 mm do 40.00 mm
(Srednia wartos$¢: 23.49 mm, SD 6.2 mm) dla Il i 1l trymestru cigzy (17 — 39.5 tydzien
Ciazy). Analizujac siatke percentylowa, warto$¢14.00 mm stanowita 10 percentyl, a
warto$¢ 31.00 mm stanowita 90 percentyl. W grupie ptodéw cigzarnych w Il trymestrze
cigzy zakres pomiaru dlugosci ucha ptodu wynosit od 10.00 mm do 28.00 mm, przy
czym jezeli rozwazamy Il trymestr cigzy jako badanie drugiego trymestru, wowczas
wartosci te miescity sie w zakresie od 18.00 mm do 28.00 mm. Natomiast w grupie
plodow kobiet cigzarnych w III trymestrze cigzy wartosci te plasowaty si¢ w zakresie od
16.00 mm do 40.00 mm. Uzyskano pozytywna korelacje pomiedzy wiekiem cigzowym
a dhlugoscia ucha ptodu. Na podstawie opracowanych zakresow norm dhugosci
matzowiny usznej, wybrano losowo do dalszej analizy plody, u ktérych dlugosé
malzowiny usznej plasowata si¢ ponizej 1 powyzej 50-ego percentyla, okoto 90-ego
percentyla i okoto 10-ego percentyla. Plody te prezentowaty anomalie pozasercowe oraz
zaburzenia genetyczne lub pozagenetyczne. W przypadku jednego z badanych ptodow,
u jednego =z rodzicow wystepowata dysplazja malzowin usznych. Plody te
przedstawiono na tle wykresu warto$ci referencyjnych (normogramu). Pomimo
nieznacznych odchylen od wartosci $rednich, u 8 ptodéw z zespolem Downa, wartosci
pomiaru matzowiny usznej plasowaly si¢ w granicach wyznaczonej przeze mnie normy,
czyli 10.00 mm do 40.00 mm. Podobna sytuacja miata miejsce w przypadku jednego
ptodu z zespotem Edwardsa. Pomimo, ze wyzej wymienione wady rozwojowe i
anomalie mogg mie¢ wpltyw na dlugo$¢ malzowiny usznej, to w niniejszej pracy
wykazano, iz pomiar dtugosci matzowiny usznej w tej grupie ptodow moze miescic sig

w opracowanych zakresach normy.

25



Whnioski

Pomiar dlugosci matzowiny usznej plodu jest mozliwy w trakcie badania
ultrasonograficznego. Niemniej jednak, jego uzytecznos¢ kliniczna w postgpowaniu
perinatologicznym jest obecnie bardzo ograniczona, gdyz dtugo$¢ matzowiny usznej u
ptodow z wadami genetycznymi moze miesci¢ si¢ w granicach normy. W zwiazku z
tym, na podstawie przeprowadzonej analizy, pomiar matzowiny usznej na ta chwile nie

stanowi istotnego markera.
Znaczenie kliniczne i naukowe

Uzyskanie prawidlowego obrazu malzowiny usznej ptodu w badaniu
ultrasonograficznym nie wyklucza obecnosci wady genetycznej. I tak samo w druga
strong — nieprawidlowosci w obrebie ucha nie musza koniecznie oznacza¢ wady
genetycznej. Jak dotad w literaturze dokonywano ultrasonograficznej oceny dlugosci
malzowiny usznej i opracowania normogramow [208-212] w odniesieniu do wad
genetycznych, gtownie trisomii 21 chromosomu, gdzie wykazywano, iz malzowina
uszna u ptodow z zespotem Downa lub zespotem Edwardsa ma mniejsza dlugos¢ w
poroéwnaniu ze zdrowymi ptodami [213-216].

Ponadto, odnoszono si¢ do zmian w ksztatcie 1 dlugo$ci matzowiny usznej; w
przypadku innych wad i malformacji, w tym np. w przebiegu zespolu CHARGE,
Nagera, czy FAS [217-236]. W przedstawionej publikacji wykazano, ze u ptodow z
trisomig 21 lub trisomig 18 dtugo$¢ matzowiny usznej moze miesci¢ si¢ w granicach
normy. Informacja na temat nieprawidlowosci w badaniu matzowiny usznej nie
powinna stanowi¢ podstawy do zakladania obecnosci innych nieprawidtowosci
rozwojowych u ptodu, ale powinna zwigkszy¢ czujnos¢ i prowadzi¢ do poglebienia
diagnostyki prenatalnej. Z kolei, to czy ta obserwacja wplynie w przyszlosci na
rokowanie u ptodéw np. z wadami serca moze stanowi¢ punkt odniesienia do

prowadzenia kolejnych badan i1 projektow badawczych.
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Rozdzial 8. Wnioski z prezentowanych publikacji

W zaprezentowanym cyklu publikacji, opracowano normogramy dla wielkosci
zotadka, pecherza moczowego, stosunku wielkosci zotadka do pgcherza moczowego
(S/UB), wymiaru poprzecznego serca (AP), dlugosci stopy, wskaznika pomiaru serca do
dhugosci stopy (AP/F) oraz dlugosci malzowiny usznej dla populacji polskiej.
Wykazano, iz w przypadku zotadka, pecherza moczowego, stosunku wielkosci zotadka
do pecherza moczowego (S/UB), szerokosci serca (AP) w obrazie 4 jam, dtugosci
stopy, wskaznika pomiaru serca do dlugosci stopy (AP/F) wartosci wykraczajace poza
zakres prawidlowy stanowig podstawe do wysnuwania podejrzenia anomalii i sugeruja
konieczno$¢ albo weryfikacji pomiaréw albo przeprowadzenia diagnostyki roznicowe;.

Natomiast w przypadku ultrasonograficznej oceny dlugosci matzowiny usznej,
udowodniono, iz u ptodéw z wada genetyczng pod postacig np. trisomii 21 lub trisomii
18 dlugos¢ malzowiny usznej moze nadal miesci¢ si¢ w granicach normy.

Opracowane prawidlowe zakresy pomiarowe dla wybranych parametrow
potozniczych moga =zosta¢ wykorzystane w codziennej praktyce Klinicznej
ginekologéw-potoznikoéw, perinatologow oraz kardiologéw prenatalnych. Wszelkie
odstepstwa od opracowanych zakresOw norm wymagaja zwigkszenia czujno$ci oraz
poglebienia diagnostyki prenatalnej w celu zaplanowania odpowiedniego postgpowania
prenatalnego i postnatalnego.

Zebrany i analizowany material pochodzi z Zaktadu Kardiologii Prenatalnej
Instytutu Centrum Zdrowia Matki Polki w Lodzi. Opracowany 1 przedstawiony cykl
publikacji stanowi istotny wktad w rozwdj nauki oraz diagnostyki prenatalnej i moze
by¢ podstawg do przeprowadzenia kolejnych badan i opracowan, w tym projektow

naukowych i badawczych.
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Rozdzial 9. Streszczenie w jezyku polskim

Ultrasonograficzna diagnostyka prenatalna w ginekologii, potoznictwie, czy
kardiologii prenatalnej to juz dzi§ konieczno$¢ i codzienno$¢ w gabinetach lekarskich.
Bez ultrasonografii nie wyobrazamy sobie oceny budowy i fizjologii ptodu. Aby jednak
moéc w prawidtowy sposob oceni¢ i nast¢pnie zinterpretowaé dobrostan ptodu, nalezy
korzysta¢ z warto$ci referencyjnych dla populacji zdrowych plodéw. Wazne jest
rébwniez, aby korzysta¢ z aktualnych normograméw, stad istnieje duza potrzeba
rozwijania juz istniejacych. Opracowanie zakresu norm, ktore bedg mialy znaczenie
kliniczne, wymaga doktadnego wyselekcjonowania zdrowej referencyjnej grupy
plodow. Pojecie ,,zdrowy” musi odnosi¢ si¢ nie tylko do plodu, ale réwniez do
cigzarnej, gdyz jej choroby moga mie¢ wptyw na rozwdj ptodu. Bazujac na zebranym i
przeanalizowanym materiale z Zaktadu Kardiologii Prenatalnej Instytutu Centrum
Zdrowia Matki Polki w Lodzi, opracowano warto$ci referencyjne dla pomiarow
wielkosci zZotadka, pecherza moczowego, stosunku wielkosci zoladka do pecherza
moczowego (S/UB), wymiaru poprzecznego serca (AP), dtugosci stopy, wskaznika
wielkos$ci serca do dtugosci stopy (AP/F) oraz dlugo$ci malzowiny usznej dla populacji
polskiej. Wykazano, iz w przypadku wielkosci zotadka, pgcherza moczowego, stosunku
wielkos$ci zotadka do pgcherza moczowego (S/UB), wymiaru poprzecznego serca (AP),
dtugosci stopy, wskaznika wielkosci serca do dlugosci stopy (AP/F) wartosci
wykraczajace poza zakres prawidlowy stanowig podstawe wysnuwania podejrzenia
nieprawidtowosci. Natomiast w przypadku ultrasonograficznej oceny dlugosci
malzowiny usznej, udowodniono, iz u ptodéow z wada genetyczng pod postacia np.
trisomii 21 lub trisomii 18 dlugo$¢ malzowiny usznej moze nadal miesci¢ si¢ w
granicach normy, zatem ten parametr okazal si¢ malo przydatny do wykrywania
anomalii u ptodéw. Przedstawione w niniejszej rozprawie prawidlowe zakresy
referencyjne dla wybranych parametrow polozniczych moga by¢ uzyte w codziennej
praktyce klinicznej ginekologéw-potoznikow, perinatologow oraz kardiologow
prenatalnych. Odstepstwa od opracowanych zakresOw norm wymagajg poglebienia

diagnostyki prenatalnej.
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Rozdziat 10. Streszczenie w jezyku angielskim

Selected reference values and morphometric indices in the evaluation
of the fetus

Ultrasound prenatal diagnosis in gynecology, obstetrics and prenatal cardiology
is now a necessity in doctor’s offices. It is impossible to evaluate the anatomy and
physiology of the fetus without ultrasound. However, in order to properly evaluate and
interpret the well-being of the fetus, reference values for the population of healthy
fetuses must be used. It is also important to use up-to-date nomograms, which imposes
the need to develop the existing ones. Development of clinically significant normal
ranges requires careful selection of a healthy reference group of fetuses. The concept of
‘healthy’ must refer not only to the fetus, but also to the pregnant woman because her
diseases may affect the development of the fetus. Based on the collected and analyzed
data from the Department of Prenatal Cardiology of the Institute of the Polish Mother's
Health Center in L.6dz, reference values for the measurement of the size of the stomach,
urinary bladder, stomach to urinary bladder index (S/UB), transverse heart measurement
(AP), foot length, transverse heart measurement to foot length index (AP/F) and auricle
length for the Polish population were created. It has been shown that in the case of the
measurement of the size of the stomach, urinary bladder, stomach to urinary bladder
index (S/UB), transverse heart measurement (AP), foot length, transverse heart
measurement to foot length index (AP/F), any values beyond the normal ranges
constitute basis for suspecting irregularities. However, in the case of ultrasound
assessment of the fetal auricle length, it has been proven that fetuses with genetic
conditions such as trisomy 21 or trisomy 18 may still have the length of the auricle
within the normal range. As a result, this parameter turned out to be of little use in
detecting anomalies in fetuses. The measurement ranges of selected obstetric parameters
presented in this dissertation can be used in everyday clinical practice of obstetricians,
gynecologists, perinatologists and prenatal cardiologists. Any deviations from the

developed normal ranges require an extended prenatal diagnostic evaluation.
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Keywords Abstract
ureter; Aim: The aim of this study was to prepare normograms for the fetal stomach, urinary blad-
ultrasonography; der, and stomach to urinary bladder index in healthy fetuses. Material and methods: The

urinary tract study was conducted based on the data extracted from the database of our tertiary center in
the years 2016-2019. The study group, comprising 867 fetuses, demonstrated normal biom-
etry and normal heart structure, normal heart function, no extracardiac malformations, and
no extracardiac anomalies. The stomach to urinary bladder index was analyzed in the study
group. The examinations were performed with the use of the following ultrasound machines:
Voluson E10, Philips and Voluson Expert, with convex transabdominal transducers. Linear
regression analysis based on Microsoft Excel was used for statistical analysis. Results: The
average size of the stomach in healthy fetuses between the 14-40" week of gestation was
18 mm (8-40 mm), the average urinary bladder measurement was 17 mm (15-42 mm), and
the fetal stomach to urinary bladder index was constant: 1.26 (0.09-3.93). Conclusions: The
normograms for the stomach, urinary bladder and the stomach to urinary bladder index pre-
pared based on our study group can contribute to an improvement in the accuracy of exami-
nation and provide an unified organization of the description of fetuses. These normograms
constitute an additional marker for the assessment of fetal condition. A clear disproportion in
the size of the urinary bladder and stomach can be helpful in terms of paying more attention
B to fetuses with untypical features in screening centers.

Introduction improvement of the accuracy of examination and provide
a unified organization of the description of fetuses.
The development of pregnancy affects many organs, includ-

ing fetal stomach and urinary bladder. Both structures can

be easily measured in routine fetal screening. Ultrasound
detection of macrosomia is still a challenge, and the com-
monly used markers often fail to contribute to an accurate
assessment of fetal macrosoma. Therefore, a new ultra-
sound marker is needed to increase the chance of detection
of fetal macrosomia prenatally. The normograms regard-
ing the average size of the stomach and urinary bladder,
and the stomach to urinary bladder index, which were
prepared based on our study group, can contribute to an

Aim

The aims of this study were to analyze the measurement (in
mm) of fetal stomach and urinary bladder in healthy fetuses,
and to evaluate the stomach to urinary bladder index (S/UB
index). Normograms for fetal stomach and urinary bladder as
well as S/UB index were prepared to provide reference tables
for everyday screening in order to present a unified medical
report of fetuses in reference centers for fetal assessment.
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Fig. 1. Measurement of fetal stomach length in relation to gestational age in a group of 867 healthy fetuses (normal heart anatomy, no
extracardiac malformmations, no extracardiac anomalies). Data obtained from the Departinent of Prenatal Cardiology of the Polish

Mother’s Memorial Hospital in Lodz, 2016-2019

Materials and methods

The study was conducted based on the data extracted
from the database of our tertiary center, which included
fetal ultrasound exams performed in the years 2016—
2019. The study group, comprising 867 fetuses, dem-
onstrated normal biometry and normal heart structure
(NHA), normal heart function (NHS), no extracardiac
malformations (ECM), and no extracardiac anomalies
(ECA), and had stomach measurements (in mm) and
urinary bladder measurements (in mm). The reference
curves for these values were determined based on ges-
tational age.

In addition, the stomach to urinary bladder index was ana-
lyzed in the study group.

The examinations were performed with the use of the
following ultrasound machines: Voluson E10, Philips
and Voluson Expert, with convex transabdominal
transducers.

The measurement of the size of the fetal stomach was eval-
uated in the longitudinal plane, with its longest diameter
measured. The same section was applied in the measure-
ment of fetal abdominal circumference (AC) for the pur-
poses of biometry calculation (Fig. 1).

Stomach size

60
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., Y=09601x-6,8365

Stomach size (mm)
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Fig. 2. Measurement of fetal stomach length in relation to gestational age in a group of 867 healthy fetuses with a trend line. Figure ac-
cording to the formula: y = 0.9601 X -6.8365. Data obtained from the Department of Prenatal Cardiology of the Polish Mother's

Memorial Hospital in Lodz, 2016-2019
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Fig. 3. Measurement of fetal urinary bladder size in relation to gestational age in a group of 867 healthy fetuses. Data obtained from the
Department of Prenatal Cardiology of the Polish Mother's Memorial Hospital in Lodz, 2016-2019

The measurement of the size of the fetal urinary bladder
was performed based on transverse abdominal scans,
taking into account the maximum internal dimension
length.

The observation of the fetal stomach and urinary blad-
der took place at the second and third trimesters, dur-
ing routine ultrasound screening of fetuses. This is the
period of pregnancy when both structures are clearly
visible and well-developed and, as a result, can be evalu-
ated quite easily.

Interobserver variability and intraobserver variability were
analyzed off line on a group of 10 fetuses, yielding compli-
ance at the level of 100%. Linear regression analysis based
on Microsoft Excel was used for statistical analysis.

Results

Measurements of the fetal stomach in mm from 14 to 38.4
weeks into gestation in the study group are presented in
Fig. 1 and Fig. 2.

The examination results presented in Fig. 1 and Fig. 2 dem-
onstrate an upward trend in fetal stomach size with the
gestational age (in terms of weeks of gestation). The size
of the stomach in “healthy” fetuses (with normal biome-
try, cardiac structure and function, without any extracar-
diac malformation and extracardiac anomalies observed)
during pregnancy from the 14" week of gestation to the
40" week of gestation was on average 18 mm, with the
minimum value of 8 mm, maximum value of 40 mm, and
median value of 17 mm.

The urinary bladder size measurements in the study group
of fetuses without anomalies from 14 to 38.4 weeks into
gestation are presented in Fig. 3 and Fig. 4. The analysis

of the data shows that the average urinary bladder mea-
surement was 17 mm, with a minimum value of 15 mm,
maximum value of 42 mm, and median value of 15 mm.

Next, the fetal stomach to urinary bladder index was ana-
lyzed in the study group (Fig. 5 and Fig. 6).

Correlation between the size of fetal stomach
and urinary bladder

Figure 5 shows that the size of the fetal stomach and uri-
nary bladder increases with gestational age in parallel, on
a 1:1 basis.

Fetal stomach to urinary bladder index

The analysis shows that the fetal stomach to urinary blad-
der index during prenatal development is virtually constant
and shows a slight tendency to decrease in the 3 trimester
of pregnancy. Assessment of the S/UB index in the study
group of fetuses without anomalies in the second and third
trimesters of pregnancy shows that the average value of the
S/UB index is 1.26, with a minimum value of 0.09, maxi-
mum value of 3.93, and median value of 1.14.

All the values presented should be clinically referred to the
average values due to the fact that they have the best pre-
dictive power for a general assessment of the population
of fetuses.

Discussion
In this study, the selection of subjects (fetuses) included

mainly fetuses with a gestational age exceeding 18 weeks
due to the fact that this is a time when it is easy to visualize
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Fig. 4. Measurement of fetal urinary bladder size in relation to gestational age in a group of 867 healthy fetuses with a trend line. Figure
according to the formula: y = 1.1105 X -12.533. Data obtained from the Department of Prenatal Cardiology of the Polish Mother's

Memorial Hospital in Lodz, 2016-2019

the size of the structures examined, and the lack of their
visibility may have significant clinical consequences.

Under normal conditions, the fetal stomach is located on
the left side of the descending aorta, as is the tip of the
heart, which is also typically located on the left, that is on
the same side as the stomach"?. The stomach is observed
in the ultrasound image as a hypoechogenic structure and
may be seen from the 9" week of gestation®. The lack of
stomach or undersized stomach may be a result of esopha-
geal atresia or esophageal atresia with an esophageal-tra-
cheal fistula®. Oversized stomach can be caused by duo-
denal atresia or small intestinal atresia. Fetal stomach size
can also be affected by gestational diabetes®. Abnormally
small or large stomach can be an ultrasound marker or
fetal development anomaly‘®.

The fetal stomach can be visualized in the first trimester
of pregnancy and can be a good marker of fetal lateraliza-
tion. Analysis of stomach location makes it easier to detect
dextrocardia or situs inversus'”. Ultrasound observation of
the position of the stomach may be useful in diagnosing
diaphragmatic hernia in the fetus®'%.

Digestive system defects usually occur in combination with
polyhydramnios, which is usually observed at 28 weeks of
pregnancy or later, and then an enlarged or abnormally
small stomach can be an important marker for the detec-
tion and diagnosis of gastrointestinal anomalies.

Despite the good quality of modern ultrasound machines, the
visibility and assessment of the esophagus even by an expe-
rienced ultrasound specialist is not easy. Assessment by 3D
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Fig. 5. Comparison of the size of the fetal stomach and urinary bladder in fetuses without anomalies in relation to gestational age in a group
of 867 healthy fetuses with trend lines. Data obtained from the Departiment of Prenatal Cardiology of the Polish Mother's Memorial

Hospital in Lodz, 2016-2019
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Fig. 6. Ratio of the size of the fetal stomach and urinary bladder in relation to gestational age in a group of 867 healthy fetuses with a trend
line. Data obtained from the Department of Prenatal Cardiology of the Polish Mother's Memorial Hospital in Lodz, 20162019

ultrasound imaging may be helpful here!'". Nevertheless,
ultrasound alone does not give a precise answer on the level
of obstruction. That is why other examination methods are
increasingly used, such as magnetic resonance imaging and
amniotic fluid flow analysis, which may be helpful in resolv-
ing diagnostic problems?.

It is worth quoting one of the studies by Millener ez al. ',
which included a study group of 7,200 fetuses. In the study
group, there were 31 fetuses with an absent stomach dur-
ing ultrasound examination after 14 weeks of gestation.
This means that sometimes fetal stomach may not be seen
on ultrasound scan. “Not all fetuses with a nonvisualized
stomach after 19 weeks’ gestation have a poor outcome.
Not all fetuses with a transiently nonvisualized stomach
have a normal outcome”"?.

We compared our normogram with Goldstein’s nor-
mogram®, which shows measurements of the stom-
ach in 152 fetuses from the 9" week of gestation to
the 40" week of gestation. Measurements were per-
formed in three dimensions: anteroposterior, longitudi-
nal, and transverse. A linear increase in stomach size
was observed in parallel with the week of gestation.
Analyzing the chart presented by Goldstein er al.”), one
sees that in normal pregnancies from the 13" week of
pregnancy to the 39" week of pregnancy, the size of the
fetal stomach ranges on average from 0.4 cm to 2 cm
in the anteroposterior dimension, 0.6 cm to 2.4 c¢m in
the transverse dimension, and 0.9 cm to 4.1 cm in the
longitudinal dimension. On average, throughout the
entire gestation period, the fetal stomach size ranges
from 4 mm to 41 mm.

The measurements obtained in our center are similar to
Goldstein's data, but for the purpose of simplification and
streamlining of the examination protocol and, above all,
with a view to highlighting the importance of stomach visu-
alization, it seems that just one measurement proposed by
us for analysis is also a good method.

In the literature, there are also other normograms for fetal
stomach assessment, but we did not find one that compared
the size of the stomach with the size of the fetal bladder.

The ultrasound measurement of the fetal urinary bladder is
another important marker that can be used to diagnose fetal
malformations"?. The urinary bladder was located above the
transverse plane in most cases and in the median sagittal
plane in every case. It was determined that the angle of the
bladder did not change, and the mean value of the angle
was 151 degrees during the fetal period'”. The urinary blad-
der was categorized into four different shapes, and the most
common shape found during the fetal period was cuboid®.

With normal fetal development, the size of the urinary blad-
der should show an upward trend in parallel with subse-
quent weeks of pregnancy in the second and third trimes-
ters. Based on our data, the average urinary bladder size
in the second and third trimesters of pregnancy is between
the minimum value of 15 mm and the average value of
about 50 mm, and should not exceed 3—4 cm in the third
trimester of pregnancy'”. When comparing the data on the
stomach and urinary bladder, it can be concluded that the
size of the fetal stomach and urinary bladder increases
with gestational age on a 1:1 basis. Any discrepancies in
this regard may indicate fetal developmental abnormalities
requiring further diagnostic work-up. Ultrasound assess-
ment of the urinary bladder allows the diagnosis of bladder
anomalies including bladder agenesis, bladder exstrophy,
or ureteral cyst'".

Ultrasound bladder may be visible from the first trimes-
ter of pregnancy. This examination is important because
the size of the bladder exceeding 4 cim may point towards
a diagnosis of the so-called enlarged bladder, otherwise
known as giant bladder. Visualization of such a large blad-
der may suggest posterior urethral valves (57%), followed
by urethral atresia/stenosis (7%), prune belly syndrome
(4%), megacystis-microcolon-intestinal hypoperistalsis
syndrome (MMIHS) (1%), and cloacal anomalies (0.7%).
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Karyotype anomalies are found in 15% of cases, and
include trisomy 18, trisomy 13, and trisomy 211819,

Another important aspect is the assessment of urinary blad-
der volume. In a study conducted by Fontanella ez al. ¥,
urinary bladder volume was assessed in the second and
third trimesters of pregnancy. The study showed the vol-
ume of the urinary bladder in healthy fetuses to increase
slightly in the second trimester in parallel with gestational
age, and more intensively from 25 weeks of gestation. At
present, fetal urine production can only be measured indi-
rectly by repeated ultrasound assessments of the succes-
sively increasing fetal bladder volume, and it is not possible
to validate the estimated urine production?®2?,

Furthermore, the histological analysis of the smooth mus-
cle, collagen, nerves and connective tissue of the develop-
ing bladders revealed that there were no gender differences
during weeks 13-23 of gestation?.

When fetal bladder enlargement is diagnosed, structures
including the ureters, kidneys and genitals must be care-
fully examined. The fetus must then be assessed more fre-
quently and evaluated for AFI, as changes in the amount
of amniotic fluid in fetuses with abnormally large or small
fetal urinary bladder can be life-threatening!'”.

When the bladder is repetitively not visible at all, the amount
of amniotic fluid can help in making the differential diag-
nosis. In association with oligo- or anhydramnios, bilateral
renal pathology should be suspected (e.g. bilateral multicys-
tic kidney disease, severe bilateral ureteropelvic junction
obstruction, bilateral renal agenesis or autosomal recessive
polycystic kidney disease). If the amniotic fluid volume is
normal, a bladder anomaly should be considered®?.

In turn, the assessment of the S/UB index in fetuses in
the second and third trimesters of pregnancy showed the
averaged value of 1.26 (with a minimum value of 0.09 and
a maximum value of 12.92), with a tendency to a slight
decrease in the S/UB index during the third trimester
of pregnancy. Atypically low or high values may suggest
abnormalities requiring further evaluation to look for
structural or functional anomalies.

It is also very important to remember about the cor-
rect position of the fetal stomach and fetal heart. Fetal
stomach and fetal heart are normally located on the
left side, thus providing situs solitus. In some cases,
though, situs inversus can be observed. Therefore, the
position of the fetal spine must be correctly assessed
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Fetal heart biventricular diameter/foot length index as a diagnostic marker
of fetal macrosomia in the second and third trimester of pregnancy
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ABSTRACT

Purpose: Fetal macrosomia may have serious effects on both mother and newborn, so it is
important to correctly evaluate the fetal weight before delivery. Fetal routine biometry, height
of the fundus of uterus, interventricular septal thickness seems to be very good but still not per-
fect. In our study the relation between fetal biventricular (AP) diameter and fetal foot length
was elaborated in the 2nd and 3rd trimester of pregnancy.

Material and methods: The analyzed group (n =423 fetuses) was divided into 2 subgroups: a
control group (n =109 fetuses) with normal biometry, normal heart anatomy and normal cardiac
function, no extracardiac malformation, no extracardiac anomalies, gestational age ranged from
17.5 to 37.1 weeks of gestation, born at term with birth weight 3000-3600g, and a study group
(n=314 fetuses) with gestational age 17.5-39.5 weeks. Among the study group there were 20
patients (n = 20 fetuses) with macrosomia defined as a neonatal birth weight of greater than or
equal to 4000g. The control group was used to generate normograms on fetal AP, foot length
and AP/Foot Index. The Statistica 13.3 and Excel 365 software were used to calculate the sensi-
tivity, specificity, positive predictive value and negative predictive values.

Results: In control group, the mean biventricular fetal heart (AP) measurement was 23 mm
(129 mm-38 mm), the mean foot length was 43mm (24 mm-71mm), and the mean AP/Foot
Index was 0.52 (0.40-0.65). The value of the AP/Foot Index in the second trimester of the con-
trol group was 0.53, whereas the AP/Foot Index in the third trimester of pregnancy was 0.51.
The use of standard fetal biometry resulted in the prediction of macrosomia in 20%, whereas
the AP/Foot index in addition to standard fetal biometry enabled the detection of 65% of
macrosomia.

Conclusions: The AP/Foot Index higher than 0.52 has greater sensitivity and negative predictive
value to detect macrosomia compared to standard ultrasound fetal biometry.
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Introduction maternal diseases, mainly diabetes, excessive weight
gain and prolonged duration of pregnancy may lead
to fetal macrosomia [5]. The diagnosis of fetal macro-

somia is important to arrange further procedures,

Ultrasound examination is a noninvasive tool used for
advanced evaluation of the anatomy and function of
fetuses [1]. By definition, macrosomia is a fetal or new-

born body weight greater than or equal to 40009 [2].
Nevertheless, some authors argue that macrosomia
occurs when the fetal weight assessed by ultrasound
or the birth weight of a newborn is 4500g [3]. A
standard ultrasound assessment of the fetal body
weight includes the measurement of the abdominal
circumference, femur length and fetal head (biparietal
diameter and head circumference) [4].

Factors such as previous episodes of fetal macroso-
mia, maternal obesity, maternal age and height, and

including cesarean section to reduce the risk of shoul-
der dystocia and plexus paralysis [6].

The already used markers for the prediction of fetal
weight such as fetal biometry, height of the fundus of
uterus and interventricular septal thickness seem to be
good but not perfect [7]. There are still fetuses whose
weight is underestimated in the 3rd trimester.

Can fetal foot be a good potential diagnostic marker
of fetal macrosomia? The size of the heart is considered
to be equal to the size of the fist [8], however it is very
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Figure 1. Measurement of fetal heart biventricular diameter (AP) in relation to gestational age in a control group (n=109) of
healthy fetuses with Normal Heart Anatomy, no Extracardiac malformations, no Extracardiac anomalies. Data from the Department
of Diagnoses and Prevention of Fetal Malformations, Medical University of Lodz of 2016-2020. Gestational age in weeks.

difficult to find and measure fetal hand. According to
Leonardo Da Vinci, the foot should be two times bigger
than the size of the heart [9]. Therefore, the analysis of
the AP/Foot Index in healthy fetuses and in cases of
macrosomia seems to be reasonable.

Materials and methods

This study focused on the elaboration of a new marker
for better prediction of the fetal macrosomia and was
performed based on the data retrieved from 2016 to
2020 from our unit computer database (Fetal Pathology
of the Medical University of Lodz). The total number of
423 fetuses was divided into 2 groups: a control group
(n=109) fetuses who presented normal biometry, nor-
mal cardiac anatomy (NHA), normal heart study, normal
cardiac function (NHS), no extracardiac malformation
(ECM) and no extracardiac anomalies (ECA) and their
gestational age ranged from 17.5 weeks to 37.1 weeks of
gestation and were born at term with a birth weight of
3000-3600g. The fetuses were used to generate normal
ranges of the fetal AP, foot length and AP/Foot Index.
The study group (n=314) had gestational age ranged
from 17.5weeks to 39.5weeks of gestation and pre-
sented normal biometry, normal cardiac anatomy (NHA),
normal heart study, normal cardiac function (NHS), no
extracardiac malformation (ECM) and no extracardiac
anomalies (ECA). Among the study group there were 20
fetuses (20/314=6.4%) with macrosomia defined as
neonatal birth weight more than or equal to 4000g. In

this study, the definition of macrosomia as weight
greater than or equal to 4000g was applied.

The ultrasound examinations were performed with
the use of the Voluson E10, Philips and Voluson
Expert ultrasound machines with convex transabdomi-
nal transducers.

The transverse diameter of the heart (AP) was
measured in short axis of the fetal chest in the 4-
chamber view at end-diastole with the calipers placed
on the outer wall of the heart. The results of the AP
measurements are presented in Figure 1. The meas-
urements of both AP and fetal foot were performed
two times by one ultrasound specialist. This provided
a uniform measurement data.

Interobserver and intraobserver variations were not
analyzed. The first author (W.S.) performed an analysis
of the collected data.

The fetal foot was measured from the most poster-
ior tip of the foot to the end of the first or second toe
in the longitudinal plane and the results of the meas-
urements were presented in Figure 2. Heart biventricu-
lar diameter (AP in mm) and fetal foot length (foot in
mm) were retrieved from the last prenatal ultrasound
examination before the delivery in cases having more
than one visit. AP to foot index was calculated and
presented in Figure 3. The gestational age used to
generate all the figures were referred to gestational
age evaluated based on fetal biometry.

The data on standard ultrasound biometry included
the analysis of the estimated fetal weight, which was
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Figure 2. Measurement of fetal foot length in relation to gestational age in a control group of 109 healthy fetuses (Normal Heart
Anatomy, no Extracardiac malformations, no Extracardiac anomalies) with a trend line. Data from the Department of Diagnoses
and Prevention of Fetal Malformations, Medical University of Lodz of 2016-2020. Gestational age in weeks.

obtained by the measurement of the fetal BPD, HC,
AC, and FL. The EFW values were automatically calcu-
lated by the built-in modules in the ultrasound
machine software.

Linear regression analysis was based on Microsoft
Statistical analysis. The Statistica 13.3 and Excel 365 soft-
ware were used to calculate the sensitivity, specificity,
positive predictive value and negative predictive value.

Results

Fetal heart biventricular diameter (AP) in mm from
17.5 week of gestation to 37.1 week of gestation in the
control group of healthy fetuses is presented in
Figure 1.

The results presented in Figure 1 demonstrate an
upward trend in fetal heart biventricular diameter (AP)
with the gestational age (in terms of weeks of gesta-
tion). The heart diameter (AP) in healthy fetuses (with
normal biometry, normal cardiac anatomy and func-
tion, without extracardiac malformation and extracar-
diac anomalies observed) during pregnancy from the
17.5week of gestation to the 37.1 week of gestation
demonstrated the minimum value of 12.9mm at 17th
week of gestation, maximum value of 38 mm at term
and the median value was 23 mm.

Measurement of the fetal foot in mm from 17.5 week
of gestation to 37.1week of gestation in the control
group of healthy fetuses is presented in Figure 2.

The results presented in Figure 2 demonstrate an
upward trend in fetal foot size with the gestational

age (in terms of weeks of gestation). The size of the
foot in healthy fetuses (with normal biometry, cardiac
structure and function, without extracardiac malforma-
tion and extracardiac anomalies observed) during
pregnancy from the 17.5week of gestation to the
37.1week of gestation was on average 43 mm, with
the minimum value of 24mm at 17th week of gesta-
tion, maximum value of 7Tmm at term and the
median value of 43 mm.

Measurement of the fetal AP to foot index (AP/F
index) in mm from 17.5 week of gestation to 37.1 week
of gestation in the study group is presented in
Figure 3.

The results presented in Figure 3 demonstrate a vir-
tually constant value of the fetal AP to foot index in
relation to the gestational age (in terms of weeks of
gestation). This index in healthy fetuses (with normal
biometry, cardiac structure and function, without
extracardiac malformation and extracardiac anomalies
observed) during pregnancy from the 17.5week of
gestation to the 37.1 week of gestation demonstrated
minimum value of 0.40, maximum value of 0.65 and
median and average value of 0.52.

The value of the AP/Foot Index in the second tri-
mester of the control group was 0.53, whereas the
AP/Foot Index in the third trimester of pregnancy was
0.51. The value for both the second and third trimes-
ter was 0.52.

This value was accepted as a reference value for
the analysis of 20 fetuses with macrosomia (Table 1).
Based on routine fetal ultrasound biometry only 4
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Table 1. Fetuses with a birth weight of more than or equal to 4000g with the AP and foot measurements and the AP/Foot

Index calculated and compared with fetal estimated weight based on ultrasound calculations.

Fetal age Fetal age Estimated fetal
according according to weight based on Fetal heart - Neonatal birth

Case no. to LMP biometry ultrasound (g) AP (mm) Fetal foot (mm) AP/Foot Index weight (g)
1 334 345 2639+385 36 74 0.49 4050
2 342 353 2529+369 42 7 0.59* 4070
3 37.6 39.6 3588 +524* 44 68 0.65* 4100
4 385 39.5 4026 + 588* 438 815 0.54* 4120
5 33.1 35.0 2415+353 37 Al 0.52 4130
6 376 39.2 3664 +535* 44 84 0.52 4130
7 31.0 342 22394327 38 65 0.58* 4150
8 336 33.0 2126+310 37 74 0.50 4180
9 373 37.2 3079 +425 43 76 0.57* 4190
10 354 35.0 2802 39 77 0.51 4450
1" 35.2 354 2724+398 33 60 0.55*% 4080
12 373 37.2 3079 +425 43 76 0.57* 4190
13 29.5 284 2590+ 38 18 30 0.60* 4000
14 385 395 4026 + 588* 438 815 0.54* 4120
15 241 236 649 +95 21 40 0.53* 4010
16 344 36.6 1210177 327 515 0.63* 4220
17 325 36.1 2773 37 78 0.47 4000
18 28.5 27.6 1275+186 31 53 0.58* 4000
19 216 223 512+75 19 42 0.45 4090
20 27.2 26.5 981 /— 143 28 51 0.55% 4220
Average value 3552 65.23 0.55 4125
8.40 15.61 0.051 104.76

*Fetuses with the AP/Foot Index > 0.52.

fetuses (20%) were predicted to be macrosomic. Based
on the AP/Foot Index, 13 (65%) of fetuses could be
predicted as fetal macrosomia.

The fetal AP/Foot Index used for the detection of
fetal macrosomia showed 65% of sensitivity and
97.62% of specificity compared to standard biometry,
which demonstrated 20% of sensitivity and 94.56% of
specificity (Table 2).

The fetuses with a neonatal birth weight of more
than or equal to 4000g are presented in Table 1
below.

Discussion

In prenatal ultrasound, it is important to correctly
evaluate the fetal weight, and especially to detect fetal
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Table 2. Statistical analysis for fetal AP/Foot Index with values exceeding 0.52 compared to LGA fetuses detected based on

ultrasound according to fetal biometry.

LGA in ultrasound exam based on fetal

Factor Fetal AP/Foot Index > 0.52 (%) biometry without AP/Foot Index (%)
Sensitivity 65.00 20.00
Specificity 97.62 94.56
Negative predictive value 97.62 94.56
Positive predictive value 65.00 20.00

macrosomia as it may have serious effects on both
mother and newborn [1]. Proper diagnosis helps to
take appropriate prevention. The already used ultra-
sound markers for prediction of fetal weight such as
fetal biometry, height of the fundus of uterus, amni-
otic fluid index and interventricular septal thickness
seem to be good however insufficient predictors
[2-5,7].

Fetal macrosomia may have an effect on the child’s
obesity in the postnatal life. Fetuses with a weight of
3400-3499g show a statistically significant increase in
the risk of obesity in childhood [10]. According to
Oger et al. when fetal weight in the fetal biometry
assessed by ultrasound during prenatal examinations
exceeds 3400 g, this value should be considered a cut-
off line for suspected fetal macrosomia in patients
without diabetes [11]. In patients with diabetes, blood
glucose control and the use of targeted treatment
may reduce the risk of macrosomia [10-13]. The other
very important maternal factors which may lead to the
development of macrosomia in fetus include maternal
age, BMI, blood pressure, PAPP-A, BhCG and PIGF lev-
els, fetal CRL and uterine artery Pl [14]. Recently, some
studies have suggested that the analysis of the umbil-
ical vein flow may constitute a useful marker for the
prediction of fetal macrosomia [15].

Another very important risk factor for macrosomia
is maternal obesity. There is a relationship between
maternal BMI and the birth of LGA (large for gesta-
tional age) newborn [12]. If the fetus weight is more
than 4000 g, there is an increased risk of complications
related to delivery. Birth weight of more than 45009
increases the risk factors for newborns health compli-
cations, whereas birth weight of more than 5000g
increases the risk of neonatal death [16].

The measurement of fetal biventricular diameter
(AP) is very easy and is clinically important due to the
fact that it can help in the assessment of fetal condi-
tion [17,18]. The obtained results are generally corre-
lated to gestational age [19]. The minimum value of
the fetal heart anterior-posterior (AP) measurement in
our research was 12.9mm and maximum value of AP
was 38 mm at term. These values reflect the summary
data presented in other studies [20,21].

The size of the heart is considered to be equal to
the size of the fist of an adult [8]. According to
Leonardo Da Vinci first observation, the foot is much
longer than the hand [9], therefore the foot is larger
than the heart and probably twice as big as the heart.
This paper was aimed at verifying this hypothesis
based on our own data.

The measurement of fetal foot length during daily
ultrasound examinations is relatively easy and can be
an additional useful marker for the evaluation of many
conditions related to pregnancy [5,22-24]. It may con-
stitute an additional marker for the assessment of fetal
gestational age and thus the weight [6,23,25,26]. The
produced tables of measurements of fetal foot and
fetal heart AP can constitute reference tables for daily
ultrasound practice [11,27,28].

In our study, we presented a new biometric marker
that could be used in addition to standard ones to
focus on fetuses who might be out of normal weight
range [29]. We analyzed the AP/Foot Index in relation
to macrosomia in a period from the 15.6 week of ges-
tation because the studied anatomical structures are
developed quite well and can be easily observed dur-
ing ultrasound examination.

The fetal foot was measured from the most poster-
ior tip of the foot to the end of the first or second toe
[30,31]. The choice of the toe depended on the length
of the toe — we decided to choose the longest one. It
was important to provide an appropriate projection
and make sure that the foot is not bent or somehow
deformed due to the fact that it could affect the
results of our index [30,32]. The results obtained in
this study confirmed that the measurement of the
fetal heart AP and foot and then the calculation of the
AP/Foot Index in the second and third trimester of
pregnancy seems to have a higher sensitivity and spe-
cificity compared to standard ultrasound biometry
(ultrasound measurement of fetal BPD, HC, AC, FL).
According to the majority of recommendations, includ-
ing ISUOG, the measurement of fetal length, so far, is
not recommended. It is only recommended to visual-
ize fetal upper and lower limbs to make sure that they
are present [29]. However, our index, which is rela-
tively simple and easy to obtain, could be used in
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daily practice. The main limitation of this study is a
small group of patients, which is due to the fact that
measurement of the fetal foot is not easy.

Our promising results still require further valid-
ation by conducting prospective studies on a larger
group of fetuses, probably only in the 3rd trimester
to be able to answer the question of how early
enough we could detect fetal macrosomia using the
Heart/Foot index. As an additional marker to the
already existing ones, this index may be a very use-
ful and promising marker for better prediction of
fetal macrosomia.

Conclusions

The range of the fetal heart to foot index (AP/Foot
Index) was 0.40 (min.)-0.65 (max.) with a median value
of 0.52. The inclusion of the fetal heart to foot index,
in addition to standard fetal biometry, enabled the
detection of 65% of cases of macrosomia.
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Abstract: The long-term monitoring of a fetus with genetic and non-genetic anomalies is still a
challenge for prenatal medicine. Ultrasound screening must be based on some measurement ranges,
which show the trend of development of fetal body parts in a given period of time. One of them is
the fetal ear auricle. This study presents an analysis of the fetal ear auricle length in healthy fetuses to
establish normal ranges of fetal ear auricle length. The study group included 132 healthy fetuses. The
gestational age of healthy fetuses ranged from 17.0 to 39.5 weeks of gestation according to LMP. The
range of fetal ear length measurement was 10.00 mm—40.00 mm with an average value of 23.49 mm.
In the group of fetuses in the second trimester of pregnancy, the range of fetal ear length measurement
was 18.00 mm-28.00 mm, whereas in the group of fetuses in the third trimester of pregnancy, the
range was 16.00 mm~-40.00 mm. In order to check the usefulness of this parameter, an analysis of
this marker in fetuses with extracardiac anomalies, including genetic and non-genetic disorders is
shown. The fetal ear measurement can fall within the normal range even if there are some genetic or
non-genetic disorders. Therefore, the fetal ear measurement does not provide any diagnostic value in
terms of detecting any fetal genetic and non-genetic disorders, which is supported by the analysis of
the data provided in this study. Our study has proved that measurement of the fetal ear auricle is
possible; however, its clinical usefulness for perinatal management is currently very limited.

Keywords: fetal ear; extracardiac anomalies; ultrasound; prenatal cardiology; fetal anomalies

1. Introduction

Extracardiac abnormalities are common in congenital heart diseases as well as in ge-
netic and non-genetic syndromes. Therefore, screening of fetuses is important for the early
detection of any syndromes and the appropriate management of these patients. There are
many ultrasound markers used for the detection of genetic and non-genetic syndromes [1].
One of them may be the fetal ear auricle. Fetal ear auricle length measurements have
already been discussed in the literature in terms of the prediction of aneuploidy, mainly
trisomy 21, trisomy 18, triploidy, sex chromosomal abnormalities, and chromosomal abnor-
malities. These studies showed a shorter ear in fetuses with genetic disorders [2,3]. In this
study, the authors aimed to analyze fetal ear auricle length in healthy fetuses to establish
normal ranges of fetal ear length in healthy fetuses and use the elaborated normal ranges
in reference to a group of fetuses with genetic and non-genetic abnormalities to check if
measurement of the fetal ear auricle can constitute a relevant diagnostic marker in this
group of fetuses. In order to check the usefulness of this parameter, this study includes an
analysis of the measurement of the fetal ear auricle in fetuses with extracardiac anomalies,
including genetic and non-genetic disorders.
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2. Materials and Methods

This was a single-center analysis of a group of fetuses who had fetal ultrasound
examinations at the tertiary center from 2019 to 2022. The information on the fetal ear
auricle length was collected from the database of our unit (Fetal Pathology of the Medical
University of Lodz). All the healthy fetuses were labeled with normal biometry, normal
heart anatomy, and normal cardiac function without any extracardiac malformations or
extracardiac anomalies. Gestational age (GA) was calculated based on the last menstrual pe-
riod (LMP). The gestational age of healthy fetuses (n = 132) ranged from 17.0 to 39.5 weeks
of gestation according to LMP. The measurements performed did not affect clinical man-
agement. We only focused on the analysis and interpretation of the collected data. As a
result, approval from the Ethical Committee was not needed. All the patients gave their
consent for scientific analyses of their data at our center. The measurement of the fetal ear
auricle length was performed by mainly one person at our tertiary center, which made the
analysis uniform and correct.

2.1. Exclusions

All the patients with any abnormalities other than extracardiac anomalies, i.e., cardiac
anomalies (for instance, isolated polyhydramnion, isolated oligohydramnion, 2-vessel
umbilical cord, placentitis, and umbilical cord around the fetal neck) were excluded from
the first part of the study.

2.2. Fetal Ultrasound Examinations

The ultrasound examinations were performed with the use of the GE Voluson E8,
GE Voluson E10, and Philips iU22 ultrasound machines with convex transabdominal
transducers. Fetal ear auricle length was measured from the tip of the helix to the end
of the lobe in the longitudinal view. This measurement was performed during a detailed
fetal ultrasound evaluation and the value was added to 80% of the unit’s database by one
physician (MRL).

2.3. Statistical Analysis

Statistical analysis was performed using Statistica 13.3 and Excel 365 software. Scatter
graphs of fetal ear length measurement in healthy fetuses with categorization into the
second and third trimester was created. A box plot with minimal, maximal, and median
values was created for comparison of the second and third trimesters of pregnancy in
healthy fetuses. An additional graph of the median and interquartile range of the fetal ear
length in 5 subgroups according to LMP was prepared (p < 0.05). The data were normally
distributed. The Kruskal-Wallis test was used to analyze the fetal ear length in subgroups
according to LMP. A p-value < 0.05 was considered statistically significant.

3. Results

242 fetuses were selected for this study. For the purpose of establishing normal ranges
of fetal ear auricle length in healthy fetuses, 110 fetuses were excluded due to the presence
of extracardiac anomalies. The study group included 132 healthy fetuses. The gestational
age of healthy fetuses (n = 132) ranged from 17.0 to 39.5 weeks of gestation according
to LMP.

The study group included fetuses with normal biometry, normal heart anatomy, and
normal cardiac function without any extracardiac malformations or extracardiac anoma-
lies. This group was used for the preparation of a graph of normal ranges of fetal ear
length (Figure 1).
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Fetal ear length in healhy fetuses
LMP:Healthy fetuses: y=-2.3115 +0.8872*x;
r=0.8053; p =0.0000; r* = 0.6484
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Figure 1. A graph of fetal ear length measurement (in mm) in healthy fetuses (n = 132) in relation
to the gestational age (in weeks) with trend lines and percentiles. The red line is 50th percentile,
whereas the upper blue line is 90th percentile and the lower blue line is 10th percentile.

In the study group, the range of fetal ear length measurement was 10.00-40.00 mm
with an average value of 23.49 mm. The length of 14.00 mm constituted the 10th percentile,
and the length of 31.00 mm was the 90th percentile. This group of fetuses was divided into
the second and third trimesters of pregnancy. In the group of fetuses in the second trimester
of pregnancy, the range of fetal ear length measurement was 18.00-28.00 mm, whereas in
the group of fetuses in the third trimester of pregnancy, the range was 16.00-40.00 mm
(Figure 2). The R-value of 80.53% and R? value of 64.84% show a good correlation be-
tween gestational age and fetal ear length. The variability of the fetal ear length is de-
termined by the gestational age to a good extent. The median and interquartile ranges
of the fetal ear length in healthy fetuses in subgroups according to LMP are presented
in Figure 3.

Based on the elaborated normal ranges of fetal ear length in healthy fetuses, some
fetuses beyond the normal range of fetal ear length (below and above the 50th percentile,
around 90th percentile, and around 10th percentile) were randomly selected for further
analysis. These fetuses presented extracardiac anomalies and genetic or non-genetic disor-
ders. In one fetus the parents presented ear dysplasia. These fetuses were shown on the
background of a scatter graph (Figure 4) with normal ranges of fetal ear length. A summary
of randomly selected fetuses is presented in Table 1 below. Ultrasound examinations of the
fetal ear auricle are presented in Figures 6-10, including 2D and 3D examinations and an
image of a newborn with ear defects.
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Figure 2. Median and range (with minimum and maximum values) of the fetal ear length in healthy
fetuses in the second (14-27 weeks) and third (28-40 weeks) trimesters of pregnancy.
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Figure 3. Median and interquartile ranges of the fetal ear length in healthy fetuses in subgroups

according to LMP.
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Figure 4. A scatter graph of 15 cases of fetuses from our tertiary center with ear length around the
90th percentile, above and below the 50th percentile, and around and below the 10th percentile on
the background of the graph of normal ranges of fetal ear length. Marked with circles are cases of
fetuses with Down syndrome.

Table 1. A summary table of randomly selected samples of 15 cases of fetuses with ear length.

Fetal Age " :
A Extracardiac Anomalies and
Case According Fetal Ear ¢ ¢ .
Genetic or Non-Genetic Interpretation of Fetal Ear
No. to LMP Length [mm] %
Disorders
[Weeks]
1 36.3 35.7 Mother with hearing deficiency, ;1 4 9ot percentile
father with ear agenesis
2 335 30.0 Multicystic dysplastic kidney Above 50th percentile
3 346 17.0 Microcephaly Around 10th percentile
4 36.4 220 Hydrocephalus Below 50th percentile
Craniorachischisis, cleft palate
5 282 25.0 with cleft lip, esophageal Above 50th percentile
atresia
6 313 27.0 Dandy-Walker syndrome Above 50th percentile
7 33.0 21.0 Down syndrome Around 10th percentile
8 40.0 29.0 Down syndrome Below 50th percentile
9 251 17.0 Down syndrome Below 50th percentile
10 26.5 20.0 Down syndrome Around 50th percentile
1 33.6 25.0 Down syndrome Below 50th percentile
12 30.1 20.0 Down syndrome Around 10th percentile
13 24.3 16.0 Down syndrome Below 50th percentile
14 244 16.7 Down syndrome Below 50th percentile
15 372 22.0 Edwards’ syndrome Below 10th percentile
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Table 1 shows that fetal ear length can be affected by many different extracardiac
anomalies as well as genetic and non-genetic disorders. Any discrepancies in the ultrasound
measurement of fetal ear length (too large or too small) according to the literature should
be a warning sign for an ultrasound specialist of the possibility of occurrence of some other
disorders in the fetus and should require further monitoring and diagnosis.

Figure 5 confirms that fetuses with genetic disorders, such as Down syndrome and
Edwards syndrome, may have ear lengths below the 50th percentile.

45

40
35
30

20

Fetal ear length [mm]

15

10 b=

5 n n n n n n
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Gestational age [weeks]

Figure 5. A scatter graph of eight cases of fetuses (#7-#14) from our tertiary center with Down
syndrome and one case of a fetus with Edwards syndrome (#15).

4. Discussion

The ear is an anatomical structure which consists of three distinct structures: the
inner ear, the middle ear, and the outer ear. During embryogenesis, the ear starts to
develop from around the 22nd day of prenatal life and is fully developed by the 18th
week of gestation [4]. The fetal external ear shape is similar to an adult, but its prenatal
structure may be quite complex, and thus, sometimes difficult to be observed during
prenatal ultrasound examination [5]. Embryogenesis is the stage where the external ear is
developed. The ear is visualized most often as a hyperechogenic structure in ultrasound
examinations and is most often observed in the longitudinal plane [6]. The structure
of the fetal ear which is observed during ultrasound examination is the ear auricle in
the longitudinal plane. A sample visualization of the fetal ear during a 3D ultrasound
examination can be found in Figures 6-10. Visualization of the fetal ear is not quite easy, and
it is not recommended in basic screening in obstetrical ultrasound. However, it is possible
to observe such an organ in ultrasound examination; therefore, ultrasound specialists may
analyze the structure of the fetal ear and measure the fetal ear length. Observation of
both ears may be used to compare their structure and shape. In our work, we focused
on the analysis and measurement of only one ear after making sure that both ears are
present. The choice of left or right ear depended on the position of the fetus and was simply
random. The fetal ear can be observed in ultrasound in the second and third trimesters,
but the best period of its analysis in terms of any abnormalities and malformations is the
second trimester of pregnancy [7-10]. The development of the ear may be affected by
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karyotype anomalies and genetic syndromes [11]. The fetal ear length measured during
ultrasound examination has already been the subject of some medical articles which focus
on the creation of normal ranges of fetal ear length. When analyzing the normal ranges
presented in the literature [6,12,13], it can be shown that the ranges are consistent with
the normal ranges of the fetal ear length shown in this paper based on the data from
our tertiary center. The available literature focuses mainly on the assessment of the fetal
ear in terms of aneuploidy, such as trisomy 13, 18, and 21, and finds quite a statistically
significant correlation between aneuploidy and smaller ears in fetuses observed in prenatal
life [14-18]. According to them, small ears can constitute a useful tool in the prediction of
aneuploidy [19]. Abnormally enlarged ears can be a marker of the trisomy 4p syndrome
in which a fetus presents ‘a characteristic facial appearance, postnatal growth retardation,
severe psychomotor retardation with or without seizures, and microcephaly [20]. Different
craniofacial malformations such as auriculocondylar syndrome, which is characteristic of
micrognathia, mandibular condyle hypoplasia, and auricular abnormalities, may affect
the length of the fetal ear auricle [21]. The other syndromes and anomalies where the
fetal face, including the ear, is affected include the Fryns syndrome [22] or the CHARGE
syndrome [23,24]. There can be a relationship between the evaluation of the inner ear of
the fetus and congenital cytomegalovirus infection [25]. Our study attempted to compare
the findings with the data from our center and we managed to conclude that even if the
above-mentioned malformations and anomalies can affect the length of the ear, our analysis
and presented ranges show that the measurement of the fetal ear in this group of fetuses
may fall within our elaborated normal ranges.

Zaklad Kardiologii Prenatalnej

Figure 6. An image of a fetal ear in 3D ultrasound examination. Measurement of the fetal ear at the
gestational age of 33 weeks.

There are plenty of possibilities for taking measurements additional to routine fetal
biometry, such as fetal stomach and urinary bladder [26].

The aim of our study was to evaluate the usefulness of prenatal measurements of
fetal ear length in a tertiary center. The study proves that even though visualization and
measurement of the fetal ear are possible, it is very rarely used on a daily basis. The results
of this paper suggest that measurement of the fetal ear can be applied in daily practice, but
it has a limited practical value as shown in Figure 4.
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Figure 7. An image of a fetal ear in 2D ultrasound examination. Measurement of the fetal ear at the
gestational age of 30 weeks and 1 day.

Zaklad Kardiologii Prenatainej
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Figure 8. An image of a fetal ear in 2D ultrasound examination. Measurement of the fetal ear at the
gestational age of 35 weeks and 1 day.
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Figure 9. An image of a fetal ear auricle in 3D ultrasound examination at the gestational age of
35 weeks and 1 day. A genetic test of the amniotic fluid: the use of whole genome oligonucleotide
microarrays (CytoSure Constitutional v3 (8x60k), Oxford Gene Technology, GRCh37/hg19) with an
average resolution of 120 kpz-arr(X,Y)x1,(1-22)x2-No abnormalities were detected.

Figure 10. A postnatal image of an ear auricle from Figure 9. The 2D measurement was within
normal range; however, the shape of the ear auricle is grossly abnormal.

The range of fetal ear length measurement in healthy fetuses in the gestational age
of 17.0 to 39.5 weeks according to the last menstrual period is 10.00-40.00 mm. In the
second trimester of pregnancy, the range of fetal ear length measurement is 18.00-28.00 mm,
whereas in the third trimester of pregnancy, the range is 16.00-40.00 mm. The R-value of
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80.53% and R? value of 64.84% show a good correlation between gestational age and fetal
ear length. What must be emphasized is that the fetal ear measurement can fall within
the normal range even if there are some genetic or non-genetic disorders. That is why the
fetal ear measurement does not provide any diagnostic value in terms of detection of any
fetal genetic and non-genetic disorders. A good example is presented in Figure 9 (prenatal
imaging) and Figure 10 (postnatal follow-up). This is an example of a newborn with an
abnormal shape of the fetal ear auricle even though the newborn does not present any
genetic abnormalities, which was confirmed in a genetic test of the amniotic fluid at the
22nd week of pregnancy with the use of the whole genome oligonucleotide microarrays
(CytoSure Constitutional v3 (8x60k), Oxford Gene Technology, GRCh37/hg19) with an
average resolution of 120 kpz-arr(X,Y)x1,(1-22)x2—correct result (test number: aCGH-
PD10038, DNA number: PD10038). The genetic test was performed at a leading genetic
clinic in Poland. This confirms our conclusion that fetal ear measurement has no clinical
value. Even if fetuses with Down syndrome have a smaller fetal ear [2,3] compared to
fetuses without any disorders, in this study, the authors do not support such observations
in relation to fetuses with trisomy 21.

It is also important to take into consideration the possibility of visualizing both ears
during prenatal ultrasound examination, especially when a parent presents agenesis of one
of the ears or both ears. However, the visualization of the ears depends on the fetal head
position, and in some cases, it may not be possible to obtain a proper image of the fetal ear
or ears. The fetus can be moving all the time during the ultrasound examination, and it can
be difficult for some practitioners to correctly measure the fetal ear auricle.

There are some important clinical implications that arise from our study. This can be a
time-consuming procedure and, therefore, may not be used on a regular basis in regular
examinations. However, in tertiary centers, where a scrutinized diagnosis is needed, it is
important to measure all the parts of the fetal body regardless of the time consumed.

A key strength of this paper is that it uses quite a large national dataset of healthy
fetuses, based on which a graph of normal ranges was elaborated and a study group
was formed, which was thoroughly selected based on complete data about the fetuses
and newborns. This study shows that even if a genetic test is performed and its results
are correct, the ultrasound measurements and visualizations can demonstrate that some
anomalies may still be present. This is in contrast to previous data analyses conducted
on a large group of fetuses. As a result, the authors conclude that even if genetic or non-
genetic anomalies are present, the measurements of the fetal ear auricle can fall within the
normal range.

In spite of having a large database of measurements of fetuses, there are also some
limitations that need to be considered. The most important one is a small group of fetuses
in the study group. However, this group can be extended for further studies. Another
limitation is the fact that ultrasound examination of the fetal ear auricle can be difficult and
time-consuming.

5. Conclusions

Our study has proved that measurement of the fetal ear auricle is possible; however,
its clinical usefulness for perinatal management is currently very limited.
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Rozdzial 14. Komentarz do opublikowanych prac w jezyku angielskim

Normograms in prenatal life of stomach and urinary bladder in the second and third

trimesters of pregnancy

Introduction

The first publication of the presented series of publications is an article with
elaborated reference ranges for the size of the stomach (S) and urinary bladder (UB) in
healthy fetuses. In addition, a new index of the ratio of the stomach measurement to
urinary bladder measurement (S/UB) was developed.

The research group included healthy fetuses, i.e. fetuses with normal biometry,
normal heart structure, normal cardiac function and without any non-cardiac defects or
anomalies. Each fetus underwent at least one ultrasound examination, during which the
above-mentioned anatomical structures were assessed and an echocardiographic
examination was performed. Fetuses with abnormalities in the structure and function of
the heart and fetuses with non-cardiac defects and anomalies were excluded from the
study. The study included fetuses of pregnant women in the second and third trimester
of pregnancy (14 - 40 weeks of pregnancy).

The research material consisted of medical documentation, images and
recordings from ultrasound and echocardiographic examinations at the Department of
Prenatal Cardiology of the Institute of the Polish Mother's Health Center in L6dz in
2016-2019. As a member of the Student Scientific Club of the Department of Prenatal
Cardiology, | obtained the consent of the Supervisor and the Head of the Department of
Prenatal Cardiology to analyze selected data collected in the Fetal Pathology system of
the Medical University of Lodz and the Tricefy system of the Institute of the Polish
Mother's Health Center in L6dz. In my article, | used anonymized data entered into the

database by the employees of the Institute of the Polish Mother's Health Center in L.6dz.

Results

The study included 867 fetuses of women in the second and third trimester of

pregnancy. The measurement of the urinary bladder was assessed longitudinally, taking
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into account the longest diameter of the measurement, whereas the fetal stomach was
measured transversely, taking into account the largest measurement from the inside. The
range of fetal stomach size between the 14" week of pregnancy and the 40" week of
pregnancy was 8 - 40 mm (mean value: 18 mm). The size of the fetal bladder in the
period of 14 to 38.4 weeks of pregnancy was 15 - 42 mm (mean value: 17 mm). The
research results indicate an increasing tendency in the dimensions of the fetal stomach
and urinary bladder with gestational age expressed in weeks. Based on the prepared
nomograms, the S/UB index was developed. The S/UB index is an index of the ratio of
the size of the stomach (in mm) to the size of the urinary bladder (in mm). The analysis
shows that the value of the ratio of the measurement of the fetal stomach to the urinary
bladder during prenatal development is practically constant and shows a slight
decreasing tendency in the third trimester of pregnancy. The range of the S/UB ratio in
the second and third trimester of pregnancy is from 0.09 to 3.93 (mean value: 1.26).

The presented values should be clinically related to average values due to the
best predictive value for the general assessment of the fetal population. Any deviations
from the above-mentioned values allow the specialist to refer the fetus for an extended
examination with a focus on potential developmental defects of the digestive and
urinary system in the prenatal period. This may be even more important because urinary
bladder defects are usually revealed late, mainly after the 32" week of pregnancy. The
urinary bladder agenesis is a very rare defect that is very easy to miss if fetal bladder

measurement is not routinely performed.

Conclusions

As pregnancy progresses, the internal organs of the fetus develop. The stomach
and urinary bladder are markers of diseases of the digestive and urinary systems. Both
of these structures can be easily measured during fetal screening examinations.
Nomograms regarding the average size of the stomach and urinary bladder, as well as
the ratio of the size of the stomach to the size of the urinary bladder (S/UB), which was
elaborated on the basis of the research group, may contribute to improving the accuracy
of the examination and ensure a uniform organization of reporting of fetal examination
results. These nomograms can be used in everyday practice as an additional marker for

the assessment of the clinical condition of the fetus and identification of those fetuses
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whose urinary bladder and/or stomach can or cannot be observed during ultrasound
examination.

A clear disproportion in the size of the stomach and/or bladder may be helpful in
drawing more attention to those fetuses who show atypical features during screening in

obstetrics and gynecology centers and prenatal cardiology centers.

Clinical and scientific significance

Assessment of the size of the stomach and urinary bladder is a basic element of
every ultrasound and echocardiographic examination of the fetus. In this article, three
elements of the ultrasound examination were analyzed - measurement of the size of the
stomach, urinary bladder and the S/UB index value. While measurements of the size of
the stomach and urinary bladder have been performed for many years, the S/UB index is
a new marker. This is an innovative study that has not yet been published in the
literature based on such a large group of fetuses in the Polish population. Moreover,
none of the publications include the S/UB index. In the paper by Pekindil G. et al. an
index of the ratio of the stomach circumference to the fetal abdominal circumference
was elaborated and it was shown that any deviations from the range of 14.8 - 27.03%
might suggest anomalies and an unfavorable prognosis for the fetus [96]. In this article,
the dimensions of the stomach and urinary bladder showed a positive correlation with
gestational age. Although the same observation (positive correlation) with respect to
gestational age and stomach size was also made by other authors [5,94,96,100,103,104],
the nomograms developed in this publication include up-to-date data for the Polish
population. The literature shows a positive correlation between the AFI index and the
size of the stomach in the fetus [105] and changes in the shape of the stomach from the
14th week of pregnancy [107]. In this article, the S/UB ratio remained relatively
constant in the second and third trimesters of pregnancy, with a slight decrease in the
third trimester of pregnancy.

The measurement of the fetal urinary bladder is one of the basic elements of an
ultrasound examination. The longitudinal dimension of the urinary bladder increases
with gestational age, which is also confirmed by the literature [109-112,115,116,131].
Due to the fact that the S/UB index includes both the measurement of the stomach and
the measurement of the urinary bladder in the fetus, any values deviating from the

normal values may indicate various anomalies, e.g. esophageal atresia, duodenal atresia,
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small intestinal atresia, bladder agenesis, bladder extrophy, ureteral orifice cyst, or
posterior urethral valve [109,111,114,117-120,123-130]. This also applies to the
visualization of the giant bladder [114,121,122]. It is worth noting that biometric normal
ranges in the field of urinary bladder are independent of gender [123]. Any deviations
usually constitute a negative prognostic factor, e.g. in fetuses with heart defects
[130,131]. It should be noted that the use of an additional marker in the ultrasound
assessment of the fetus may allow for a simple selection of fetuses who show atypical
features and make it possible to plan an appropriate method of measurement verification
as well as prenatal and postnatal management. A good example of ultrasound
assessment of the fetal stomach is the comparison of its position in relation to the heart.
Both the stomach and the apex of the heart are physiologically located on the left side of
the abdomen in the transverse dimension, therefore the stomach is a reference to the
position of the heart. As a result, it is possible to distinguish levocardia (normal position
of the heart) from dextrocardia (normal variant or pathology).

To sum up, any abnormalities in the size of the stomach, urinary bladder and the
index of the size of the stomach to urinary bladder (S/UB) should be an indication to
verify the measurements and possibly to refer the patient to a reference center to assess
the well-being of the fetus, including the assessment of the fetal heart. Therefore, the

S/UB ratio is another element of extended ultrasound fetal biometry.
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Fetal heart biventricular diameter / foot length index as a diagnostic marker of fetal
macrosomia in the second and third trimester of pregnancy

Introduction

This study focuses on the prediction of macrosomia in newborns based on
prenatal ultrasound examination. Therefore, the transverse dimensions of the heart (AP)
and the length of the foot (F) of the fetus were analyzed and, based on these data,
nomograms were prepared for the AP value and foot length. Moreover, the AP/F index
of the ratio of the heart size (AP) to the foot length (F) was elaborated. As far as the AP
measurement is concerned, this article is a continuation and update of the paper
authored [17] and co-authored [132] by prof. M. Respondek-Liberska.

The research group consisted of fetuses from singleton pregnancies of women in
the second and third trimester of pregnancy. Each fetus underwent at least one
ultrasound examination, during which the above-mentioned anatomical structures were
assessed and an additional echocardiographic examination was performed. Fetuses with
abnormalities in the structure and function of the heart and fetuses with non-cardiac
defects and anomalies were excluded from the study.

The research material consisted of medical documentation, images and
recordings from ultrasound and echocardiographic examinations from the Department
of Prenatal Cardiology of the Institute of the Polish Mother's Health Center in 1.6dz in
2016-2020. As a member of the Student Scientific Club of the Department of Prenatal
Cardiology, | obtained the consent of the Supervisor and the Head of the Department of
Prenatal Cardiology to analyze selected data collected in the Fetal Pathology system of
the Medical University of Lodz and the Tricefy system of the Institute of the Polish
Mother's Health Center in Lodz. In my article, | used anonymized data entered into the
database by the employees of the Institute of the Polish Mother's Health Center in L.6dz.

Results

423 fetuses were included in the study. The analyzed group of fetuses was
divided into two subgroups. The first subgroup was a control group of 109 fetuses with
normal biometry, normal heart structure, normal cardiac function, and without non-

cardiac defects or anomalies. The gestational age of the examined fetuses in the control
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group ranged from 17.5 to 37.1 weeks of gestation. Each fetus in this group was born at
term with a birth weight of 3000-3600 g. The control group was used to develop a
nomogram of the fetal heart AP and fetal foot length. The study group included 314
fetuses of pregnant women at 17.5 - 39.5 weeks of pregnancy. Among the fetuses from
the study group, there were 20 fetuses with macrosomia, defined as a newborn's birth
weight greater than or equal to 4000 g.

The results presented in this study show an increasing tendency of the transverse
diameter (AP) of the fetal heart with gestational age (in terms of weeks of pregnancy).
The AP value in healthy fetuses (with normal biometry, normal anatomy and heart
function, without observed developmental defects and non-cardiac anomalies) during
pregnancy from 17.5 weeks of pregnancy to 37.1 weeks of pregnancy ranged from 12.9
mm at 17 weeks of pregnancy to 38 mm at term (mean value: 23 mm).

Similarly, an increasing trend in the length of the fetal foot with increasing
gestational age (in terms of weeks of pregnancy) can be observed. The range of foot
length in healthy fetuses (with normal biometry and cardiac structure and function, as
well as without non-cardiac congenital defects and non-cardiac anomalies) in the period
from 17.5 weeks of pregnancy to 37.1 weeks of pregnancy was from 24 mm in the 17"
week of pregnancy to 71 mm at term (mean value: 43mm).

The AP/F index was calculated and a slight decrease in the AP/F index with
gestational age (in terms of weeks of pregnancy) was observed. The range of the AP/F
index values in healthy fetuses (with normal biometry, heart structure and function,
without extracardiac developmental defects and extracardiac abnormalities) from 17.5
weeks of pregnancy to 37.1 weeks of pregnancy was 0.40 - 0.65. The value of the AP/F
index in the second trimester of pregnancy was 0.53, whereas in the third trimester -
0.51. The average value for both the second and third trimester of pregnancy was 0.52.

Table 1 below presents the analyzed group of 20 fetuses with macrosomia,
defined as a newborn's birth weight greater than or equal to 4000g. The assessment of
the estimated fetal weight based on the AP/F index was compiled and compared with
the data based on ultrasound biometry which involves the measurement of BPD, HC,
AC, and FL. Among the 20 fetuses studied, based on the AP/F index, neonatal
macrosomia was detected in 13 cases of fetuses (65%) compared to basic ultrasound

biometry, which allowed the prediction of macrosomia only in 4 cases of fetuses (20%).
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Table 1. Fetuses with a birth weight of more than or equal to 4000g with the AP and foot measurements and the AP/Foot
Index calculated and compared with fetal estimated weight based on ultrasound calculations.

Fetal age Fetal age Estimated fetal
according according to weight based on Fetal heart - Necnatal birth

Case no. to LMP biometry ultrasound (g} AF [mm) Fetal foot (mm)  AP/Foot Index weight (g)
1 334 35 39+ 385 36 74 0.45 4050
2 M2 353 2539 +369 42 7 0.59* 4070
3 376 9.6 3588524 44 68 0.6 4100
4 38.5 3.5 4026 = 588" 438 81,5 0.547 4120
5 331 35.0 2415+353 37 M 0.52 4130
] 376 39.2 3664 +£535* 44 B4 0.52 4130
7 31.0 3.2 2239+327 38 [ 0.58% 4150
B EEN 3.0 N26+310 37 74 0.50 4180
9 373 7.2 3079425 43 76 0.57% 4190
10 h4 35.0 2802 39 7 0.51 4450
1 35.2 354 2724+398 33 60 0.55" 4080
12 373 37.2 3079 +425 43 76 0.57% 4150
13 25 .4 2590 +38 18 30 0.60% 4000
14 38.5 385 4026 + 588* 438 81,5 0.54% 4120
15 241 B6 649£95 21 40 0.537 4010
16 344 36.6 1210177 327 51,5 0.63% 4220
17 32.5 36.1 773 37 78 0.47 4000
18 28.5 7.6 1275+ 186 31 53 0.58* 4000
15 2.6 23 512+75 15 42 0.45 4050
20 72 .5 981 /- 143 28 51 0.55% 4220
Average value 35.52 65.23 0.55 4125
sTD 840 15.61 0.051 104.76

*Fetuses with the AP/Foot Index = 0.52.

Table 1: Fetuses with a birth weight greater than or equal to 4000 g with measurements
of AP, foot length and AP/F index compared to the estimated birth weight of fetuses
based on traditional ultrasound biometry which involves the measurement of BPD, HC,
AC, and FL.

Conclusions

The range of values of the AP measurement of the fetal heart to the length of the
fetal foot (AP/F) in the second and third trimester of pregnancy was 0.40 - 0.60 (mean
value: 0.52). The inclusion of the AP/F index in standard fetal biometry enabled the
detection of 65% of macrosomia cases. The AP/F index higher than 0.52 has greater
sensitivity and negative predictive value in detecting macrosomia compared to standard
ultrasound fetal biometry.

Clinical and scientific significance

The measurement of the length of the fetal foot is not an easy task due to the fact
that obtaining an appropriate projection of the foot in the ultrasound examination is
time-consuming. Nevertheless, it is an additional and useful marker for assessing the
newborn's body weight and predicting macrosomia in the newborn if the AP
measurement of the fetal heart is taken into account and the AP/F ratio is obtained. The
tables of normal values for AP measurements of the fetal heart [17,132] and foot length
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[139-145,147] in relation to gestational age, previously prepared by only a few authors,
have been updated and elaborated in this publication and constitute up-to-date
nomograms for the Polish population and may constitute reference tables in everyday
practice of obstetricians, gynecologists and prenatal cardiologists.

In Campbell J. et al. fetal foot length was used to develop the ratio of femur
length to foot length. This ratio appears to be important in differentiating fetuses with
dysplastic limb reduction from those whose limbs are short due to other factors or due
to IUGR [148]. Foot length was also assessed in SGA and LGA fetuses - it was shown
that in fetuses with SGA the foot length is smaller compared to the control group,
whereas in fetuses with LGA the foot length is greater [152,153].

The foot length measurement was also analyzed for the clubfoot defect - this
study showed that this defect led to simultaneous widening and shortening of the foot
[156]. It does not matter whether the left or right foot is measured as the differences are
not statistically significant [158]. However, none of the authors in the available
literature assessed the foot length and AP measurement of the fetal heart in relation to
the expected birth weight of the fetus. The results obtained in this article confirmed that
the measurement of the fetal heart’s AP and foot length with the establishment of the
AP/F index in the second and third trimester of pregnancy has higher sensitivity and
specificity compared to standard ultrasound biometry (which includes the measurement
of BPD, HC, AC, FL).

Proper assessment of the fetal weight based on ultrasound examination is
important because birth weight above 4000g increases the risk of birth complications,
birth weight above 45009 increases the risk of health complications for the newborn,
and birth weight above 50009 increases the risk of perinatal death and neonatal death
[159-163 ]

There are many factors that may contribute to macrosomia in the fetus. The most
common ones include previous deliveries of macrosomic fetuses, age and height of the
pregnant woman, diseases of the pregnant woman, of which the most important is
diabetes in pregnancy, excessive weight gain during pregnancy or prolonged pregnancy
period [164-183]. In the case of diabetes in pregnancy, fetuses are usually larger,
therefore precise assessment of fetal weight is important due to possible complications
in this group of patients [184-189]. Therefore, numerous attempts have been made to
predict macrosomia in the fetus, including the use of flow velocities through the

umbilical artery, and it has been shown that in macrosomic fetuses of pregnant women
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with gestational diabetes, the Pl value in the umbilical artery is lower compared to
fetuses of pregnant women without diabetes [190]. Moreover, some attention was paid
to a higher volume of the amniotic fluid (AFI) in fetuses with diabetes in pregnant
women [192]. Numerous other attempts have been made to predict macrosomia in
fetuses and such parameters as the C-peptide concentration, ROC curve, interventricular
septum thickness, and abdominal circumference were analyzed [193-205].

Current guidelines do not recommend measuring fetal foot length, however
visualization of the fetal upper and lower limbs is recommended to ensure their
presence. The elaborated AP/F index, which is relatively simple and easy to calculate,
can be used in everyday medical practice as an extended marker of basic fetal biometry.
It is important to remember that biometry is subject to a large estimation error,
especially in the third trimester of pregnancy and especially in macrosomic fetuses
[205]. With this ultrasonographic marker, it is possible to predict macrosomia in the
fetus in the third trimester of pregnancy and/or the newborn, which may help in making
decisions regarding the method of delivery and/or termination of pregnancy.
Appropriate birth planning is important for the health of the newborn, the woman giving

birth, and the work of the obstetrician.
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Measurement of the fetal ear length has no clinical value

Introduction

Extracardiac abnormalities occur frequently in congenital heart defects, as well
as in genetic and non-genetic syndromes. Therefore, more and more sensitive
ultrasound markers are being sought to predict the well-being of the fetus and newborn
as accurately as possible. One such marker appears to be the fetal ear auricle.
Measurements of the length of the fetal ear auricle have already been presented in the
literature in terms of predicting aneuploidy, mainly trisomy 21. In this article, the fetal
ear auricle length in fetuses was analyzed in order to prepare nomograms. Then, these
data was used to analyze a group of fetuses with genetic and non-genetic abnormalities.
The aim of this study was to find if the measurement of the fetal ear auricle could be an
important diagnostic marker in this group of fetuses.

The study group included fetuses of women in the second and third trimester of
pregnancy (17 - 39.5 weeks of pregnancy). Each fetus underwent at least one ultrasound
examination, during which the length of the fetal ear auricle was evaluated and an
additional echocardiographic examination was performed. Fetuses with abnormalities in
the structure and function of the heart, as well as fetuses with non-cardiac defects and
anomalies and genetic defects were excluded from the study.

The study material included medical documentation, images and recordings
from ultrasound and echocardiographic examinations from the Department of Prenatal
Cardiology of the Institute of the Polish Mother's Health Center in £.6dZ in 2019-2022.
As a member of the Student Scientific Club of the Department of Prenatal Cardiology, |
obtained the consent of the Supervisor and the Head of the Department of Prenatal
Cardiology to analyze selected data collected in the Fetal Pathology system of the
Medical University of Lodz and the Tricefy system of the Institute of the Polish
Mother's Health Center in L6dz. In my article, | used anonymized data entered into the

database by the employees of the Institute of the Polish Mother's Health Center in L6dz.

Results

A nomogram of the measurement of the length of the fetal ear auricle was

prepared. The normal range of the fetal ear auricle length was 10.00 mm - 40.00 mm
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(mean value: 23.49 mm) for the second and third trimester of pregnancy (17 - 39.5
weeks of pregnancy). The value of 14.00 mm constituted the 10" percentile, whereas
the value of 31.00 mm constituted the 90" percentile. In the group of fetuses of women
in the second trimester of pregnancy, the range of fetal ear length measurement was
from 10.00 mm to 28.00 mm, however if we consider the second trimester of pregnancy
as the second trimester examination, these values ranged from 18.00 mm to 28.00 mm.
In the group of fetuses from pregnant women in the third trimester, the range was 16.00
mm - 40.00 mm. A positive correlation was obtained between gestational age and fetal
ear auricle length. Based on the elaborated normal ranges of the fetal ear length, fetuses
whose auricle length was below and above the 50™" percentile, around the 90" percentile
and around the 10" percentile were randomly selected for further analysis. These fetuses
presented extracardiac anomalies and genetic or non-genetic disorders. In the case of
one of the examined fetuses, one of the parents presented ear dysplasia. These fetuses
were shown against the background of a chart of reference values (nomogram). Despite
slight deviations from the average values, in 8 fetuses with the Down syndrome, the
auricle measurement values were found within the elaborated normal ranges, i.e. 10.00
mm to 40.00 mm. A similar situation occurred in the case of one fetus with the Edwards
syndrome. Although the above-mentioned developmental defects and anomalies may
affect the length of the auricle, this study demonstrates that the measurement of the ear

auricle length in this group of fetuses may be within the developed normal ranges.

Conclusions

The measurement of the length of the fetal auricle is possible during an
ultrasound examination. Nevertheless, its clinical usefulness in perinatal management is
currently very limited due to the fact that the length of the auricle in fetuses with genetic
defects may be found within normal ranges. Therefore, based on the analysis performed,

the measurement of the fetal ear auricle is not a significant marker.

Clinical and scientific significance

Obtaining a normal image of the fetal ear in an ultrasound examination does not
exclude the presence of a genetic defect. Also, any ear abnormalities may not

necessarily result from a genetic defect. So far, the literature in this area has been
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focused on the ultrasound assessment of the length of the fetal auricle and development
of nomograms [208-212] in relation to genetic defects, mainly trisomy 21. It can be
found that the auricle in fetuses with the Down syndrome or the Edwards syndrome is
shorter compared to healthy fetuses [213-216].

In addition, the literature related the shape and length of the auricle with
different defects and malformations, including the CHARGE syndrome, Nager
syndrome, or FAS [217-236]. The presented article shows that in fetuses with trisomy
21 or trisomy 18 the length of the auricle may be within normal ranges. Any
information about abnormalities in the fetal ear auricle included in the examination
report should not constitute a basis for assuming the presence of other developmental
abnormalities in the fetus but should increase attention and result in an extended
prenatal diagnostic evaluation. However, if we want to know if this observation will
affect the prognosis of fetuses with, for example, heart defects, further research must be
conducted.
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