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1. WYKAZ  PUBLIKACJI  STANOWIACYCH  ROZPRAWE
DOKTORSKA

Praca doktorska pod tytulem ,,Wykorzystanie ultrasonografii w ocenie przebiegu cigzy i
diagnostyce prenatalnej u kéz” zostala udokumentowana cyklem publikacji naukowych
powigzanych tematycznie:

1. Wojtasiak N., Stankiewicz T., Btaszczyk B., Udata J. (2022): Ultrasound Parameters
of Embryo-Fetal Morphometry and Doppler Indices in the Umbilical Artery During the
First Trimester of Pregnancy in Goats. Pakistan Veterinary Journal, 43, (1), 97-102, IF:
2,3; Liczba punktéw MEIN: 70; (Zatacznik nr 1).

2. Wojtasiak N., Stankiewicz T., Blaszczyk B., Szewczuk M.A. (2023): Doppler
parameters in ductus venosus during the third trimester of pregnancy in goats. Animal
Science and Genetics, 19, (3), 17-25; Liczba punktéow MEIN: 20; (Zatgcznik nr 2).

Ponadto dokonano analizy aktualnego stanu wiedzy w zakresie wykorzystania ultrasonografii
u ciezarnych k6z. Wyniki tej analizy przedstawiono w pracy przegladowe;:
3. Wojtasiak N., Stankiewicz T., Udata J. (2020): Ultrasound examination of pregnancy
in the domestic goat (Capra hircus) - a Review. Scientific Annals of the Polish Society
of Animal Production, 16, (2), 65-78; Liczba punktéw MEIN: 70; (Zatgcznik nr 3).

W roku wydania wyzej wymienionych publikacji sumaryczny Impact Factor (IF) wynosit 2,3
Wedhug punktacji MEIN, zgodnie z rokiem opublikowania, publikacje te majg tacznie 160

punktow.



2. STRESZCZENIE

Celem naukowym rozprawy doktorskiej byla ocena mozliwosci wykorzystania
ultrasonografii w badaniu przebiegu cigzy i rozwoju zarodkowo-ptodowego u kéz. Dla
realizacji tego celu okreslono parametry morfometryczne zarodkoéw/ptodéw oraz oceniono
parametry dopplerowskie tetnic pepowinowych i przewodu zylnego podczas cigzy u koz.
Wykonano takze analiz¢ aktualnego stanu wiedzy w zakresie badan ultrasonograficznych cigzy
u tego gatunku.

Badania wykonano na kozach rasy Burskiej utrzymywanych na fermie w Zaktadzie
Doswiadczalnym Instytutu Zootechniki Panstwowego Instytutu Badawczego w Kotbaczu.
Kozy byly kryte w czasie ich naturalnego sezonu rozrodczego, nie stosowano metod
synchronizacji rui. Okres trwania cigzy okre$lono na podstawie dnia pokrycia i potwierdzono
retrospektywnie po porodzie.

W badaniach przeprowadzono analize parametrow morfometrii zarodkowo-ptodowej w
pierwszym trymestrze cigzy wykorzystujac ultrasonografi¢ w trybie B. Natomiast
wykorzystujac ultrasonografie dopplerowska przeprowadzono ocen¢ hemodynamiki w
tetnicach pgpowinowych oraz w przewodzie zylnym u cigzarnych koéz w pierwszym i trzecim
trymestrze. Okreslono rowniez przydatno$é badanych parametrow w diagnostyce prenatalnej u
koz.

Uzyskane wyniki wykazaly, ze parametry morfometrii zarodkowo-ptodowej zalezg od
dnia cigzy. Dlatego tez parametry te powinny by¢ uwzgledniane w ultrasonograficznej ocenie
rozwoju ptodu u kéz, zwlaszcza w pierwszym trymestrze ciazy.

Przeprowadzone badania wskazuja na mozliwo$¢ wykorzystania ultrasonografii
dopplerowskiej w monitorowaniu hemodynamiki tetnicy pgpowinowej i przewodu zylnego

podczas cigzy u koz.



3. ABSTRACT

The scientific aim of the doctoral dissertation was to assess the possibility of using
ultrasonography in the study of the course of pregnancy and embryo-foetal development in
goats. To achieve this goal, the morphometric parameters of embryos/fetuses were determined
and the Doppler parameters of the umbilical arteries and ductus venosus were assessed during
pregnancy in goats. An analysis of the current state of knowledge in the field of ultrasound
examination of pregnancy in this species was also carried out.

The research was carried out on Boer goats kept on a farm at the Experimental
Department of the National Research Institute of Animal Production in Kotbacz. The goats
were mated during their natural breeding season, estrus synchronization methods were not used.
The duration of gestation was determined by the day of coverage and confirmed retrospectively
after delivery.

In the study, the parameters of embryo-foetal morphometry were analyzed in the first
trimester of pregnancy using B-Mode ultrasound. On the other hand, using Doppler
ultrasonography, hemodynamics in the umbilical arteries and in the ductus venosus in pregnant
goats was assessed in the first and third trimester. The usefulness of the examined parameters
in prenatal diagnosis in goats was also determined.

The obtained results showed that the parameters of embryo-foetal morphometry depend
on the day of pregnancy. Therefore, these parameters should be taken into account in ultrasound
assessment of fetal development in goats, especially in the first trimester of pregnancy.

The conducted research indicates the possibility of using Doppler ultrasonography in
monitoring the hemodynamics of the umbilical artery and ductus venosus during pregnancy in

goats.



4. CEL NAUKOWY

Celem naukowym rozprawy doktorskiej byla ocena mozliwosci wykorzystania

ultrasonografii w badaniu przebiegu ciazy i rozwoju zarodkowo-ptodowego u koz.

Dla realizacji nadrzgdnego celu naukowego wyznaczono nastgpujace cele szczegdtowe:

1. Analiza aktualnego stanu wiedzy w zakresie wykorzystania ultrasonografii w
diagnostyce cigzy u koz.

2. Ocena mozliwos$ci wykorzystania ultrasonograficznych parametréw morfometrycznych
W monitorowaniu cigzy i rozwoju zarodkowo-ptodowego u koz.

3. Okreslenie mozliwosci  wykorzystania techniki  dopplerowskiej w  ocenie

hemodynamiki tetnic pegpowinowych i przewodu zylnego podczas ciazy u koz.



5. WPROWADZENIE I UZASADNIENIE PODJECIA BADAN

Aktualnie ultrasonografia w czasie rzeczywistym jest jedna z wazniejszych technik
umozliwiajacych wykrywanie i monitorowanie cigzy u kéz. Zapewnia ona wczesng diagnozg
cigzy, a w pOzniejszych etapach pozwala na monitorowanie rozwoju zarodka/ptodu oraz
szacowanie liczby oraz pici ptodow (Jones i Reed, 2017).

U koéz cigza trwa Srednio 155 dni i okres ten podzielony jest na trzy trymestry. Pierwszy
trymestr trwa do 49 dnia cigzy, drugi od 50 do 100 dnia cigzy, a trzeci trymestr rozpoczyna si¢
w 101. dniu cigzy (Karadaev i in., 2018). Utrata cigzy moze nastapi¢ w kazdym okresie ciazy,
ale najwickszy odsetek obumierania zarodkow wystepuje w pierwszym trymestrze (Samir i in.,
2016).

Pierwszym parametrem w ultrasonograficznej ocenie cigzy jest obecno$¢ pecherzyka
cigzowego. Duzy wptyw na czas wizualizacji 1 mierzong $rednice pecherzyka cigzowego ma
rodzaj i czestotliwo$¢ sondy ultrasonograficznej (Devi i1 in., 2019). Wielko$¢ pecherzyka
cigzowego mozna oceni¢ za pomocg glowicy transrektalnej juz w 19 dniu po zaptodnieniu
(Amer, 2010), natomiast od 25 dnia cigzy ocen¢ pecherzyka cigzowego u ko6z mozna
przeprowadzi¢ przezbrzusznie (Devi i in., 2019). Z drugiej strony inni autorzy proponuja
odlozenie badania do 32 dnia cigzy, aby unikna¢ fatszywie dodatniego rozpoznania
wynikajacego z wczesnej utraty zarodka (Jones in., 2016).

Dla ultrasonograficznej oceny rozwoju plodu okreslane sa migdzy innymi takie
parametry jak: dlugos$¢ ciemieniowo-siedzeniowa (ang. crown-rump length - CRL), srednica
dwuciemieniowa (ang. biparietal diameter - BPD), srednica oczodotu (ang. foetal orbit
diameter - OD) czy $rednicy klatki piersiowej (ang. chest diameter - CD). Badania wykazaly
wysoka korelacje miedzy wymienionymi parametrami a wiekiem cigzowym u koz (Karadaev i
in., 2018; Yazici i in., 2018). W diagnostyce ultrasonograficznej cigzy wykorzystuje si¢ pomiar
$rednicy tozyska (ang. placentome diameter - PD) (Enginler i in., 2021).

Wiekszo$¢ badan koncentruje si¢ na skutecznosci wykrywania cigzy, wieku cigzowym
w drugiej potowie cigzy (Airina 1 in., 2011; Elmetwally 1 in., 2016a,b; Gouda i in., 2021).
Ustalenie doktadnych przyczyn utraty zarodkow/ptodéw u koz jest trudne ze wzgledu na
ograniczenia w doktadnym okresleniu stanu wczesnej cigzy. Dlatego tak wazne sg badania nad
oceng ultrasonograficznych parametréw pozwalajacych wykry¢ ciazg 1 okresli¢ wiek cigzy w

mozliwie jak najszybszym okresie.



Oprocz diagnostyki ultrasonograficznej w trybie B w ocenie rozwoju zarodka/ptodu
wiele uwagi poswigca si¢ obecnie badaniom dopplerowskim (Elmetwally i in., 2016a,b;
Elmetwally i Meinecke-Tillmann, 2018; Stankiewicz i in., 2020). W ostatnich latach
mozliwosci obrazowania hemodynamiki naczyniowej z wykorzystaniem ultradzwickow
ogromnie wzrosty. Ultrasonografia dopplerowska shluzy miedzy innymi do monitorowania
rozwoju zarodkowo-ptodowego (Kumar i in., 2015). Za pomoca tej nieinwazyjnej techniki bada
si¢ tetnice maciczno-tozyskowe (Ramirez-Gonzalez i in., 2023), naczynia pepowinowe (Kumar
i in., 2015) oraz naczynia ptodowe takie jak aorta (Fasulkov i in., 2021) czy naczynia nerkowe
ptodu (Stankiewicz i in., 2023). Dostarcza ona rowniez informacji o stanie ptodu, pomaga w
diagnostyce ewentualnych nieprawidlowosci, ktére moga mie¢ wptyw na przezycie plodu i
noworodka (Da Silva i in., 2018).

Jest coraz wigcej dowodow, ze prawidtowa budowa i1 funkcja naczyn pgpowinowych
oraz catej pepowiny warunkuja prawidlowy rozwdj ptodu (Krzyzanowski i in., 2019).
Okreslenie wskaznika pulsacji (ang. pulsatility index - PI) i wskaznika oporu (ang. resistance
index - RI) naczyn pepowiny jest waznym elementem ultrasonografii dopplerowskiej i czgsto
Kluczowym podczas oceny rozwoju cigzy. Podwyzszony Rl tetnicy pepowinowe;j jest zwigzany
z opo6znionym  wzrostem wewnatrzmacicznym, wadami  wrodzonymi i innymi
nieprawidlowos$ciami w przebiegu cigzy (Elmetwally i in., 2016a,b).

Ogromne znaczenie w tych badaniach ma ultrasonografia watroby ptodu. Watroba
ptodu jest gldownym narzadem krwiotwdrczym podczas rozwoju ptodowego, odgrywa istotng
role w hematopoezie (Lewis i in., 2021). W zyciu ptodowym zajmuje réwniez uprzywilejowang
pozycje w krazeniu ptodowym, poniewaz jest pierwszym narzagdem, do ktorego krew trafia
bezposrednio z tozyska (Serensen i in., 2011). Natleniona krew do watroby ptodu kozy trafia z
zyly wrotnej 1 zyt pepowinowych, ktore wewnatrz ptodu tworza wewnatrzbrzuszna zyte
pepowinowa (Bejdi¢ i in., 2021). Doptyw zylny do lewego ptata watroby pochodzi z bogatej w
sktadniki odzywcze krwi Z wewnatrzbrzusznej zyty pepowinowej, w przypadku prawego ptata
watroby potowa krwi pochodzi z wewnatrzbrzusznej zyty pepowinowej, a druga potowa z
ubogiej w sktadniki odzywcze krwi z zyly wrotnej (Hauge i in., 2004; Serensen i in., 2011).
Ten podzial przeplywu krwi miedzy zyla wrotng a wewnatrzbrzuszng zyla pgpowinowa
odpowiada za dychotomi¢ czynno$ciowa, ktora moze by¢ modyfikowana przez wpltywy
hemodynamiczne (Kiserud, 2003; Hauge i in., 2004).

Watroba ptodu z jej uktadem zylnym to gtowne obszary zainteresowania w badaniu

krazenia plodowego. W szczegolnosci przeptyw krwi przez przewdd zylny (ductus venosus)



oraz jego potaczenie z wewnatrzbrzuszng zyla pepowinowa. Przewod zylny plodu koz jest
zakrzywionym naczyniem w ksztalcie trabki, potozonym w centralnej czgsci watroby, powyzej
porta hepatis (Bejdi¢ i in., 2021). Odgrywa on kluczowa role w dystrybucji wysoko natlenionej
krwi zylnej pepowinowej, ktorej czes¢ omija migzsz watroby przechodzac przez przewod
zylny, zyle gldowna ogonowa, otwor owalny, lewy przedsionek serca i ostatecznie dociera do
serca i mozgu (Seravalli i in., 2016).

Dlatego badania te majg duze znaczenie poznawcze na temat zycia
wewnatrzmacicznego 1 moga by¢ uzytecznym wskaznikiem w ocenie prawidtowego rozwoju

ptodu.



6. METODYKA BADAN, UZYSKANE WYNIKI I ICH OMOWIENIE

Badania wykonano na kozach rasy Burskiej utrzymywanych na ekologicznej fermie koz
w Zaktadzie Doswiadczalnym Instytutu Zootechniki Panstwowego Instytutu Badawczego w
Kotbaczu (Koltbacz, Polska: szeroko$¢ geograficzna 53°30°°N). Kozy utrzymywane byty w
systemie pastwiskowo-alkierzowym. Zywienie odbywato sie zgodnie z normami przyjetymi
dla tego gatunku, w oparciu o zielonke pastwiskowa i inne pasze obj¢tosciowe oraz tresciwe,
w zaleznosci od pory roku. Zwierzgta mialy staly dostep do wody i lizawek solnych. Kozy byty
kryte w czasie ich naturalnego sezonu rozrodczego w sposéb naturalny (krycie z rgki), nie
stosowano metod synchronizacji rui. Okres trwania cigzy okre$lono na podstawie dnia
pokrycia, a skuteczno$¢ krycia potwierdzono ultrasonografig transrektalng (aparat
ultrasonograficzny EDAN U50, sonda linearna, 9.4 MHz, model VV742UB) w okresie od 20 do
30 dnia po kryciu. Data poczecia zostata potwierdzona retrospektywnie przy zatozeniu, ze cigza

trwala 148 dni (Stankiewicz i in., 2020; Wojtasiak i in., 2023).

6.1. Realizacja celu pierwszego (cel szczegotowy )

Dla realizacji tego celu przeprowadzono szczegotowa analize dostepnych danych z
badan ultrasonograficznych na cigzarnych kozach. Na podstawie wynikow badan
opublikowanych w artykutach naukowych zebrano i usystematyzowano dane dotyczace
ultrasonograficznych parametrow biometrycznych zarodkow-ptodéw wykonywanych podczas
badania ci¢zarnych koz. Opisano przygotowanie cigzarnej kozy do badania oraz stosowane
techniki badan ultrasonograficznych. W artykule dokonano szczegoétowego opisu pomiaréw
fetometrycznych stosowanych w badaniu ultrasonograficznym ciazy u kéz. W tabelach
przedstawiono srednie warto$ci parametrow biometrycznych, takich jak: dlugos¢ ciemieniowo-
siedzeniowa, $rednica dwuciemieniowa ptodu, Srednica oczodotu, dlugos$¢ potyliczno-nosowa,
srednica brzucha 1 klatki piersiowej, dlugo$¢ poprzeczna i podluzna osi serca, Srednica
pepowiny i aorty plodu, a takze zewngtrzna i wewnetrzna Srednica tozyszezy dla
poszczeg6lnych ras k6z w roznych etapach cigzy. Wskazano, ze wdrozenie tej techniki USG w
praktyce pozwala na wykonywanie badan w cyklicznych powtdérzeniach na tych samych
zarodkach/ptodach. Ma to kluczowe znaczenie dla monitorowania wzrostu i rozwoju struktur
zarodkowo-ptodowych i pozaptodowych na kazdym etapie ciazy.

Wyniki tej pracy opublikowano w artykule pt. ,,Ultrasound examination of pregnancy
in the domestic goat (Capra hircus) - a Review”.
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6.2. Realizacja celu drugiego (cel szczegotowy II)

Dla realizacji tego celu badania przeprowadzono na 14 kozach. U wszystkich badanych
samic stwierdzono cigze mnogie, ktore diagnozowano podczas ultrasonograficznego badania
transrektalnego i potwierdzano podczas porodu. Ujednolicono tez wiek koéz — badania
przeprowadzono u wielorédek w wieku od 5 do 6 lat.

Dla wykonania pomiaréw S$rednicy pecherzyka cigzowego, dtugosci ciemieniowo-
siedzeniowej (CRL), wymiaru dwuciemieniowego glowy ptodu (BPD), dlugosci potyliczno-
nosowej (ONL), érednicy klatki piersiowej (TD) i tozyszczy (PD) badanie rozpoczeto od 30
dnia i1 kontynuowano do 45 dnia cigzy w 5 dniowych odstgpach. Badanie ultrasonograficzne
wykonywano za pomocg aparatu ultrasonograficznego (EDAN U50) wyposazonego w glowice
linearng o czg¢stotliwosci do 9.4 MHz (Model, V742UP) i glowicg sektorowa o czgstotliwos$ci
do 5 MHz (Model, C352UB). Badanie ultrasonograficzne wykonywano przezbrzusznie.
Badanie ultrasonograficzne wykonano u ciezarnych kéz, ktore nie byly wcze$niej poddane
dziataniu §rodkow usypiajacych.

Kazdorazowo u kazdej kozy badano 10 najwickszych tozyszcz (5 lezgcych w poblizu
ptodu i 5 lezacych w rogach macicy). Pomiar wykonywano mig¢dzy dwiema najbardziej
dystalnymi cze$ciami tozyszcza przy uzyciu ultrasonografii w trybie B. Uzyskane wyniki
nastepnie usredniano.

Przeprowadzone badania wykazaty, ze wszystkie badane parametry byly istotnie
skorelowane z dniem cigzy. Zardwno $rednica pecherzyka cigzowego, tozyszczy 1 parametry
biometryczne zarodkéw/ptodow wzrastaty wraz z zaawansowaniem ciazy.

Wyniki tych badan opublikowano w artykule pt. ,, Ultrasound Parameters of Embryo-
Fetal Morphometry and Doppler Indices in the Umbilical Artery During the First Trimester of

Pregnancy in Goats”.
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6.3. Realizacja celu trzeciego (cel szczegotowy I1I)

Dla realizacji tego celu badania przeprowadzono na 14 kozach rasy Burskiej. U
wszystkich badanych samic stwierdzono cigze mnogie potwierdzone w badaniu
transrektalnym. Badania przeprowadzono u wielordédek w wieku od 5 do 6 lat.

Dla wykonania pomiarow przeptywu krwi w tetnicach pepowinowych badanie
rozpoczgto W 30 dniu cigzy i kontynuowano do 45 dnia cigzy w 5 dniowych odstepach.
Natomiast dla wykonania pomiaru przeplywu krwi w przewodzie zylnym badanie rozpoczeto
od 100 dnia cigzy i kontynuowano przez caly trzeci trymestr cigzy w odstepach kilkudniowych.
Badanie ultrasonograficzne wykonywano za pomoca aparatu ultrasonograficznego (EDAN
U50) wyposazonego w gltowice linearng o czestotliwosci do 9.4 MHz (Model, V742UP) i
glowice sektorowg o czestotliwosci do 5 MHz (Model C352UB). Badanie ultrasonograficzne
wykonywano przezbrzusznie u kéz, ktore nie byly wczesniej poddane dziataniu $rodkoéw
uspokajajacych.

Dla zbadania parametréw dopplerowskich tetnicy pepowinowej kazdorazowo u kazdej
kozy badano wolng cze$§¢ pegpowiny w poblizu wstawki brzusznej, ktorej skanowanie
przeprowadzano przy uzyciu ultrasonografii w trybie B. W celu identyfikacji naczyn t¢tniczych
w pepowinie wykorzystano kolorowego Dopplera. Po zlokalizowaniu naczyn krwiono$nych
dokonano pomiaréw przeptywu krwi w tetnicach pgpowinowych wykorzystujac pulsacyjna
ultrasonografie dopplerowska. Okreslono nastepujace parametry dopplerowskie: szczytowa
predkos¢ skurczowa (PSV), koncowa predkos¢ rozkurczowa (EDV), indeks opornosci (RI) 1
indeks pulsacji (PI).

Przeprowadzone badania wykazaly, ze parametry dopplerowskie takie jak PSV 1 PI w
tetnicach pepowinowych byly istotnie skorelowane z dniem cigzy. W tetnicach pgpowinowych
predkos¢ przepltywu krwi wzrastala, a indeks pulsacji malal wraz z zaawansowaniem cigzy.
Warto$¢ indeksu opornosci (RI) pozostawat taki sam przez caty okres badania. W tetnicach
pepowinowych nie odnotowano koncowej predkosci rozkurczowej (EDV) u zadnej kozy w
okresie badania.

W tetnicach pgpowinowych stosunek PSV/EDV nie zostal okreslony ze wzgledu na
brak pomiaru koncowej predkosci rozkurczowej w badanym okresie cigzy. Wedlug
Stankiewicza i in. (2020) stwierdza si¢ istotne obnizenie warto$ci PSV/EDV od 70. dnia ciazy.
Elmetwally i in. (2016a,b) podaja, ze stosunek PSV/EDV, ktory jest jednym z najwazniejszych
parametrow dopplerowskich, wskazuje na zmiany koncowej predkosci rozkurczowe;,

zwlaszcza w drugim i trzecim trymestrze ciazy.
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Dla zbadania parametréw dopplerowskich w przewodzie Zylnym kazdorazowo u kazdej
kozy po uwidocznieniu ptodu w trybie B przeprowadzono ocen¢ unaczynienia z
wykorzystaniem kolorowego i pulsacyjnego Dopplera. Przewod zylny uwidoczniono w
strzalkowym lub sko$nym przekroju brzucha ptodu. Przewod zylny badano w przesmyku, w
poblizu jego odejscia od zyly pepowinowej. Naczynie to znajdowato si¢ w centralnej czesci
watroby i bieglo w kierunku doglowowym, z rosngcym nachyleniem w tej samej ptaszczyznie
strzatkowej, co pierwotny kierunek zyly pepowinowej. Po zlokalizowaniu naczyn
krwionosnych dokonano pomiaru przeptywu krwi W przewodzie zylnym wykorzystujac
pulsacyjng ultrasonografi¢ dopplerowska. Okreslono nastgpujace parametry dopplerowskie:
szczytowa predkos¢ skurczowa (PSV), koncowa predkosé rozkurczowa (EDV), stosunek
PSV/EDV, indeks opornosci (RI) i indeks pulsacji (PI).

Przeprowadzone badania wykazaly, ze widmo fali przeptywu krwi w przewodzie
zylnym ma charakter pulsacyjny z widocznymi dwiema fazami przyspieszenia (first and second
peak). Uwaza sig¢, ze przebieg i ksztalt fali widma dopplerowskiego w przewodzie zylnym moga
thumaczy¢ wystepujace zmiany cisnienia 1 objetoSci przedsionkéw w skurczowej i
rozkurczowej fazie cyklu serca (Seamundsson i in., 2011; Seravalli i in., 2016). W pracy
zanotowano tez, ze wszystkie parametry dopplerowskie w przewodzie zylnym byty istotnie
skorelowane z dniem cigzy.

Przeprowadzone badania wykazaly, ze szczytowa predkos¢ skurczowa znacznie
wzrosta w ostatnich dniach trzeciego trymestru cigzy, natomiast wartos§¢ EDV ulegta
znaczgcemu obnizeniu w przewodzie zylnym. W pracy po raz pierwszy okreslono wartosci
second peak systolic dla piku rozkurczowego. Mozna sadzi¢, ze wystgpowanie drugiej fazy
przys$pieszenia zwigzane jest ze wzrostem przeptywu krwi przez serce (Seravalli i in., 2016).

W niniejszej pracy wykazano takze, ze $rednie wartosci RI w przewodzie zylnym pod
koniec trzeciego trymestru, podobnie jak w przypadku Pl, byly znacznie wyzsze niz w
poczatkowym okresie trzeciego trymestru. By¢ moze krew pepowinowa aby dosta¢ si¢ do
lewego przedsionka musi zosta¢ obcigzona energig kinetyczng oraz charakteryzowac sie
wysokim ci$nieniem w celu pokonania oporu przewodu zylnego i dostania si¢ do otworu
owalnego (Kiserud i Kessler, 2023). Moze to tlumaczy¢ wysokie wartosci takich parametréw
dopplerowskich jak predkos¢ przeptywu, wskaznik pulsacji i wskaznik oporu.

Przeprowadzone badania wskazuja na mozliwo$¢ wykorzystania ultrasonografii
dopplerowskiej, zar6bwno w monitorowaniu hemodynamiki t¢tnic pepowinowych, jak i

hemodynamiki przewodu Zylnego podczas cigzy u koz.
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Wyniki tych badan zostaly opublikowane w artykule pt. ,,Ultrasound Parameters of
Embryo-Fetal Morphometry and Doppler Indices in the Umbilical Artery During the First
Trimester of Pregnancy in Goats” oraz w artykule pt. ,,Doppler parameters in ductus venosus

during the third trimester of pregnancy in goats”.
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7. WNIOSKI

1. Wykazane w niniejszej pracy zmiany w morfometrii zarodkéw/ptodow i tozyszczy
zaleza od wieku cigzowego, co moze by¢ pomocne w diagnostyce wczesnej cigzy i
monitorowania dalszych jej etapow.

2. Przeprowadzone badania wskazujg na mozliwos¢ wykorzystania ultrasonografii
dopplerowskiej w ocenie hemodynamiki t¢tnic pepowinowych i przewodu zylnego
podczas cigzy u koz.

3. Analiza dostgpnych danych piSmiennictwa naukowego oraz przeprowadzone
badania wykazaty, ze ultrasonografia jest skuteczng metoda diagnostyczng w

monitorowaniu przebiegu ciazy i rozwoju zarodkowo-ptodowego u koz.
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The aim of this study was to determine the biometric parameters of the embryo/fetus
and to assess the haemodynamics in the umbilical artery during the first trimester of
pregnancy in 14 Boer goats. All the goats under study had twin pregnancy.
Gestational vesicle diameter (GSD), crown-rump length (CRL), biparietal diameter
(BPD), occipital-nasal length (ONL), trunk diameter (TD) and the placentome
diameter (PD) were measured from the 30th to the 45th day of pregnancy at 5-day
intervals, using a B-mode ultrasound scanner. Measurements of blood flow
parameters in the umbilical artery were made using a colour Doppler combined with
a pulse wave Doppler technique. During the study period, there was a significant
(P<0.05) increase in the diameter of the gestational sac and most of the biometric
parameters of the embryo/fetus. The average CRL on day 45 was almost 10 times
higher than that on day 30 of pregnancy. The peak systolic velocity in the arterial
vessels on day 45 of pregnhancy was higher (P<0.05) than that from 30 to 40 days of
pregnancy. On the other hand, mean pulsation index (PI) at day 45 of pregnancy was
lower (P<0.05) than that on day 30 and day 40 of pregnancy. No end-diastolic velocity
was diagnosed in any goat during the study period. All parameters showed positive
(P<0.01) correlations with the day of pregnancy, except the PI in the arterial vessels,
which showed negative (P<0.01) correlation with the day of pregnancy. In conclusion,
changes in the parameters of embryo-fetal morphometry, placentomes and blood
flow parameters of the umbilical artery may be helpful in assessing the development
of the embryo and the fetus during the first trimester of pregnancy in goats.
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fetal morphometry and doppler indices in the umbilical artery during the first trimester of pregnancy in goats. Pak Vet
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INTRODUCTION

Ultrasonography is a useful diagnostic imaging
technique used in the reproductive management of small
and large animals, as well as in humans. This technique is
mainly used for the detection of early pregnancy,
monitoring of embryo/foetal development and the
assessment of the number and gender of fetuses (Jones and
Reed, 2017). Previous studies in goats indicate that the
presence of a gestational vesicle (GS) in the lumen of the
uterus is a confirmation of developing embryo
(Muhammad and Aziz, 2021). In goats, pregnancy lasts for
about 155 days on the average and this period is divided
into three trimesters. The first trimester lasts until the 49th
day of pregnancy, the second from the 50th to the 100th
day of pregnancy, and the third trimester begins on the
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101st day of pregnancy (Karadaev et al., 2018). Previous
studies also showed that from the 35th day of goat’s
pregnancy, organs such as forestomach are visible, which
are indicative of an early stage of fetal development (Garcia
et al., 2014).

Loss of pregnancy can occur at any time, with the
highest percentage of losses occurring in the early and late
stages of embryonic development and in the early stages of
fetal development, including the first trimester of
pregnancy (Samir et al., 2016). Determining the exact
causes of fetal loss or embryonic mortality in ruminants is
difficult due to limitations in accurately determining the
state of early pregnancy. However, studies emphasize the
importance of ultrasonography in monitoring the loss of
embryos and fetuses (Jones et al., 2016). These studies
indicate a high efficiency of detecting pregnancy loss in
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ruminants, amounting to nearly 100%, which results in a
small number of false negative diagnoses (Samir et al.,
2016; Jones et al., 2016). For the ultrasonographic
evaluation of the development of the fetus from the 30th
day of pregnancy, parameters such as crown-rump length
(CRL), biparietal diameter (BPD), orbital diameter (OD)
and chest diameter (CD) are used (Karadaev et al., 2018;
Yazici et al., 2018). Placentome diameter (PD) is also used
in the ultrasound diagnosis of pregnancy (Enginler et al.,
2021). In addition to ultrasound diagnostics in the
assessment of embryo/fetal development through B mode,
much attention is paid to Doppler examinations, enabling
the determination of the haemodynamics of the umbilical
artery (Elmetwally et al., 2016a,b; Elmetwally and
Meinecke-Tillmann, 2018; Stankiewicz et al., 2020).

The umbilical cord is the only link between the mother
and the fetus through which respiratory gases, nutrients and
metabolites can be transported. The correct structure and
function of the umbilical vessels and the entire umbilical
cord determine the proper development of the fetus. It is
extremely important to confirm the correct number of
umbilical vessels and their function in the abdominal cavity
(Krzyzanowski et al., 2019). Determining the pulsation
index (PI) and resistance index (RI) of umbilical cord
vessels is an important element of Doppler ultrasound
examination and often a key element in the assessment of
pregnancy development. An increased umbilical artery Rl
is associated with intrauterine growth retardation,
congenital anomalies and other abnormalities in the course
of pregnancy (Elmetwally et al., 2016a,b). No lesions have
been found in studies of the umbilical artery in pregnant
goats in single and multiple pregnancies so far, such as end-
diastolic flow (EDV) or a significant difference in Pl and
R1 in single and multiple pregnancies (Serin et al., 2010).

Most studies focus on the effectiveness of pregnancy
detection, gestational age and the assessment of Doppler
parameters in the second half of pregnancy (Airina et al.,
2011; Elmetwally et al., 2016a,b; Gouda et al., 2021). The
studies on the haemodynamics of umbilical vessels in the
early stages of pregnhancy in goats are limited. Therefore,
aim of the present study was to determine the biometric
parameters of the embryo, gestational vesicle and placenta,
as well as to assess haemodynamics in the umbilical artery,
during the first trimester of pregnancy in goats.

MATERIALS AND METHODS

Experimental animals and management: The present
study was carried out on 14 Boer goats from September to
December, 2021. These goats were multiparous (5-6 years
old), with a balanced body weight (80 kg) and were kept on
an ecological goat farm in Kolbacz (Poland: latitude 53'30
"N). They were kept on the pastures, as well as under
indoor system with uniform feeding. In the grazing season,
from May to October, the goats grazed on the meadow and
received oats, hay and straw in the farm. In winter, from
November to April, the goats stayed inside the pen, where
they were fed with oats, straw and hay. The animals had
constant access to water and salt licks.

The experimental goats were mated in a natural way
during the natural breeding season. The stage of pregnancy
was determined on the basis of the day of mating and the
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mating efficiency was confirmed by transrectal ultrasound
(EDAN U50 ultrasound scanner, 4 MHz linear probe model
V742UB) during the period from 20™ to 30" day after
mating. The date of conception was confirmed
retrospectively on the assumption that the pregnancy lasted
148 days (Puri¢i¢ et al., 2012). All the goats under study
had twin pregnancy.

Ultrasound examination: The ultrasound examination
was performed trans-abdominally from the 30th to the 45th
day of pregnancy at 5-day intervals, using an ultrasound
scanner (EDAN U50 ultrasound scanner) equipped with a
sector probe with a frequency of up to 5 MHz (Model,
C352UB). Before the examination, the inguinal area of the
abdomen was clipped and a transmission gel was applied.
The gestational vesicle diameter (GSD), crown-rump
length (CRL), biparietal diameter (BPD), occipital-nasal
length (ONL), trunk diameter (TD) and placentome
diameter (PD) were recorded using B-mode ultrasound.
The 10 largest placentomes were measured in each goat, 5
lying near the fetus and 5 lying in the uterine horns (Lekatz
et al., 2013) and the obtained results were then averaged.
The diameter was measured at the highest position of
ultrasound imaging (Stankiewicz et al., 2020). In this
study, the outer diameter of placentomes was measured, i.e.
between the two most distal parts of the bearing (Lee et al.,
2005; Nwaogu et al., 2010).

Measurements of blood flow parameters in the
umbilical artery were made using a colour Doppler
combined with a pulse wave Doppler technique. After
locating the umbilical artery, blood flow measurements
were taken and the following Doppler parameters were
determined: peak systolic velocity (PSV), end diastolic
velocity (EDV), resistance index (RI), and pulsation index
(P1). The flow angle during the test was as close as
possible to zero degree. The Doppler ultrasound
examination of each goat took approximately 20-30
minutes. Doppler measurements were made on at least 5
continuous, regular waves of the Doppler spectrum. The
ultrasound images and all relevant measurements were
recorded automatically by the ultrasound scanner and
saved. Measurements were not recorded during maternal
and fetal movements. If any symptoms of anxiety
appeared, the ultrasound examination was interrupted and
repeated at a later date. No pharmacological interference
was applied to the test animals, and proper welfare was
ensured during the study.

Statistical Morphometric  parameters are
presented as mean standard deviation (SD), while
Doppler parameters as meanzstandard error of the mean
(SEM). In the initial analysis, no significant differences
were found between the two twin fetuses. Therefore, the
results for both fetuses were averaged. The differences
among means of four periods of pregnancy were analysed
using the analysis of variance and the post-hoc test.
Duncan's multiple range test was used to verify the
significance of differences among means. The correlations
between the tested parameters and days of pregnancy were
calculated using the Pearson’s correlation coefficient (r).
Statistical analysis was performed using STATISTICA
version 13.1, Stat Soft, Poland.

analysis:
+



29.4mm

Fig. I: Representative ultrasonograph showing the measurement of the
crown-rump length of a goat on day 45 of pregnancy (CRLI).

33.1mm

26.2mm

Fig. 2: Representative ultrasonograph showing the measurement of the
gestational sac diameter of a goat on day 40 of pregnancy (GSD1, GSD2).

22.8mm

Fig. 3: Representative ultrasonograph showing the position of the fetus
(P) and the assessment of placenta diameter (L) on day 45 of pregnancy
in a goat.

RESULTS

Table 1 shows the mean values of the biometric
parameters of the embryo/fetus, gestational sac and
placentomes during the period from 30 to 45 days of
pregnancy. Inthe analysed period, there was a significant
increase in the diameter of the gestational sac and most of
the examined biometric parameters of the embryo/fetus. The
average CRL on day 45 was almost 10 times greater than on

99

Pak Vet J, 2023, 43(1): 97-102.

Table I: Biometric parameters of the embryo/fetus, embryonic vesicle

and placentomes during the first trimester of pregnancy in goats (n=14)

Parameters Days of pregnancy
40

30 35 45
GSD (mm) mean#SD 21 44%1 24" 29.92%1.18° 31.47%1 58° 39.13£2.98°
range  (1990- (2720  (29.10-  (34.90-
24.00) 32.10) 3401) 43.60)
mean+SD 842+0.76* 9.73+0.64° 11.07+0.81° 11.71%1.78°

PD (mm)

range  (7.65-10.01) (8.95-11.00) (9.58-12.20) (8.49-14.01)
CRL (mm) mean#SD 3.30+0.51° 17.832.66 21.33+2.34° 30.941.61°
range  (2.39421) (1400-  (I590-  (2830-
23.80) 25.10) 33.10)
BPD (mm) mean#SD 6.13#0.13* 7.19+034° 8.05+049° |1.8043.17¢
range  (5.926.30) (6.85-7.91) (7.20-851) (8.60-16.20)
ONL (mm) mean#SD 6.27+0.31° 7.21+0.69° 10.590.41° 1824+1.66°
range  (5.54-6.58) (632-890) (10.11- (1630
11.25) 22.00)
TD (mm) meantSD 6.82+0.44° 10.05+0.61° 11.1620.45° 14.38+2.16
range  (5.99-7.59) (9.20- (1050-  (11.20-
11.30) 11.90) 17.30)

GSD —gestational sac diameter; PD — placentome diameter; CRL —crown-
rump length; BPD —biparietal diameter; ONL - occipital-nasal length; TD
—trunk diameter: Mean values within a row marked with different
alphabets differ significantly (P<0.05).

Table 2: Mean (+SEM) values of Doppler parameters in the umbilical
artery during the first trimester of pregnancy in goats (n=14)

Parameters Days of pregnancy

30 35 40 45
PSV (cm/s) 21.30+1.02* 22.44+0.71*° 21.51£0.34 26.65+0.93°
EDV (cm/s) NO NO NO NO
RI 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
PI 2.98+0.09° 2.83%0.10° 2.75%0.11*  2.25+0.09°

PSV — peak systolic velocity; EDV — end-diastolic velocity; Rl — resistance
index; Pl — pulsatility index NO — incalculable value: Values with different
letters in a row are significantly different from one another (P<0.05).

Table 3: Pearson correlation coefficients (r) between the day of
pregnancy and the biometric parameters of the embryo, placentomes
diameter, gestational sac, and Doppler parameters in the umbilical artery
in goats during the first trimester of pregnancy (n = 14)

Parameters Correlation coefficients

Gestational sac diameter (GSD) 0.93%*
Placentome diameter (PD) 0.75%*
Crown-rump length (CRL) 0.95%*
Biparietal diameter (BPD) 0.75%*
Occipital nasal length (ONL) 0.92%*
Trunk diameter (TD) 0.90%*
Peak systolic velocity (PSV) in arterial vessels 0.51%*
Pulsation index (Pl) of arterial vessels -0.60**

** = Significant at P<0.01.

day 30 of pregnancy. There was also an increase in GSD and
placentome diameter, but the differences in GSD between
days 35 and 40 of gestation and placentome diameter
between days 40 and 45 were statistically non-significant.
Representative ultrasound images of the gestational vesicle,
placenta and embryo are presented in Fig. 1-3.

Table 2 shows the mean values of Doppler blood flow
parameters in the umbilical artery in the first trimester of
pregnancy in goats. PSV from the 30th to the 40th day of
pregnancy was similar, while on the 45th day the value of
this parameter was significantly higher (P<0.05). On the
other hand, the mean value of pulsatility index (PI) at the
end of the study period (day 45 of pregnancy) was
significantly lower (P<0.05) than in the period from the day
30 to the day 40 of pregnancy. Resistance index (RI)
remained the same throughout the study period. No end-
diastolic velocity (EDV) could be detected in any goat
during the study period (Fig. 4).

Pearson’s correlation coefficients between the day of
pregnancy and the biometric parameters of the embryo, the
diameter of the placentomes and gestational sac, and
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Fig. 4: Ultrasound image obtained using the pulse Doppler method showing the hemodynamic measurement of the umbilical artery on day 45 of
pregnancy in a goat. PS - peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. Puls - pulsation index.

Doppler parameters in the umbilical artery in goats during
the first trimester of pregnancy are shown in Table 3. All
parameters exhibited significant positive correlations with
the day of pregnancy, except the pulsation index (PI) in the
arterial vessels, which showed significant negative
correlation with the day of pregnancy (P<0.01).

DISCUSSION

During an ultrasound examination, the pregnancy
vesicle is visible as an anechoic spherical area with a
hyperechoic embryo inside. However, type and frequency
of the ultrasound head used in the examination can affect
the visualization time and the measured diameter of the
gestational sac (Devi et al., 2019). The size of the
gestational sac can be assessed using a transrectal
transducer as early as 19 days after conception (Amer,
2010), while a more accurate method of assessing the
gestational vesicle in goats is the transabdominal
examination from the day 25 of pregnancy (Devi et al.,
2019). On the other hand, other authors suggest delaying
the test until the 32nd day of pregnancy to avoid a false
positive diagnosis resulting from early embryo loss (Jones
et al., 2016). In this experiment, a transabdominal
transducer was used and the GSD diameter was measured
from the 30th day of pregnancy and it was found that it was
strongly correlated with the day of pregnancy. These results
differ from those reported by Karadaev et al. (2016), who
performed the first measurement on day 21 of pregnancy
using a transrectal probe and diameter of the gestational sac
was recorded as 10.3+£2.7mm.

Crown-rump length is a measurement of the length of
the embryo and fetus from the top of the head to the bottom
of the buttock and is useful for determining growth rate and
gestational age. CRL measurement in goats can be
performed from days 21 to 49 of pregnancy (Karadaev et

al., 2018). However, some authors have shown the
possibility of determining CLR of a goat fetus as early as
on the 19th day of pregnancy and in the later stages of fetal
development, reaching even the day 75 of pregnancy (Kuru
et al., 2018). In this study, the CRL was recorded from day
30 to day 45 of pregnancy and was strongly correlated with
the day of pregnancy (R=0.95). Similarly, Gouda et al.
(2021) and Kandiel et al. (2015) showed a high correlation
between CRL and gestational age in sheep and goats,
respectively. This indicates the reliability of this parameter
in determining the gestational age in the first trimester of
pregnancy. Interestingly, there was a 10-fold increase in
CRL between 30 and 45 days of pregnancy, which was not
observed by Karadaev et al. (2016). The differences are
probably due to the individual breed characteristics of
goats, type and frequency of the ultrasound probe used in
the examination.

During the first trimester of pregnancy, internal organs
such as the stomach, heart and lungs develop intensively.
Therefore, during ultrasound examination of pregnancy in
goats, the trunk diameter (TD) of the fetus is also analysed.
First TD measurement can be performed from day 28 of
pregnancy (Karadaev et al., 2016). In this study, the
abdominal or trunk diameter was defined as the diameter at
the height of the stomach and liver or at the entrance of the
umbilical cord to the fetus (Kandiel et al., 2015) and
measured from the day 30 of pregnancy. A significant
increase in the TD was recorded from day 30 to day 45,
which on the 45th day after insemination was 14.38+2.16
mm. However, Kandiel et al. (2015) reported the mean
abdominal diameter of 16.32 mm in Shiba goats on day 42
of pregnancy. The differences seem to be due to the
individual breed characteristics. The present study also
showed a higher correlation between the day of pregnancy
and TD (r=0.90) than in the case of BPD (r=0.75). Lee et
al. (2005) also showed higher correlation between TD and



gestational age than BPD and CRL in Korean black goats.
This indicates the reliability of TD in determining the
gestational age in goats.

In the present study, BDP and ONL were recorded
from the day 30 of pregnancy. On the other hand, Yazici et
al. (2018) indicated the possibility of measuring the
parameters of the fetal head only from the 37th day after
conception. Similar observations to ours were made by
Karadaev et al. (2016) and Nwaogu et al. (2010). In the
present study, it was shown that ONL had higher
correlation with pregnancy day (r=0.92) than BPD
(r=0.75). However, Nwaogu et al. (2010) and Yazici et al.
(2018) recorded relatively higher correlation between BPD
(r=0.98; r=0.99) and ONL (r=0.97; r=0.99) with gestational
age. These differences probably result from the
characteristics of the studied breeds of goats.

In goats, the placentomes are perceived as concave
structures with round shape. On the ultrasound image,
depending on the imaging plane, they appear as gray image
in the shape of the letter C or O (Rasheed, 2016). The
previous studies show that during the first trimester of
pregnancy, the mean diameter of the placentomes increases
rapidly. Karadaev et al. (2018) indicated the mean diameter
of placentomes as 9.00+1.4 mm on the 42nd day of
pregnancy. These authors also suggested that the
measurement of placentome diameter may be done from
the day 42 of pregnancy, when they take a species-specific
shape. In the present study, each placentome differed in
size regardless of the age of the fetus. Similar observations
were made by Karadaev et al. (2016; 2018). The increase
in the size of the placentomes in the first half of pregnancy
is mainly related to the expansion of the fetal villi and the
associated network of capillaries. Rasheed (2016) showed
wide differences in placentome size, depending on whether
they are closer to the fetus or in the corners of the uterus.
In the present study, the placentome diameter showed
lower correlation with the day of pregnancy than most of
the other parameters. Similar observations have been
reported by Karen et al. (2009). According to Nwaogu et
al. (2010), placentome diameter is the least reliable
parameter in the assessment of gestational age in goats.

The changes in the size of the embryo-fetal parameters
as well as the placentomes in goats in the first trimester of
pregnancy reported in this study can also affect the changes
in the haemodynamics of the umbilical artery. In the
present study, the peak systolic velocity increased
significantly in the last period (day 45) of the first trimester
of pregnancy, while the end-diastolic velocity of blood
flow in the umbilical artery was not recorded in any goat.
Similar observations were made by Elmetwally and
Meinecke-Tillmann (2018) in goats and sheep. In our view,
the end-diastolic velocity of blood flow in the umbilical
artery is not detected between weeks 4 and 12 of
pregnancy. It should be noted that the PSV/EDV ratio was
not determined due to the lack of measurement of the end-
diastolic velocity during the first trimester of pregnancy.
According to Stankiewicz et al. (2020), a significant
decrease in the PSV/EDV ratio is found from the day 70 of
pregnancy. Elmetwally et al. (2016a,b) have reported that
the PSV/EDV ratio, which is one of the most important
Doppler parameters, indicates about changes in end-
diastolic velocity, especially in the second and third
trimesters of pregnancy.
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In the current study, the resistance index (RI) remained
unchanged from day 30 to day 45 of pregnancy.
Elmetwally et al.(2016a,b) indicated that the RI through
week 8 of pregnancy remained unchanged at 1.00+0.00 and
then dropped sharply to week 19. According to Serin et al.
(2010), the RI increases from day 40 to day 55 of
pregnancy, followed by a decrease.

Previous studies have shown that Pl increases from
day 39 to day 60 of pregnancy and then decreases to day 90
of pregnancy (Kumar et al., 2015; Troisi et al. 2018). In the
present study, the Pl value did not change from day 30 to
day 40 of pregnancy but decreased significantly at day 45.
At the same time, the study also showed that the pulsation
index was negatively correlated with the day of pregnancy.
On the other hand, PSV showed a significant positive
correlation with the day of pregnancy. Therefore, it can be
assumed that along with the development of the fetus, the
value of the umbilical artery blood flow pulsation index
decreases in favour of an increased peak value of the
systolic velocity in the first trimester of pregnancy. It is
probably related to the intensive development of the fetus
and the increased demand for nutrients.

Conclusions: The results of the current study showed that
changes in the parameters of embryo-fetal morphometry,
placentomes and blood flow parameters of the umbilical
artery may be helpful in the assessment of fetal
development during the first trimester of pregnancy in
goats. Further research may be performed, especially with
regard to any feto-placental abnormalities during
pregnancy in this species.
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SUMMARY

The aim of the study was to assess the haemodynamics in the ductus venosus in the third
trimester of pregnancy in goats. Blood flow parameters in the ductus venosus were measured using
colour Doppler combined with the pulsed-wave Doppler technique. The wave spectrum of blood
flow in the ductus venosus during the study period had a specific pulsating character with two
visible acceleration phases. The study showed an increase in peak systolic velocity, end-diastolic
velocity, resistance index, and pulsatility index in the last period of the third trimester of pregnancy.
All Doppler parameters in the ductus venosus were correlated with the day of gestation. Blood flow
parameters and the Doppler spectrum were shown to change during the third trimester of
pregnancy in goats. The results may be useful for future study of the ductus venosus in foetal goats.
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INTRODUCTION

In recent years, the possibilities for ultrasound imaging of vascular haemodynamics have increased
enormously. One of the uses of Doppler ultrasonography is to monitor embryo-foetal development
(Kumar et al., 2015). The uteroplacental arteries (Ramirez-Gonzalez et al., 2023), umbilical vessels (Serin
et al., 2010; Kumar et al., 2015; Wojtasiak et al., 2023), and foetal vessels, such as the aorta (Fasulkov et
al., 2021) and foetal renal vessels (Stankiewicz et al., 2023), are examined using this non-invasive
technique. It also provides information about the condition of the foetus and helps in the diagnosis of any
abnormalities that may affect the survival of the foetus and newborn (Da Silva et al., 2018).

Ultrasonography of the liver is of great importance in these studies. The liver is one of the most
important organs with active roles in various metabolic functions, such as the metabolism of proteins,
lipids, carbohydrates, and vitamins A and B; synthesis of fibrinogen, globulins, clotting factors, and
albumins; bile secretion; glycogen and fat storage; and excretion of urea and uric acid. It is also involved
in other functions, such as detoxification of various metabolic waste products and drugs (Mahadeep et al.,
2013). The foetal liver is the main haematopoietic organ during foetal development, with an important
role supporting haematopoietic homeostasis (Lewis et al., 2021). It also occupies a privileged position in
foetal circulation, as the first organ to which blood flows directly from the placenta (Serensen et al., 2011).
Oxygenated blood enters the goat foetal liver from the portal vein and umbilical veins, which form the
intra-abdominal umbilical vein inside the foetus (Bejdi¢ et al., 2021). The left lobe of the liver is supplied
with nutrient-rich blood from the intra-abdominal umbilical vein, while half of the blood for the right lobe
of the liver comes from the intra-abdominal umbilical vein and the other half from the nutrient-poor blood
of the portal vein (Haugen et al., 2004; Serensen et al., 2011). This division of blood flow between the
portal vein and the intra-abdominal umbilical vein accounts for a functional dichotomy that can be
modified by haemodynamic influences (Kiserud, 2003; Haugen et al., 2004). The foetal liver with its
venous system are the main areas of interest in foetal circulation — particularly the blood flow through the
ductus venosus and its connection with the intra-abdominal umbilical vein. The ductus venosus in
postnatal life is known as the left branch of the portal vein, while in foetal development it forms the
transverse sinus and originates in the intra-abdominal section of the umbilical vein (Mavrides et al., 2001;
Bejdi€ et al., 2021). The ductus venosus of a ruminant foetus is a curved, trumpet-shaped vessel located
in the central part of the liver, above the porta hepatis (Bejdi¢ ef al., 2021). It plays a key role in the
distribution of highly oxygenated umbilical venous blood, some of which bypasses the liver parenchyma
passing through the ductus venosus, caudal vena cava, foramen ovale, and left atrium and finally reaches
the heart and brain (Seravalli et al., 2016). The waveform of the Doppler spectrum in the ductus venous
is associated with changes in pressure and volume in the atria and is therefore important in monitoring
any foetal condition that may affect future cardiac function (Seravalli et al., 2016). Doppler examination
of foetal venous circulation provides valuable diagnostic information. It is also of great importance for
arterial circulation. Quantitative assessment of venous flow provides information on foetal physiology, in
terms of both the umbilical circulation and details of distribution in the liver and heart (Kiserud, 2003).
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Doppler ultrasonography is increasingly used to assess blood flow through the ductus venosus when
growth retardation, oedema, or congenital heart defects are suspected in the foetus (Seravalli ez al., 2016).
Some studies have shown an association between foetal chromosomal/cardiac abnormalities and
abnormal ductus venous blood flow during the first trimester of pregnancy (Marvides et al., 2001). With
these considerations in mind, data from ultrasound examination of the ductus venosus during the third
trimester of pregnancy in goats can be regarded as important. The main objective of the study was to
evaluate Doppler parameters in the ductus venosus in the third trimester of pregnancy in goats. It was
hypothesized that the blood flow in the ductus venosus may change during the third trimester of pregnancy
in goats.

MATERIALS AND METHOD

Experimental animals and management

The study was carried out on 14 Boer goats kept on a farm at the Experimental Department of the
National Research Institute of Animal Production in Kotbacz (Poland: latitude 53'30"N). The goats were
kept in an indoor system with pasture. Feeding was in accordance with the standards adopted for this
species, based on green pasture and other roughage and concentrate, depending on the season. The goats
had constant access to water and salt licks. The goats were healthy, multiparous, 5 to 6 years old, with
similar body weight (75-80 kg). All goats were mated in September with the same buck. Gestation length
was determined based on the day of mating. The effectiveness of mating was determined by transrectal
ultrasound. After delivery, the date of conception was confirmed retrospectively, assuming that the
pregnancy lasted 148 days (Stankiewicz et al., 2020; Wojtasiak et al., 2023). All goats were pregnant with
twins. Pregnancy and delivery were uneventful, and all kids were born healthy.

Ultrasound examination

The haemodynamics in the ductus venosus were assessed in pregnant goats that had not previously
been sedated (Stankiewicz et al., 2020; Wojtasiak et al., 2023). The examination was conducted in the
third trimester of pregnancy, divided into three periods: 1 (100—110 days), 2 (120—130 days) and 3 (140—
148 days). The examination was always performed by the same experienced and trained operator, in a
quiet and dimly lit room. Transabdominal ultrasound examination was performed using an ultrasound
scanner (EDAN U50 USG scanner) equipped with a sector probe with a frequency up to 5 MHz (model
C352UB) and a linear probe with a frequency up to 9.4 MHz (model V742UB). Prior to the examination,
the inguinal and caudal abdominal regions areas were shaved, the skin was cleaned with soap and water,
and a sufficient amount of transmission gel was applied. The goats were kept in a standing position during
the examination. After visualization of the foetus in B-Mode, vascularity was assessed using colour and
pulsed Doppler. The ductus venosus was visualized in a sagittal or oblique transection of the foetal
abdomen and examined at the isthmus, near its origin in the umbilical vein. This vessel was located in the
central part of the liver and ran cephalad with increasing inclination in the same sagittal plane as the
original direction of the umbilical vein. The following Doppler parameters were determined: peak systolic
velocity (PSV), end diastolic velocity (EDV), PSV/EDV ratio, resistive Index [RI=(PSV — EDV) /PSV],
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and pulsatility index [PI = (PSV —EDV) / mean velocity]. The flow angle during the test was kept as close
as possible to a <20 degrees, making appropriate adjustments to the angle when necessary. This procedure
was performed twice, and the average for each vessel was calculated. Measurements were not recorded
during maternal and foetal movements. In the case of signs of anxiety or changes in the maternal
respiration rate, the examination was postponed until the body was seen to be in a stable position.

Statistical analysis

Statistical analysis of the results was performed. The results are presented as means + SEM. The
Shapiro—Wilk test was used to assess the normality of the data distribution. One-way repeated measures
ANOVA was performed, where the grouping variable was gestational days, and the dependent variable
was the Doppler parameter. Differences between the means for individual groups were analysed using a
post hoc test. The Tukey test was used to verify the significance of differences at P <0.05. The correlations
between parameters and the day of pregnancy were calculated with the Pearson rank correlation
coefficient (r). Statistical analyses were conducted using STATISTICA version 13.3, Stat Soft, Poland.

The results were analysed according to the following statistical model:

Yije = u + i + m + ek
where:

Yijx — analysed trait

u — overall mean

7i— fixed effect of i period of the third trimester of pregnancy (i=1, ..., 3)

m; — fixed effect of j* Doppler parameter (=1, 2, ..., 5)

&iik — error associated with each record (all error terms were assumed to be random, normally
distributed and independent, with expectation equal to zero).

RESULTS

The waveform of the Doppler spectrum in the ductus venosus was pulsating. Two phases of
acceleration (first and second peak) were visible in the Doppler spectrum. A representative image of blood
flow in the ductus venosus is shown in Figure 1.
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Figure 1. Ultrasound images showing Doppler blood flow velocity patterns from the ductus venosus in
goats at 130 days of gestation. Red arrow — first peak systolic velocity; yellow arrow — second peak
systolic velocity.

Table 1 shows the mean values of Doppler parameters in the ductus venosus in the third trimester of
pregnancy in goats. Peak systolic velocities, PSV/EDV, and the resistive and pulsatility indexes were
significantly higher in the final days of pregnancy than in earlier periods. However, the EDV value at the
end of pregnancy was lower. All Doppler parameters examined in the ductus venosus were significantly
correlated with the day of gestation.
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Table 1.
Mean (+ SEM) value of Doppler parameters in the ductus venosus in goat foetuses during the third
trimester of pregnancy in goats (n = 14)

Parameters Days of gestation
100-110 120-130 140-148

PSV I (cm/s) 2242 £1.79* 29.96 + 1.34° 38.43 +1.48°
PSVII (cnv/s) 16.06 = 1.79% 19.43 +£1.552 24.35+0.85°
EDV (cm/s) 9.92 +1.25% 11.73 £0.822 7.83 £0.94°
PSV/EDV 2.97+£0.29° 2.83+£0.27° 4.99 +0.62°
RI 0.62 +0.05% 0.60 +0.04* 0.75 £ 0.04°
PI 0.83 +0.08? 0.85 +0.06* 1.11+£0.08°

PSV I-— first peak systolic velocity; PSV II — second peak systolic velocity; EDV — end-diastolic velocity; RT —
resistive index; PI — pulsatility index

Values with different letters in a row are significantly different (P < 0.05).

The values of the correlation coefficients are presented in Table 2.

Table 2.
Pearson correlation coefficients (r) between the day of gestation and Doppler parameters in the ductus
venosus in the third trimester of pregnancy in goats (n = 14)

Parameters Correlz?tlon Significance level
coefficients

PSV I 0.52 P <0.05

PSV I 0.75 P <0.01
Ductus venosus EDV -0.91 P <0.01

PSV/EDV 0.96 P<0.01

RI 0.92 P<0.01

Pl 0.93 P <0.01

PSV I first peak systolic velocity; PSV II — second peak systolic velocity; EDV — end-diastolic velocity; RI —
resistive index; PI — pulsatility index

DISCUSSION

The examination showed that the parameters of blood flow and the Doppler spectrum change during
the third trimester. To our knowledge, this is the first study to describe haemodynamic changes in the
liver venous system of foetuses in goats that have not previously been sedated. The ductus venosus, which
originates in the umbilical vein, is the only venous vessel that regulates the nutrient supply via the blood
from the umbilical veins between the liver and the heart. Blood flowing into the ductus venosus is
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significantly accelerated towards the foramen ovale. This separates the bloodstream from the other venous
stream entering the heart and allows nutrient-rich blood to reach the left ventricle instead of flowing
through the tricuspid valve into the right ventricle (Seravalli et al., 2016). In the present study, the
waveform of the Doppler spectrum in the ductus venosus was pulsating with two visible phases of
acceleration. The available scientific literature contains no data on the waveform of the Doppler spectrum
in the ductus venosus in goats. However, the results are in line with those obtained by Saemundsson et al.
(2011) in sheep. They also showed that during the onset of tachycardia in sheep foetuses, the Doppler
spectrum of the ductus venosus shows three repetitive reversals of flow velocity during atrial contraction
(Seravalli et al., 2016). The course and waveform of the Doppler spectrum in the ductus venosus may
explain the changes in atrial pressure and volume in the systolic and diastolic phases of the heart cycle
(Saemundsson et al., 2011; Seravalli et al., 2016). Abnormal waveforms of the Doppler spectrum in the
ductus venosus cause increased cardiac preload, abnormal cardiac function or structure, or increased
cardiac afterload (Saemundsson et al., 2011; Seravalli et al., 2016). Therefore, an abnormal waveform
requires careful examination of all potential cardiovascular factors. The scientific literature currently
provides no data pertaining to values of Doppler indices in the ductus venosus of goats under
physiological conditions. Most research describes the results of studies carried out in human foetuses
(Nakagawa et al., 2012) and sheep foetuses (Mékikallio et al., 2010). In the present study, peak systolic
velocities increased significantly in the final days of the third trimester, while EDV values decreased
significantly. Similar observations have been reported in human foetuses (Nakagawa et al., 2012).

In this study, for the first time, second peak systolic values were determined for the diastolic peak
when the atrioventricular valves open during early passive diastolic ventricular filling. The results of
human studies show that in the second phase of acceleration, blood flow velocity values increase during
blood flow through the atria (Seravalli ef al., 2016). In the present study, the mean PI values in the ductus
venosus increased with gestational age. Similar observations were reported in studies conducted in sheep
(Mékikallio et al., 2010), whereas in humans, the average PI values during pregnancy are similar for most
of the time, decreasing slightly at the end of pregnancy (Hofer, 2000; Nakagawa et al., 2012). In those
studies, PI values were also found to be associated with gestational age (Hofer, 2000; Nakagawa et al.,
2012). In the present study as well, significant correlations were found between these indices and
gestational age. The results of the present study show that the mean RI values in the ductus venosus at the
end of the third trimester, as in the case of the PI, were significantly higher than at the beginning of the
third trimester of gestation in goats. Human studies have shown that for umbilical cord blood to enter the
left atrium, it requires kinetic energy and high pressure to overcome the resistance of the ductus venosus
and enter the foramen ovale (Kiserud and Kessler, 2023). This may explain the high values of Doppler
parameters such as flow velocity, pulsatility index, and resistance index.
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CONCLUSIONS

Summing up, the results presented in this paper may be useful in determining the reference values of

haemodynamic ultrasound parameters of the ductus venosus in goats during pregnancy. The Doppler
indices obtained indicate that haemodynamics in the ductus venosus change during the third trimester of
pregnancy in goats, so these factors should be taken into account in assessment of hepatic venous system
flow and heart function in goat foetuses.
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Ultrasonography (USG) for embryo-foetal foetometry is widely used in the management
of goat breeding. Tissues and organs of the embryo/foetus are measured and evaluated to
assess gestational age. Transrectal, transabdominal and transvaginal probes are used to per-
form the ultrasound examination. Technological advances, especially with regard to ul-
trasound image resolution, enable precise visualization of embryo-foetal structures in
goats. The article reviews the foetometric measurements used in ultrasound examination
of pregnancy in goats. Performing this examination during specific periods of gestation
enables effective monitoring of embryonic and foetal growth and development. In ad-
dition to measurements of embryo-foetal structures, measurements of foetal-maternal
structures such as the placentomes and umbilical cord are important as well. The role
of ultrasound in monitoring goat pregnancy, both normal and pathological, was also
emphasized.

KEY WORDS: ultrasound examination, embryo-foetal foetometry, pregnancy, goat

In recent years, ultrasonography has become one of the most important imaging
techniques used to manage breeding of small ruminants. It is the preferred diagnostic
tool because it is a relatively simple and non-invasive technique (Erdogan, 2012). The
main practical applications of ultrasound in breeding of small ruminants are to confirm
that mating has successfully resulted in pregnancy and to carry out precise biometric
measurements, referred to as embryo-foetal foetometry (Santos et al., 2007; Karen et
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al., 2009; Samir et al., 2016). Available reports describe this diagnostic imaging as
one of the most important elements of monitoring pregnancy in goats (Padilla-Rivas
et al., 2005; Raja-Khalif et al., 2014). It is a valuable and practical method for monito-
ring embryonic and foetal development in most mammals, including goats. This paper
presents a review of currently used ultrasound measurements of embryonic and foetal
structures and their potential practical uses in monitoring the course of pregnancy in
goats.

Pregnancy ultrasonography in goats - the most important parameters of embryo-
foetal biometry

Ultrasound examination can be used to determine gestational age (GA) based on fo-
etal development and thus to determine the date of parturition (Karen et al., 2009; Raja-
-Ili Airina et al., 2011). In goats, ultrasound imaging for the purpose of performing foetal
biometric measurements is primarily used to assess gestational age (Padilla-Rivas et al.,
2005; Raja-Ili Airina et al., 2011; Yazici et al., 2018). Ultrasound foetometry involves
measurement of selected anatomical structures of the uterus and embryo/foetus, as well
as assessment of foetal growth in successive stages of gestation.

Foetometric measurements include the following parameters:

— uterine lumen diameter — ULD (Karadaev et al., 2016)

— crown-rump length — CRL (Kumar et al., 2015b; Rasheed, 2017)

— trunk diameter — TD (Kumar et al., 2015b)

— biparietal diameter — BPD (Roukbi, 2013)

— foetal orbit diameter — OD (Kandiel et al., 2015)

— heart longitudial (long) axis — HLA (Karadaev et al., 2016)

— heart transverse (short) axis) — HTA (Lee et al., 2005; Karadaev et al., 2016)

— foetal heart rate — FHR (Karen et al., 2009; Karadaev et al., 2016)

— chest diameter — CD (Kandiel et al., 2015)

— femur length — FemL (Kandiel et al., 2015, Zongo et al., 2018)

— tibia length — TL (Kandiel et al., 2015, Zongo et al., 2018)

— humerus length — HL (Abdelghafar et al., 2012)

— length of six thoracic vertebrae — L6TV (Kandiel et al., 2015)

— length of six lumbar vertebrae — L6LV (Kandiel et al., 2015)

— occipitonasal length — ONL) (Kandiel et al., 2015)

— inner placentome diameter — IPD (Karadaev et al., 2016)

— outer placentome diameter — OPD (Roukbi, 2013)

— umbilical cord diameter (UCD) and diameter of umbilical vessels (Lee et al., 2005)

— aortic diameter — AD (Karadaev et al., 2018)

Preparation of the female goat and ultrasound examination techniques

Early detection of pregnancy in goats is performed using brightness mode (B-Mode)
ultrasonography in real time. The presence of a fertilized egg with an embryo and amnio-
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tic fluid together with observation of the embryonic heartbeat clearly confirm pregnancy
in ultrasound imaging during this period (Raja-Ili Airina et al., 2011; Samir et al., 2016;
Anya et al., 2017). B-mode ultrasonography presents echogenicity specific to individual
embryo-foetal structures in the form of images with darker or lighter areas (Kharche and
Kouamo, 2015). Linear high-frequency probes used in early pregnancy diagnosis allow
for precise imaging of individual foetometric parameters in transrectal examination (Ku-
mar et al., 2015a). In goats, ultrasound foetometry can be performed using transrectal
probes generating ultrasonic waves with a frequency of 5 to 10 MHz (Kumar et al.,
2015a). Transabdominal probes with frequencies from 3.5 to 5 MHz (Raja-Ili Airina
et al., 2011; Samir et al., 2016) and transvaginal probes with frequencies from 5 to 7.5
MHz may be used as well (Koker et al., 2012, Philip et al., 2017). During the ultrasound
examination, pregnant females may stand (Koker et al., 2012), sit, or lie on their backs
(Vinoles-Gil et al., 2010). For examination with a transrectal probe, first the faeces are
removed from the rectum, and then a gel-coated ultrasound probe is inserted. The head
of the probe is placed against the abdomen and its position is adjusted until the bladder
becomes visible. At that time the uterine horns appear in the ultrasound image in the
cranial position. Then, by moving the probe backward and forward and rotating it 90° to
the right and left, the other elements of the reproductive system can be examined (Raja-
-Khalif et al., 2014; Samir et al., 2016).

For transabdominal ultrasound examination, the hair of the goat should be cut short on
an area of 100-200 cm? on the right side just above the lower abdomen. The examination
is then performed by guiding the probe head placed on this region of the skin (Suguna
et al., 2008).

Transvaginal ultrasound in goats is usually performed in a standing position. The pro-
be is coated with ultrasound gel and gently inserted into the vagina. First, the head of the
probe is positioned dorsally at a 45° angle, and then moved forward cranially. By further
rotating the head 90°, the reproductive system of the goat is visualized. To optimize the
ultrasound image, the abdominal wall may be gently raised (Koker et al., 2012; Philip
etal., 2017).

Ultrasound biometric features of the embryo and foetus in goats

Gestational age is estimated on the basis of measurements of embryonic and foetal
structures obtained from ultrasound images. Determining gestational age by ultrasound
foetometry has become a useful method in management of goat breeding, especially
when the exact date of mating is unknown (Kandiel et al., 2015; Samir et al., 2016; Jones
and Reed, 2017). Depending on the stage of pregnancy, different foetometric parameters
can be visualized and measured.

In goats, pregnancy lasts about 150 days and can be divided into three trimesters. The
first trimester lasts up to the 49th day of pregnancy, the second lasts from days 50 to 100,
and the third begins on the 101st day of pregnancy (Karadaev et al., 2018). In the ultra-
sound image, pregnancy is confirmed by the presence in the uterus of anechoic amniotic
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fluid in the fertilized egg and a hyperechogenic embryo (Suguna et al., 2008; Raja-Ili
Airina et al., 2011; Raja-Khalif et al., 2014).

Sometimes it is also possible to visualize the embryonic heartbeat and to perform
biometric measurements of the heart (Raja-1li Airina et al., 2011; Mali et al., 2019). In
goats, this type of examination can be performed from the 21st day of gestation (Su-
guna et al., 2008), and according to some authors as early as the 15th day of gestation
(Yazici et al., 2018).

Uterine lumen diameter

The uterine lumen diameter is one of the first foetometric measurements taken du-
ring obstetric examination of goats. It can be measured from the 21st day of gestation
until the end of the first trimester (Karadaev et al., 2016). The examination is perfor-
med by determining the maximum transverse diameter of the uterus on the ultrasound
image (Martinez et al., 1998). In the later stages of pregnancy, uterine lumen diameter
is measured in the embryonic region (Karadaev et al., 2016; Karadaev et al., 2018).

Crown-rump length

In the early stages of pregnancy, the structures of the embryo are not yet differentia-
ted. In this case, crown-rump length is defined as the length of the entire embryo/foetus
(Karadaev et al., 2018). In the later stages of gestation, CRL is measured from the top of
the foetal skull to the end of the sacrum (Abdelghafar et al., 2007; Roukbi, 2013; Pati et
al., 2016). When the foetus is in a curved position, crown-rump length is measured first
from the head to the heart, and then from the heart to the end of the sacrum (Abdelghafar
et al., 2011; Karadaev et al., 2018). CRL in goats can be measured from the 21st to the
49th day of gestation (Karadaev et al., 2018). Some authors, however, have shown that
this parameter can be measured in the goat foetus as early as day 19 of gestation, and in
the later stages of foetal development up to day 75 (Kuru et al., 2018). Table 1 presents
CRL measurements in goats taken at various times during pregnancy.

Biparietal diameter, foetal orbit diameter, and occipitonasal length

During ultrasound examination in the first trimester of pregnancy in goats, it is also
possible to determine the biparietal diameter of the foetal head. The cross-section of
this structure should be visualized in the ultrasound image, because image of the foetal
head in this projection must be symmetrical to enable an accurate and reliable measu-
rement (Lee et al., 2005). BPD measurement is performed on the visualized closed
contour of the skull and both well visualized eye orbits (Lee et al., 2005). Next, BPD
length is measured from the outer to the inner surface of the upper part of the skull
(Amer, 2008; Karadaev et al., 2018). In the ultrasound image of the foetal head, in ad-
dition to the biparietal diameter, it is also possible to measure the foetal orbit diameter
and occipitonasal length. Accurate measurement of the foetal orbit diameter requires
lateral visualization of the head so that the orbit is visible on the ultrasound image in
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Table 1
Crown-rump length determined by ultrasound in the first and second trimester of pregnancy in goats of different
breeds
Day ) Crown-rump length Breed Author
of gestation (mm)
19 53 Anglo-Nubian Martinez et al., 1998
4.8 Bulgarian Karadaev et al., 2018
21 52 Bulgarian Karadaev et al., 2016
7 Shiba Kandiel et al., 2015
25 12 Damascus Karenet al., 2009
16 Giircii
30 Kuru et al., 2018
17 Abaza
23 Saanen Abdelghafar et al., 2011
35
27.82 Osmanabadi Pati et al., 2016
37 33 Jamnapari Abubakar et al., 2016
40 35.9 Damascus Amer, 2008
46 344 Saanen Abdelghafar et al., 2007
65 Abaza
60 Kuru et al., 2018
72 Giircii
92 Abaza
75 Kuru et al., 2018
99 Giircii

the form of a spherical structure with a pronounced closed hyperechogenic contour
(Lee et al., 2005; Nwaogu et al., 2010; Karadaev et al., 2018). Occipitonasal length
is defined as the distance between the top of the head and the tip of the nose (Yazici
et al., 2018). BPD (Table 2) in goats can be determined from the 30th day of gestation
(Karen et al., 2009], and ONL from the 37th day (Yazici et al., 2018). Foetal orbit diameter
in goat foetuses can usually be determined at about the 49th day of gestation (Karadaev et
al., 2016), although some authors suggest that earlier imaging is possible (Kandiel et al.,
2015; Yazici et al., 2018). Variation in the time when OD measurements can be made may

be due to differences in the characteristics of specific breeds (Table 2).
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Table 2

Biparietal diameter, occipitonasal length and orbit diameter of the foetus determined by ultrasound in the
first and second trimester of pregnancy in goats of different breeds

Foetal

biometric Day . Measurement Breed Author
parameter of gestation (mm)
37 7 Saanen Yazici et al., 2018
40 11.9 Damascus Amer, 2008
9.4 Bulgarian Karadaev et al., 2016
BPD 42
9.9 Bulgarian Karadaev et al., 2018
46 11.6 Saanen Abdelghafar et al., 2007
57 20 Sokoto Nwaogu et al., 2010
42 3 Shiba Kandiel et al., 2015
44 4 Saanen Yazici et al., 2018
6.5 Bulgarian Karadaev et al., 2016
OD 49
6.4 Bulgarian Karadaev et al., 2018
57 6 Sokoto Nwaogu et al., 2010
60 9,5 Korean Black Lee et al., 2005
37 10 Saanen Yazici et al., 2018
ONL 42 13.37 Shiba Kandiel et al., 2015
57 5 Sokoto Nwaogu et al., 2010

BPD - biparietal diameter; OD — orbit diameter; ONL — occipitonasal length

Foetal trunk diameter and chest diameter

The foetal trunk is also analysed during ultrasound examination of pregnancy in goats
(Table 3). Its diameter (TD) is determined in lateral imaging as the maximum length me-
asured from the spine through the abomasum to the abdominal wall (Karadaev et al., 2016;
Karadaev et al., 2018). Kandiel et al. (2015) define the trunk diameter as the diameter
measured at the height of the stomach and liver or the entry of the umbilical cord to the
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foetus. In the ultrasound image, TD measurements in goats are performed in the transverse
or sagittal plane (Gosselin et al., 2018). The first TD measurement can be made from the
28th day of gestation (Karadaev et al., 2016).

The chest is another element of the ultrasound examination of the foetus in goats. Its
diameter (CD) is defined as the distance between the ventral and dorsal border of the tho-
racic cavity, at the height of the centre of the heart (Kandiel et al., 2015). CD measurement
can be performed from the 37th day of gestation (Yazici et al., 2018).

Table 3

Diameter of the trunk and chest determined by ultrasound in the first trimester of pregnancy in goats of
different breeds

Foetal

biometric Day . Measurement Breed Author
parameter of gestation (mm)
6.8 Bulgarian Karadaev et al., 2016
28
7.1 Bulgarian Karadaev et al., 2018
TD
40 12 Damascus Karen et al., 2009
42 16.32 Shiba Kandiel et al., 2015
37 10 Saanen Yazici et al., 2018
CD
4 10.93 Shiba Kandiel et al., 2015

TD — trunk diameter; CD — chest diameter

Foetal heart rate and the heart transverse (short) and longitudinal (long) axis

As the pregnancy develops, changes are observed in the echogenicity of the embryonic/
foetal heart. These changes can be seen in the varied greyscale typical of B-mode ultraso-
und imaging of the structures forming the heart of the embryo/foetus (Raja-Ili Airina et al.,
2011). Until the 30th day of gestation, the foetal heart is highly echogenic, which is seen
in the ultrasound image as a distinct white colour. Between weeks 4 and 8, the echogeni-
city of this organ decreases, as seen in the whitish-grey colours of the ultrasound images.
Between 8 and 12 weeks of gestation in goats, the foetal heart is seen as a clearly outlined
grey shape. From weeks 12 to 16 it is greyish-black, and around the 21st week it appears
black in ultrasound images (Raja-1li Airina et al., 2011). According to Anya et al. (2017),
imaging of the embryonic heartbeat in goats is first possible from the 23rd day of gestation,
and its frequency can be measured from the 25th day of gestation (Karen et al., 2009). In
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this case, simultaneous recording in M-mode (motion mode) is used. In this technique,
the onset or more often the peak of the contraction serves as an indirect timestamp of the
corresponding electrical event (Dancea et al., 2000). Therefore, FHR is measured as the
distance between systolic waves and then calculated automatically by the software of the
ultrasound apparatus (Karadaev et al., 2016).

The longitudinal (long) and transverse (short) axes of the foetal heart (Table 4) should
be measured in the diastolic phase while the foetus is not making any movements of its
own. The measurement is performed in cross-section and in a four-chamber view of the
heart (Lee et al., 2005). The longitudinal and transverse axes of the foetal heart can be
measured from the 42nd day of gestation (Karen et al., 2009).

Table 4

Longitudinal and transverse axis of the heart determined by ultrasound in the first and second trimester of
pregnancy in goats

Foetal

biometric Day . Measurement Breed Author
parameter of gestation (mm)
42 3 Shiba Kandiel et al., 2015
44 3 Saanen Yazici et al., 2018
HTA
49 4.4 Bulgarian Karadaev et al., 2016
60 7.4 Korean Black Lee et al., 2005
42 5 Shiba Kandiel et al., 2015
HLA 49 6.1 Bulgarian Karadaev et al., 2016
60 10.4 Korean Black Lee et al., 2005

HTA — Transverse axis of heart; HLA — Longitudinal axis of heart

Femur, tibia, and humerus length

In the second trimester of pregnancy in goats, more foetal anatomical structures are
subjected to ultrasound examination. The length of the femur and tibia can be measured at
this time. In the ultrasound image, the foetal limbs should be visible in a longitudinal cross-
-section, so they can be measured from one end of the femoral and tibial shaft to the other
(Kandiel et al., 2015). In measuring the length of the humerus, imaging of the foetal heart
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and scapula is helpful. The humerus is then measured according to zones of intense
calcification (Abdelghafar et al., 2012). The first FemL, TL and HL measurements in
goat foetuses can be made from the 56th day of gestation (Abdelghafar et al., 2012;
Kandiel et al., 2015).

Also from the 8th week of gestation in goats, ultrasound foetometry can be used to
measure the length of six thoracic vertebrae and six lumbar vertebrae (Kandiel et al.,
2015).

Umbilical cord diameter and foetal aortic diameter

Ultrasound foetometry also includes measurements of the diameter of the umbilical
cord (Table 5) and umbilical vessels (Lee et al., 2005). In goats, umbilical vessels are
represented by two arteries and two veins (Kumar et al., 2015¢; Elmetwally and Me-
inecke-Tillmann, 2018). UCD measurement is performed when the umbilical cord and
the foetus are visible in the ultrasound image at the same time. Umbilical cord diame-
ter can be measured in two places: at the entry to the foetus and at a distance of one
centimetre from the entry (Lee et al., 2005; Yazici et al., 2018). Umbilical vessels sho-
uld be measured in a perpendicular projection (at maximum magnification) and where

Table 5

Diameter of the umbilical cord and aorta determined by ultrasound in the first and second trimester of pre-
gnancy in goats of different breeds

Foetal Da; Measurement
biometric Y casureme Breed Author
parameter of gestation (mm)
30 2.5 Damascus Karen et al., 2009
42 3.18 Shiba Kandiel et al., 2015
51 3.8 Saanen Yazici et al., 2018
UCDh
56 6 Saanen Abdelghafar et al., 2011
57 4 Red Sokoto Nwaogu et al., 2010
60 34 Korean Black Leeetal., 2005
60 2.2 Korean Black Lee et al., 2005
AD
77 32 Bulgarian Karadaev et al., 2018

UCD — umbilical cord diameter; AD — aortic diameter
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the umbilical cord is closest to the foetus. In this way, differences in diameter occurring
along the length of the umbilical cord are taken into account (Lee et al., 2005; Kandiel
et al., 2015). The first measurements of the umbilical cord can be made from the 30th day
of gestation (Karen et al., 2009).

In goats between 60 and 135 days of gestation, the aortic diameter of the foetus can be
measured (Table 5). The measurement is taken in a cross-section of the foetal aorta, along
the longitudinal axis of the left ventricle, when the foetus is not making any movements on
its own (Lee et al., 2005; Karadaev et al., 2018).

In ultrasound examination of pregnancy development, in addition to determining the
biometric features of embryos and foetuses, it is also very important to make precise me-
asurements of extra-foetal structures. The placenta is the organ that should be analysed to
assess the course of the pregnancy.

In pregnant goats, the placenta is perceived as a concave structure with a round sha-
pe. In the ultrasound image, it appears as a grey image in the shape of the letter C or O,
depending on the imaging plane (Rasheed, 2016). This is a characteristic image ascri-
bed to placentomes, whose size in ultrasound imagine is determined by measuring two
diameters. The first is the outer placentome diameter, between its two most distal parts

Table 6

Diameter of the placentomes determined by ultrasound in the first and second trimester of pregnancy in goats
of different breeds

Foctal Da; Measurement
biometric Y U Breed Author
parameter of gestation (mm)
27 3 Damascus Roukbi, 2013
30 4 Saanen Yazici et al., 2018
35 7.5 Saanen Rasheed, 2016
OPD
42 9.3 Bulgarian Karadaev et al., 2016
57 14 Sokoto Nwaogu et al., 2010
60 14.7 Korean Black Lee et al., 2005
3.8 Bulgarian Karadaev et al., 2016
IPD 42
35 Bulgarian Karadaev et al., 2018

OPD - outer placentome diameter; IPD — inner placentome diameter

74



Ultrasound examination of pregnancy in the domestic goat (Capra hircus) - a review

(Nwaogu et al., 2010; Karadaev et al., 2016), while the inner diameter is located in
the anechoic part of the placentome (Karadaev et al., 2016). To obtain accurate me-
asurements, it is necessary to measure the placentomes located near the foetus and to
use the arithmetic mean of the measurements (Lee et al., 2005; Karadaev et al., 2018).
In goats, the placentome diameters can first be measured from about the 30th day of
gestation (Roukbi, 2013; Rasheed, 2016; Yazici et al., 2018) — Table 6.

Conclusions

The information presented here indicates that ultrasonography is a helpful diagno-
stic tool in management of reproduction in goats. The use of linear high-frequency
ultrasound probes can confirm pregnancy at an early stage of its development. The
most foetal biometric measurements can be made in the early and middle periods of
gestation.

Implementation of this technique in practice allows tests to be performed in cyclic
repetitions in the same embryos/foetuses. This is crucial for monitoring the growth
and development of embryo-foetal and extra-foetal structures at every stage of pre-
gnancy, both normal and pathological. The data presented in this study show that
ultrasound provides an accurate and non-invasive way to monitor pregnancy in goats.
Moreover, technological advances in the field of ultrasonography continue to improve
mainly image resolution, which allows more accurate imaging of more details of the
goat embryo and foetus, especially those of very small size.
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