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1. Wykaz publikacji stanowiacych rozprawe doktorska

Niniejsza rozprawa doktorska pt.: “Anatomia i morfometria wybranych te¢tnic odchodzacych
od tetnicy biodrowej wewnegtrznej w kontekScie zabiegow ginekologicznych” powstata
w oparciu o monotematyczny cykl trzech artykutow opublikowanych w mi¢dzynarodowych
czasopismach naukowych indeksowanych w bazie PubMed oraz znajdujacych si¢ na liscie

Journal Citation Reports (Thomson Reuters).

Na prace doktorska sktadajg si¢ nastepujace artykuty:

1. Konarska-Wloesinska M, Del Carmen Yika A, Dziedzic M, et al. An arterial map of
the uterine artery - a tool for endovascular and gynecological procedures. Surg Radiol

Anat. 2024,46(7):1093-1100. doi:10.1007/s00276-024-03387-w

(Impact Factor = 1.4 ; MEIN = 70).

2. Konarska-Wlosinska M, Ostrowski P, Del Carmen Yika A, et al. Exploring the
Topography of the Obturator Artery and Corona Mortis: a Detailed Analysis with
Surgical Implications. Int Urogynecol J. 2024;35(5):1051-1060. doi:10.1007/s00192-

024-05774-8

(Impact Factor = 1.8 ; MEIN = 100).

3. Konarska-Wlesinska M, Nasser A, Ostrowski P, et al. The arterial blood supply of the
ovaries: a comprehensive review. Folia Morphol (Warsz). Published online August 13,

2024. doi:10.5603/fm.101167

(Impact Factor = 1.2 ; MEIN = 70).



Laczna warto$¢ Impact Factor wedtug Thomson Reuters Journal Citation Reports, na rok
publikacji wynosi 4.4. ¥.aczna warto$¢ punktow Ministerstwa Edukacji i Nauki, wedtug wykazu

czasopism naukowych na rok publikacji, wynosi 240.



2. Oméwienie pracy doktorskiej

2.1. Wstep i uzasadnienie podjetej tematyki

Anatomia tetnic miednicy mniejszej charakteryzuje si¢ znaczng zmienno$cig, obejmujaca
liczne odgatezienia 1 anastomozy, ktdre zapewniaja bogate unaczynienie narzadow
wewngtrznych, takich jak macica, jajniki i pecherz moczowy [5, 20-22]. Tetnica maciczna
I tgtnica zaslonowa tworzg ztozong sie¢ unaczynienia w obrgbie miednicy mniejszej, a dzigki
anastomozom z tetnica jajnikowa zapewniaja skuteczne ukrwienie macicy, jajnikéw oraz
pobliskich struktur, co jest kluczowe dla zachowania ich funkcji reprodukcyjnych

I zdrowotnych, a takze istotne w planowaniu zabiegéw ginekologicznych.

Mimo, ze najcze$ciej opisywanym w podrecznikach Zrddlem tetnicy macicznej jest przedni
pien tetnicy biodrowej wewnetrznej, w literaturze mozna znalez¢ réwniez wiele doniesien
wskazujacych na pochodzenie tego naczynia z tetnicy pepkowe;j, tetnicy posladkowej dolnej
lub tetnicy sromowej wewnetrznej [1, 3]. Dostepna dotychczas literatura wcigz pozostaje
niekompletna w szczegdtowe opisy morfometryczne. W licznych badaniach analizowano
istotne klinicznie wilasciwosci morfometryczne naczynia, takie jak jego dtugos¢ i1 $rednica
[4, 7, 11]. W dotychczasowej literaturze brakuje jednak doniesien dotyczacych szczegdtowej
topografii tetnicy macicznej, ktérych opracowanie mogtoby zapewni¢ chirurgom przydatne
narzedzie do lepszego poznania anatomii tego naczynia podczas réznego rodzaju procedur
W obrebie miednicy. Wiedza ta jest szczegOlnie istotna w przypadku zabiegow
wewnatrznaczyniowych, miedzy innymi podczas embolizacji tetnicy macicznej celem
zaopatrzenia krwotoku lub leczenia migsniakow macicy, ale takze podczas wysokiego

podwigzania naczynia W trakcie wykonywania histerektomii [15, 16, 19].



Podobnie jak w przypadku wyzej opisanego naczynia, anatomia t¢tnicy zastonowej rowniez
wykazuje duzy stopien zmiennos$ci, w szczegdlnosci dotyczacej jej odejscia. Tetnica zastonowa
opisywana jest jako galaz przedniego podziatu tetnicy biodrowej wewnetrznej, ale odchodzi¢
moze ona réwniez od tetnicy nabrzusznej dolnej, tetnicy biodrowej zewnetrznej, a takze, cho¢
bardzo rzadko, od tetnicy udowej [9, 18]. Zaopatruje w krew grupe migéni przywodzicieli uda,
okolice zastonowa oraz cze¢sciowo narzady miednicy. Ponadto waznym klinicznie aspektem
dotyczacym tetnicy zastonowej jest wystepowanie wienica $mierci (Corona mortis) jako jednego
z wariantow anatomicznych. Polega on na wytworzeniu si¢ anastomozy pomiedzy tetnica
zastonowa a tetnicg biodrowg zewnetrzng lub naczyniami nabrzusznymi dolnymi. Szczegdlna
istotno$¢ kliniczna tego wariantu anatomicznego wynika, miedzy innymi, ze zwigkszonego
ryzyka krwawienia, ktore moze wystapi¢ przy uszkodzeniu corona mortis w trakcie zabiegéw

chirurgicznych obejmujacych okolice tonowa [6, 17].

Jajnik to parzysty narzad Zenskiego uktadu rozrodczego, petniacy funkcje produkcji komoérek
jajowych oraz hormonow, takich jak estrogeny i progesteron, ktore reguluja cykl miesigczkowy
1 wspieraja funkcje reprodukcyjne. Jajniki zaopatrywane sa przez t¢tnice jajnikowa oraz tetnice
maciczng. U 40% populacji gtownym Zréodtem unaczynienia jest tetnica jajnikowa, u 4%
dominuje te¢tnica maciczna, natomiast u 56% oba naczynia w rOwnym stopniu zaopatrujg jajnik
[8]. Anastomoza maciczno-jajnikowa wystepujaca u niemal potowy populacji jest jedng
Z najbardziej znaczacych anastomoz tgtniczych dla kobiecego uktadu rozrodczego [12].
Tetnica jajnikowa i maciczna wykazuja znaczne zmienno$ci anatomiczne, co stanowi
wyzwanie dla lekarzy wykonujacych zabiegi ginekologiczne i wewnatrznaczyniowe. Naleza
do nich, migdzy innymi, wcigz zyskujace na popularnosci zabiegi embolizacji tetnicy macicznej
oraz tetnicy jajnikowej wykorzystywane celem leczenia mig$niakow macicy jako mniej

inwazyjna metoda bedaca alternatywa dla histerektomii [13].



Anatomia miednicy mniejszej odgrywa fundamentalng role w ginekologii operacyjnej,
poniewaz precyzyjna znajomo$¢ polozenia naczyn krwiono$nych, nerwoOw oraz narzadow
wewnetrznych umozliwia chirurgom bezpieczne i skuteczne przeprowadzanie zabiegow,
minimalizujac ryzyko powiktan oraz zapewniajgc lepsze wyniki dla pacjentek. W zwigzku
Z tym, gléwnym celem niniejszej pracy bylo zbadanie oraz przeanalizowanie zmiennosSci
anatomicznych tetnicy macicznej i tetnicy zastonowej w populacji polskiej oraz stworzenie
mapy anatomicznej ukazujacej lokalizacje odejscia i dalszy przebieg w miednicy powyzszych

naczyn.



2.2.Cele pracy

Zbadanie i1 przeanalizowanie przebiegu oraz topografii t¢tnicy macicznej oraz t¢tnicy

zastonowej w populacji polskie;j.

Opracowanie mapy anatomicznej dla tetnicy macicznej oraz tetnicy zastonowej celem
stworzenia przystepnego narzedzia dla chirurgéw do wizualizacji 1 lepszego

zrozumienia przebiegu wymienionych powyzej naczyn.

Zbadanie i1 przeanalizowanie parametréw morfometrycznych t¢tnicy macicznej oraz

tetnicy zastonowe;.

Dostarczenie kompleksowych 1 szczegdétowych informacji na temat doplywu krwi

tetniczej do jajnikow z uwzglednieniem implikacji klinicznych.



2.3. Materialy i metody

Protokot badawczy zostatl przediozony do oceny 1 zatwierdzony przez Komisje Bioetyczng
Uniwersytetu Jagiellonskiego w Krakowie (1072.6120.254.2022). Badania zostaty

przeprowadzone zgodnie z ustalonymi kryteriami we wszystkich kolejnych fazach.

Pierwsza oraz druga cz¢s¢ pracy doktorskiej majaca na celu zbadanie tetnicy macicznej oraz
tetnicy zastlonowej przeprowadzona zostala w Katedrze Anatomii Uniwersytetu
Jagiellonskiego Collegium Medicum w Krakowie. W celu oceny wlasciwosci
morfometrycznych oraz zmienno$ci anatomicznych tetnicy macicznej oraz t¢tnicy zastonowe;j
jako material badawczy wykorzystane zostaty zanonimizowane wyniki angio-TK miednicy
wykonane we wspotpracy z Katedra Radiologii Uniwersytetu Jagiellonskiego Collegium
Medicum w Krakowie. Poddane analizie zostaty jedynie wyniki uzyskane od osob dorostych,
ktérych powod zakwalifikowania do tego badania nie mial zwigzku z badanymi strukturami
1 nie wplywal na przebieg badanych naczyn. Dodatkowo ustalone zostaty nastgpujace kryteria
wykluczenia z badania: (1) uraz okolicy brzucha lub miednicy, ktory méglby mie¢ wplyw na
strukture lub wymiary tetnicy macicznej lub tgtnicy zastonowej lub ich pobliska okolice, (2)
istotne artefakty utrudniajace doktadne obrazowanie i pomiar t¢tnicy macicznej lub tetnicy
zastonowej lub przylegajacego do nich obszaru anatomicznego, (3) obrazy zlej jakoSci
1 nieczytelne oraz (4) znaczny brak wypehienia kontrastem catego uktadu tetniczego. tacznie
kryteria wlaczenia zostaty spetnione przez 58 przypadkow dla t¢tnicy macicznej oraz 138

przypadkéw dla tetnicy zastonowe.

W pierwszej czeSci badania zwizualizowana zostata obustronnie tetnica maciczna oraz jej
pobliski obszar anatomiczny. Oceniony zostal poczatek tetnicy macicznej oraz jej przebieg.
Nastegpnie przez dwoch niezaleznych badaczy zostaty wykonane pomiary morfometryczne,

ktorych wyniki zostaty zaokraglone do dwodch miejsc po przecinku i u$rednione w procesie



analizy. Pomiary te zawieraly 19 parametrow i dotyczyly wilasciwosci morfometrycznych
tetnicy macicznej oraz jej odlegtosci od struktur znajdujacych si¢ w pobliskiej okolicy

anatomicznej. Szczegotowy opis powyzszych parametrow zostat przedstawiony w artykule.

W drugiej czesci badania podobnie zwizualizowane zostaty obustronnie t¢tnice zastonowe wraz
z ich pobliska okolicg anatomiczng. W kazdym przypadku oceniono miejsce odejscia tetnicy
zastlonowej oraz jej przebieg. Nastepnie dwodch niezaleznych badaczy dokonalo pomiarow
morfometrycznych, a ich wyniki zaokraglono do dwoch miejsc po przecinku i usredniono
podczas analizy. Pomiary te dotyczyly 30 parametrow i zawieraly migdzy innymi $rednice
i pole powierzchni przekroju poprzecznego w miejscu odej$cia tetnicy zastonowej oraz
analogicznie jej odgatezien. Dodatkowo dla kazdego badanego przypadku odnotowano zestaw

indywidualnych parametrow pacjenta, takich jak wiek i ptec.

Do przeprowadzenia analizy statystycznej wykorzystano oprogramowanie STATISTICA
w wersji 13.1 (StatSoft Inc., Tulsa, OK, USA). Oceny rozkladu normalnego dokonano
za pomocg testu Shapiro-Wilka. Istotno$¢ statystyczna zostala zdefiniowana jako p < 0.05. Do
ustalenia potencjalnych rdéznic miedzy grupami zastosowano test Manna-Whitneya
i Wilcoxona. Wspotczynnik korelacji rang Spearmana zostal wykorzystany do okreslenia

mozliwych korelacji migdzy parametrami.

Trzecig cz¢$¢ niniejszej pracy doktorskiej stanowi przeglad literatury na temat doptywu krwi
tetniczej do jajnikoOw. Zgromadzone dane zostaly przeanalizowane w odniesieniu do
kluczowych zagadnien, takich jak unaczynienie jajnikoOw, anatomia tetnicy jajnikowe;j,

wystepowanie anastomozy maciczno-jajnikowej oraz ich znaczenia w kontekscie klinicznym.
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2.4. Podsumowanie wynikow i wnioski

Artykut nr 1 - An arterial map of the uterine artery - a tool for endovascular and gynecological

procedures.

Zaprezentowane w artykule dane oparte zostaly o wyniki obrazowe 58 tetnic macicznych.
Sposrod nich 40 wywodzito si¢ z pnia przedniego t¢tnicy biodrowej wewnetrznej (69.0%),
16 z tetnicy pepkowej (27.6%), a pozostale dwie z tetnicy posladkowej dolnej (3.4%).
Na podstawie otrzymanych obrazéw stworzylam mape anatomiczng obrazujaca lokalizacje

odejs$cia tetnicy macicznej oraz jej dalszy przebieg w miednicy.

Mediana S$rednicy t¢tnicy macicznej w miejscu jej odejScia wynosita 3.20 mm
(LQ=2.63; HQ=3.89). Mediana pola powierzchni przekroju poprzecznego w miejscu odejscia
powyzszego naczynia zostata ustalona na 6.04 mm? (LQ = 4.65; HQ = 6.48), natomiast mediana
kata odejscia wyniosta 130.47 stopni (LQ = 116.44; HQ = 145.33). Mediana odlegtosci od
poczatku pnia przedniego te¢tnicy biodrowej wewngtrznej do miejsca odejscia tetnicy macicznej
wyniosta 17.21 mm (LQ = 13.63; HQ = 20.91). Mediana odlegtosci mig¢dzy tetnicg zastonowsg
atetnicg maciczng wyniosta 13.35 mm (LQ =8.76; HQ = 16.89). Mediana odlegtosci od tetnicy
odbytniczej srodkowej do tetnicy macicznej wyniosta 26.13 mm (LQ = 18.55; HQ = 33.87).
Ponadto, mediana odlegtosci od tetnicy posladkowej dolnej do tetnicy macicznej wyniosta
45.96 mm (LQ = 34.67; HQ = 56.21). Mediana odleglosci od odejscia tetnicy sromowej
wewngtrznej do odejscia tetnicy macicznej wyniosta 12.14 mm (LQ = 8.22; HQ = 30.67).
Dodatkowo w pieciu kategoriach wykazatam korelacje ujemng z wiekiem pacjenta, a takze
korelacje dodatnia pomigdzy dlugoscia S$rednicy galezi wstepujacej tetnicy macicznej

W miejscu jej odejscia z dtugoscig macicy (R =-0.30; p = 0.04).

Posiadanie odpowiedniej wiedzy na temat anatomii tetnicy macicznej ma ogromne znaczenie

w zabiegach ginekologicznych i wewnatrznaczyniowych, takich jak histerektomia lub
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embolizacja. Ponadto, niniejsze badanie jest pierwszym w literaturze, ktore przedstawia
anatomiczng mapg¢ tetnicy macicznej uwzgledniajgc najczestsze miejsca odej$cia naczynia oraz
jej przebieg w obrgbie miednicy. Narzedzie to moze postuzy¢ chirurgom jako pomoc
W wizualizacji przedstawionego naczynia przedoperacyjnie i §rddoperacyjnie, co moze by¢
szczegoblnie istotne podczas wykonywania roznych procedur w obrebie miednicy takich jak

wysokie podwigzanie naczynia w trakcie zabiegu ginekologicznego.
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Artykut nr 2 - Exploring the Topography of the Obturator Artery and Corona Mortis:

a Detailed Analysis with Surgical Implications

Przedstawione w artykule wyniki oparte zostaty o dane pochodzace z 138 tetnic zastonowych.
Najczestszym miejscem odejscia tetnicy zastonowej byt pien przedni tetnicy biodrowej
wewnetrznej (57,2%). Mediana $rednicy tetnicy zastlonowej w miejscu jej odejscia wynosita
3,34 mm, natomiast mediana powierzchni przekroju poprzecznego tego naczynia w miejscu
odejscia wynosita 6,31 mm?. Mediana wielkosci kata odejécia tetnicy zastonowej od naczynia
zrodtowego wyniosta 134,11°. Ponadto w 15 z sposrod badanych kategorii zaobserwowano

istotny statystycznie dymorfizm ptciowy.

Dodatkowo zbadana zostata czgsto$¢ wystepowania tetniczego wienca $mierci (Corona mortis).
Wariant ten zostat zidentyfikowany w 30 przypadkach, co stanowi 21,74% Czgsto$¢
wystgpowania tg¢tniczego corona mortis w niniejszym badaniu jest wysoce zblizona do
wynikow pochodzacych z metaanalizy przeprowadzonej przez Sanna et al. w roku 2017 [17].
Mediana odlegto$ci pomiedzy wiencem $mierci na wysoko$ci gornej gatezi kosci tonowej
a spojeniem tonowego zostata ustalona na 48,69 mm. Ponadto w tej kategorii wykazano istotne
statystycznie rdéznice migdzyplciowe. Mediana powyzszej odlegtosci u kobiet wynosita 54,54

mm, natomiast u me¢zczyzn 44,23 mm.

Ze wzgledu na kliniczne znaczenie tgtnicy zastonowej i corona mortis, znajomos¢ topografii
tych struktur anatomicznych jest niezbgdna dla zapewnienia bezpieczenstwa i skutecznos$ci
interwencji medycznych. Obecno$¢ wariantow naczyniowych tetnicy zastonowe;j, takich jak
atypowa tetnica zastonowa czy corona mortis, moze stanowi¢ czynnik ryzyka istotnych
powiktan krwotocznych w przypadku zlamania gatezi tonowej. Podobnie zmiennosci
dotyczace anatomii naczyn biodrowych zewngtrznych, tetnicy nabrzusznej dolnej oraz naczyn

udowych powinny by¢ uwzgledniane przy planowaniu zabiegdw chirurgicznych przepuklin
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pachwinowych i udowych celem uniknigcia powaznych krwawien s$rodoperacyjnych.
W zwigzku z tym, w niniejszym badaniu stworzylam nowa mape anatomiczng tetnicy
zastlonowej, przedstawiajaca miejsce odejscia oraz jej przebieg. Ponadto, artykul ten dostarcza
narzedzi do prostego $rodoperacyjnego lokalizowania corona mortis przy pomocy tatwo
wyczuwalnych punktow orientacyjnych, takich jak spojenie tonowe. Przedstawione wyniki
moga by¢ szczeg6lnie przydatne dla chirurgéw wykonujacych rézne zabiegi ginekologiczne,

ortopedyczne, urologiczne, naczyniowe i onkologiczne.
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Artykut nr 3 — The Arterial Blood Supply of the Ovaries: a Comprehensive Review

Jajniki, bedace kluczowym narzadem kobiecego uktadu rozrodczego, petnig dwie zasadnicze
funkcje: odpowiadaja za dojrzewanie i uwalnianie oocytow oraz za produkcj¢ zenskich
hormonow ptciowych. Jajniki zaopatrywane sg w krew tetnicza gldwnie przez tetnice jajnikowsa

oraz gatezie wstepujace tetnicy macicznej.

Tematyka dominujacego zrodla zaopatrzenia jajnikow w Krew tetnicza byla juz wczesniej
omawiana w literaturze. Lippert i Pabst [8] stwierdzili, ze narzady te sg zaopatrywane glownie
przez tetnice jajnikowa u 40% populacji, przez tetnice maciczng u 4% 1 przez oba naczynia
u 56%. Dodatkowo, og6lny schemat unaczynienia jajnikoéw w krew zaprezentowali réwniez

Mocquot i Rouvillois [10], stosujac system klasyfikacji sktadajacy si¢ z czterech podtypow.

Ponadto, czestym zjawiskiem jest wystgpowanie anastomoz pomiedzy tetnica jajnikowa oraz
tetnica maciczng. Jednym z najbardziej znaczacych klinicznie zespolen tg¢tniczych uktadu
rozrodczego kobiety sa zespolenia ipsilateralne pomiedzy gatezia wstgpujaca tetnicy macicznej
a tetnica jajnikowa. Czesto$¢ wystgpowania zespolenia maciczno-jajnikowego réznita si¢
Znaczaco w literaturze, oscylujac migdzy 30,0% a 58,0%. Niedawna metaanaliza rozwigzala
rozbiezno$ci w tej kwestii [12], wykazujac taczng czestos¢ wystepowania na poziomie 48,57%.
Wyniki te wskazuja, ze zespolenie to wystepuje u niemal potowy populacji zenskiej, co czyni
je niezwykle istotnym w chirurgicznych i1 wewnatrznaczyniowych zabiegach uktadu

rozrodczego kobiet.

Znajomo$¢ unaczynienia jajnikow oraz jego ewentualnych zmienno$ci znajduje swoje
szczegllne znaczenie kliniczne przy zabiegach embolizacji t¢tnicy macicznej oraz jajnikowe;.
Embolizacja tetnicy macicznej wykonywana w przypadku migsniakoéw macicy, ktore stanowia
najczestszy tagodny nowotwoér ginekologiczny u kobiet w wieku rozrodczym, pozwala

pacjentom unikng¢ inwazyjnych procedur zachowujac przy tym wysoki stopien bezpieczenstwa
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1 skutecznosci. Wczesniej uwazano, ze gtowne zaopatrzenie w krew tetniczg migsniakow
pochodzi z tetnicy macicznej, jednakze obecnie wiadomo, ze poprzez wytwarzanie si¢
anostomoz maciczno-jajnikowych mieéniaki zaopatrywane sg rowniez czesto przez tetnice
jajnikowa [14]. Przy obecno$ci powyzszego zespolenia wykonanie procedury embolizacji
tetnicy macicznej moze skutkowac¢ niepowodzeniem w leczeniu. Woéwczas alternatywnym
zabiegiem pozostaje embolizacja tetnicy jajnikowej, jednakze metoda ta wcigz pozostaje
W obszarze badan, poniewaz pomimo obiecujacych efektéw zabieg ten niesie ryzyko licznych

powiktan [2].

Ze wzgledu na wysoka zmienno$¢ anatomiczng tetnicy jajnikowej oraz tetnicy macicznej,
a takze liczne anastomozy tworzace si¢ pomiedzy nimi, unaczynienie jajnikow moze stanowic
wyzwanie dla lekarzy wykonujacych zabiegi ginekologiczne oraz wewnatrznaczyniowe.
W zwiazku z powyzszym w niniejszym badaniu podsumowalam dotychczasowa wiedze w tej
dziedzinie, aby mogta stanowi¢ kompleksowe zrodto informacji dla lekarzy celem zwigkszenia

skutecznosci i bezpieczenstwa interwencji medycznych obejmujacych struktury jajnikow.
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Abstract

Introduction The anatomy of the uterine artery (UA) is highly complex, demonstrating various patterns of origin and course.
The main objective of the present study is to provide the first anatomical heat map of the UA, demonstrating the location of
its origin and course in the pelvis.

Methods In July 2022, an assessment was conducted on the findings from 40 consecutive female patients who had under-
gone computed tomography angiography of the abdomen and pelvis. Morphometric features of the UA and its associated
anatomical area were gathered in 19 categories.

Results The presented results are based on a total of 58 UAs. 40 UAs originated from the anterior trunk of the internal iliac
artery (69.0%), 16 of the UAs originated from the umbilical artery (27.6%), and the remaining two originated from the
inferior gluteal artery (3.4%). The median diameter of the UA at its origin was found to be 3.20 mm (LQ=2.63; HQ=3.89).
Conclusion The anatomy of the UA is highly complex, showcasing variable topography, origin patterns, and morphometric
properties. In the present study, a novel arterial map of this vessel was made, highlighting the diversity in its origin loca-
tion and course. In our studied cohort, the UA originated most commonly from the anterior trunk of the internal iliac artery
(69.0%), as described in the major anatomical textbooks. Having adequate knowledge about the anatomy of this artery is
of immense importance in various gynecological and endovascular procedures, such as hysterectomies and embolizations.

Keywords Uterine artery - Uterus - Embolization - Anatomy - Surgery

Introduction

The anatomy of the uterine artery (UA) is highly complex,
demonstrating various patterns of origin and course. It origi-
nates from the anterior trunk of the internal iliac artery and
is the counterpart of the artery associated with the ductus
deferens in males. It follows a course along the lateral pelvic
wall, positioning itself anterior to the internal iliac artery.
The UA proceeds medially until it reaches the junction of
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the uterus and vagina. Once it reaches the side of the cer-
vix, the UA divides into two branches: a smaller descend-
ing vaginal branch that supplies the cervix and vagina and
a larger ascending branch that runs along the lateral border
of the uterus, providing it with blood. Subsequently, the
ascending branch splits into ovarian and tubal branches,
which supply the inner parts of the ovary and uterine tube,
respectively, and establish anastomoses with the ovarian
and tubal branches of the ovarian artery. Moreover, during
its course, the UA crosses over the ureter [12].

The arterial anatomy of the pelvis is quite variable [9,
19-21]. This variability was showcased in a recent meta-
analysis [13], which examined the origin and morphometric
properties of the UA. Although the major anatomical text-
books describe the UA’s origin as being from the anterior
trunk of the internal iliac artery, many other origins have
been presented in the literature. The vessel has been reported
to also originate from the umbilical artery, the inferior glu-
teal artery, and the internal pudendal artery, amongst others
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[2, 4]. Moreover, numerous studies have analyzed the ves-
sel’s clinically relevant morphometric properties, such as its
length and diameter. This knowledge is especially important
in endovascular procedures, such as during the embolization
of the UA as a treatment for pelvic hemorrhage or uterine
fibroids [14, 16, 18]. However, no study has analyzed the
precise topography of the UA, providing surgeons with a
useful tool for visualizing the course and origin of the UA
pre- and intraoperatively in various pelvic surgeries. There-
fore, the main objective of the present study is to provide
the first anatomical heat map of the UA, demonstrating the
location of its origin and course in the pelvis.

Materials and methods
Approvement of the bioethical committee

The research protocol was submitted for evaluation and
approved by the Jagiellonian University Bioethical Com-
mittee, Cracow, Poland (1072.6120.254.2022). The research
was conducted in accordance with the allowed criteria
throughout the subsequent phases.

Study group

In July 2022, an assessment was conducted on the findings
from 40 consecutive female patients who had undergone
computed tomography angiography (CTA) of the abdo-
men and pelvis at the Radiology Department of Jagiello-
nian University Medical College in Cracow, Poland. Each
CTA was evaluated bilaterally; therefore, a total of 80 sides
were initially evaluated. The exclusion criteria were defined
as (1) trauma to the abdominal or pelvic region that could
impact the structure or dimensions of the UA or its nearby
anatomy, (2) substantial artifacts hindering the accurate
imaging and measurement of the UA or its adjacent ana-
tomical region, (3) poor-quality and unreadable images, and
(4) significant lack of contrast filling the whole arterial sys-
tem. If any of the mentioned defects only impacted half of
the CTA without affecting the contralateral side, the other
UA was assessed independently. The great majority (n=19)
of the excluded sides were not analyzed due to significant
artifacts. The other three were disqualified to prevent bias,
given their images’ poor quality. Finally, a total of 58 sides
met the inclusion criteria. None of the analyzed CTAs con-
tained significant pathological changes that could substan-
tially displace any of the studied structures. Therefore, a
total of 58 UAs were analyzed.

@ Springer

Results acquisition

All CTAs of the abdomen and pelvis were performed on a
128-slice scanner CT (Philips Ingenuity CT, Philips Health-
care). The main CT imaging parameters were the follow-
ing: collimation/increase: 0.625 / 0.3 mm; tube current: 120
mAs; field of view: 210 mm; matrix size: 512 x512.

All patients received intravenous administration of con-
trast material at a dose of 1 ml/kg (standard dose). A non-
ionic contrast medium (CM) containing 350 mg of iodine
per ml was used (Jowersol 741 mg/ml, Optiray®, Guerbet,
France). The acquisition of CT data was initiated using a
real-time bolus tracking technique (Philips Healthcare),
with the region of interest (ROI) placed in the descending
aorta. CM was injected intravenously using a power injec-
tor at a flow rate of 5 ml/ s. This was immediately followed
by injecting 40 ml of saline solution at the same flow rate.
Following injection of CM and saline, image acquisition
was automatically started with a 2 s delay when the attenu-
ation trigger value reached a threshold of 120 Hounsfield
units (HU). Scanning was performed in the caudocranial
direction.

The CTAs were analyzed on a dedicated workstation
in the Anatomical Department of Jagiellonian University
Medical College, Cracow, Poland. To ensure the highest
possible quality of the visualizations and measurements and
minimize potential bias, Materialise Mimics Medical ver-
sion 21.0 software (Materialise NV, Leuven, Belgium) soft-
ware was used. 3-dimensional (3D) reconstructions of each
scan were developed, employing a set of settings, severally
adjusted to each scan.

Evaluation and measurements

At the beginning of every examination, each UA has been
completely visualized. Following that, a series of measure-
ments of each UA were taken by two separate researchers,
and an average was calculated by considering both sets of
results. All measurements were rounded to two decimal
places. Morphometric features of the UA and its associ-
ated anatomical area were gathered in 19 categories: (1)
UA diameter at its origin ; (2) UA cross-sectional area at its
origin ; (3) UA angle at its origin [deg] ; (4) diameter of the
anterior trunk of the internal iliac artery near the origin of
the UA ; (5) cross-sectional area of the anterior trunk of the
internal iliac artery near the origin of the UA ; (6) distance
from the origin of the anterior trunk of the internal iliac
artery to the origin of the UA ; (7) distance from the obtura-
tor artery to the UA ; (8) distance from the middle anorec-
tal artery to the UA ; (9) distance from the superior vesical
artery to the UA ; (10) distance from the vaginal artery to
the UA ; (11) distance from the inferior gluteal artery to the
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UA ; (12) distance from the internal pudendal artery to the
UA ; (13) number of branches that originate from the UA ;
(14) distance from the origin of the UA to the origin of the
ascending branch of the UA ; (15) diameter of the ascending
branch at its origin ; (16) cross-sectional area of the ascend-
ing branch at its origin ; (17) distance from the origin of the
UA to the origin of the descending branch of the UA ; (18)
diameter of the descending branch at its origin ; (19) cross-
sectional area of the descending branch at its origin. Addi-
tionally, patients’ uterus length [mm] has also been studied.
The results were established in millimeters (mm / mm?).
Nevertheless, after initial statistical evaluation, distances
from the superior vesical artery and the vaginal artery to
the UA were excluded from the analyses due to significant
heterogeneity of the results and bias prevention.

Furthermore, a set of measurements was taken to estab-
lish an anatomical heat map of the occurrence of the origin
of'the UA. Using these measurements, a uniform anatomical
triangle was defined. Subsequently, the shortest distances
from the origins of each UA to the sides of the triangle were
determined. All measurements were taken at a fixed angle
to minimize potential bias. Furthermore, the points of origin
of each UA were scaled and applied to the heatmap with
respect to the enrolled measurements.

Statistical analysis

Statistical analysis was performed with STATISTICA v13.1
(StatSoft Inc., Tulsa, OK, USA). The frequency and per-
centages presented qualitative features. The Shapiro-Wilk
test was used to assess the normal distribution. Quantitative
characteristics were presented by medians and upper and
lower quartiles (UQ, LQ), as well as means and standard
deviation (SD), depending on the verified normality of the
data. Statistical significance was defined as p <0.05. Mann-
Whitney and Wilcoxon signed-rank tests were used to
establish potential differences between groups. The Spear-
man rank correlation coefficient was used to determine pos-
sible correlations between the parameters.

Fig. 1 Heatmap presenting the
occurance of the origin of the
Uterine Artery and its course

Results

The presented results are based on a total of 58 UAs. The
mean age of the patients was 47.1 years old (SD=15.4;
Min=24.0; Max=77.0). All further data refer to the num-
ber of sides instead of number of patients. Left and right
sides were analyzed in equal amounts, twenty-nine each.
Forty UAs originated from the anterior trunk of the inter-
nal iliac artery (69.0%), 16 of the UAs originated from the
umbilical artery (27.6%), and the remaining two originated
from the inferior gluteal artery (3.4%). The anatomical heat
map of the origin of the UA from the anterior point of view
is presented in Fig. 1. The origin points and course of the
studied UAs were scaled and appropriately applied into this
figure. Figure 2 illustrates the arterial anatomy of the pelvis,
highlighting the topographical characteristics of the UA.

The median diameter of the UA at its origin was found to
be 3.20 mm (LQ=2.63; HQ=3.89). Moreover, the medial
cross-sectional area at its origin was set to be 6.04 mm?
(LQ=4.65; HQ=6.48). UA’s median departure angle was
set to be 130.47 degrees (LE=116.44; HQ=145.33). The
distances between each branch of the anterior trunk of the
internal iliac artery were measured over the surface of the
said artery. The median distance from the anterior trunk of
the internal iliac artery’s origin to the UA’s origin was set
to be 17.21 mm (LQ=13.63; HQ=20.91). Furthermore,
the median distance from the obturator artery to the UA
was established at 13.35 mm (LQ=28.76; HQ=16.89). The
median distance from the middle anorectal artery to the UA
was set to be 26.13 (LQ=18.55; HQ=33.87). Moreover,
the median distance from the inferior gluteal artery to the
UA was found to be 45.96 mm (LQ=34.67; HQ=56.21).
The median distance from the internal pudendal artery to
the UA was set to be 12.14 mm (LQ=28.22; HQ=30.67).
The mean number of branches of the UA was set to be 1.86
(SD=0.35). Detailed results in each category are presented
in Table 1.

Furthermore, each parameter has been analyzed to find
potential side-related statistical differences. Nevertheless,
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Fig. 2 A three-dimensional, com-
puted tomography angiography
of the studied area. Some of the
arteries were removed in order
to provide beter visibility. UA -
Uterine Artery. CIA - Common
Iliac Artery. EIA - External Iliac
Artery. IIA - Internal Iliac Artery.
IGA - Inferior Gluteal Artery. IPA
- Internal Pudendal Artery. OA

- Obturator Artery. VA - Vaginal
Artery. MRA - Middle Rectal
Artery

Table 1 Results of the measurements. LQ — lower quartile. HQ — higher quartile. SD — standard deviation. UA — Uterine Artery. ATIIA — Anterior
Trunk of the Internal Iliac Artery. OA — Obturator Artery. MRA — Middle Rectal Artery. IGA — Inferior Gluteal Artery. IPA — Internal Pudendal

Artery

Category Median LQ HQ Minimum Maximum Mean SD
UA Diameter at its Origin [mm] 3.20 2.63 3.89 2.00 5.69 3.37 0.91
UA Cross-sectional Area at its Origin [mm?] 6.04 4.65 6.48 3.64 7.92 5.71 1.14
UA Angle at its Origin [deg] 13047 116.44 145.33 106.61 167.45 132.19 17.14
Diameter of the ATIIA near the origin of the UA [mm] 6.06 5.36 6.60 4.26 8.93 6.06 1.15
Cross-sectional Area of the ATIIA near the origin of the UA [mm?] 2338 1824 27.65 1533 33.91 23.07 5.33
Distance from the origin of the ATIIA to the origin of the UA [mm] 16.17  13.75 21.54 10.20 32.73 1741 5.14
Distance from the OA to the UA [mm)] 1335 8.76 16.89 4.12 21.65 12.73 497
Distance from the MRA to the UA [mm] 26.13 18.55 33.87 13.22 58.29 2747 9.74
Distance from the IGA to the UA [mm] 4596  34.67 5621 17.01 72.71 46.44  13.78
Distance from the IPA to the UA [mm] 12.14  8.22 30.67 5.24 49.99 18.97 14.00
How many branches take off from the UA? 2.00 2.00  2.00 1.00 2.00 1.86 0.35
Distance from the origin of the UA to the origin of the Ascending Branch 68.12  55.55 74.83 41.78 95.60 65.59 12.08
of the UA [mm)]

Diameter of the Ascending Branch at its origin [mm] 3.67 3.41 4.21 3.01 4.87 3.77 0.51
Cross-sectional area of the Ascending Branch at its origin [mm?] 5.02 4.21 5.90 3.00 7.72 5.00 1.10
Distance from the origin of the UA to the origin of the Descending 69.13 5892 74.14 41.13 96.82 66.83 11.13
Branch of the UA [mm)]

Diameter of the Descending Branch at its origin [mm] 3.19 2.58 3.64 2.00 4.78 3.15 0.66
Cross-sectional area of the Descending Branch at its origin [mm?] 3.64 330  3.89 3.00 5.11 3.71 0.53
Uterus Length [mm] 68.42  61.55 74.62 50.92 83.19 68.00 9.25

none of the parameters significantly differed in relation to
the studied side. Detailed results regarding this part of the
analysis are demonstrated in Table 2.

Subsequently, potential correlations between the ana-
lyzed parameters, the patient’s age, the UA origin diameter,
and uterus length have been investigated. Statistically sig-
nificant correlations were found between patients’ age and
UA diameter at its origin, the UA cross-sectional area at its
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origin, the cross-sectional area of the anterior trunk of the
internal iliac artery near the origin of the UA, the distance
from the obturator artery to the UA, and the cross-sectional
area of the ascending branch at its origin. Every aforemen-
tioned parameter decreased with age. Only the diameter of
the ascending branch at its origin statistically significantly
correlated with the uterus length (R = -0.30). The complete
correlation analysis is presented in Table 3.
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Table 2 Results of the measurements concerning the patients’ side. LQ — lower quartile. HQ — higher quartile. SD — standard deviation. UA —
Uterine Artery. ATIIA — Anterior Trunk of the Internal Iliac Artery. OA — Obturator Artery. MRA — Middle Rectal Artery. IGA — Inferior Gluteal
Artery. IPA — Internal Pudendal Artery. P-values were established using U Mann-Whitney test. P-values greater than 0.05 were considered as

statistically significant

Category Side Median LQ HQ Minimum Maximum Mean SD P
value

UA Diameter at its Origin [mm)] Right 3.33 2.63 3.97 221 5.69 3.40 0.91 0.88
Left 3.12 2.70 3.74 2.00 5.62 3.33 0.93

UA Cross-sectional Area at its Origin Right 6.27 4.68 6.57 3.64 7.92 5.74 1.27 0.59

[mm’] Left 6.00 4.65 6.32 3.89 7.41 5.69 1.00

UA Angle at its Origin [deg] Right 136.66 114.66  145.34  106.61 167.45 132.39 1853 091
Left 130.27 118.75 143.62  109.72 165.71 13198 1595

Diameter of the ATIIA near the origin of Right 6.28 5.02 6.52 4.54 8.93 6.10 1.27 0.92

the UA [mm] Left 5.94 5.40 6.75 426 7.98 6.02 1.03

Cross-sectional Area of the ATIIA near ~ Right 23.15 17.48 25.56 15.33 32.39 22.41 5.30 0.35

the origin of the UA [mm”] Left 24.10 1848  27.88  15.69 3391 2373 541

Distance from the origin of the ATIIAto  Right 15.69 13.40 20.28 10.52 32.73 17.38 5.52 0.86

the origin of the UA [mm] Left 17.21 13.99  21.54  10.20 26.91 1744 4.88

Distance from the OA to the UA [mm] Right 13.39 6.89 15.02 4.12 21.65 12.17 5.09 0.57
Left 13.29 9.86 17.15 4.97 20.85 13.30 4.93

Distance from the MRA to the UA [mm] Right 23.67 17.98 36.56 14.34 50.32 26.89 10.11  0.60
Left 26.46 18.90 33.87 13.22 58.29 28.06 9.52

Distance from the IGA to the UA [mm]  Right 44.76 34.21 56.02 27.52 70.67 46.39 13.79 0.84
Left 47.15 36.20 56.21 17.01 72.71 46.49 14.01

Distance from the IPA to the UA [mm] Right 11.74 7.55 32.64 5.24 48.55 19.32 1523  0.70
Left 12.33 9.22 26.98 6.55 49.99 18.62 12.92

How many branches take off from the Right 2.00 2.00 2.00 1.00 2.00 1.86 0.35 0.99

UA? Left 2.00 2.00 2.00 1.00 2.00 1.86 0.35

Distance from the origin of the UA to the Right 67.89 55.23 75.13 41.78 84.75 64.61 12.00  0.60

origin of the Ascending Branch of the  Left 70.33 5727 7463 4543 95.60 66.57  12.29

UA [mm)]

Diameter of the Ascending Branch atits ~ Right 3.58 3.23 4.32 3.01 4.87 3.79 0.61 0.77

origin [mm] Left 3.68 3.54 3.89 3.02 4.80 3.74 0.40

Cross-sectional area of the Ascending Right 5.03 4.24 6.00 3.03 7.72 5.03 1.19 0.80

Branch at its origin [mm”] Left 5.01 421 5.80 3.00 7.03 497 1.04

Distance from the origin of the UA to the Right 68.15 57.21 74.23 41.13 84.89 65.94 11.04  0.67

origin of the Descenging Branch of the  Left 70.89 60.12  73.56 4549 96.82 67.72 1138

UA [mm)]

Diameter of the Descending Branch at its Right 3.16 2.58 3.67 2.00 4.78 3.13 0.71 0.88

origin [mm] Left 3.20 2.66 3.57 2.19 437 3.16 0.62

Cross-sectional area of the Descending ~ Right 3.58 3.30 3.89 3.01 5.11 3.69 0.52 0.92

Branch at its origin [mm’] Left 3.65 343 3.86 3.00 5.00 3.73 0.54

Discussion

The variable anatomy of the UA has been discussed exten-
sively in the literature due to its relevance in various gyne-
cological and endovascular procedures. Although this
vessel is described as a branch of the anterior trunk of the
internal iliac artery, many other origins have been presented
[13]. Historically, the studies of Lipshutz [11], Adachi [1],
Ashley and Anson [3], and Gasparri and Brizzi [5] pro-
vided us with the fundamental knowledge concerning the
anatomy of the UA. More recently, in a study about the
relevance of computed tomography angiographies in find-
ing anatomical variations of the origin of the said vessel,

Hao et al. [7] demonstrated that the artery originates most
commonly from the inferior gluteal artery (64.3%). Interest-
ingly, Arfi et al. [2] demonstrated that the umbilical artery
is the dominant origin for the UA (62.7%). This was also
demonstrated by Holub et al. [8]. Remarkably, the study did
not report any cases of the UA originating directly from the
internal iliac artery. Our study, which was based on 58 angi-
ographies, shows that the UAs originated most commonly
from the anterior trunk of the internal iliac artery (69.0%).
However, the UA originated relatively frequently from the
umbilical artery (27.6%) and rarely from the inferior glu-
teal artery (3.4%). Ultimately, our results support those
presented in the literature, as they exhibit similarities with
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Table 3 Correlations between the measured parameters and patient’s
age and the Diameter of the Uterine Artery (UA) at its origin. High-
lighted in red are those in which the p-value was less than 0.05. R
- Spearman’s Correlation Test was used in this statistical analysis.
ATIIA — Anterior Trunk of the Internal Iliac Artery. OA — Obturator
Artery. MRA — Middle Rectal Artery. IGA — Inferior Gluteal Artery.
IPA — Internal Pudendal Artery

Category Spearman’s R
Patient’s UA Origin  Uterus
age Diameter  Length
UA Diameter at its Origin [mm] -0.38 - 0,11
UA Cross-sectional Area at its -0.27 0.61 0,00
Origin [mm?]
UA Angle at its Origin [deg] -0.20 -0.04 0,03
Diameter of the ATIIA near the -0.26 -0.21 0,15
origin of the UA [mm)]
Cross-sectional Area of the ATIIA  -0.48 0.19 0,16
near the origin of the UA [mm?]
Distance from the origin of the -0.06 0.03 0,30
ATIIA to the origin of the UA
[mm]
Distance from the OA to the UA -0.45 0.10 0,02
[mm]
Distance from the MRA to the UA 0.14 -0.04 -0,22
[mm]
Distance from the IGA to the UA  0.02 -0.07 -0,04
[mm]
Distance from the IPA to the UA -0.09 0.06 -0,02
[mm]
How many branches take off from 0.11 0.12 -0,17
the UA?
Distance from the origin of the -0.02 0.36 0,15
UA to the origin of the Ascending
Branch of the UA [mm)]
Diameter of the Ascending Branch -0.07 0.11 -0,30
at its origin [mm]
Cross-sectional area of the Ascend- -0.30 0.66 0,04
ing Branch at its origin [mm?]
Distance from the origin of the UA -0.12 0.31 0,19
to the origin of the Descending
Branch of the UA [mm]
Diameter of the Descending -0.06 -0.16 0,25
Branch at its origin [mm]
Cross-sectional area of the -0.12 0.13 0,11
Descending Branch at its origin
[mm’]
Uterus Length [mm] -0.54 0.11 -

the recent meta-analysis conducted by Ostrowski et al. [13],
where they presented the origin from the anterior trunk of
the internal iliac artery as the most frequent one. However,
controversy surrounds the studies that identified the infe-
rior gluteal artery as the primary source of the UA [6, 7].
The inferior gluteal artery is typically characterized as the
terminal branch of the internal iliac artery. Consequently,
in instances where the UA emerges as the final branch of
the anterior division of the internal iliac artery before ter-
mination, certain authors might classify it as originating
from the inferior gluteal artery rather than from the anterior
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division of the internal iliac artery. This discrepancy may
create bias regarding the definition of the origin of the UA.
As mentioned earlier, the umbilical artery has also been
demonstrated to be a frequent origin point of the UA [2].
Ultimately, this variability in the origin has been said to be
linked with the population studied, showing a significantly
high prevalence of variations in the Caucasian population
[2, 4].

The internal iliac arteries originate from the fetal umbili-
cal arteries during embryological development. Initially, the
dorsal aorta undergoes bifurcation, resulting in two umbili-
cal arteries. Subsequently, each umbilical artery gives rise
to a posterior branch, which follows the sciatic nerve (later
becoming the inferior gluteal artery), and an anterior branch
that traverses the pubic region (developing into the exter-
nal iliac artery). Later, various branches originate from the
internal iliac artery, including the UA [2].

The present study is the first in the literature to show-
case an arterial heat map of the UA (Fig. 1), illustrating the
topography of this vessel in the pelvic area. The said map
demonstrated the most common locations of the origin of
the UA and its courses. Our results may aid surgeons in cre-
ating a mental map of the uterine vasculature pre- or intra-
operatively and can be especially useful when performing
high vascular ligation during pelvic and gynecological pro-
cedures. Peters et al. [14] introduced an innovative method
for precisely identifying the UA during laparoscopic liga-
tion, especially when dealing with distorted pelvic anatomy
or variations in the origin of the UA. In a standard hyster-
ectomy, the UA is typically ligated at the level of internal
cervical os. However, this traditional approach may become
impractical when pelvic pathologies alter the pelvic anat-
omy. Moreover, the variability in UA origin can further com-
plicate its localization. In response to these challenges, the
authors of the study introduced a novel approach to localize
the UA at its origin. This can be achieved by approaching
the artery either from the pararectal space or by utilizing
the medial umbilical ligament, which runs through the para-
vesical space. Precise knowledge about the anatomy of the
UA also relates to protecting the ureter, which passes most
commonly under the artery in the pelvis [4]. In the course
of treating gynecological pelvic neoplasms necessitating an
extensive hysterectomy, there is a potential risk of injuring
the ureter when ligating the UA and extending the excision
into the parametrium. Injuring this artery may also damage
the ureter by decreasing its blood supply [17]. However, the
risk of injuring the ureter if the ligation of the UA is per-
formed by its origin, as demonstrated by Peters et al. [14],
is reduced immensely. Therefore, effective identification
of this artery is of utmost importance. Our study provides
useful data for surgeons performing the ligation of the UA
by its origin. The surgeon performing this procedure may
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find the origin of the UA by tracing it from the origin of the
anterior trunk of the internal iliac artery. The results of the
present study showcase that the distance between these two
points is 17.41 mm.

Another technique of hemostasis is the embolization of the
UA. This procedure has been used for several gynecological
pathologies, including uterine arteriovenous malformations
and arteriovenous fistulas, uterine fibroids and leiomyoma,
and placenta previa/accreta/percreta [10, 16]. Performing
the embolization of the UA to control gynecological hem-
orrhage effectively is of utmost importance because severe
postpartum hemorrhage is an important cause of maternal
death and accounts for up to 25% of maternal deaths world-
wide [15]. Our study gives valuable data about the topog-
raphy and morphometric properties of the UA. This data
can help physicians perform this endovascular procedure,
mainly when choosing the right size of the catheter for the
embolization procedure and navigating through the pelvis’s
vascular anatomy. Our study demonstrates that the mean
diameter of the UA at its origin is 3.37 mm, a relatively
higher diameter compared to the recent meta-analysis con-
ducted by Ostrowski et al. (2.73 mm) [13]. Moreover, thor-
ough knowledge regarding the anatomy of the UA prior to
its embolization may aid in increasing the efficiency of the
procedure, shortening the overall time allocated for finding
this vessel [4].

The present study is not without its limitations. Some of
the parameters that were initially included in the study pro-
tocol were further excluded due to potential bias of the estab-
lished results. Furthermore, radiological imaging (CTA) can
evaluate only hemodynamically efficient arteries. As such,
this can be a considerable source of bias when assessing
anatomical variations of the UAs and other vascular struc-
tures. Additionally, some of the information regarding the
patients’ background, for example, history of pregnancies
and deliveries, was not gathered. Although not without its
limitations, the present study attempts to establish the UA’s
detailed morphology and anatomical variations, which meet
the requirements of evidence-based anatomy.

Conclusion

The anatomy of the UA is highly complex, showcasing vari-
able topography, origin patterns, and morphometric proper-
ties. In the present study, a novel arterial map of this vessel
was made, highlighting the diversity in its origin location
and course. In our studied cohort, the UA originated most
commonly from the anterior trunk of the internal iliac artery
(69.0%), as described in the major anatomical textbooks.
Having adequate knowledge about the anatomy of this
artery is of immense importance in various gynecological

and endovascular procedures, such as hysterectomies and
embolizations.
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Abstract

Introduction and Hypothesis The obturator artery (ObA) is described as a branch of the anterior division of the internal iliac
artery. It arises close to the origin of the umbilical artery, where it is crossed by the ureter. The main goal of the present study
was to create an anatomical map of the ObA demonstrating the most frequent locations of the vessel’s origin and course.
Methods In May 2022, an evaluation of the findings from 75 consecutive patients who underwent computed tomography
angiography studies of the abdomen and pelvis was performed.

Results The presented results are based on a total of 138 arteries. Mostly, ObA originated from the anterior trunk of the
internal iliac artery (79 out of 138; 57.2%). The median ObA diameter at its origin was found to be 3.34 mm (lower quartile
[LQ]=3.00; upper quartile [UQ]=3.87). The median cross-sectional area of the ObA at its origin was found to be 6.31
mm? (LQ=5.43; UQ=7.32).

Conclusions Our study developed a unique arterial anatomical map of the ObA, showcasing its origin and course. Moreover,
we have provided more data for straightforward intraoperative identification of the corona mortis through simple anatomical
landmarks, including the pubic symphysis. Interestingly, a statistically significant difference (p <0.05) between the morphometric
properties of the aberrant ObAs and the “normal” ObAs originating from the internal iliac artery was found. It is hoped that our
study may aid in reducing the risk of serious hemorrhagic complications during various surgical procedures in the pelvic region.

Keywords Obturator artery - Pelvis - Internal iliac artery - Surgery - Anatomy

Introduction

The obturator artery (ObA) is described as a branch of the
anterior division of the internal iliac artery. It arises close
to the origin of the umbilical artery, where it is crossed by
the ureter. It courses antero-inferiorly on the lateral wall
of the pelvis and passes between the obturator nerve and
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vein. During its trajectory, the ObA gives off numerous
branches, typically classified into two groups: those within
the pelvis (pelvic branches) and those extending into the
thigh (extrapelvic branches). The pelvic branches of the
ODbA consist of the following: the iliac branch, which pro-
vides vascular supply to the iliac bone and iliacus muscle,
forming anastomoses with the iliolumbar artery; the vesical
artery, which is responsible for supplying the medial region
of the urinary bladder; and the pubic branch, which origi-
nates near the obturator canal, traversing the pubic bone, and
anastomosing with its contralateral counterpart and with the
pubic branch of the inferior epigastric artery. Moreover, the
extrapelvic branches encompass:

1. The anterior branch, which courses along the inner edge
of the inferior pubic ramus, forming anastomoses with
the posterior branch of the femoral artery and the medial
circumflex femoral artery. It mainly supplies blood to
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the obturator externus muscle, hip adductors, and the
skin covering the inner thigh.

2. The posterior branch, which is responsible for supplying
the muscles that are attached to the ischial tuberosity,
such as the ischiocavernosus muscle.

3. The acetabular branch, which courses through the liga-
ment of the head of the femur to supply the femoral
head. Typically, this branch originates from the posterior
branch [1, 2].

The anatomy of the ObA exhibits a high degree of vari-
ability, especially regarding its origin. The ObA can arise
from most parts and branches of the internal iliac system,
the inferior epigastric artery, or the external iliac artery
(referred to as an aberrant ObA), and, although rare, the
femoral artery [2, 3]. Furthermore, the anastomosis between
the external iliac/inferior epigastric arteries and ObA, known
as the corona mortis, garners significant clinical interest.
This is primarily because of the potentially life-threatening
hemorrhage that can occur from accidental injury to this
structure during various pubic surgical procedures [4, 5].
Nevertheless, having adequate knowledge regarding the
general topography of the ObA is also highly significant in
numerous pelvic and reconstructive surgeries [6, 7].

Although the anatomy of the said artery has been ana-
lyzed extensively by various systematic reviews and meta-
analyses [7, 8], no study has to our knowledge comprehen-
sively showcased the topography of the ObA and corona
mortis in the pelvic region. Therefore, the main goal of the
present study was to create an arterial anatomical map of the
ObA demonstrating the most frequent locations of the ves-
sel’s origin and course. Moreover, morphometric features of
the ObA and the corona mortis will be presented. We hope
that our results may help surgeons to create a mental map of
the artery during various pelvic surgical procedures, reduc-
ing possible iatrogenic injury to these anatomical structures.

Materials and Methods

Approvement of the Bioethical Committee

The research protocol was submitted for evaluation and
approved by the Jagiellonian University Bioethical Com-
mittee, Cracow, Poland (1072.6120.254.2022). The research
was conducted in accordance with the allowed criteria
throughout the subsequent phases.

Study Group

In May 2022, an evaluation of the findings from 75 consecu-

tive patients who underwent computed tomography angiogra-
phy (CTA) studies of the abdomen and pelvis at the Radiology
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Department of Jagiellonian University Medical College in Cra-
cow, Poland, was performed. Each CTA was evaluated bilater-
ally; therefore, a total of 150 sides were initially evaluated. The
exclusion criteria were defined as trauma to the abdominal or
pelvic region that could impact the structure or dimensions of
the ObA or its nearby anatomy; substantial artifacts hindering
the accurate imaging and measurement of the ObA or its adja-
cent anatomical region; poor-quality and unreadable images;
and significant lack of filling of the whole arterial system
with contrast material. If any of the mentioned defects only
impacted half of the CTA without affecting the opposite side,
the assessment of the other ObA was conducted independently.
Most (n=10) of the excluded sides were not analyzed owing
to significant artifacts. Another two were disqualified to ensure
bias prevention, given that their images were of poor quality.
Finally, a total of 138 sides met the inclusion criteria.

Results Acquisition

All included CTAs were performed on a 128-slice scanner
(Philips Ingenuity CT, Philips Healthcare). The main CT imag-
ing parameters were collimation/increase: 0.625/0.3 mm; tube
current: 120 mAs; field of view: 210 mm; matrix size: 512x512.

All patients received intravenous administration of con-
trast material at a dose of 1 ml/kg (standard dose). A non-
ionic contrast medium (CM) containing 350 mg of iodine per
milliliter was used (Jowersol 741 mg/ml, Optiray®, Guerbet,
France). The acquisition of CT data was initiated using a
real-time bolus tracking technique (Philips Healthcare), with
the region of interest (ROI) placed in the descending aorta.
CM was injected intravenously using a power injector at a
flow rate of 5 ml/s. This was immediately followed by inject-
ing 40 ml of saline solution at the same flow rate. Following
injection of CM and saline, image acquisition was automati-
cally started with a 2-s delay when the attenuation trigger
value reached a threshold of 120 Hounsfield units (HU).
Scanning was performed in the caudocranial direction.

The CTAs were analyzed on a dedicated workstation in
the Anatomical Department of Jagiellonian University Medi-
cal College, Cracow, Poland. To ensure the highest possi-
ble quality of the visualizations and measurements and to
minimize potential bias, Materialise Mimics Medical version
21.0 software (Materialise NV, Leuven, Belgium) was used.
Three-dimensional (3D) reconstructions of each scan were
developed, employing a set of settings, adjusted to each scan.

Evaluation and Measurements

At the beginning of every examination, each ObA was com-
pletely visualized. Following that, a series of measurements
in each ObA were taken by two separate authors, and an
average was established by considering both sets of results.
All measurements were rounded to two decimal places.
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Cohen’s kappa coefficient analysis of the results of the two
raters was performed. Only the results with a score of 0.90
and higher were included in the final analysis. Morphometric
features of the ObA and its associated anatomical area were

20. Diameter of the first vesical branch at its origin

21. Cross-sectional area of the first vesical branch at its
origin

22. Distance from the origin of the ObA to the origin of

gathered in 30 categories:

1. ObA diameter at its origin (with division into ObA
originating from the anterior trunk of the internal iliac
artery/posterior trunk of the internal iliac artery and
aberrant ObA)

2. ODbA cross-sectional area at its origin (with division
into ObA originating from the anterior trunk of the
internal iliac artery/posterior trunk of the internal iliac
artery and aberrant ObA)

3. ObA angle at its origin

4. Diameter of the anterior trunk of the internal iliac
artery/posterior trunk of the internal iliac artery near
the origin of the ObA

5. Cross-sectional area of the anterior trunk of the inter-
nal iliac artery/posterior trunk of the internal iliac
artery near the origin of the ObA

6. Distance from the origin of the anterior trunk of the
internal iliac artery/posterior trunk of the internal iliac
artery to the origin of the ObA

7. Distance from the ObA to the middle anorectal artery

8. Distance from the ObA to the superior vesical artery

9. Distance from the ObA to the uterine artery

10. Distance from the ObA to the inferior vesical artery/
vaginal artery

11. Distance from the ObA to the inferior gluteal artery

12. Distance from the ObA to the internal pudendal artery

13. Distance from the origin of the ObA to the origin of
the pubic branch

14. Diameter of the pubic branch at its origin

15. Cross-sectional area of the pubic branch at its origin

16. Distance from the origin of the ObA to the origin of
the first iliac branch

17. Diameter of the first iliac branch at its origin

18. Cross-sectional area of the first iliac branch at its origin

19. Distance from the origin of the ObA to the origin of
the first vesical branch

Fig. 1 Anatomical map present-

ing the occurrence of the origin
of the obturator artery and its

course

the acetabular branch

23. Diameter of the acetabular branch at its origin

24. Cross-sectional area of the acetabular branch at its ori-
gin

25. Distance from the origin of the ObA to the origin of
the anterior branch

26. Diameter of the anterior branch at its origin

27. Cross-sectional area of the anterior branch at its origin

28. Distance from the origin of the ObA to the origin of

the posterior branch

Diameter of the posterior branch at its origin

Cross-sectional area of the posterior branch at its origin

29.
30.

Nevertheless, after initial statistical evaluation, the dis-
tances from the superior vesical artery and the inferior vesi-
cal artery/vaginal artery to the uterine artery (8; 10) were
excluded from the analyses owing to significant heterogeneity
of the results and bias prevention. Furthermore, for the same
reason, parameters regarding the first iliac branch, first vesical
branch, and acetabular branch (16-24) were also excluded.

Furthermore, in cases in which the corona mortis occurred,
an additional set of parameters was gathered: distance from
the origin of the corona mortis to the pubic symphysis; and
distance from the corona mortis to the superior pubic ramus.

Subsequently, a set of measurements was taken to estab-
lish an anatomical map of the occurrence of the origin of the
ObA. Using these measurements, a uniform anatomical tri-
angle was defined. Furthermore, the shortest distances from
the origins of each ObA to the sides of the triangle were
determined. All measurements were taken at a fixed angle to
minimize potential bias. Furthermore, the points of origin of
each ObA were scaled and applied to the map with respect to
the enrolled measurements. A map of the origin of the ObA
from the anterior point of view is presented in Fig. 1. The
anatomical area of the ObA is presented in Fig. 2.
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Fig.2 Three-dimensional, computed tomography angiography of
the studied area. Some of the arteries were removed in order to pro-
vide better visibility. ObA obturator artery, CIA common iliac artery,
EIA external iliac artery, /IA internal iliac artery, /GA inferior gluteal
artery, MRA middle rectal artery, /PA internal pudendal artery

Statistical Analysis

Statistical analysis was performed using STATISTICA v13.1
(StatSoft Inc., Tulsa, OK, USA). The frequency and per-
centages presented qualitative features. The Shapiro—Wilk
test was used to assess the normal distribution. Quantitative
characteristics were presented by medians and upper and
lower quartiles (UQ, LQ), as well as means and standard
deviation (SD), depending on the verified normality of the
data. Statistical significance was defined as p <0.05. The
Mann—Whitney test was used to establish potential differ-
ences between groups. The Spearman rank correlation coef-
ficient was used to determine possible correlations between
the parameters.

Results

The presented results are based on a total of 138 sides. The
mean age of the patients was 51.8 years (SD =14.9; mini-
mum =22.0; maximum = 86.0). All further data refer to the
number of sides instead of the number of patients. Seventy-
nine (57.2%) of the studied arteries were in women. Mostly,
ODbA originated from the anterior trunk of the internal iliac
artery (79 out of 138; 57.2%). Those and more detailed char-
acteristics of the studied group are gathered in Table 1.
The median ObA diameter at its origin was found to
be 3.34 mm (LQ=3.00; UQ=23.87). The median cross-
sectional area of the ObA at its origin was found to be
6.31 mm? (LQ=5.43; UQ=7.32). Furthermore, the
median aberrant ObA diameter was 3.01 mm (LQ=2.73;
UQ=3.29), whereas its median cross-sectional area was
5.10 mm? (LQ=4.07; UQ=6.25). The differences in the
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Table 1 Qualitative results of the data analysis

Category n Percentage
Patients’ sex

Female 79 57.2%

Male 59 42.8%
Patients’ side

Right 67 48.6%

Left 71 51.4%
Origin of the obturator artery

ATIIA 79 57.2%

PTHA 33 23.9%
External iliac system (EIA and IEA) 26 18.8%

-1EA 23 16.7%/38.5%"

- EIA 3 2.2%/11.5%*

ATIIA anterior trunk of the internal iliac artery, PTIIA posterior trunk
of the internal iliac artery, /EA inferior epigastric artery, EIA external
iliac artery

aThe first percentage refers to the total number of ObA, whereas the
second percentage refers to the number of ObAs originating from the
external iliac system

above-mentioned parameters between “normal” and aberrant
ObAs were found to be statistically significant (p =0.00 in
both categories).

The median angle of departure of the ObA was found
to be 134.11° (LQ=122.46; UQ =144.44). Moreover,
the median diameter of the anterior trunk of the internal
iliac artery at the origin of the ObA was found to be 6.40
(LQ=5.88; UQ=7.30). The median distance from the
ODbA to the middle anorectal artery was set to be 33.77 mm
(LQ=27.63; UQ=40.24). Furthermore, the median dis-
tance from the ObA to the uterine artery was found to be
13.40 mm (LQ =9.86; UQ=17.15), whereas the inferior
gluteal artery and internal pudendal artery were found to
be 44.73 mm (LQ=38.46; UQ=50.36) and 16.98 mm
(LQ=9.23; UQ=25.81) respectively. The median distance
from the origin of the ObA to the origin of the pubic branch
was found to be 105.19 mm (LQ=95.34; UQ=110.88).
Detailed results of the analyzed categories are presented in
Table 2.

Subsequently, potential sexual dimorphism was analyzed.
Statistically significant differences between men and women
were found to occur in 15 of the studied categories. The
median ObA diameter at its origin in women was found to
be 3.23 mm (LQ=2.89; UQ=3.56), whereas in males, it
was set to be 3.68 mm (LQ=23.15; UQ=4.30). Median ObA
cross-sectional area at its origin in women was found to be
5.67 mm? (LQ=5.13; UQ=6.75), whereas in men it was set
to be 6.95 mm? (LQ=6.25; UQ=7.60). Detailed results with
respect to the patient’s sex can be found in Table 3. Further-
more, each parameter was analyzed in order to find potential
differences between the patients’ sides. Nevertheless, none
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Table 2 Results of the measurements

Category

Median LQ uQ Minimum Maximum Mean SD

ODbA diameter at its origin (mm) 3.34 3.00 3.87 2.01 4.87 3.44 0.64
ODbA cross-sectional area at its origin (mm?) 6.31 5.43 7.32 3.68 8.94 6.33 1.18
ODbA angle at its origin (°) 134.11 12246 14444 100.84 157.34 133.4014.30
Aberrant ObA diameter at its origin (mm) 3.01 2.73 3.29 1.86 3.98 3.01 0.49
Aberrant ObA cross-sectional area at its origin (mm?) 5.10 4.07 6.25 2.15 8.34 5.21 1.61
Diameter of the ATIIA/PTIIA near the origin of the ObA (mm) 6.43 5.89 7.40 4.77 8.94 6.63 0.97

ATIIA 6.40  5.88 7.30 477 894 659 0.99

PTIIA 6.60 6.21 7.46 5.00 8.64 6.73 0.94
Cross-sectional area of the ATIIA/PTIIA near the origin of the ObA (mm?) 2371 19.81 28.02 13.43 38.65 24.20 5.82

ATIIA 24.51 19.58 28.63 13.43 38.65 24.68 6.15

PTIIA 2297 20.04 25.76 15.54 36.69 23.08 4.85
Distance from the origin of the ATIIA/PTIIA to the origin of the ObA (mm) 1798 13.64 24.36 3.44 3545 1849 6.52

ATIIA 19.23 1444 2427 7.40 28.38 18.90 6.04

PTIIA 16.23 1150 24.74 3.44 3545 17.55 753
Distance from the ObA to the MRA (mm) 3377 27.63 40.24 18.49 5042 34.20 7.85
Distance from the ObA to the UA (mm) 1340 986 17.15 3.79 24.18 13.34 4.87
Distance from the ObA to the IGA (mm) 4473 38.46 50.36 25.17 60.72 4449 7.81
Distance from the ObA to the IPA (mm) 1698  9.23 2581 3.23 84.78 19.9714.14
Distance from the origin of the ObA to the origin of the pubic branch (mm) 105.19 95.34 110.88 90.15 118.20 104.06 9.87
Diameter of the pubic branch at its origin (mm) 2.19 2.00 2.49 1.89 272 226 0.27
Cross-sectional area of the pubic branch at its origin (mm?) 2.39 2.23 3.77 2.11 4.77 2.85 0.94
Distance from the origin of the ObA to the origin of the anterior branch 98.48 93.53 105.07 82.46 118.65 99.45 8.97

(mm)
Diameter of the anterior branch at its origin (mm) 2.46 2.16 2.74 2.00 3.42 2.49 0.35
Cross-sectional area of the anterior branch at its origin (mm?) 277 2.58 2.96 1.12 3.51 274 0.33
Distance from the origin of the ObA to the origin of the posterior branch 97.67 93.09 104.35 82.46 118.65 99.10 8.97
(mm)

Diameter of the posterior branch at its origin (mm) 2.19 1.99 2.32 1.70 2.75 2.17 0.22
Cross-sectional area of the posterior branch at its origin (mm?) 245 225 2.67 2.00 353 249 031

LQ lower quartile, UQ upper quartile, SD standard deviation, ObA obturator artery, ATIIA anterior trunk of the internal iliac artery, PTIIA poste-
rior trunk of the internal iliac artery, MRA middle rectal artery, UA uterine artery, /GA inferior gluteal artery, /PA internal pudendal artery

of the parameters were found to differ statistically signifi-
cantly in relation to the studied side.

Furthermore, potential correlations between patients’ age
and studied parameters were established. Statistically signifi-
cant correlations were found between patients’ age and the
diameter of the anterior branch at its origin and the cross-
sectional area of the posterior branch at its origin. Detailed
results of the correlation analysis can be found in Table 4.

Corona mortis was found to occur in 21.74% of the
cases (30 out of 138). The median from the origin of the
corona mortis to the pubic symphysis was found to be
62.69 mm (LQ=58.05; UQ=67.55). The median from the
corona mortis (at the level of the superior pubic ramus) to
the pubic symphysis was set to be 48.69 mm (LQ=44.63;
UQ=56.11). Additionally, a statistically significant differ-
ence between men and women has been established in this
category (p=0.00). More detailed statistics regarding the
corona mortis can be found in Table 5.

Discussion

In 1918, Lipshutz stated that "Probably no artery in the human
body of proportionate size has so voluminous a literature as the
obturator artery" [3]. This statement remains valid even in cur-
rent times, as various original studies, systematic reviews, and
meta-analyses on the anatomy of the ObA have been published
in the literature and are continuously being published, show-
casing new insights into this subject [5, 7, 8]. The origin of the
ODbA is remarkably variable, with some studies reporting a rate
of variant ObA as high as 26% [8]. Owing to this variability,
classification systems aiming to standardize the anatomy of the
ODbA have been created, with the one presented by Safiudo et al.
[9] being the most well known. The said classification system
consists of six different types. In type A, the ObA arises from
the anterior trunk of the internal iliac artery, whereas in type B,
it originates from the inferior epigastric artery. These two vari-
ations are those most commonly encountered. Type C involves
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Table 3 Results of the measurements concerning the sex

Category Sex Median LQ uQ Minimum Maximum Mean SD p value
ObA diameter at its origin (mm) Women 3.23 2.89 3.56 2.01 443 3.24 0.52  0.00
Men 3.68 3.15 4.30 221 4.87 3.69 0.70
ObA dross-sectional area at its origin (mm?) Women 5.67 5.13 6.75 4.00 8.94 5.96 1.10  0.00
Men 6.95 6.25 7.60 3.68 8.84 6.81 1.12
ObA angle at its origin (°) Women 136.60 12549 14531 100.84 155.20 13421 1462 045
Men 133.39 119.83  143.76  103.56 157.34 13235 13.95
Aberrant ObA diameter at its origin (mm) Women 2.98 2.72 3.17 1.86 3.98 2.93 0.51  0.35
Men 3.13 2.82 3.48 2.39 3.84 3.14 0.46
Aberrant ObA cross-sectional area at its origin (mm?) Women 4.61 3.84 5.84 2.15 791 4.90 1.56 0.22
Men 5.21 4.61 6.61 3.14 8.34 5.68 1.63
Diameter of the ATITA/PTIIA near the origin of the ObA (mm) Women 6.24 5.69 6.50 4.77 7.69 6.17 0.73 0.00
Men 7.27 6.55 7.82 4.90 8.94 7.23 0.93
ATIIA Women 6.00 5.62 6.39 4.77 7.60 6.01 0.61  0.00
Men 7.30 6.65 7.88 4.90 8.94 7.25 0.94
PTIIA Women 6.36 5.77 7.29 5.00 7.69 6.48 0.84 0.04
Men 7.23 6.44 7.74 5.29 8.64 7.17 0.96
Cross-sectional area of the ATIIA/PTIIA near the origin of the ObA (mm?) Women 20.87 18.00 2442 14.58 29.46 21.32 4.01  0.00
Men 28.15 2394 31.74 13.43 38.65 27.92 5.71
ATIIA Women 20.53 18.11 25.47 14.58 28.63 21.31 4.08 0.00
Men 2877  24.62 32.90 13.43 38.65 28.52 5.89
PTIIA Women 21.10 1742 23.59 15.54 29.46 21.34 396 0.01
Men 25.69  22.36 29.33 20.04 36.69 26.13 4.90
Distance from the origin of the ATIIA/PTIIA to the origin of the ObA (mm)  Women 16.89 13.64 21.02 3.44 3545 17.31 6.20  0.02
Men 21.10 13.55 26.03 5.26 28.38 20.03 6.65
ATIIA Women 1732 1444 22.11 7.40 28.37 17.84 573 0.07
Men 2029 1430 25.84 9.34 28.38 20.10 6.23
PTIIA Women 14.88 13.22 18.01 3.44 35.45 16.26 7.06  0.20
Men 23.59 11.44 26.46 5.26 28.10 19.82 8.10
Distance from the ObA to the MRA (mm) Women 3550  29.99 41.19 18.49 50.42 35.26 8.05 0.11
Men 31.04 26.86 39.41 20.42 49.30 32.92 7.49
Distance from the ObA to the IGA (mm) Women 44.62  38.62 50.65 25.17 60.72 44.94 8.15 0.62
Men 45.00 3741 50.01 30.23 56.37 4391 7.38
Distance from the ObA to the IPA (mm) Women 18.10  13.15 31.38 5.87 84.78 2384 15776  0.00
Men 13.30 7.08 19.14 3.23 40.42 14.96 9.81
Distance from the origin of the ObA to the origin of the pubic branch (mm) Women 108.52 100.69  116.09 9534 118.20 107.89 8.80 0.17
Men 97.40  90.36  106.29 90.15 108.34 98.32 9.35
Diameter of the pubic branch at its origin (mm) Women 245 2.20 2.55 2.00 2.72 240 026  0.07
Men 2.06 1.95 2.15 1.89 2.18 2.05 0.13
Cross-sectional area of the pubic branch at its origin (mm?) Women 3.12 244 3.90 2.23 4.77 3.27 1.03  0.04
Men 222 2.12 2.33 2.11 2.34 222 0.12
Distance from the origin of the ObA to the origin of the anterior branch (mm) Women 104.08 98.83  111.06 82.46 118.65 103.87 9.65 0.00
Men 9520  90.47 99.36 83.28 107.04 95.52 6.14
Diameter of the anterior branch at its origin (mm) Women 2.16 2.12 2.31 2.00 2.67 222 0.16  0.00
Men 2.70 2.51 2.93 2.05 3.42 2.74 0.29
Cross-sectional area of the anterior branch at its origin (mm?) Women 2.64 2.44 2.78 2.22 3.12 2.63 0.24  0.00
Men 2.88 2.73 3.01 1.12 3.51 2.84 0.37
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Table 3 (Continued)

Category Sex Median LQ uQ Minimum Maximum Mean SD p value

Distance from the origin of the ObA to the origin of the posterior branch (mm) Women 104.08 98.83 11243 82.46 118.65 104.08 9.85  0.00
Men 9470  90.47 98.09 83.28 106.88 95.11 5.72

Diameter of the posterior branch at its origin (mm) Women 2.20 2.01 2.33 1.70 2.75 2.17 023  0.83
Men 2.18 1.98 2.32 1.78 251 2.16 0.21

Cross-sectional area of the posterior branch at its origin (mm?) Women 245 2.35 2.68 2.00 3.13 2.50 028 0.57
Men 2.42 222 2.63 2.00 3.53 2.47 0.33

LQ lower quartile, HQ higher quartile, SD standard deviation, ObA obturator artery, ATIIA anterior trunk of the internal iliac artery, PTIIA pos-
terior trunk of the internal iliac artery, MRA middle rectal artery, UA uterine artery, /GA inferior gluteal artery, /PA internal pudendal artery

p values were established using the Mann—Whitney U test

p values greater than 0.05 were considered statistically significant

the ObA originating from the posterior trunk of the internal iliac
artery, whereas type D entails the ObA arising from the internal
iliac artery prior to its division. The rarest cases fall under type
E, where the artery originates from the external iliac artery, and
type F, where it arises from the femoral artery. On the basis
of this classification, Brachini et al. [7] conducted a system-
atic review and meta-analysis showcasing the prevalences of
ODbA variants based on the available data in the literature. The
study demonstrated that the most frequent origin of the ObA is
from the anterior trunk of the internal iliac artery (61.6%), as
described in the major anatomical textbooks. Interestingly, ori-
gins such as from the internal pudendal artery (0.9%), the infe-
rior vesical artery (0.1%), and the iliolumbar artery (1%) were
also demonstrated, whereas the origin from the femoral artery
was never recorded, other than the case reported by Safiudo et al.
[9]. Overall, the prevalence of the ObA originating from the
internal iliac artery, including its subsequent continuation into
anterior and posterior trunks and their branches, was 77.7%, and
from the external iliac artery, 22.3%. When the ObA originated
from the external iliac artery, also defined as an aberrant ObA
[10], the prevalence was divided into two subgroups, namely
Safiudo type B (origin from the inferior epigastric artery),
being 16.5%, and Safiudo type E (origin from the external iliac
artery), being 5.6%. In the present study, our results show that
the ObA originated most frequently from the anterior trunk of
the internal iliac artery (55.8%), followed by the posterior trunk
of the internal iliac artery (23.9%). Interestingly, aberrant ObAs,
meaning those originating from the external iliac system, were
found in 18.8% of the patients. Among the aberrant ObAs, most
originated from the inferior epigastric artery (16.7%) and a small
portion directly from the external iliac artery (2.2%). Moreover,
our study analyzed the morphometric properties of the analyzed
ObAs, and the results of the “normal” ObAs and the aberrant
ObAs were compared statistically. A statistically significant dif-
ference (p <0.05) was found, and the mean diameter was found
to be smaller in the aberrant ObAs (3.01 mm) than in the ObAs
originating from the internal iliac artery (3.44 mm).

The vast number of definitions of corona mortis has created
discrepancies in the data of studies analyzing this anastomosis

[5]. Communicating vessels that course near the superior pubic
ramus have been described in different ways, such as aberrant,
anomalous, communicating, or variant vessels. Moreover, they
are sometimes called pubic branches of the obturator or inferior
epigastric vessels [11]. However, it is crucial to note that not
all of these vessels establish an anastomosis between the ObA
and the external iliac system, and as a result, not all of them
can be classified as corona mortis vessels. Therefore, in the pre-
sent study, we followed the definition used in the meta-analysis
conducted by Sanna et al. [S]; namely, that corona mortis is
an abnormal anastomosis between the ObA and external iliac
or inferior epigastric arteries or veins located behind the supe-
rior pubic ramus in the space of Retzius. This excludes aberrant
ODbA, as they represent ObAs that originate from the external
iliac/inferior epigastric arteries but do not form anastomotic
channels with the internal iliac system. Corona mortis has also
been used to describe venous anastomoses in the retropubic
space [5]. The overall prevalence of this anatomical entity, as
well as its relationship to other anatomical landmarks, such as
the pubic symphysis, have been widely discussed in the past. In
the meta-analysis conducted by Sanna et al. [5], corona mortis
was found to be present in nearly half of the general popula-
tion (49.3%), with venous corona mortis (41.7%) being more
commonly encountered than arterial corona mortis (17.0%).
Moreover, they reported the pooled mean length of the dis-
tance from the arterial corona mortis to the pubic symphysis
to be 59.90 mm. In our analysis, the corona mortis was found
in approximately a quarter of the studied individuals (21.74%).
Moreover, the mean distance from the origin of the corona
mortis to the pubic symphysis was slightly higher than what
was reported by the aforementioned meta-analysis; namely,
62.21 mm. These data can be especially useful in hernia repairs
and other surgeries in the pubic region, as laceration of this
anastomotic channel may lead to potentially life-threatening
hemorrhage.

Owing to the clinical relevance of the ObA and corona mor-
tis, having adequate knowledge about the topography of these
anatomical entities is extremely important. Therefore, our study
created a novel arterial anatomical map of the ObA, illustrating
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Table 4 Correlations between

Category
the measured parameters and

Spearman’s R
(patients’ age)

patients’ age

ObA diameter at its origin (mm) 0.00
ODbA cross-sectional area at its origin (mm?) 0.04
ODbA angle at its origin (°) 0.11
Aberrant ObA diameter at its origin (mm) —-0.22
Aberrant ObA cross-sectional area at its origin (mm?) —0.34
Diameter of the ATIIA/PTIIA near the origin of the ObA (mm) —0.05
ATHA —0.06
PTIIA 0.07
Cross-sectional area of the ATIIA/PTIIA near the origin of the ObA (mm?) 0.09
ATIHA 0.02
PTIIA 0.29
Distance from the origin of the ATIIA/PTIIA to the origin of the ObA (mm) —-0.09
ATIA —0.12
PTIIA 0.04
Distance from the ObA to the MRA (mm) —0.05
Distance from the ObA to the UA (mm) -0.07
Distance from the ObA to the IGA (mm) -0.03
Distance from the ObA to the IPA (mm) 0.17
Distance from the origin of the ObA to the origin of the pubic branch (mm) —0.37
Diameter of the pubic branch at its origin (mm) 0.49
Cross-sectional area of the pubic branch at its origin (mm?) 0.62
Distance from the origin of the ObA to the origin of the anterior branch (mm) 0.10
Diameter of the anterior branch at its origin (mm) 0.25%*
Cross-sectional area of the anterior branch at its origin (mm?) 0.10
Distance from the origin of the ObA to the origin of the posterior branch (mm) 0.13
Diameter of the posterior branch at its origin (mm) —0.14
Cross-sectional area of the posterior branch at its origin (mm?) —0.25%

R Spearman's correlation test was used in this statistical analysis

ObA obturator artery, ATIIA anterior trunk of the internal iliac artery, PTIIA posterior trunk of the internal
iliac artery, MRA middle rectal artery, UA uterine artery, /GA inferior gluteal artery, /PA internal pudendal

Artery
*p value was less than 0.05

the location of its origin and course (Fig. 1). Moreover, we pro-
vided tools for simple intraoperative localization of the corona
mortis using easily palpable landmarks, such as the pubic sym-
physis (Table 5). Our results may be immensely useful for sur-
geons performing various gynecological, orthopedic, urological,
vascular, and oncological surgeries. During paravaginal repairs,
great caution should be taken when dealing with damage to the
tendinous arch of the pelvic fascia, as it is closely associated with
the corona mortis [5]. Moreover, the presence of vascular vari-
ations of the ObA, such as an aberrant ObA and corona mortis,
may be a risk factor for significant hemorrhagic complications
during fractures of the pubic rami [12, 13]. Importantly, various
studies have reported that variations originating from the vascu-
lar anatomy of the external iliac, inferior epigastric, or femoral
vessels should be acknowledged to avoid severe bleeding during
surgical repairs of inguinal and femoral hernias [5, 14]. Given
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the variable origin, morphometric properties, and topography
of the ObA and the potential presence of the corona mortis,
it is crucial to perform radiological imaging before the afore-
mentioned surgeries to illustrate and plan the surgical approach
adequately.

The present study undoubtedly has several limitations. Some
of the parameters that were initially included in the study proto-
col were excluded owing to potential bias in the results. Never-
theless, those parameters should also be considered and analyzed
in further studies, as there is a lack of studies demonstrating the
branching pattern of the ObA. Moreover, radiological imaging
can only assess arteries that are hemodynamically efficient. Con-
sequently, this is a significant source of bias when evaluating
anatomical variations of the ObA and other vascular entities. All
participants were white and from the Polish population; there-
fore, an ethnic analysis was not performed. Furthermore, owing
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Table 5 Statistical results of the measurements regarding the corona mortis (30 out of 138; 21.74%

Category Median LQ UQ  Minimum Maximum Mean SD p value
Distance from the origin of the corona mortis to the pubic symphysis 62.69 58.05 67.55 50.51 70.67 6221 5.83 -
(mm)
Women 64.55 59.10 67.50 53.41 70.67 62.92 5.08 0.57
Men 60.83  55.29 68.24 50.51 69.71 61.10 6.96
Left 62.10 57.84 66.85 50.51 70.67 6193 5.71 0.56
Right 63.12  58.63 68.34 51.78 69.71 62.58 6.23
Distance from the corona mortis (at the level of the superior pubic 48.69 44.63 56.11 35.76 70.06 50.63 7.84 -
ramus) to the pubic symphysis (mm)
Women 5454  48.70 58.75 46.03 70.06 55.01 6.62 0.00
Men 44.23 4253 4630 35.76 50.02 43.86 3.60
Left 47.87 4426 5551 35.76 62.38 49.36 7.46 0.42
Right 50.61  46.17 57.25 42.67 70.06 52.32 8.34

LQ lower quartile, UQ upper quartile, SD standard deviation
p values were established using Mann—Whitney U test

p values greater than 0.05 were considered statistically significant

to the lack of data, statistical analysis regarding the patients’
height was not conducted. The authors believe that such analyses
should be performed in further studies. Although not without
its limitations, the present study attempted to establish detailed
morphological and anatomical data on the ObA, meeting the
requirements of evidence-based anatomy.

Conclusion

Our study developed a unique arterial anatomical map
of the ObA, showcasing its origin and course. Moreover,
we provided more data for straightforward intraoperative
identification of the corona mortis through simple anatom-
ical landmarks, including the pubic symphysis. The most
common origin of the ObA was from the anterior trunk
of the internal iliac artery (57.2%), and the prevalence of
the corona mortis was found to be 21.74%. Interestingly,
a statistically significant difference (p < 0.05) between the
morphometric properties of the aberrant ObAs and the
“normal” ObAs originating from the internal iliac artery
was found. It is hoped that our study may aid in reducing
the risk of serious hemorrhagic complications during vari-
ous surgical procedures in the pelvic region.
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ABSTRACT

The ovaries, resembling almonds in shape and size, are vital organs that serve as the female gonads
where oocytes, or female gametes, undergo development and where various reproductive hormones
are produced. The ovaries receive their arterial blood supply predominately from the ovarian artery
but also from the ascending branches of the uterine artery. The arterial anatomy of the ovaries is
highly significant in any gynecological surgical procedure, as hemorrhagic complications may be
fatal. Therefore, the main objective of the present review is to comprehensively describe the complete
anatomy of the arterial blood supply of the ovaries. The arterial blood supply to the ovaries is
facilitated by a complex network of arteries, frequently characterized by diverse anastomoses.
Notably, the ovarian artery and uterine artery exhibit significant variability, presenting challenges for
physicians performing gynecological and endovascular procedures. This study showcased
comprehensive and detailed insights into the arterial blood supply of the ovaries, serving as a valuable
resource for practitioners navigating the complexities of these procedures. By offering clear and
detailed information, the present study aimed to enhance the effectiveness and safety of medical
interventions involving the ovaries.

Keywords: ovaries, gynecology, surgery, blood supply, anatomy

INTRODUCTION
The ovaries, resembling almonds in shape and size, are vital organs that serve as the female gonads

where oocytes, or female gametes, undergo development and where various reproductive hormones



are produced. They are suspended in the mesovarium, a short peritoneal fold or mesentery, which is
also a subdivision of the broad ligament of the uterus.

The ovaries receive their arterial blood supply predominately from the ovarian artery (OA) but also
from the ascending branches of the uterine artery (UA) (Fig. 1, 2). The arterial anatomy of the ovaries
is highly significant in any gynecological surgical procedure, as hemorrhagic complications may be
fatal. Therefore, the main objective of this review is to comprehensively describe the complete

anatomy of the arterial blood supply of the ovaries.

The anatomy of the ovaries

The ovaries are the primary reproductive organs in females. They are located in the ovarian fossa, in
the lateral wall of the pelvis. In the fossa, the mesovarium, a portion of the broad ligament of the
uterus, suspends the ovaries. Via the mesovarium, neurovascular structures, such as the OA, ovarian
vein, and nerves originating from the ovarian and uterine (pelvic) plexuses enter the ovary at the
hilum. This neurovascular bundle, along with lymphatic vessels, infiltrates the ovary while being
enclosed in the suspensory ligament, which extends from the ovary to the wall of the pelvis. The
ovaries are also connected to the lateral surface of the uterus via another ligament, namely, the ovarian
ligament.

Histologically, the ovary consists of three main segments: the surface (1) comprises simple cuboidal
epithelium, commonly called germinal epithelium, and a dense connective tissue capsule beneath this
layer. Meanwhile, the cortex (2) consists of a connective tissue stroma and numerous ovarian follicles.
Each follicle houses an oocyte enveloped by a single layer of follicular cells. In contrast, the medulla
(3) is constituted by loose connective tissue and a well-developed neurovascular network entering
through the hilum of the ovary.

The ovary has two main functions, namely, to produce oocytes in preparation for fertilization and to
produce sex steroid hormones (progesterone and estrogen) via the signaling hormones secreted by the

pituitary gland (luteinizing hormone and follicle-stimulating hormone).

The arterial blood supply of the ovaries

The ovaries receive their arterial blood supply mainly from the OA and the ascending branch of the
uterine artery. The OAs originate from the abdominal aorta, descending along the posterior abdominal
wall. As they reach the pelvic brim, they traverse over the external iliac vessels and enter the
suspensory ligaments, approaching the lateral regions of the ovaries and uterine tubes.
Simultaneously, the ascending branches of the uterine arteries, deriving from the internal iliac arteries,
course along the lateral aspects of the uterus and proceed toward the medial aspects of the ovaries and
tubes. The termination of both the ovarian and ascending uterine arteries involves bifurcation into
ovarian and tubal branches. This intricate vascular network supplies the ovaries and fallopian tubes

from the opposite ends, forming an anastomosis, the utero-ovarian anastomosis, that establishes
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collateral circulation. However, the general anatomy of the OAs may exhibit considerable variability
in its origin, course, and more. Moreover, the overall prevalence and anatomical features of the utero-
ovarian anastomosis can also be highly variable [31].

The distribution of the blood supply to the ovaries

The dominant source of arterial blood to the ovaries has been discussed in the past. Lippert and Pabst
[24] stated that the ovaries are supplied predominantly by the OAs in 40% of the population, by the
uterine artery in 4%, and by both vessels in 56%. The general pattern of the blood supply to the
ovaries was also demonstrated by Mocquot and Rouvillois [29], with a classification system
consisting of four subtypes. In Type I, there is an equal supply to the ovary as the ovarian and uterine
arteries anastomose, distributing their branches evenly. Type II involves both arteries supplying the
ovarian gland and establishing an anastomosis with each other. In Type III, the primary arterial supply
comes from the UA, with a minor anastomosis with the OA. Type IV is characterized by the OA being
the primary supplier to the ovarian gland, with a small anastomosis occurring either with the UA or its

tubal branch. Types I and IT were described as the most frequent types [3].

The anatomy of the ovarian artery

As mentioned earlier, the OAs arise from the aorta, inferior to the renal arteries, and descend laterally
to the pelvis. At the pelvic brim, they cross the external iliac artery and veins and reach the ovaries
through the ovarian suspensory ligament [47]. However, numerous other origins have been
demonstrated in the literature. The OA may also originate from the renal, accessory renal, segmental
renal, middle suprarenal, lumbar, iliolumbar, internal iliac, common iliac, and external iliac arteries
[2, 19, 22, 23, 26, 28, 43, 44, 47]. The prevalence of variations of the origin is quite variable, ranging
from 0% to even 22.6% of the cases [7, 11, 27, 32]. However, the most common variation is the OA
originating from the renal artery, one of its branches, or the accessory renal artery [38]. This
variability in the origin of the OA has been said to stem from the persistence of the lateral
mesonephric arteries during embryological development [10].

As stated earlier, the aberrant origins of the OAs have been presented in the literature. An abnormally
superior origin of the vessel was described by Rahmad et al. [39], where the left OA originated from
the abdominal aorta superior to the level of the renal vessels. In the case report, the left OA gave rise
to two branches, the suprarenal and inferior phrenic arteries. Therefore, the OA may not only exhibit
variations in its origin, but also in its branching pattern.

Studies have also demonstrated the presence of double gonadal arteries, but unfortunately, without
specifying if it was the testicular or OA [38]. On the other hand, a bilateral absence of the OAs was
demonstrated in a female Tanzanian cadaver [17]. In that case, the ascending branches of the uterine
artery were the main providers of blood to the ovaries.

The course of the OAs has been described extensively in the past. The high degree of tortuosity of the

OAs has been hypothesized to stem from the compression and fixation of the OA by the angle formed
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by the renal vein and adrenal vein along with the angle formed by the renal artery and the aorta, and
the caudal end of the OA being fixed by the ovary [8, 15]. The elongation of the vessel between the
two fixation points may induce tortuosity, with the slender diameter observed at the outset of the OA
supporting this hypothesis. Its relationship to the abdominal venous vessels has been classified into
three types in the literature. In Type 1, the left and right OAs arise from the anterolateral aspect of the
abdominal aorta, situated inferior to the renal veins, and descend inferiorly - the right OA courses
from the anterior side of the inferior vena cava. In Type 2, the right OA originates superiorly to the
renal vein on the anterolateral aspect of the abdominal aorta, moving downward behind the inferior
vena cava and in front of the right renal vein. Simultaneously, the left OA arises above the left renal
vein, descending inferiorly and anteriorly to the left renal vein. In Type 3, the right OA emerges from
the anterolateral aspect of the abdominal aorta, below the left renal vein, arching over the right renal
vein. The left OA, originating below the left renal vein, descends inferiorly, arching over the left renal
vein [32, 47]. It has been indicated that Type 1 is the most common variant, and Type 3 is the least
common [32, 45]. Another reported variant describes ovarian arteries emerging below the renal veins,
coursing posteriorly to the inferior vena cava, with the left OA originating above the renal vein and
following a course along the posterolateral aspect of the left kidney [39, 45]. Nevertheless, the
anatomy of the OA is variable across the whole spectrum of its characteristics, namely its origin,

branching pattern, and course.

The utero-ovarian anastomosis

A dense collateral network provides the arterial blood supply of the female reproductive system,
consisting of various arterial anastomoses. These anastomoses are divided into two main types,
mainly ipsilateral and contralateral. One of the most clinically significant arterial anastomoses of the
female reproductive system is the ipsilateral anastomoses between the ascending branch of the uterine
artery and the OA [21]. The general characteristics of the utero-ovarian anastomosis have been
discussed extensively throughout the last century [47]. In 1925, Dubreuil-Chambardel [9] documented
five types of the utero-ovarian anastomosis: Type I consisted of a dominant OA supplying the uterine
tube and extending to the body of the uterus, forming an anastomosis with the ipsilateral UA. Type II
features anastomoses located between the ovary and uterus, unrelated to either organ. Type III
involves anastomoses at the distal pole of the ovary, while Type IV has anastomoses at the midpoint
of the ovary. In Type V, anastomoses occur at the tubular pole of the ovary, with a dominant OA
supplying both the uterine tube and the ovary.

Later, Mocquot and Rouvillois [29] presented the classification system of the blood supply of the
ovary mentioned earlier. This demonstrates that the anatomy of this arterial anastomosis has been a
topic of interest for decades.

The prevalence of the utero-ovarian anastomosis varies considerably across the literature, ranging

from 30.0% to even 58.0% [1, 13, 41]. A recent meta-analysis resolved the discrepancies regarding
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this matter [33], demonstrating a pooled prevalence of 48.57%. This data demonstrates that this
arterial anastomosis may be found in half of the general population, making it incredibly relevant in

surgical and endovascular procedures of the female reproductive system.

Clinical significance

Uterine artery embolization (UAE) is a minimally invasive procedure that gained recognition
progressively following a 1995 study by Ravina et al. and subsequent studies spanning multiple
centers and investigators [18]. The main indication for the procedure is uterine fibroids, which is the
most common benign gynecological neoplasm in women of childbearing age [42]. When
symptomatic, patients may present with menorrhagia that may result in anemia, bulk symptoms with
bladder and bowel dysfunction and abdominal protrusion, dysmenorrhea, and infertility [20]. Since its
introduction, UAE has been proven to reduce the size of fibroids and relieve symptoms. These days,
approximately 25,000 UAE procedures are now carried out annually, allowing patients to avoid
invasive procedures and retain a high degree of safety and efficacy [34]. However, the arterial
anatomy of the uterus and ovaries should be considered since the size of the OA and the type of
anastomosis existing between the OA and UA may lead to failure in treatment. Previously, it has been
widely accepted that uterine fibroids mainly receive their blood from the UA [37]. Now, it is known
that the utero-ovarian anastomosis, especially depending on the type of anastomosis, may continue to
supply fibroids following UAE, potentially resulting in treatment failure [37]. Nonetheless,
hysterectomy has been and is the most common treatment of uterine fibroids [18]. However, a
systemic review comparing UAE to hysterectomy concluded that UAE offers less blood loss,
beneficial effects of refractory postpartum hemorrhage, shortened operating time and length of stay
[25].

Ovarian artery embolization (OAE) is another procedure used to treat uterine fibroids, although it is
not yet a formally accepted treatment option [4]. As mentioned before, UAE has an increased risk of
surgical failure compared to traditional methods due to a portion of cases of uterine fibroids being
supplied by the anastomosing OA. OAE allows patients to continue treatment without invasive
surgery. OAE has been employed in cases where the fibroids appeared to receive most of their supply
from the OAs, visible on imaging or during the procedure [35]. Although research regarding OAE has
shown safe and effective results, there are still possible negative side effects. Amenorrhea and ovarian
dysfunction may occur, and long-term effects on ovarian function remain unknown [4]. OAE has also
been utilized in ovarian-remnant syndrome, which refers to persistent pelvic pain caused by the post-
oophorectomy remains of ovarian tissue [15]. Studies have shown a 44.0% reduction in the incidence
of ovarian-remnant syndrome among patients who underwent OAE, showcasing a considerable
reduction in pain [5]. While spontaneous rupture of an OA aneurysm is rare, it can result in life-
threatening retroperitoneal hemorrhage [6, 36, 40, 46, 48]. The majority of instances of spontaneous

rupture of an OA aneurysm are associated with pregnancy and typically occur during the peripartum
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or postpartum periods [12, 14, 16, 30]. Historically, the ruptured aneurysms were diagnosed and
treated laparoscopically. However, due to the advances in imaging modalities and interventional

radiology, ruptured OAs are often treated endovascularly with OAE [46].

CONCLUSIONS

In conclusion, the arterial blood supply to the ovaries is facilitated by a complex network of arteries,
frequently characterized by diverse anastomoses. Notably, the OA and UA exhibit significant
variability, presenting challenges for physicians performing gynecological and endovascular
procedures. This study showcased comprehensive and detailed insights into the arterial blood supply
of the ovaries, serving as a valuable resource for practitioners navigating the complexities of these
procedures. By offering clear and detailed information, the present study aimed to enhance the

effectiveness and safety of medical interventions involving the ovaries.
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Figure 1. An illustration of simplified arterial anatomy of the uterus and ovaries. The figure is based
on the figures provided by the Complete Anatomy program (3D4 Medical, 2021. Complete Anatomy.
Retrieved from https:// 3d4me dical. com/).
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Figure 2. A scheme presenting the arterial blood supply of the uterus and ovaries.
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6. Streszczenie w jezyku polskim

Anatomia tetnic w obrgbie miednicy, w szczegdlno$ci tetnicy macicznej i tetnicy zastonowej,
charakteryzuje si¢ duza zmienno$cig anatomiczng, co stanowi wyzwanie dla lekarzy

wykonujacych zabiegi ginekologiczne i wewnatrznaczyniowe.

W niniejszej pracy zbadany i przeanalizowany zostal przebieg oraz topografia tetnicy
macicznej i zastonowej, na podstawie ktorych zaprezentowane zostaly dwie mapy anatomiczne
stanowigce przystepne narzedzie dla chirurgdw do wizualizacji wymienionych tetnic. WyniKi
obu prac oparte zostaly o zanonimizowane wyniki angio-TK miednicy. Zbadano i
przeanalizowano parametry morfometryczne t¢tnicy macicznej oraz tetnicy zastonowej.
Najczestszym miejscem odej$cia obu naczyn byt pien przedni tetnicy biodrowej wewnetrznej,
a czestos¢ ta byta odpowiednio rowna 69% 1 57,2%. Ponadto mediana odlegto$ci migdzy tetnica
zastonowg a tetnicg maciczng wyniosta 13.35 mm i ustalono, ze maleje ona wraz z wiekiem.
Trzecia cze$¢ pracy doktorskiej dostarcza natomiast kompleksowych i szczegdtowych
informacji na temat doptywu krwi tetniczej do jajnikow. Podkre§lono znaczenie zespolen
tworzacych si¢ pomigdzy naczyniami W obrebie miednicy, takich jak corona mortis, ktorej
czgsto$¢ wystepowania w populacji dotyczy az do 49,3% (uwzgledniajac zespolenia tetnicze
oraz zylne) oraz anastomoz maciczno-jajnikowych, ktore dotycza 48,6% kobiet. W kazdym z
powyzszych badan uwzglednione zostaly implikacje kliniczne jakie wiaza si¢ z opisywanym

naczyniem.

Zamierzeniem niniejszej pracy doktorskiej bylo rozbudowanie wiedzy dotyczacej zmiennos$ci
anatomicznych, przebiegéw oraz parametréw morfometrycznych naczyn w obrebie miednicy,
aby mogta stanowi¢ kompleksowe zrodto informacji dla lekarzy celem zwigkszenia

skuteczno$ci 1 bezpieczenstwa interwencji medycznych.
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7. Streszczenie w jezyku angielskim

The anatomy of pelvic arteries, particularly the uterine and obturator arteries, is characterized
by significant anatomical variability, posing a challenge for physicians performing

gynecological and endovascular procedures.

In this thesis, the course and topography of the uterine and obturator arteries were examined
and analyzed, resulting in the development of two anatomical maps that may serve as accessible
tools for surgeons to visualize these arteries. The findings of both studies were based on
anonymized data from pelvic computed tomography angiography. The morphometric
parameters of the uterine artery and the obturator artery were examined and analyzed. The most
common origin of both vessels was the anterior trunk of the internal iliac artery, with prevalence
of 69% and 57.2%, respectively. Additionally, the median distance between the obturator artery
and the uterine artery was set to be 13.35 mm, and it was found that this distance decreases with
age. The third part of this dissertation provides comprehensive and detailed information on
the arterial blood supply to the ovaries. Particular attention was given to the anastomoses
formed between the pelvic vessels, such as the corona mortis, which occurs in up to 49.3% of
the population (including arterial and venous anastomoses), and the uterine-ovarian
anastomoses, present in 48.6% of women. Each of these studies includes the clinical

implications associated with the described vessels.

The primary objective of this dissertation was to enhance the understanding of anatomical
variability, vascular courses, and morphometric parameters of pelvic vessels, providing
a comprehensive source of information for physicians to enhance the effectiveness and safety

of medical interventions.
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