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STRESZCZENIE W JEZYKU POLSKIM

Wstep: Do tej pory w literaturze medycznej nie bylo ustalonych norm wielkosci gruczotu
krokowego u dzieci. Objetos¢ prostaty w okresie rozwojowym analizowana byta na
niewielkich grupach pacjentow. W celu zobrazowania gruczotu w diagnostyce pediatrycznej
wykorzystuje si¢ ultrasonografi¢ przezbrzuszng (TUS) oraz rezonans magnetyczny (MR).
Rozw¢j zewnetrznych narzadow plciowych oraz gruczotu krokowego zalezy od androgenow
wytwarzanych przez jadra ptodu. Celem obecnej analizy bylo uzyskanie odpowiedzi na
pytanie: czy nieprawidlowemu rozwojowi zewnetrznych narzadow piciowych towarzyszy
nieprawidlowy rozwdj prostaty?

Cele: Ustalenie norm objetosci prostaty u chtopcéw w wieku od 1 do 17 lat przy pomocy
ultrasonografii przezbrzusznej. Porownanie wielkosci prostaty u chtopcéw z roznym stopniem
spodziectwa, ze szczegbdlnym uwzglednieniem obecnosci struktur Miillera (Ms),
w odniesieniu do wartos$ci referencyjnych dla wieku.

Badanie: W latach 2021-2024 wykonano TUS prostaty u 522 chlopcow rasy kaukaskiej
w wieku od 1 do 17 lat (Srednia wieku 9,73 lat). Wszyscy badani chtopcy byli pacjentami
Kliniki Urologii IP CZD. Normy ustalono na postawie danych uzyskanych od 345 chtopcow
z prawidlowa budowa anatomiczng dolnych dréog moczowych i zewnetrznych narzadow
moczowo-plciowych. Podczas wustalania norm wykluczono z badania pacjentow
z nieprawidlowa budowg zewnetrznych narzadow plciowych, Zespolem Brzucha
Sliwkowego, przepukling oponowo-rdzeniowa, zaburzeniami chromosomalnymi lub
nieprawidlowym obrazem prostaty w badaniu USG. Kwalifikacj¢ pacjentow do badania
ustalano na podstawie dokumentacji medycznej oraz badania przedmiotowego. Podczas
badania USG oceniana byla wysoko$¢, wymiar przednio-tylny i szerokos$¢ prostaty. Objetos¢
prostaty obliczono za pomocg wzoru elipsoidalnego V = H x L(AP) x W x 0,523. Pomiary
skorelowano z wiekiem, masg ciata 1 wzrostem. Wyniki analizowano za pomocg statystyk
opisowych, testow istotnosci statystycznej $rednich oraz metod korelacji. Po oszacowaniu
wstepnych wynikéw, z uwzglednieniem okreséw rozwoju, pacjentdéw podzielono na grupy
wiekowe: 1-4 lata (n = 70), 5-10 lat (n = 124), 11-12 lat (n = 43), 13-15 lat (n =65) 1 16-17 lat
(n=43).

Po ustaleniu norm sposrdd catej badanej grupy (n-522) wybrano 126 pacjentow ze
spodziectwem ($rednia wieku 9,67 lat). Podzielono ich na grupy zalezne od stopnia
zaawansowania wady: fagodne spodziectwo (MH; n = 53), cigezkie spodziectwo (SH; n = 48),
spodziectwo z przetrwalymi strukturami Miillera (HMs; n = 25). Wyniki poréwnano
z aktualnymi normami opracowanymi podczas pierwszego badania.

Wyniki: W pierwszym badaniu ustalono normy, ktore zaprezentowano w tabeli numer 1i
nomogramie (Ryc. 3). Przedstawiaja one objeto$é prostaty w zaleznoéci od wieku. Srednia
objetos¢ prostaty wynosita odpowiednio: 1-4 lata 0,66 ml; 5-10 lat 1,04 ml; 11-12 lat 2,62 ml;
13-15 lat 8,41 ml i1 16-17 lat 11,50 ml. Na podstawie wynikow mozna zauwazy¢, ze wielkos¢
prostaty nie zmienia si¢ znacznie do 8 roku zycia. W wieku 8—11 lat mozna zaobserwowac
faze przejsciowq. Znaczacy wzrost objetosci nastepuje po 11 roku zycia. Stwierdzono istotny
statystycznie zwigzek miedzy wielkoscig prostaty, wiekiem, wzrostem 1 masg ciala.

W drugim badaniu stwierdzono réznice w objetosci prostaty u pacjentdw ze spodziectwem
z obecnoscig struktur Mullera w stosunku do norm. U chtopcow w wieku 1-4 lat $rednia



objetos¢ prostaty MPV wynosita odpowiednio: z MH - 0,63 ml, z SH - 0,57 ml,
w poréwnaniu z normg wynoszacg 0,66 ml. W tej grupie nie bylo pacjentow z HMs. W grupie
wiekowej 5-10 lat MPV u pacjentow z MH byto 1,22 ml, u pacjentéw z SH — 0,86 ml,
a u pacjentow z HMs — 0,49 ml, w pordwnaniu z normg wynoszacg 1,04 ml. W grupie 11-12
lat MPV u pacjentow z MH wynosito 1,92 ml, z SH — 1,26 ml, a u pacjentow z HMs — 0,70
ml, w porOwnaniu z normg wynoszacg 2,62 ml. W wieku 13—-15 lat MPV wynosito 7,72 ml
u pacjentow z MH, 8,52 ml u pacjentéw z SH 1 2,28 ml u pacjentéw z HMs, w poroéwnaniu
z norma wiekowa 8,41 ml. W wieku 16-17 lat MPV wynosito 10,53 ml u pacjentéw z MH,
10,59 ml u pacjentéow z SH i 5,63 ml u pacjentow z HMs, w porOwnaniu z normg wynoszaca
11,50 ml. Wyniki po analizie wariancji ANOVA poréwnujacej grupe kontrolng z 3 grupami
pacjentéw ze spodziectwem oraz testem Dunnetta poroéwnujacym grupe pacjentow z HMs
z grupa kontrolng, wykazaly, ze dwie grupy wiekowe pacjentoéw ze spodziectwem oraz
elementami Miillera wykazujg istotnie statystycznie mniejszg prostate (5-10; 13-15; warto$¢ p
odpowiednio 0,012; 0,024). W grupie 16-17 lat stwierdzono mozliwa tendencje do istotnosci
statystycznej (wartos¢ p — 0,054). W grupie 11-12 lat warto$¢ p wyniosta 0,182.

Dyskusja: Ustalone normy moga stuzy¢ jako punkt odniesienia do analizy prostaty
u pacjentéw z wadami uktadu moczowo-piciowego.

Whioski: Przezbrzuszne badanie ultrasonograficzne, bgdac badaniem nieinwazyjnym,
bezbolesnym oraz tatwo dostgpnym, pozwala na oceng wielkosci prostaty nawet u chlopcow
od 1 roku zycia. Ustalono normy wiekowe wielkos$ci prostaty u chtopcoéw. U chtopcow ze
spodziectwem bez obecnosci elementéw Miillera objetos$¢ prostaty, nie odbiegata znaczaco od
normy. U pacjentdow ze spodziectwem wspoélistniejacym z elementami Miillera objetosé
prostaty byla znacznie mniejsza w dwdch grupach wiekowych i1 wykazywata tendencj¢ do
istotnosci statystycznej] w kolejnej z czterech badanych grup. Taka zalezno$¢ nie byla
dotychczas opisana.
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SUMMARY IN ENGLISH

Introduction: To date, no standards for prostate size in children have been established.
Prostate volume during development has been analyzed in medical literature in small groups
of patients. Transabdominal ultrasound and magnetic resonance imaging are used in the
diagnosis to visualize the prostate gland in children. The development of the external genitalia
and the prostate gland depends on androgens produced by the testicles of the fetus. We wanted
to find out whether abnormal development of external genitalia is accompanied by abnormal
development of the prostate.

Aims: To establish norms for prostate volume in boys aged 1 to 17 years using
transabdominal ultrasound. To compare prostate size in boys with varying degrees of
hypospadias, with particular attention to the presence of Miillerian structures (Ms), in relation
to age-specific reference values.

Study design: Between 2021 and 2024, transabdominal prostate ultrasound was performed on
522 Caucasian boys, aged 1-17 years (mean age 9.73 years). All the boys examined were
patients of the Urology Clinic. Normative data were based on results of 345 boys with normal
lower urinary tract, urethral and penile structures. Patients with abnormal external genitalia,
Prune Belly Syndrome, Myelomeningocele, chromosomal disorders, or prostate abnormalities
found in ultrasound were excluded from the study. Patient eligibility was determined based on
medical records and physical examinations. During ultrasound height, anterior-posterior
dimension and width of prostate were assessed. Prostate volume was calculated using the
ellipsoid formula V= H x L(AP) x W x 0.523. Measurements were correlated with age,
weight, and height. Results were analyzed using descriptive statistics, statistical significance.
After estimating preliminary results, taking into account the development periods, patients
were divided into age groups: 1- 4 years (n = 70), 5-10 years (n = 124), 11- 12 years (n =43),
13- 15 years (n = 65), and 16- 17 years (n = 43).

After establishing the norms, 126 patients with hypospadias (mean age 9.67 years) were
selected from the entire study group (n-522). They were divided into groups depending on the
severity of the defect: mild hypospadias MH (n = 53), severe hypospadias SH (n = 48),
hypospadias with persistent Miillerian structures HMs (n = 25). The results were compared
with the current norms developed during the first study.

Results: In the first study, norms were established and presented in a table and nomogram.
The table and nomogram show prostate volume according to age. The mean prostate volume
was respectively: 1-4 years 0.66 ml; 5-10 years 1.04 ml; 11-12 years 2.62 ml; 13-15 years
8.41 ml and 16-17 years 11.50 ml. Based on the results; prostate size does not change
significantly until the age of 8. A transitional phase can be observed between the ages of 8 and
11. A significant increase in volume occurs after the age of 11. A statistically significant
relationship was found between prostate size, age, height, and body weight.

The second study found differences in prostate volume in patients with hypospadias with the
presence of Miillerian structures compared to the norm. In boys aged 1-4 years, the mean
prostate volume MPV was 0.63 ml with MH and 0.57 ml with SH, compared to the normal
value of 0.66 ml. There were no patients with HMs in this group. In the 5—10 age group, MPV
in patients with MH was 1.22 ml, in patients with SH — 0.86 ml, and in patients with HMs —
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0.49 ml, compared to the norm of 1.04 ml. In the 11-12 age group, MPV in patients with MH
was 1.92 ml, in patients with SH it was 1.26 ml, and in patients with HMs it was 0.70 ml,
compared to the normal value of 2.62 ml. At the age of 13—15 years, MPV was 7.72 ml in
patients with MH, 8.52 ml in patients with SH and 2.28 ml in patients with HMs, compared to
the age norm of 8.41 ml. At the age of 16—17, MPV was 10.53 ml in patients with MH, 10.59
ml in patients with SH and 5.63 ml in patients with HMs, compared to the norm of 11.50 ml.
The results of ANOVA variance analysis comparing the control group with the three groups of
patients with hypospadias and Dunnet's test comparing the group of patients with HMs with
the control group showed that the two age groups of patients with hypospadias and Miillerian
elements have a statistically significantly smaller prostate (5-10; 13-15; p-value 0.012; 0.024,
respectively). In the 16-17 age group, a trend towards statistical significance was found
(p-value — 0.054). In the 11-12 age group, the p-value was 0.182.

Discussion: The established norms can serve as a reference point for prostate analysis in
patients with urogenital defects.

Conclusion: Transabdominal ultrasound, being a non-invasive, painless, and easily accessible
examination, allows for the assessment of prostate size even in boys aged 1 year.
A statistically significant relationship between prostate size, body weight and height was
found. Age-specific norms for prostate size in boys were established. In boys with
hypospadias without Miillerian elements, prostate volume did not differ significantly from the
norm. In patients with hypospadias coexisting with Miillerian elements, prostate volume was
significantly smaller in two age groups and showed a tendency towards statistical significance
in another of the four groups studied. Such a relationship has not been described previously.
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SLEOWA KLUCZOWE

Artykul pierwszy:

Prostata; Objetos¢ prostaty; Dzieci; Normy referencyjne; USG przezbrzuszne
Artykul drugi:

Objetos¢ gruczotu krokowego; Dzieci; USG przezbrzuszne; Spodziectwo; Przetrwale
elementy Miillera; Nieprawidlowosci w roznicowaniu ptci

KEYWORDS:

First Article:

Prostate, Prostate volume, Children, Normal references, Transabdominal ultrasonography,
Second article:

Prostate volume; Children; Transabdominal ultrasonography; Hypospadias; Persistent
Miillerian Structures; Differences of Sex Differentiation

WYKAZ ZASTOSOWANYCH SKROTOW W ARTYKULACH
H wysoko$¢ prostaty,

AP wymiar przednio-tylny prostaty,

W szeroko$¢ prostaty,

Ms struktury Miillera,

TUS ultrasonografia przezbrzuszna,

MH Spodziectwo tagodne,

SH Spodziectwo cigzkie,

HMs Spodziectwo ze strukturami Miillera,
MPYV srednia objetos¢ prostaty,

DHT dihydrotestosteron,

AR receptor androgenowy,

S5aR 5-alpha reduktaza,

AMH hormon Anty-Miillerowski,

CG grupa kontrolna,

DSD zaburzenia roznicowania plci,

PGD cze¢sciowa dysgenezja gonad,
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AGD asymetryczna dysgenezja gonad,
MGD mieszana dysgenezja gonad,

hCG ludzka gonadotropina kosmowkowa,
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1. WSTEP

Prostata jest meskim gruczolem zewnatrzwydzielniczym, wystepujacym wytacznie u ssakow,
wytwarzajacym sktadniki ptynu nasiennego. W literaturze medycznej mozna znalez¢ wiele
danych analizujacych zwigzek miedzy wielkoscig gruczotu krokowego a wiekiem, jednak
prace te dotycza przede wszystkim dorostych megzczyzn. Objetos¢ prostaty u dorostych
analizowana jest zwykle podczas diagnostyki tagodnego rozrostu gruczotu krokowego lub
raka prostaty. Celem diagnostyki obrazowej u dorostych jest nie tylko oszacowanie wielkosci,
ale przede wszystkim ocena struktury poszczeg6élnych stref gruczolu krokowego [1,2,3].
Anatomia 1 patofizjologia réznych stref gruczotu krokowego u dorostych jest dobrze
udokumentowana [4]. Roéwnie dobrze poznany jest rozwdj embriologiczny gruczotu
krokowego. Indukcja i rozwdj gruczotu krokowego, a takze homeostaza dojrzatego gruczotu,
sa kontrolowane przez androgeny. Androgeny dzialaja poprzez wigzanie si¢ z receptorem
androgenowym, ktory jest obecny zarowno w nabtonku jak 1 migzszu prostaty [5]. Krazacy
we krwi testosteron, produkowany w jadrach przez komorki Leydiga, w tkankach docelowych
jest przeksztalcany w dihydrotestosteron (DHT) przez enzym 5-alfa reduktaze.
Dihydrotestosteron ma 10-krotnie wicksze powinowactwo do receptora androgenowego (AR)
niz testosteron i jest odpowiedzialny zardwno za roznicowanie pilciowe zewngtrznych
narzagdéw plciowych w kierunku meskim jak i rozwdj prostaty [6]. Do 12 tygodnia zycia
ptodowego, pod wptywem androgenéw, mezenchyma otaczajaca cewke sterczowa stymuluje
proliferacje nabtonka, prowadzac do rozwoju struktur gruczolowych. W trakcie tego procesu
powstaja przewody otoczone mezenchyma [7]. Intensywny wzrost gruczolu krokowego ptodu
nastgpuje w trzecim trymestrze cigzy [8]. Do przemiany testosteronu w DHT zachodzi
w tkankach docelowych pod wptywem enzymu S5-alfa reduktazy (5aR), ktora wystepuje
w postaci trzech izoenzymow 5aRl, 5aR2 1 5aR3 [9]. Wiadomo, Ze istnieje korelacja miedzy
wielkoscig gruczotu krokowego a parametrami biometrycznymi ptodu [10]. Stosunkowo
niewiele badan analizuje prawidlowg wielko$¢ gruczotu krokowego w okresie rozwojowym,
zwlaszcza u chlopcéw w wieku ponizej 10 lat [11]. Doniesienia medyczne wskazuja, ze
niektorzy pacjenci z zespolem S§liwkowego brzucha maja mniejsza objetos¢ gruczotu
krokowego [12]. W literaturze naukowej istnieja réwniez dane wykazujace, Ze znacznie
mniejszg objetos¢ gruczotu krokowego stwierdza si¢ u dorostych pacjentow z niedoborem
5aR2 (charakteryzujacym si¢ nieprawidlowa konwersja testosteronu do DHT) [9]. Nie byto
jednak do tej pory analizy objetosci prostaty u pacjentdw ze spodziectwem. Temat ten jest
szczegolnie interesujacy ze wzgledu Scisla zalezno$¢ rozwoju embriologicznego zar6wno
prostaty jak i1 zewngtrznych narzadow plciowych meskich od dzialania androgenow [7,
13,14]. Nieprawidlowy rozwo6j zewnetrznych narzadow plciowych meskich w postaci
spodziectwa ma wieloczynnikowg etiologi¢. Jednak bezposrednig przyczyna jest zaburzenie
dzialania androgenow na réznych etapach rozwoju ptodu [15]. Jedng z jatrogennych przyczyn
nieprawidlowej funkcji androgenéw w etiologii spodziectwa moze by¢ terapeutyczne
podawanie progestagendw w pierwszym trymestrze cigzy [16]. Wiadomo réwniez, ze
wczesna ekspozycja plodu na jatrogenne estrogeny zaburza nie tylko morfogeneze
zewnetrznych narzadoéw piciowych meskich, ale rowniez prostaty [17]. Egzogenne estrogeny
wplywaja na roznicowanie histologiczne rozwijajacej si¢ prostaty cztowieka 1 zmieniajg wzor
histologiczny przewodow prostaty. Zmiany te sa trwale 1 moga predysponowac¢ do
karcynogenezy [18,19].

Podczas normalnego rozwoju plciowego w kierunku meskim pierwszym hormonem
wydzielanym przez jadra plodu jest hormon anty-Miillerowski (AMH), ktory jest
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odpowiedzialny za zapobieganie automatycznemu rozwojowi struktur Miillera w gérng czes¢
pochwy, macice i jajowody. Przy prawidlowo dziatajgcym hamowaniu pozostalosé
przewodéw Miillera - tagiewka sterczowa, taczy si¢ z cewka tylng na wzgdrku nasiennym.
Lagiewka otoczona jest gruczolem krokowym. [20,21,22]. Obecno$¢ pochwy i macicy
u chtopca z spodziectwem $wiadczy o istotnej dysgenezji jader ptodowych, ktére nie
wyprodukowaly AMH w odpowiedniej ilosci lub w odpowiednim czasie. Wspotistnienie
spodziectwa (nieprawidlowa funkcja androgenow) oraz przetrwalych Ms (nieprawidtowa
funkcja AMH) wskazuje na nieprawidtowg funkcje meskiej gonady.

Wieloczynnikowy charakter nieprawidlowego rozwoju zewngtrznych narzadéw piciowych
meskich oraz réznorodno$¢ objawdéw pomimo podobnej etiologii, sprawiaja, ze nasza wiedza
na ten temat nadal jest niepelna. Wydawaloby si¢, ze im bardziej zaawansowane jest
spodziectwo, tym wigksze zaburzenia rozwoju prostaty beda mu towarzyszy¢. Dodatkowo
wiemy, ze u pacjentow z ZRP oraz przetrwalymi elementami Miillera ujscie pochwy
usytuowane moze by¢ na réznym poziomie w obszarze pomi¢dzy wzgdrkiem nasiennym
a kroczem. Diagnozujac pacjentow z ZRP zadatam sobie pytanie: co dzieje si¢ z gruczotem
krokowym u pacjentow ze spodziectwem oraz przetrwatlymi elementami Miillera? Czy
gruczot krokowy w takich sytuacjach jest prawidlowy? Nie byto dostepnych danych na ten
temat w literaturze naukowej. Aby uzyska¢ odpowiedz nalezato znalez¢ najlepszy sposéb
obrazowania gruczotu krokowego u chtopcéw przed okresem dojrzewania. Na podstawie
nielicznej literatury medycznej przezbrzuszne badanie USG wydawato si¢ najlepszym
wyborem. Dzigki wspotpracy ze specjalista radiologii Panig dr n. med. Malgorzata Gotuch
udato si¢ ustali¢ powtarzalny schemat badania umozliwiajacy analize pordwnawcza. Brak
jakichkolwiek norm wielkosci gruczotu w okresie rozwojowym zmusit nas do ustalenia
w pierwsze] kolejnosci norm wielkosci gruczotu w réznych przedziatach wiekowych. We
wspolpracy z Zaktadem Diagnostyki Obrazowej pod przewodnictwem Pani prof. dr hab.
n.med. Elzbiety Jurkiewicz oraz ze specjalistami poradni endokrynologicznej IP-CZD Panig
dr n. med. Marig Szarras-Czapnik oraz Panig dr Elzbieta Marczak ustalono przedziaty
wiekowe adekwatne do zmian rozwojowych. Nastgpnie po uzyskaniu zgody komisji
bioetycznej, razem z lekarzami Kliniki Urologii oraz personelem Poradni Urologicznej
Centrum Zdrowia Dziecka zebralismy grupe 522 chtopcéw w wieku 1-17 lat, u ktorych, po
uzyskaniu pisemnej zgody od opiekunéw oraz od pacjentow > 13 roku zycia, wykonano
przezbrzuszne badanie USG gruczolu krokowego. Badania odbywaly si¢ w Pracowni
ultrasonografii IPCZD. Wykonywane byly przez jednego z dwdch specjalistow z dziedziny
radiologii obrazowej. Sposréd zebranej grupy pacjentdw, w pierwszej kolejnosci
wyodregbnilisSmy 345 pacjentow z prawidlowymi zewnetrznymi narzadami moczowo-
ptciowymi. Wyniki zostaly opracowane statystycznie przez Pana dr Piotra Rycielskiego.
W ten sposdb powstaly normy wielkosci gruczolu krokowego, w roéznych grupach
wiekowych, w populacji chtopcow kaukaskich. Badanie zostato opublikowane w Journal of
Pediatrc Urology w 2024 roku.

W kolejnej analizie sposrod zebranego materialu wybrano 126 chlopcow ze spodziectwem.
Wsrod nich wyodrebniono trzy grupy zalezne od stopnia zaawansowania wady. Wyniki
poréwnano do ustalonych norm wiekowych. Dane zostaly poddane analizie statystyczne;.
Wykazata ona interesujaca istotno$¢ statystyczng u wigksze] czgsci chlopcow ze
spodziectwem wspotistniejacym z przetrwalymi elementami Mullera. StwierdziliSmy, ze
objetos¢ gruczotu krokowego u tych pacjentow jest istotnie mniejsza. Badanie zostato
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opublikowane w Journal of Pediatric Urology w 2025 roku. Obecna praca doktorska oparta
jest na bazie tych dwoch publikacji.
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2. CELE ROZPRAWY DOKTORSKIEJ:

A. Ustalenie norm wielkos$ci gruczotu krokowego u chtopcoéw w wieku 1-17 lat.

B. Porownanie wielkosci gruczolu krokowego u pacjentéw z roznego stopnia
spodziectwem z ustalonymi normami wiekowymi.
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3. MATERIAL

Przezbrzuszne badanie USG gruczotu krokowego wykonano u 522 chtopcow, w wieku 1-17
lat ($rednia wieku 9,73 lata), pacjentow Kliniki Urologii oraz poradni urologicznej IP-CZD
w latach 2021-2024.

Rodzice 1 pacjenci informowani byli o celu 1 sposobie badania. Uzyskano pisemng §wiadomag
zgode opiekunow oraz pacjentow, ktory ukonczyli 13 rok zycia.

U kazdego pacjenta biorgcego udziat w badaniu analizowano dokumentacj¢ medyczng oraz
wynik badania przedmiotowego wykonanego przez specjaliste urologii dziecigce;.

W pierwszym badaniu w celu ustalenia norm, z badanej grupy wybrano 345 chtopcow
z prawidlowa budowa dolnych drég moczowych oraz zewngtrznych narzaddéw moczowo-
ptciowych. Byli to chtopcy bedacy pod opieka poradni urologicznej z powodu stulejki,
zaburzen czynnosci pgcherza moczowego czy wad gornych dréog moczowych. Z badania
wykluczono pacjentéw z nieprawidlowymi zewnetrznymi narzadami plciowymi
(spodziectwo, spodziectwo bez spodziectwa, wierzchniactwo, mikropenis, zdwojenia cewki),
z Zespotem Brzucha Sliwkowatego, przepukling oponowo-rdzeniowa, zaburzeniami
chromosomalnymi oraz zmianami w prostacie znalezionymi w badaniu USG.

W drugim badaniu do analizy zakwalifikowano 126 pacjentow ze spodziectwem.
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4. METODOLOGIA

Kazdego chtopca proszono o wypicie plyndw na godzine przed badaniem. Badania
ultrasonograficzne uktadu moczowego z pomiarem gruczotu krokowego wykonywane byty
w Zakladzie Diagnostyki Obrazowej Instytutu Pomnika Centrum Zdrowia Dziecka
w Warszawie przy uzyciu aparatu ultrasonograficznego Canon Aplio 1800 z sondg Convex
18CX1 przez lekarza radiologa, specjaliste diagnostyki obrazowej. Badania przeprowadzono
przezbrzusznie u pacjentow w pozycji lezacej na plecach, z wykorzystaniem pe¢cherza
moczowego jako okna akustycznego. Podczas badania gruczot krokowy byt wizualizowany
w przekrojach strzatkowych i1 poprzecznych. Na obrazie przekroju strzatkowego uzyskanym
w linii $rodkowej dokonano pomiaréw wysokosci gruczolu krokowego (H) i wymiaru
przednio-tylnego (AP). Obraz przekroju poprzecznego wykorzystano do pomiaru szerokosci
(W) gruczotu krokowego

Rycina 1A. TUS- pomiar objetosci gruczotu krokowego u chtopca 4- letniego D1-H, D2-L,
D3-W
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Rycina 1B. TUS- pomiar objetosci gruczotu krokowego u chtopca 13- letniego D1-H, D2-L,
D3-W
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Rycina 2A. TUS- pomiar objetosci gruczotu krokowego u chlopca 4 — letniego ze
spodziectwem D1-H, D2-L, D3-W
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Rycina 2B. TUS- pomiar objetosci gruczotlu krokowego u chtopca 14- letniego ze
spodziectwem D1-H, D2-L, D3-W

Objetos¢ gruczotu krokowego obliczano na podstawie tych trzech wymiardw przy uzyciu
wzoru: V =m/6 x H x L(AP) x W = 0,5236 x H x L(AP) x W, gdzie H oznacza wysokos¢,
L(AP) oznacza wymiar przednio-tylny, a W oznacza szerokos$¢. Dodatkowo gruczol krokowy
byl oceniany morfologicznie pod katem obecnosci zmian ogniskowych Ilub innych
nieprawidlowosci.

Po zgromadzeniu wynikéw pacjentdow przypisano do odpowiednich grup wiekowych
bioragcych pod uwage okresy rozwojowe. Wszystkich pacjentow podzielono na grupy
wiekowe: 1-4 rz, 5-10 rz, 11 -12 rz, 13-15 rz, 16-17 rz. Grupy ustalono na podstawie
endokrynologicznej wiedzy o rozwoju i dojrzewaniu. WykluczyliSmy z badania pacjentdw,
ktérzy nie ukonczyli 1 roku zycia. Pierwszg analizowana grupg¢ stanowili pacjenci w okresie
po-niemowlecym, w wieku 1-4 lata, nastgpna grupa obejmowata pacjentdw przed okresem
dojrzewania 5-10 lat - czyli tzw. okres wczesnodziecigcy. Wynikalo to z wiedzy, ze do 10
roku zycia wzrost wielko$ci jader i pracia jest prawie niezauwazalny, jednak juz od 5 roku
zycia rozpoczyna si¢ transformacja spermatogonii w spermatocyty. Po 10 roku zycia
skrociliSmy analizowane okresy ze wzgledu na zachodzace dynamicznie zmiany hormonalne.
I tak wydzieliliSmy okres adrenarche 11-12 lat, w ktérym zaczynaja dziala¢ hormony
nadnerczowe przygotowujace organizm do okresu dojrzewania. Okres 13-15 lat, gonadarche,
w ktorym dochodzi do intensywnej aktywnos$ci hormonalnej wtasnych jader. Okres ten jest
bardzo zrdéznicowany indywidualnie. W koncu okres 16-17 lat, w ktorym w kazdym
przypadku powinno nastgpi¢ dojrzewanie. Po podziale na grupy wiekowe wsrod pacjentow
analizowanych w trakcie pierwszego badania, z prawidlowymi narzadami plciowymi
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meskimi, w badanej populacji ostatecznie znalazto si¢ 70 pacjentow w wieku 1-4 lata, 124
w wieku 5-10 lat, 43 w wieku 11-12 lat, 65 w wieku 13-15 lat oraz 43 w wieku 16-17 lat.

W drugim badaniu analizowali§my 126 chlopcow ze spodziectwem. Pacjenci ci dodatkowo
zostali podzieleni na grupy z réznym stopniem zaawansowania wady. W celu oceny stopnia
zaawansowania spodziectwa wykorzystano klasyfikacj¢ przedstawiong w rekomendacjach
Europejskiego Towarzystwa Urologéw Dzieciecych (Guidelines ESPU) z 2024 roku [23].
Stopien spodziectwa ustalano podczas zabiegu operacyjnego, dopiero po wyprostowaniu
pracia. W przypadku pacjentéw przed rekonstrukcja do odpowiedniej grupy pacjentow
kwalifikowat specjalista urologii dziecigcej doswiadczony w hipospadiologii. Pierwszg grupg
stanowili pacjenci ze spodziectwem, tagodnym (n- 53), czyli izolowanym spodziectwem
zotedziowym lub praciowym bez towarzyszacego przygigcia, mikropenisa lub anomalii
moszny; druga grupe pacjenci ze spodziectwem ciezkim (n-48) czyli spodziectwem
mosznowym, kroczowym, z towarzyszacym przygieciem i anomaliami moszny, trzecig grupe
pacjenci ze spodziectwem oraz przetrwatymi elementami Miillera (n-25). Nastgpnie w ramach
kazdej z grup wyodrgbniono grupy wiekowe. Sposrod 126 pacjentéw ze spodziectwem, 21
w chwili badania miato 1-4 lata (16 ze spodziectwem lekkim i 5 z cigzkim) W tej grupie nie
byto pacjenta z przetrwatymi elementami Mullera. W grupie 5-10 latkow badanie USG
wykonano u 46 pacjentéw (18 z lekkim spodziectwem, 15 z cigzkim spodziectwem oraz 13 ze
spodziectwem 1 przetrwatymi elementami Mullera). W grupie 11-12 latkow byto 19
pacjentow (5 z lekkim spodziectwem, 10 z ciezkim, 4 z elementami Miillera), wsrod 13-15
latkow bylo 22 pacjentow (8 z cigzkim spodziectwem, 10 z lekkim, 4 z elementami Mullera),
w grupie 16-17 latkéw bylo 18 pacjentdow (6 z lekkim spodziectwem, 8 z cigzkim, 4
z elementami Mullera).

ANALIZA STATYSTYCZNA:

W pierwszym badaniu wyniki analizowano przy uzyciu statystyk opisowych, testow
istotno$ci statystycznej dla Srednich oraz metod korelacyjnych. Wymiary korelowano
z wiekiem, waga 1 wzrostem. Testy istotnosci zwigzku miedzy objetoscig, wzrostem 1 waga
zostaly przeprowadzone na zmiennych ciggtych bez powodowania ryzyka utraty mocy.
Z drugiej strony, proces kategoryzacji (wedlug wieku) byl krytycznym krokiem w celu
zapewnienia mozliwos$ci utworzenia tabeli percentylowej 1 opracowania nomogramu objetosci
gruczotu krokowego. Bez kategoryzacji nie osiggnelibySmy minimalnej wielkos$ci proby
potrzebnej do oceny pozadanych percentyli. Nie byto ryzyka utraty mocy z powodu braku
testow istotno$ci w tym procesie.

W drugim badaniu wyniki pordwnano z opracowanymi wczesniej] normami wiekowymi.
Przeprowadzono statystyki opisowe odpowiednie do analizy wielu malych grup.
Przeprowadzono analiz¢ porownawcza objetosci prostaty w réznych grupach wiekowych,
oceniajac réznice migdzy grupa kontrolng CG a trzema podgrupami ze spodziectwem: MH,
SH 1 HMs. Do oceny istotnosci statystycznej zastosowano analiz¢ wariancji ANOVA,
a nastgpnie testy post hoc Dunnetta w celu poréwnania poszczegolnych podgrup ze
spodziectwem z grupg kontrolna.
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Summary

Background

Until now, there are no established norms for pros-
tate size in children. Prostate volume during devel-
opment has been analyzed in small study groups. In
diagnostic imaging, transabdominal ultrasound and

magnetic resonance imaging are used.

Aims
To establish prostate volume norms for individuals
aged 1—17 years using transabdominal ultrasound.

Study design

Between 2021 and 2023, transabdominal prostate
ultrasound was performed on 482 Caucasian boys,
aged 117 years, who were patients of the urology
clinic. Normative data were based on results of 345
boys with normal lower urinary tract, urethral and
penile structures. Patients with abnormal external
genitalia, Prune Belly Syndrome, Myelomeningocele,
chromosomal disorders, or prostate abnormalities
found in ultrasound were excluded from the study.
Patient eligibility was determined based on medical
records and physical examinations. During ultra-
sound, height, anterior-posterior dimension, and
width of prostate were assessed. Prostate volume
was calculated using the ellipsoid formula V=H x
L(AP) x W x 0.523. Measurements were correlated
with age, weight, and height. Results were analyzed
using descriptive statistics, statistical significance

Summary table

tests for means, and correlation methods. After
estimating preliminary results, taking into account
the development periods, patients were divided into
age groups: 1—4 years (n = 70), 5-10 years

(n = 124), 11—12 years (n = 43), 13—15 years

(n = 65), and 16—17 years (n = 43).

Results

The table and nomogram shows prostate volumes
based on age. Prostate size remains stable up to the
age of 8. We noticed a transitional phase at the age
of 8—11 years. A significant increase in volume
occurs over 11 years of age. There was a statistically
significant relationship between prostate size, age,
height, and weight.

Discusion

Established norms can serve as a reference for
prostate analysis in patients with defects of the
genitourinary system. An interesting analysis would
be a prostate size assessment in relation to stage of
development on Tanner scale.

Conclusion

Transabdominal ultrasound, being a non-invasive,
painless, and readily accessible examination, al-
lows assessment of prostate size even in boys aged
1 year old. A statistically significant relationship
was found between prostate size, weight, and
height. Norms for prostate size in boys were
established according to age.

Age (years) Mean prostate Lower Upper Median prostate SD prostate N
volume (ml) 95%Cl 95%Cl volume (ml) volume (ml)

1-4 0.66 0.01 1.33 0.62 0.34 70
5-10 1.04 0,01 2,15 0.88 0.56 124
11-12 2,62 0.01 7.05 1.71 2.26 43
13-15 8.41 0.01 16.93 8.20 4.35 65
1617 11.50 2.84 20.15 10.70 4.42 43
Total: 3.85 1.18 4.80 345

https://doi.org/10.1016/j.jpurol.2023.12.007
1477-5131/@ 2023 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights reserved.
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Introduction

In the medical literature, there is ample data analyzing the
relationship between the prostate size and adult men’s
age. This information is valuable in diagnosing benign
prostatic hyperplasia or prostate cancer. In adult diag-
nostic imaging, the goal is not only to estimate the size of
the prostate but also to assess the structure of its indi-
vidual zones [1-3]. However, there are relatively few
studies that analyze the normal size of prostate in the
developmental period, especially in boys under the age of
10 [4]. The idea to conduct the study arose with the
treatment of boys with DSD and the presence of persistent
Mullerian duct. They can connect with the urethra at
various levels, from the spermatic mound to the pelvic
diaphragm. In some cases, the vagina may open directly
onto the perineum. Persistent Mullerian ducts is usually
accompanied by gonadal dysgenesis. We asked ourselves
what was happening to the prostate gland in these pa-
tients. But it was challenging to find information on the
prostate in pediatric patients with disorders of sexual
differentiation. Another question arose when analyzing
patients with Prune Belly Syndrome. Medical reports show
that some patients with this condition have an abnormal
prostate structure [5]. In order to assess what happens to
the prostate gland in the aforementioned pathologies, we
were looking for the best diagnostic method useful in pe-
diatric medicine. Transabdominal ultrasound seemed to
be the preferred method due to its availability, non-
invasiveness and repeatability. In order to assess a pros-
tate as potentially abnormal, it was necessary to establish
some standards. The objective of our study was to evaluate
the utility of easily available, non-invasive ultrasound (US)
in assessing the size of the normal prostate gland during
the developmental period and to establish norms for its
volume in various age groups.

Materials and methods

We conducted transabdominal ultrasound examinations to
measure prostate size in 482 Caucasian boys aged 1—17
years who were patients at a Department of Pediatric
Urology at Children’s Memorial Health Institute, between
2021 and 2023. Informed written consent was obtained
from legal guardians and from patients aged 13 and above.
For bladder filling, oral hydration was administered
approximately 1 h before the examination in all cases. In
exceptional cases where patients were hospitalized,
intravenous hydration was used. In no case was the ultra-
sound an indication for intravenous access. Exclusion
criteria from further analysis included abnormal external
genitalia (hypospadias, disorders of sexual differentiation,
exstrophy—epispadias complex) Prune Belly Syndrome,
Myelomeningocele, chromosomal disorders and the pres-
ence of calcifications or cysts within the prostate found in
ultrasound. Ultimately, 345 boys with normal anatomical
lower urinary tract and external genitalia were included in
establishing prostate volume norms. They were treated in a
urological clinic due to abnormalities in the upper urinary
tract (dilatation of the urinary tract and/or ureter, cysts,
duplication of the upper urinary tract, etc.), bladder
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dysfunction (frequent urination, urinary incontinence,
nocturnal enuresis, etc.) or phimosis. We assumed that
these problems should not be related to the effects of an-
drogens and prostate development. We included patients
from the urology clinic to establish the norms, because we
had good insight into the medical history of the urogenital
system in these patients, and the possibility of a physical
examination by a pediatric urologist in order to qualify or
exclude them from the study. Ultrasound examinations of
the urinary system with prostate measurement were per-
formed in the Department of Diagnostic Imaging at Chil-
dren’s Memorial Health Institute in Poland using a Canon
Aplio 1800 ultrasound machine with a Convex i8CX1 probe
by a radiologist and imaging diagnostics specialist. The
examinations were conducted transabdominally with pa-
tients in a supine position, using the urinary bladder as an
acoustic window. During the examination, the prostate
gland was visualized in sagittal and transverse sections. In
the sagittal section image obtained at the midline, mea-
surements of prostate height (H) and anteroposterior
dimension (AP) were taken. The transverse section image
was used to measure the width (W) of the prostate [Fig. 1A
and 1B]. Prostate volume was calculated based on these
three dimensions using the formula: V = /6 x H x L(AP) x
W = 0.5236 x H x L(AP) x W, where H represents height,
L(AP) represents anteroposterior dimension, and W repre-
sents width. Additionally, the prostate gland was morpho-
logically assessed for the presence of focal lesions or other
abnormalities. After estimating preliminary results, pa-
tients were divided into groups based on clinical endocrine
knowledge regarding development and maturation. In-
fancy: the first 12 months of life, which we did not take into
account in our study; Post-infantile period: 1—4 years
(n = 70); Early childhood period: 5—-10 years (n = 124). Itis
known that up to the age of 10, the increase in testicular
volume is almost imperceptible, but from the age of 5 the
transformation of spermatogonia into spermatocytes be-
gins, which is why we wanted to distinguish this period. In
subsequent periods, we shortened the age ranges due to
the assumed high dynamics of hormonal changes. And so:
11—12 years (n = 43) is the period before puberty in which
adrenal androgens begin to act, the so-called adrenarches;
13—15 years (n = 65) is the period of intensive production
of androgens by the testicle, which may vary among in-
dividuals with a different degree of biological develop-
ment, the so-called gonadarche. Finally, 16—17 years
(n = 43), the period when puberty should occur in all boys.
Prostate volume was correlated with age, weight, and
height. The results were analyzed using descriptive statis-
tics, statistical significance tests for means, and correlation
methods. The significance of testing of the relationship
between volume, height and weight has been conducted on
continuous variables without causing a risk of loss of power.
On the other hand, the categorization (according to age)
process was a critical step to ensure possibility of creating
percentile tables and developing a nomogram of prostate
volume. Without the categorization we wouldn’t achieve
minimal sample size needed to assess desired percentiles.
There is no risk of losing power, due to lack of significance
testing in this process.

The study was approved by the Bioethics Committee of
the Children’s Memorial Health Institute, and all parents
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and children over 13 years of age provided informed con-
sent. The study adhered to the principles of the 1975
Declaration of Helsinki, revised in 2013.

Results

Descriptive statistics of prostate volume for the designated
age categories are shown in the table [Fig. 2]. The one-way
ANOVA test indicates significant differences in prostate
volume between age groups (F (1,3) = 721.018; p < 0.001;
eta-squared = 0.711). The correlation between prostate
size and age, expressed in years, is r = 0.754; p < 0.001.
However, this relationship is clearly nonlinear, and it should
not be calculated for the entire sample. Therefore, we
decided to divide the data into age categories and analyze
prostate size within these categories. The collected data
suggested that prostate volume is not only associated with
age but also with the overall physical development rate of
boys, measured by height and body mass. The overall
Spearman’s rank correlation coefficient for height and
prostate volume is rho = 0.822 (p < 0.001), and for body
mass and prostate volume, it is rho = 0.801 (p < 0.001).
However, it should be noted that the rate of growth in
height, weight (as well as prostate volume) is not linearly
related to age. Therefore, an appropriate way to represent
these relationships is to calculate these correlation mea-
sures independently for selected age categories. For
example, in the 1—4-year age category, the Spearman’s
correlation between prostate volume and body height and
weight, is statistically non-significant. In the 5—10-year age
group, prostate volume correlates statistically significant
(p < 0.05) with height and non-significant with weight. In
the 11—12-year age group, the correlation is statistically
significant with both, height, and weight (p < 0.05). In the
13—15-year age group, the correlation is more statistically
significant (p < 0.001) for both parameters, while in the
16—17-year age group, is again significant only for height
(p < 0.05) [Fig. 3].

In the next step, percentile thresholds were determined
for each of the designated age categories (2.50 %, 5 %, 10 %,
25%, 50 %, 75 %, 90 %, 95 %, 97.50 %). The centile values for
each of the quantiles are presented in the Centile Grid for
Prostate Volume by Age [Fig. 4].

Example of interpretation of the grid: - If we are eval-
uating a 3-year-old boy with a prostate volume of 0.2 ml,
we can say that he falls among the 10 % of children with the
smallest prostates. If we are evaluating a 10-year-old with a
prostate volume of 2.5 ml, he is among the 2.5 % of boys
with the largest prostates in the age group.

Discussion

Morphology and pathophysiology of different prostate
zones in adults are well-documented [6]. Additionally, the
embryonic development of the prostate gland, which is a
male exocrine gland found exclusively in mammals, pro-
ducing components of seminal fluid, is well-understood.
The induction and development of the prostate gland, as
well as the homeostasis of the mature gland, are
controlled by androgens. Androgens act by binding to the
androgen receptor, which is present in both the prostate
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epithelium and stroma [7]. Testosterone in circulation is
locally transformed into dihydrotestosterone within target
tissues through the action of 5-alpha reductase. Dihy-
drotestosterone, in turn, acts on androgen receptors,
leading to the development of the male phenotype and
prostate growth. By the 12th week of fetal life, under the
influence of androgens, the mesenchyme surrounding the
prostatic urethra stimulates epithelial proliferation, lead-
ing to the formation of acinar structures. Subsequently,
ducts are formed, surrounded by mesenchyme [8]. Inten-
sive growth of the fetal prostate occurs in the third
trimester of pregnancy [9]. It is known that there is a
correlation between prostate size and fetal biometric pa-
rameters [10]. According to Aumuller, postnatal develop-
ment of the prostate can be observed in three phases:
regression after birth, stability until the age of 12—14, and
maturation between 14 and 18 years [11]. In our observa-
tion, we noticed a transitional phase at the age of 8—11
years, probably dependent on the secretion of adrenal
androgens (adrenarche), in which prostate growth begins
in some boys, but not in all. There is a clear initiation or
acceleration of prostate growth over 11 years of age,
probably as a result of the action of testicular androgens
(gonadarche), slightly earlier than described by Aumuller.

Imaging techniques used in pediatric prostate di-
agnostics include Magnetic Resonance Imaging (MRI) and
transabdominal ultrasound [12]. Prostate volume is typi-
cally calculated using an ellipsoid formula. As early as 1994,
Ingram and Hollman found, based on a study of 36 healthy
boys aged 7 months to 13.5 years (average age 7.7 years),
that transabdominal US was a valuable method for assessing
prostate size in childhood. The prostate volume was
assessed to be between 0.4 and 5.2 ml, with an average of
1.2 ml, which is consistent with our data [4].

MR is an alternative examination used to assess the
prostate, allowing for the evaluation of its size and
morphology. However, its use may be limited by the pa-
tient’s age, as younger children (below 7 years of age) or
uncooperative patients may require sedation for the pro-
cedure. Imaging a small organ in very young children can be
challenging, and the results may be uncertain. There is
limited literature on MR examinations of the prostate in
children. In 2015, Chinese researchers performed prostate
MRI examinations on 1500 volunteers aged 2—25 years who
had no history of urinary or reproductive system diseases.
The patients were divided into age groups. Patients aged 10
and below were examined under sedation. The examination
took 25 min. Prostate size, according to age, was estimated
as follows: 0 cm3 for 2—5 years, 0.05 cm3 for 6—10 years,
2.83 cm3 for 1115 years, 8.32 cm3 for 16—20 years, and
11.56 cm3 for 2125 years. In conclusion, it was stated that
the prostate could not be visualized up to the age of 5, was
challenging to see between 6 and 10 years, visible but
without distinct zones between 10 and 15 years, and visible
with distinct zones in only 25.2 % of cases between 16 and
20 years [13].

A comparison of the accuracy of these two imaging tests,
i.e. transabdominal ultrasound and MRI in adult patients,
with the measurement of the volume of the gland removed
during prostatectomy (using water displacement method)
was performed by researchers from China. They retro-
spectively analyzed 106 patients who had prostate volume
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Fig. 1

A. US images of the prostate gland of a 4-year-old patient. D1 corresponds to the height (H), D2 to the AP dimension (AP),

D3 to the width (W ) of the gland.B. US images of the prostate gland of a 13-year-old patient. D1 shows the height (H), D2 the AP

dimension (AP), D3 the with (W) of the gland.

assessment performed during transabdominal ultrasound
and MRI before prostatectomy. They compared the results
of imaging tests with the actual volume of the removed
prostate gland. In conclusions they demonstrated that
prostate volume measured by MRI and by transabdominal
ultrasound is highly correlated with the specimen volume.
MRI might be a more appropriate choice for measuring the
large prostate [14]. In the pediatric population, trans-
abdominal ultrasonography allows estimating the size of
the prostate from the age of 1 year, while MRI performed
below the age of 10 not only does not provide reliable re-
sults but also, in most cases, requires general anesthesia,
which makes it a more invasive examination.

Our analysis shows that up to the age of 8 the prostate
volume is relatively stable, ranging from approximately
1 ml. Between the ages of 11 and 15, there is a significant
increase in growth, with an average volume of 8.41. After
the age of 15, the growth rate slightly decreases, and the
gland reaches an average volume of 11.5 ml at the age of 17.
From our analysis, it is evident that prostate volume is not
only related to age but also to the overall physical devel-
opment of boys, as measured by height and body weight. We
observed a statistically significant correlation between
height and prostate size in the 512 age group. Additionally,
during adolescence (ages 13—15), a strong correlation was
observed in both height and weight. Considering that pros-
tate volume growth during this period is more closely
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related to weight and height than age, establishing age-
specific norms must account for a significant standard de-
viation. This is likely due to the varied onset of puberty
among boys, with norms ranging from 10 to 14 years of age.
This age is closely correlated with biological development,
including achieving appropriate height and weight. The
nomogram shows a wide range of prostate volume values in
the oldest boys because the diversity of individual charac-
teristics is very large and increases with age. A similarly
wide range of normal values can be observed in nomograms
regarding height in children. We established that for the age
group of 1—4 years, the prostate size is on average: 0.66 ml,
for 5-10 years it is 1.04 ml, for 11—-12 years it is 2.62 ml, for
13—15 years it is 8.41 ml, and for 16—17 years, it is 11.5 mlL.
An interesting analysis would be a prostate size assessment
in relation to stage of development on Tanner scale. Tech-
nically, it is possible to evaluate the prostate gland in boys
in the first year of life. However, it is more difficult to obtain
the necessary filling of the urinary bladder to assess the
prostate at this age. Therefore, the evaluation could be
associated with a high percentage of failed studies. Of
course, it would be extremely interesting to conduct
research on whether and what changes in prostate volume
occur during the mini-puberty period. In the period between
6 months of age and puberty, there is a so-called period of
hormonal silence. Without additional stimulation, we are
unable to assess testicular function during this period. Of
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course, we can indirectly assess whether the development
has been normal or not based on a physical examination of
the external genital organs. Male hormones are not
routinely tested during the mini puberty period, i.e. up to 6
months of age, when androgen levels are high. Analysis of
the prostate and its growth potential may allow us to indi-
rectly assess the hormonal potential of the testicles during
the period of hormonal silence. Perhaps controlling prostate
development between the ages of 1 and 17 will provide a
better understanding of androgen-dependent processes.
The established norms for prostate volume in boys of

(continued).

different age groups can serve as reference points for the
analysis of patients with disorders of sexual differentiation
and help detect early changes in the prostate that may be
related to adult pathologies. It may turn out that trans-
abdominal ultrasound examination will become one of
the diagnostic elements in boys with undervirilization
(hypospadias, micropenis, cryptorchidism), helpful in
differentiating the etiology of the disorders. Especially since
molecular diagnostics do not always correspond to the
phenotype. However, the phenotype is easier to assess using
imaging tests [15].

Age (years) | Mean prostate Lower Upper | Median prostate | SD prostate N
volume (ml) 95%Cl1 95%C1 | volume (ml) volume (ml)

14 0.66 0.01 1.33 0.62 0.34 70
| !

5-10 1.04 0,01 2,15 0.88 0.56 124

11-12 2.62 0.01 7.05 1.71 2.26 43
L
| 13-15 8.41 0.01 16.93 R.20 435 65

16-17 11.50 2.84 20,15 10.70 442 43
[ Total: 385 1.18 480 345

Fig. 2 Table: Descriptives for the measured prostate volume in milliliters by age categories.
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Age (years) Height Weight
1-4 0.138 ns. 0.154 ns.
5-10 0.234 (p<0.05) 0.193ns.
11-12 0.357 (p<0.05) 0.359 (p<0.05)
13-15 0.533 (p<0.001) 0.509 (p<0.001)
16-17 0.417 (p<0.05) 0.333 ns.
Fig. 3 Table: Spearman’s rank correlation of prostate volume and height, weight.
20 | Percentiles
19| — 25%
18] ... 5%
17
=== 10%
16
15| -~ 25%
14 50%
- —= 90%
g 11
= 10 e 95%
S 9| - 975%
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9 10 11 12 13 14 15 16 17

Age in Years

Fig. 4 Centile chart for prostate volume by age.

Conclusion

Non-invasive, painless, readily available, and repeatable
transabdominal USG allows for the assessment of prostate
size even in the first year of life. The only limitation is the
inability to fill the urinary bladder. A statistically significant
relationship was found between prostate size, weight, and
height. Norms for prostate size in boys were established
according to age.
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Summary

Background

Development of both the external genitalia and the
prostate gland is influenced by androgens produced
by the fetal testes. This raises a question whether
abnormal development of the external genitalia is
also accompanied by abnormal development of the
prostate.

Aims

Comparison of the prostate size in boys with various
degrees of hypospadias, with special attention to
the presence of Miillerian structures Ms in relation to
age reference values.

Study design

During the prospective study transabdominal ultra-
sound TUS of the prostate was performed in 522
Caucasian boys, aged 1—17 years (mean 9.73 years).
Among them, 126 patients with hypospadias were
selected for the presented analysis (mean 9.67
years). They were divided into 3 groups: mild
hypospadias MH (n-53), severe hypospadias SH (n-
48), hypospadias with persistent Miillerian structures
HMs (n-25). Results were compared with current
norm standards prepared at the same center.

Results
For boys aged 1—4 y.o., the mean prostate volume
MPV in patients with MH was 0.63 ml, with SH

0.57 ml, compared to the norm of 0.66 ml. In this
group there was no patient with HMs. In the group
of 5—10 y.o MPV in patients with MH was 1.22 ml,
with SH 0.86 ml, with HMs 0.49 ml, compared to the
1.04 ml. In 11—-12 y.0., MPV in patients with MH was
1.92 ml, with SH - 1.26 ml, with HMs - 0.70 ml,
versus 2.62 ml. In 13—15 y.0o MPV was 7.72 ml in
patients with MH, 8.52 ml with SH and 2.28 ml with
HMs versus a 8.41 ml. In 16—17 y.o MPV was

10.53 ml in patients with MH, 10.59 ml with SH,
5.63 ml with HMs versus the norm of 11.50 ml. Re-
sults after ANOVA p-value comparing control group
to 3 hypospadias groups and Dunnett’s test corre-
sponding to comparison of HMs group to control
group, p-value indicated that two age groups show
significantly smaller prostate (5—-10; 13-15; p-value
- 0.012; 0.024 respectively). In 16—17 y.o. Group
a possible trend toward significance was found
(p-value - 0.054). In 11—-12 y.o. Group p-value
was 0.182.

Conclusion

All pediatric patients with hypospadias without Ms
had prostate volumes that did not significantly
deviate from the norm. It was found that
prostate volume in boys with HMs was significantly
smaller in two age groups and may have trended
toward significance in another of the four groups
studied. Such a relationship has not yet been
described.
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Introduction

It is well established that the development of both the
external genitalia and the prostate glands is strongly
influenced by androgens produced by the fetal testes
[1-3]. Testosterone produced by testicular Leydig cells is
transformed in target tissues into dihydrotestosterone DHT,
which has a 10-fold greater affinity for the androgen re-
ceptor AR than testosterone and is responsible for the
sexual differentiation of the external genital organs toward
male development and for the formation of the prostate
[1,4]. The transformation of testosterone into DHT occurs
under the influence of the 5-alpha reductase 5zR enzyme
found in target tissues, which has three isoenzymes 5«Rl,
52R2 and 52R3 [5]. During normal male development, the
first hormone secreted by fetal testes is Anti-Miillerian
hormone AMH, which is responsible for preventing the
automatic development of the Ms. Abnormal development
of the external male genitalia in the form of hypospadias
has a multifactorial etiology. However, its direct cause is
the disruption of androgen action at various stages of fetal
development [6]. One of the iatrogenic causes of hypo-
spadias may be therapeutic administration of progestogens
during the first trimester of pregnancy [7]. It is also known
that early fetal exposure to iatrogenic estrogens disrupts
both external male genitalia and prostate morphogenesis.
Exogenous estrogens affect histodifferentiation of devel-
oping human prostate and change the histological pattern
of prostate ducts. These changes are permanent and may
predispose to carcinogenesis [8-10]. Various causes of
abnormal development of male external genitalia, due to
their multifactorial and different expression despite similar
etiology, still leaves our knowledge incomplete. It might
seem that the more advanced hypospadias, the greater
prostate developmental disorders will accompany it. Fail-
ure to inhibit the development of Ms results in their
transformation into the upper part of the vagina, uterus
and fallopian tubes [11—-13]. The presence of the above-
mentioned elements in a boy with hypospadias indicates
significant dysgenesis of the fetal testicle that did not
produce AMH in the appropriate amount or at the appro-
priate time. The coexistence of hypospadias (abnormal
androgens function) and persistent Ms (abnormal AMH
function) indicates an incorrect function of the male gonad.
A question arose as to whether abnormal development of
the external genitalia is accompanied by abnormal devel-
opment of the prostate gland. It has been hypothesized
that assessment of prostate volume during childhood and
adolescence may provide new insights about fetal prostate
development in cases of abnormal fetal testicular function.
It was suspected that fetal testicular dysgenesis may be
accompanied by abnormal prostate development. This led
us to conduct a prospective analysis of prostate volume in
pediatric patients with hypospadias, using TUS. Due to the
lack of standards in the medical literature regarding the
size of the prostate gland in children, a prospective study
was conducted and the norm standards were developed in
the same center [14]. The purpose of the presented study
was the comparison of the comparison of prostate size in
boys with various degrees of hypospadias, with special
attention to the presence of Ms, in relation to reference

values. In estimating the size of the prostate gland, TUS was
chosen due to its easy availability, non-invasiveness, sensi-
tivity, and reports of the unsuitability of MR imaging in the
evaluation of the prostate below 10 years of age [15,16].

Materials and methods
Patients

TUS of the prostate was performed on 522 Caucasian boys,
between the ages of 1 and 17 (mean age was 9.73, median 9
years), who were patients of the Pediatric Urology Clinic,
between 2021 and 2024. Patient eligibility was determined
based on a review of medical records. Physical examination
of external genitalia was conducted by a pediatric urology
specialist. The remaining results of additional studies were
derived from routine clinical care contained in medical
records. All boys included in the study had indications for
urinary tract or testicular ultrasound. Measurement of
prostate size was a planned adjunct, after informed written
consent was obtained from legal guardians and from pa-
tients aged 13 years and older. A group of 345 patients with
normal anatomy of the lower urinary tract, urethra and
penis was selected to create a reference population. These
boys were under the care of the clinic for reasons such as
congenital defects of the upper urinary tract, micturition
disorders, etc. 126 boys (mean age was 9.67/median 10
years) with hypospadias have been included in the current
analysis. 51 patients were excluded from the study because
they did not meet the criteria for inclusion in the study
group, or the reference group (e.g.: exstrophy—epispadias
complex, hypogonadotropic hypogonadism).

Methodology

For bladder filling, oral hydration was administered
approximately 1 h before the examination in all cases. In all
patients TUS of the urinary tract with prostate measure-
ment were performed using a Canon Aplio i800 ultrasound
machine with a Convex i8CX1 probe, by one of the two
experienced radiologists. All examinations were conducted
transabdominally with patients in a supine position, using
the urinary bladder as an acoustic window. Prostate gland
was visualized in sagittal and transverse sections. In the
midline sagittal section image, measurements of prostate
height H and anteroposterior dimension AP were obtained.
The transverse section image was used to measure the
width W of the prostate [Fig. 1A and B]. Prostate volume
was calculated based on these three dimensions using the
formula: V = /6 x Hx L(AP) x W = 0.5236 x H x L(AP) x W,
where H represents height, L(AP) represents ante-
roposterior dimension, and W represents width [14]. Clas-
sification of hypospadias according to the recommendations
of the ESPU was used: mild hypospadias - glandular or
penile isolated hypospadias without associated chordee,
micropenis or scrotal anomaly; and severe hypospadias -
penoscrotal, perineal hypospadias with associated chordee
and scrotal anomalies [17]. In the vast majority of patients
the degree of hypospadias was assessed during surgery,
after penile straightening.
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Statistical analysis

A comparative analysis of prostate volume was conducted
across different age groups, evaluating differences be-
tween the control group CG and three hypospadias sub-
groups: MH, SH, and HMs. ANOVA was applied to assess
statistical significance, followed by Dunnett’s post hoc tests
to compare individual hypospadias subgroups to the control
group.

The study was approved by the Bioethics Committee of
the Institute, with informed consent obtained from all
parents, and from children aged 13 years and older. The
study adhered to the principles of the 1975 Declaration of
Helsinki, revised in 2013.

Results

126 boys with hypospadias were divided into groups related
to the severity of the defect. The first group consisted of
boys with mild hypospadias MH (n = 53), the second group
with severe hypospadias SH (n = 48) and the third group
with hypospadias associated with persistent Millerian
structures HMs (n = 25). Before further analysis all patients
were placed in the appropriate age groups used when
creating the standards [14]. Among boys aged 1—4 years,
there were 21 patients (16 MH, 5 SH). There were no boys
with persistent Ms (0 HMs) in this age group. In the group of
5—10 years old there were 46 patients (18 MH, 15 SH, 13
HMs). In the group of 11—12 years old there were 19 pa-
tients (5 MH, 10 SH, 4 HMs), in 13—15 years old age group
there were 22 boys (8 MH, 10 SH, 4 HMs), in the group of
16—17 years old there were 18 boys (6 MH, 8 SH, 4 HMs). Of
all 25 patients with persistent Ms, all had severe hypospa-
dias. All of these 25 boys had their karyotype determined as
evidenced by medical records. Abnormalities in the sex
chromosomes were found in 12 patients, most often the
mosaic karyotype 45,X/45,XY (n = 9). Of the remaining 13
boys in the third group, with a normal male karyotype
46,XY, 6 boys had partial gonadal dysgenesis PGD (DSD
Disorder/Differences of Sex Development with bilateral
differential testicular dysgenesis), 5 had asymmetrical
gonadal dysgenesis AGD (DSD with dysgenetic testis on one
side and gonadal streak on the other side) and 2 had ovo-
testicular DSD.

Descriptive statistics and ANOVA results

In the 1—4 y.o. Group there were no patients with HMs. The
CG had a MPV of 0.66 ml (SD = 0.34). For the 5-10 y.o.
Group, the CG had a MPV of 1.04 ml (SD = 0.56). ANOVA
results indicated no significant difference in prostate vol-
ume across the groups (p = 0.105). In the 11-12 y.o.
Group, the CG had a MPV of 2.62 ml (SD = 2.26). A signif-
icant difference in prostate volume was observed across
the study groups (ANOVA, p = 0.024). For the 13—15 y.o.
Group, the CG had a MPV of 8.41 ml (SD = 4.35). The dif-
ference in prostate volume between the groups was sta-
tistically significant (ANOVA, p = 0.037). In the 16—17 year
age group, the CG had a MPV of 11.50 ml (SD = 4.42). The
difference approached statistical significance (ANOVA,
p = 0.059) [Table 1].

Dunnett’s post hoc comparisons

Dunnett’s post hoc tests were performed to compare each
hypospadias subgroup to the CG. 1—4 years: The MH group
(mean = 0.63 ml, SD = 0.22) and SH group
(mean = 0.57 ml, SD = 0.29) showed no significant dif-
ferences from the CG (p = 0.936, p = 0.766, respectively).
No subjects with Ms were available for comparison. 5—10
years: The MH group had a MPV 1.22 ml (SD = 1.20), while
the SH group had a mean of 0.86 ml (SD = 0.52), with no
significant differences from the CG (p = 0.587, p = 0.657,
respectively). The HMs group had a significantly lower
prostate volume (mean = 0.49 ml, SD = 0.26, p = 0.012).
11-12 years: The MH group had a MPV of 1.93 ml
(SD = 1.92) and the SH group had a mean of 1.26 ml
(SD = 0.45), with no significant differences from the CG
(p = 0.835, p = 0.149, respectively). The HMs group had a
MPV of 0.70 ml (SD = 0.15), with a non-significant differ-
ence from the CG (p = 0.182). 13—15 years: No significant
differences were observed in the MH (mean = 7.18 ml,
SD = 7.17, p = 0.834) or SH (mean = 8.52 ml, SD = 5.38,
p = 0.999) groups. However, the HMs group had a signifi-
cantly smaller prostate volume (mean = 2.28 ml,
SD = 2.20, p = 0.024). 16—17 years: The MH group
(mean = 10.53 ml, SD = 10.53) and the SH group
(mean = 10.59 ml, SD = 4.06) showed no significant dif-
ferences from the CG (p = 0.948, p = 0.940, respectively).

Table 1  Descriptive statistics and ANOVA results for age groups and prostate volume in control and hypospadias groups.
Age group Descriptives Anova results
Age summary Age Number of Control group Control group ANOVA p-value
(years) mean/ summary patients summary summary (SD comparing control
median (years) SD summary (mean prostate prostate to 3 hypospadias
volume ml) volume ml) groups
1-4 2.76/3 0.970 91 0.6621 0.33894 A
5-10 7.56/8 1.613 170 1.0392 0.56497 p = 0.105
11-12 11.53/12 0.503 62 2.6162 2.26168 p = 0.024
13-15 14.17/14 0.852 87 8.4106 4.34693 p = 0.037
16—-17 16.57/17 0.531 61 11.4970 4.41687 p = 0.059

*due to lack of subjects in hypospadias group with Mullerian el. that cannot be estimated.
The average prostate volume of the control group in different age groups is marked in bold.
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