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IVADAS

Gerybiné prostatos hiperplazija (GPH) yra dazniausiai pasitaikanti prosta-
tos patologija, kuri paveikia visus nekastruotus patinus, nepriklausomai nuo
veislés. Remiantis Socha ir bendraautoriy atliktu tyrimu, §i prostatos biiklé
su klinikiniais simptomais dazniau pasireiskia dideliy ir milzinisky veisliy
Sunims, vyresniems nei 4 mety [1]. Ta¢iau GPH gali pasireiksti ir jauniems
Sunims. Lowseth ir kolegy atlikta studija parodé, kad prostatos hiperplazija
gali pradeéti vystytis jau 2 mety amziaus patinams [2].

Svarbu paminéti, kad Suny prostata, kaip ir Zmoniy, pasizymi panaSia
anatomine ir histologine struktiira bei atlieka tas pacias fiziologines funkci-
jas. PrieSiné liauka ne tik sintetina hormonus, bet ir yra itin jautri organizme
cirkuliuojantiems lytiniams hormonams, ypa¢ androgenams [3]. GPH pasi-
reiSkimo laipsnis tiesiogiai priklauso nuo androgeny koncentracijos patino
organizme. Androgeny poveikis prostatoje inicijuoja epiteliniy Igsteliy skai-
¢iaus ir dydzio pokycius: Iasteliy skai¢ius didéja (hiperplazija), o lasteliy dy-
dis auga (hipertrofija). D¢l Siy procesy prostata iSves¢ja ir gali sukelti jvairiy
sveikatos sutrikimy [4].

D¢l gerybinés prostatos hiperplazijos gali atsirasti tokiy klinikiniy simpto-
my kaip hematurija, anurija, konstipacija, balanopostitas, nugaros skausmas,
Slubavimas, kraujingy i$skyry i§ penio pasirodymas ar net Slapimo nelaiky-
mas [5]. Be to, GPH turi didelg¢ jtakg Suny reprodukcinei sveikatai. Pasireis-
kus GPH patinams gali sumazéti lytinis potraukis, pablogéti spermos kokybe
ar i$sivystyti nevaisingumas [6]. Buvo jrodyta, kad prostatos liauka yra atsa-
kinga uz pirmajg ir tre¢igja Suns ejakuliato frakcijas ir kad $iy komponenty
poky¢iai gali sukelti patino reproduktoriaus vaisingumo pablogéjimo rizikas
[7]. Be to, progresuojant nekontroliuojamai prostatos hiperplazijai didéja ri-
zika kitoms prostatos patologijoms iSsivystyti, tokios kaip prostatitas, intra-
prostatiné€s ir paraprostatinés cistos bei prostatos neoplazijos ar perinealiné
iSvarza. D¢l $iy GPH komplikacijy nukencia ne tik bendra patino sveikatos
buklé, bet ir reprodukcinés savybeés [8,9].

Siuo metu veterinarinéje praktikoje yra nemazai diagnostiniy priemoniy
prostatos buklei jvertinti, taiau besimptomeés gerybinés prostatos hiperpla-
dedamas nuo rektinio tyrimo, kuris yra viena i§ pagrindiniy metodiky liaukos
biiklei jvertinti tiek Zzmonéms, tiek gyviinams. Taciau $is tyrimas yra subjek-
tyvus ne tik dél to, kad palpuojama tik dorsoventraliné prostatos dalis, bet ir
todél, kad kiekvienas gydytojas prostatg gali jvertinti skirtingai. Be to, tie-
siosios zarnos palpacija gali kelti i§Stikiy mazy veisliy Sunims dél jy dydzio,



turint omenyje fakta, kad tyrimas maziems Sunims gali sukelti skausmg ir
diskomforta dé¢l jy anatominés kiino struktiiros [10,11].

Siekiant iSsamesnio prostatos biiklés vertinimo, yra naudojamos diagnos-
tinés vaizdavimo priemonés: rentgenas, ultragarso tyrimas, kompiutering to-
mografija ar magnetinis rezonansas. Diagnostinés vaizdavimo priemonés yra
laikomos efektyviausiomis veterinarinéje medicinoje, siekiant iSsamiai jver-
tinti prostatos sveikatos bukle [12,13].

Kalbant apie skirtingus diagnostinius vaizdavimo metodus, rentgeno ty-
rimas prostatos liaukai tirti gali biiti naudojamas nustatant tik organo ana-
toming lokalizacija, dydj ar dideliy cisty pasireiSkimg. Be to, rentgeno ty-
rimo verté yra ribota ir dél kity pilvo organy vaizdiniy trukdziy bei prastos
kokybés liaukos kontrastavimo. Dél Sios priezasties klinikinéje praktikoje
dazniausiai yra pasirenkama ultragarsine diagnostika [13,14]. Vis délto ultra-
garsinés diagnostikos efektyvumas labai priklauso nuo operatoriaus patirties,
ne tik vaizdy interpretavimo, bet ir procediiros techniniy aspekty iSmanymo.
Prostatos krasty, ypa¢ uzpakalinio kontiiro, tikslus nustatymas ir optimaliy
vaizdavimo plokStumy pasirinkimas ultragarso matavimams tebéra sudétinga
uzduotis ultragarso tyrimus atliekan¢iam gydytojui. Nepaisant Siy apriboji-
my, klinikingje praktikoje ultragarsas laikomas ,,auksiniu“ standartu vertinant
prostatos biiklg dél ultragarso prieinamumo ir efektyvumo [12,15,16]. Tadiau
naujausi moksliniai tyrimai rodo, kad ultragarso tyrimas ne visada tinkamai
jvertina prostatos patologijas, ypac siekiant tiksliai apskai¢iuoti prostatos tirj,
kuris yra svarbus GPH laipsnio nustatymo kriterijus [17,18]. Tokiu atveju
rekomenduojama atlikti kompiutering tomografija, jei ultragarso diagnostika
néra patikimas pasirinkimas arba prostatos biikle kelia rimty jtarimy dél pros-
tatos neoplazijos. Nors KT daZniausiai naudojama sunkiems atvejams tirti,
Sis tyrimas yra neatsiejama vidaus organy ligy diagnostikos dalis, jskaitant
ir prostatos ligas [19,20]. Kompiuteriné tomografija sitilo naujy ir moderniy
vaizdavimo diagnostikos galimybiy, o moksliniy publikacijy apie prostatos
vaizdavimg naudojant kompiutering tomografijg literatiiroje néra daug [21].

Veterinarinéje praktikoje visada siekiama vengti invazyviy diagnostiniy
metody. Nors minéti tyrimai nepriklauso invazyviy metody kategorijai, svar-
bu pabrézti, kad patikimiausias GPH diagnostikos metodas yra prostatos au-
dinio citologinis arba histopatologinis tyrimas [22].

Siekiant i§vengti invazyviy tyrimy, pastaruoju metu veterinaringje prakti-
koje vis placiau pradétas naudoti GPH biomarkeris — Suny specifiné prostatos
esterazé (angl. Canine Prostatic Specific Esterase, CPSE). Sis biomarkeris
yra identiSkas zmoniy medicinoje naudojamam prostatos specifiniam anti-
genui, kuris skirtas vyry prostatos susirgimy diagnostikai [23]. CPSE ir PSA
yra seriny proteazés, kurios yra specifiskos prostatos audiniui ir naudojamos
kaip biomarkeriai prostatos sveikatos jvertinimui. CPSE yra ypac naudingas

10



Suny prostatos ligy diagnostikoje, nes jo koncentracija kraujyje padidéeja esant
prostatos hiperplazijai, suteikiant veterinarijos gydytojams vertingg priemong
ankstyvai GPH diagnostikai [24,25]. CPSE metodas yra neinvazyvus, greitas
ir ekonomiskas, todé¢l vis dazniau taikomas tiek diagnostikos tikslams, tiek
prostatos biiklés stebésenos programose kaip biomarkeris, leidziantis sekti
GPH progresija Sunims senstant [26].

Svarbu pabrezti, kad nors galutiné GPH diagnozé gali buti patvirtinta tik
atlikus invazyvius citologinius ar histopatologinius tyrimus, veterinarinéje
praktikoje siekiant iSvengti $iy metody, sitiloma kombinuoti anksciau iSvar-
dintas neinvazyvias diagnostines procediiras. Tokia praktika gali pagerinti
besimptomés GPH diagnostikos protokolus, i§vengiant invazyviy diagnosti-
niy metody taikymo bei laiku diagnozuoti prostatos susirgimus [27,28]. Tai-
pogi svarbu atkreipti démesj, jog taikant kompiutering tomografija Sunims,
kuriems tyrimas atlickamas dél kity priezasciy, nesusijusiy su reprodukciniu
traktu (pavyzdziui: pilvo ir dubens srities, urogenitalinés sistemos ar i§samus
pilvo ertmés organy tyrimas) ne retai jtraukiama ir prostata, kurig jvertinus re-
miantis specifiniais KT parametrais, galima nustatyti ar jtarti jvarius liaukos
susirgimus, jskaitant ir GPH [29].

Mokslinio darbo tikslas

Ivertinti ir palyginti naujus bei klinikingje praktikoje taikomus diagnosti-
kos metodus, skirtus nekastruoty Suny patiny besimptomés gerybinés prosta-
tos hiperplazijos nustatymui.

Mokslinio darbo uzdaviniai:

1. Ivertinti jvairaus amziaus, svorio ir veislés nekastruoty Suny prostatos
biikle ir spermos kokybe klasikiniais metodais.

2. Ivertinti kliniskai sveiky ir besimptomés gerybinés prostatos hiperpla-
zijos paveikty Suny prostatos kompiuterinés tomografijos ir dalinés pel-
vimetrijos matavimus ir nustatyti diagnostines ribines vertes.

3. Nustatyti kliniSkai sveiky ir besimptomeés gerybinés prostatos hiperpla-
zijos paveikty Suny prostatos specifinés esterazés koncentracijos ir ul-
tragarso specifiniy parametry ribines vertes.

Mokslinio tyrimo naujumas ir praktiné reikSmé:

Si moksliné studija i$ry$kina $uny patiny andrologijos srities naujoves,
analizuodama besimptomeés gerybinés prostatos hiperplazijos diagnostika ir
jos jtakg veisimui naudojamy Suny reprodukcinei sistemai. Tyrimas atkreipia
démesj | jau klinikingje praktikoje naudojamus ir naujus diagnostikos meto-
dus, kurie svarbiis prostatos biiklei jvertinti. Kompiuterin¢ tomografija (KT)
kaip diagnostikos metodas smulkiyjy gyviny reprodukcijos srityje vis dar lai-
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koma naujove, taciau §io tyrimo diagnostiné reikSme vertinant reprodukcinio
trakto organus vis placiau aptariama tiek veterinarinéje praktikoje, tieck moks-
linéje literatiiroje. Siame tyrime KT pritaikyta besimptomés gerybinés pros-
tatos hiperplazijos (GPH) atvejais, todél gauti rezultatai ir aprasyta tyrimo
metodika atveria naujas galimybes ne tik tolesniems moksliniams tyrimams
besimptomés GPH kontekse, bet gali pasitarnauti ir veterinarijos gydytojams,
vertinant prostatos poky¢ius. Be to, autoriai jtrauké dalinés pelvimetrijos me-
todika panaudojant specifinius kompiuterinés tomografijos trimacius (3D)
vaizdinius. Si inovatyvi metodika leidZia detaliau jvertinti prostatos dydj ir
forma bei uzimamga plota priekinés dubens atvaros zonoje, kas gali parodyti
GPH pasireiskima.

Mokslingje studijoje buvo atliekami ir klasikiniai prostatos biuklés verti-
nimo metodai, jskaitant rekting palpacija bei ultragarso tyrima. Mokslinio
tyrimo naujumo aspektas — autoriy pasitlytos rektinio tyrimo vertinimo ska-
lés bei detaliy ultragarso tyrimo specifiniy parametry vertinimo metodika ir
ribiniy verciy, skirianciy sveikus ir besimptome GPH paveiktus Sunis, nu-
statymas. Ultragarso tyrimo pritaikymas ir specifiniy parametry analizé ne
tik patvirtina §io metodo efektyvuma, bet ir praplecia jo taikymo galimybes
vertinant prieSine liaukg klinikinéje praktikoje.

Darbe buvo pristatyta Suny specifinés prostatos esterazeés analizeé, kuri
mokslingje literatiiroje yra minimaliai dokumentuota besimptomés GPH for-
mos kontekste kaip papildoma diagnostikos priemoné. CPSE koncentraci-
jos nustatymas ir ribiniy reikSmiy pateikimas gali biiti naudingas, padedant
diagnozuoti besimptome¢ GPH forma, netaikant invazyviy diagnostiniy me-
tody. Sis tyrimas klinikinéje veterinarinéje praktikoje taikomas neseniai, o
besimptomés GPH kontekste mokslingje literatiroje néra placiai apraSytas,
todel studijoje pateikti rezultatai gali prisidéti tiek praktikoje, tiek akademi-
néje veikloje.

Visi moksliniame darbe iSanalizuoti metodai ir jy platus ribiniy reikSmiy
bei statistiniy priklausomybiy spektras, skiriant sveikus ir sergancius besimp-
tome GPH forma Sunis, leidzia sukurti naujas Sios ligos diagnostikos strate-
gijas ir stebésenos programas, kurios padeda uZztikrinti patiny reprodukcinés
sveikatos apsaugg ir tinkamuma Sunis naudoti veisimui.
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1. LITERATUROS APZVALGA

1.1. Suny patiny lytiné sistema

Suny patiny lytiné sistema yra sudaryta i§ iy organy: poriniy séklidziy
(lot. festes), seklides prielipo (lot. epidydimis), séklinio latako (lot. vas defe-
rens), Slaplés (lot. urethra), penio (lot. penis) ir prieSinés liaukos (lot. pros-
tata) (1.1.1 pav.) [28]. Lytiniai organai embriogenezés metu pradeda vystytis
30-35 néstumo dieng, o jau 36 néStumo dieng prasideda seklidziy diferen-
ciacija bei antimiulerinio hormono produkcija ir sekrecija [30]. Sis hormo-
nas yra glikoproteinas, kurj séklidése sekretuoja Sertoli lastelés. Si medziaga
skatina paramezonefriniy lataky regresija tarp 36 ir 46 néStumo dienos. Vé-
liau, atrofavusis Siems latakams, pradedamas produkuoti testosteronas, dél
kurio vystosi kiti vyriski lytiniai organai, jskaitant prostatg [31]. Testosterono
metabolitas dihidrotestosteronas (DHT) yra atsakingas uz §laplés ir prostatos
formavimasi 1§ urogenitalinio sinuso, penio — i§ lytinio tuberkulo, varpos — i§
lytiniy rauksliy, o masnelés — 1§ lytiniy iSkilimy [32,33]. Konkreciai priesinés
lytinés liaukos formavimasis prasideda i$ laplés endoderminio epitelio. Sis
epitelis formuoja daugybinius prostatos pumpurus, kurie skverbiasi j aplin-
king mezenchimg ir toliau diferencijuojasi | jungiamojo bei lygiyjy raumeny
lasteles, kurios ir sudaro prostatos stromg [34,35]. Véliau minétuose prosta-
tos pumpuruose susiformuoja vamzdeliy bei piisleliy strukttros, o dar véliau,
apie 6 néStumo savait¢ — liaukos iStekamieji latakeéliai. Prostatos skiltys susi-
formuoja i§ abipus susidariusio liaukinio audinio ir jj gaubiancios stromos, o
vidiné pertvara susiformuoja i§ prostatg gaubiancios skaidulinés ir raumeni-
nés kapsulés [36-39].
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1.1.1 pav. Suny patiny Iytinés sistemos struktiira

1.2. Suny lytinés sistemos hormoniné asis

Suns patino lytiné hormoniné sistema yra reguliuojama hipotalamo, hi-
pofizés ir s¢klidziy asies. Siai sistemai tenka pagrindinis vaidmuo reguliuo-
jant lyting funkcijg ir bendrg organizmo homeostazg [40].

Hipotalamas (pagumburis, arba pagumburio smegeniné liauka) yra smege-
ny dalis, atsakinga uz daugelio endokrininiy procesy reguliavima. Jis iSskiria
gonadotropinus atpalaiduojantj hormong (GnRH), kuris yra pirmasis signalas
hormony kaskadoje, reguliuojancioje reprodukcines funkcijas. GnRH veikia
hipofizés prieking dalj, skatindamas kity hormony iSsiskyrima [33].

Hipofizé yra maZa liauka, esanti smegeny pagrinde. Ji yra suskirstyta j
priekine ir uzpakaline dalis; priekiné dalis yra ypac svarbi reguliuojant lyti-
n¢ funkcijg. Priekiné dalis iSskiria folikulus stimuliuojantj hormong (FSH)
ir liuteinizuojant] hormong (LH), kurie tiesiogiai veikia s¢klides. Folikulus
stimuliuojantis hormonas skatina spermatozoidy gamyba, o liuteinizuojantis
hormonas skatina testosterono gamyba s¢klidése [41].
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Seklidés yra pagrindinés vyriskosios lytinés liaukos, esancios Slaunies
maiSelyje. Jos atlieka dvigubg funkcija: gamina spermatozoidus ir testostero-
ng. Testosteronas yra pagrindinis vyriskasis lytinis hormonas, turintis jtakos
jvairiems fiziniams ir elgesio aspektams, jskaitant raumeny ir kauly vystyma-
si, antriniy lytiniy poZymiy atsiradima ir lytinj elgesj [42,43].

Patiny lytiné aSis yra reguliuojama centrinés nervy sistemos per hipotala-
ma, kuris sintezuoja ir iSskiria gonadotroping iSskiriant] hormong (GnRH).
Sis hormonas pulsaciskai veikia hipofizés gonadotropines lasteles, moduliuo-
damas folikulus stimuliuojan¢io hormono ir liuteinizuojanc¢io hormono issis-
kyrima, kur mazos amplitudés impulsai skatina FSH, o didelés — LH sekre-
cijag. LH hormonas tiesiogiai veikia séklides, aktyvuodamas Leidigo lasteles
sintetinti testosterong i§ acetato ir cholesterolio [44].

Androgenai daro neigiamg atgalinj poveik] hipotalamo—hipofizés—sekli-
dziy aSiai, siekiant reguliuoti savo sintezg. Leidigo lastelése produkuojamas
testosteronas, iSskiriamas séklidziy kaip atsakas j LH, savo ruoztu slopina LH
sekrecija i§ priekinés hipofizés dalies. Sis slopinimas daugiausia yra tiesiogi-
nio testosterono poveikio hipotalamui, mazinant GnRH sekrecija, rezultatas.
Sis poveikis savo ruoztu mazina LH ir FSH sekrecija, dél to sumazéja testos-
terono sekrecija 1§ seklidZiy. O Sertoli lgstelése pagamintas glikoproteinas
inhibinas B hipofizéje reguliuoja FSH iSskyrimg [41,45]. Patiny lytiniy hor-
mony asis pateikta 1.2.1 paveiksle.
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1.2.1 pav. Patiny Iytinés asies schema

1.3. Prostatos anatominiai, histologiniai ir fiziologiniai aspektai

1.3.1. Prostatos anatomija

Anatomiskai prostata yra tarp Slapimo pislés ir tiesiosios Zarnos. Prie
liniu aspektu liauka turi salytj su tiesigja Zarna, nuo kurios yra atskirta dviem
pilvaplévés rauksliy sluoksniais [46,47].

Pediatrinio amziaus Suniuky (iki lytinés brandos) prostata lokalizuojasi
dubens ertme¢je ir guli ant dubens kauly. Véliau, Suniui lytiskai subrendus (8—
12 ménesiy), prostata pailgéja kranialine kryptimi ir palaipsniui pasislenka }
retroperitoniumo kranialing dalj. Vyresnio amziaus Suny (510 mety) prostatg
galima aptikti pasislinkus kranialine kryptimi j retroperitoniumo sritj [2,48].

Prostata krauju apriipinama i§ pagrindinés kraujagyslés — prostatos arte-
rijos (a. prostatica) [49]. Arterinis kraujas ] prostatg patenka i§ abdominali-
nés aortos, kuri Sakojasi 1 poring viding klubo arterija, o §i formuoja atSaka
1 prostatos arterija. Pastaroji dar Sakojasi i dvi smulkesnes Sakas: prostati-
ne $laplés ir prostating $lapimo pislés. Sios arterijos formuoja smulkesnes
arterines kraujagysles, kurios maitina prostata bei prostata kertancig Slaplés
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dalj. Prostatos venos yra vienvardés ir yra iSsidés¢iusios Salia arterijy. Veni-
nis kraujas grizta prostatos ir uretros venomis, kurios galutinai susijungia su
didzigja klubine vena [50,51].

Limfine prostatos apytaka formuoja smulkios limfagyslés, iSeinancios gre-
timai venings liaukos sistemos kraujagysliy. Limfagyslémis limfa i§ prosta-
tos nuteka | dubens ir pojuosmeninius limfinius mazgus. Limfos drenavimas
vyksta per pagrindinj klubo limfin] mazgg [52].

Prostatg inervuoja dubens gangliono (pelvis plexus) du pagrindiniai ner-
vai: parasimpatinis papilvés nervas (n. hypogastricus) ir simpatinis dubens
nervas (n. pelvis) [53]. Sie nervai eina paraleliai prostata apriipinan¢iam
kraujotakos tinklui ir yra atsakingi uz prostatos augima bei funkcine veikla.
Papilvés nervas stimuliuoja lygiyjy raumeny bei sekrecinio epitelio susitrau-
kimus, o dubens nervas atlieka cholinerging parasimpating lygiyjy raumeny
inervacija ir silpnai veikia sekrecinj epitelj [54]. Suny reprodukciniy organy
ir urogenitalinés sistemos organai, kraujotaka ir nervy sistema pavaizduoti
1.3.1.1 paveiksle.

Sakralinis nervas

Vidin¢ klubo arterija

Parasimpatinis
papilvinis nervas

Prostatiné Prostatine
$lapimo slaplés arterija
puslés arterija

1.3.1.1 pav. Patino reprodukciniy ir urogenitaliniy organy nerviné ir
kraujotakos sistema
1.3.2. Prostatos histologija

Histologiskai Suns prostatos liauka turi dvi pagrindines dalis: kiing (corpus
prostatea) ir periuretring dalj (pars desiminata prostatae). Prostatos kiinas
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yra apsuptas kolageninio audinio sudarytos kapsulés, o organo kairigjg ir de-
Sinigja skiltis skiria pertvara, atsiSakojanti i§ minétos kapsulés [55,56].

Histologiniu poziliriu prostata sudaro trys pagrindiniai struktiiriniai ele-
mentai: stroma, epitelis ir liaukinis audinys. Prostatos visumg sudaro stro-
ma — tai yra liaukos karkasas, kuris yra suformuotas i$ kolageniniy skaiduly
bei lygiyjy raumeny audinio. Stroma yra pagrindiné prostatos kiino audinio
struktiira, o periuretring dalj sudaro liaukinis vamzdinis bei pslinis audinys,
kuris 18sidéstes per visg priesines Slaplés dalies ilgj. Fibromuskulinis audinys,
tarplasteliné matrica ir jvairtis 1asteliniai elementai sudaro prostatos stroma,
kuri yra esminis liaukos komponentas [57,58].

Periuretriné Suny prostatos dalis, esanti aplink $laple, sudarytg i§ liaukiniy
ir lygiyjy raumeny audiniy. Bitent Sioje srityje vyksta prostatos sekreto ga-
myba ir lygiyjy raumeny susitraukimai ejakuliacinio proceso metu [59].

Prostatos epitelyje iSskiriami trys pagrindiniai Igsteliy tipai: sekrecings,
nesekrecinés (bazines) ir neuroendokrininés lgstelés. Sekrecinés lastelés — tai
kubinis arba stulpelinis sekrecinis epitelis, formuojantis liaukinius acinus.
Bazinés Igstelés, esancios prostatos stromoje, yra germinatyvinés, formuo-
jancios bazalinj sluoksnj. O neuroendokrininiy Igsteliy funkcija néra visisSkai
aiski, taciau yra duomeny, kad $ios lgstelés atsakingos uz prostatos funkcija
ir aplinkinio audinio augima [60].

1.3.3. Prostatos fiziologija

Prostatos pagrindiné fiziologiné funkcija yra produkuoti prostatinj sekreta.
Sekreto gamyba yra ypac svarbus procesas, kuris nuolat vyksta prostatos liau-
kiniame audinyje. Prostatos sekreto produkcija yra reguliuojama androgeny,
daugiausia testosterono. Sekreto kiekis varijuoja priklausomai nuo patino
amziaus, dydZio, veislés ir sveikatos biikleés. Sekreto tiris gali svyruoti nuo 2
iki 80 ml, priklausomai nuo patino veislés kategorijos [7,61,62].

Prostatos sekretas yra sudarytas i§ daugelio skirtingy enzimy, mikro- ir
makroelementy, vandens, lipidy, cukry, antimikrobiniy peptidy, hormony,
fermenty ir kity baltymy [62]. Vienas i$ svarbiausiy tyrinéty baltymy, kurj ga-
mina tiek zmoniy, tiek Suny prostatos epitelis, yra prostatos specifinis antige-
nas (PSA). Zmoniy PSA baltyma koduoja KLK3 genas, tadiau $uny genome
Sio geno néra. Vietoj jo Sunys gamina homologinj fermenta, vadinamg Suny
prostatos specifine arginino esteraze (CPSE), kuris priklauso serino proteaziy
klasei [26,63].

Prostatoje, priklausomai nuo androgeny sintezes, vyksta lgsteliy hiperpla-
zijos bei hipertrofijos procesai. Svarbu atkreipti démes;j | tai, kad prostato-
je yra gerai iSreikSti androgeny ir estrogeny receptoriai [64]. Testosteronas,
peréjes hematotransfuzinj barjera, patenka j prostatos audinj ir jungiasi prie
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specifiniy testosterono receptoriy, o vykstanti §io hormono sintezé prostatoje
gali sukelti hiperplazijos ir 1asteliy hipertrofijos procesus [65,66]. Analogiski
procesai galimi ir aukStame estrogeny fone, kuomet Sie hormonai taip pat gali
sukelti analogiskus procesus kaip ir androgenai [4].

1.4. Veisimo tinkamumo tyrimo principai Sunu andrologijoje

Veisimo tinkamumo tyrimas Suny andrologijoje yra sudétingas procesas,
kurio tikslas — nustatyti patino geb&jimg efektyviai dalyvauti veisimo procese
ir susilaukti palikuoniy. Visy pirma, atlieckamas iSsamus klinikinis tyrimas,
iskaitant bendros sveikatos biuklés, lytiniy organy ir fizinés buklés jvertinima,
siekiant identifikuoti galimas anatomines ar fiziologines anomalijas, kurios
gali turéti neigiamos jtakos veisimo procesams [67].

Svarbus tyrimo etapas yra spermos analizeé, kurioje vertinamas spermos
tiiris, judrumas, morfologija, koncentracija, gyvybingumas bei pasaliniy 1gs-
teliy ir spermos DNR defragmentacijos pasireiskimas. Sie rodikliai lemia
spermos gebéjimg apvaisinti kiausinelj [68].

Be to, gali buti atliekami genetiniai tyrimai siekiant nustatyti paveldimas
ligas, kurios gali biiti perduodamos palikuoniams, taip pat hormony lygiy
nustatymg, kuris padeda jvertinti reprodukcines funkcijas [69,70]. Elgesio
jvertinimas taip pat yra svarbus, kadangi netinkamas elgesys gali apsunkinti
ar net padaryti nejmanomg veisimo procesg [71]. Ligy profilaktika ir kontro-
1¢ — dar vienas biitinas veiksnys, siekiant uztikrint tinkama patino reproduk-
cinj statusa [72].

1.5. Prostatos vaidmuo ir svarba Sunuy patiny reprodukcijoje

Prostata Suny lytin¢je sistemoje atlieka ypac svarby vaidmen; ir yra at-
sakinga uz patino reprodukcinj statusg [15]. Daznu atveju, esant prostatos
ligoms, nukencia patino reprodukcinés funkcijos bei bendra sveikatos bukle.
Tokiu atveju Sunys patinai, kurie yra veisiami, gali prarasti galimybe apvai-
sinti kales [27]. Sis aspektas ypa¢ svarbus siekiant pratesti uns genetine li-
nijg ir susilaukti naujy palikuoniy vados [73]. Siuo atveju prostata turi didele
itaka spermos kokybei — tai i§ esmés ir lemia sékmingg veisimg [74]. Daz-
niausiai pasitaikantis prostatos susirgimas yra gerybine prostatos hiperplazija.
Sig patologija galima apibidinti kaip natiiraly procesa, susijusj su androgeny
produkcija ir veikimo prostatoje mechanizmu [75,76]. Svarbu pabrézti, kad
daznu atveju GPH yra besimptomé ankstyvuoju laikotarpiu, todél patinai yra
kliniskai sveiki [77]. Visgi vykstant prostatos hiperplazijos procesui, keiciasi
prostatos sekreto sudétis — tai turi didelj poveikj spermos kokybei [78]. Dél
Sios priezasties labai svarbu tinkamu laiku diagnozuoti besimptome¢ GPH for-
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mg ir jvertinti patino reproduktoriaus spermos kokybe. Be to, esant prostatos
iSveséjimui, galimos jvairios komplikacijos, tokios kaip prostatitas ar prosta-
tos neoplazija bei perinealinés iSvarzos rizika, o tai taip pat daro didel¢ jtaka
patino reprodukciniam statusui [79,80]. Atsizvelgiant j Siuos faktus svarbu
pabrézti, kad priesSiné liauka yra svarbus Suny reprodukcinio trakto organas,
atsakingas uz patino reprodukcines savybes, o ypac uz spermos kokybe. Lai-
ku aptikti hiperplazijos procesai prostatoje padeda iSvengti ne tik spermos
kokybeés pablogéjimo, bet ir uZtikrina Suns gebéjima tinkamai sukergti kale
[10,81].

1.6. Prostatos ligos ir jy jtaka Suny reprodukcinei sveikatai

Prostatos ligos daZnai susijusios tiek su bendra sveikatos biikle, tiek su
reprodukcine patiny funkcija. Svarbu atkreipti démesj, kad daugelis prostatos

kity organy, pavyzdziui, urogenitalinio ar gastroenterologinio trakto, ligo-
mis, d¢l to prostatos ligy simptomatika gali biiti painiojama su kity organy
ar organy sistemy ligomis ir galutiné diagnoz¢ gali biiti nesusijusi su priesine
liauka. D¢l Sios priezasties klinikinéje praktikoje yra ypac svarbu, kad pros-

simptomai, bet ir profilaktinés Suns sveikatos apzitiros metu [27,61].

1.6.1. Gerybiné prostatos hiperplazija

Gerybiné prostatos hiperplazija yra patologinis procesas, pasireiSkiantis
prieSinés liaukos parenchiminiy Igsteliy gaus¢jimu ir organo turio didéjimu.
Si patologija dazniausiai pasitaiko vyresnio amZiaus nekastruotiems Sunims
ir tiesiogiai susijusi su Suns amziumi [82]. Svarbu pabrézti, kad GPH yra
spontaniskas, nevézinis procesas, kurj lemia endogeniniy arba egzogeniniy
lytiniy hormony poky¢iai. GPH procesas daZniausiai susijes su androgenais,
taCiau prostatos audinyje yra gerai iSreikSta estrogeny receptoriy sistema,
kuri reaguoja j padidéjusius estrogeny kiekius, skatindama hiperplazinius
procesus [4]. Prostatos hiperplazijos procesas prasideda, kai testosteronas i$
séklidziy patenka i krauja. Laisvoji testosterono forma per krauja pasiekia
jvairius audinius, jskaitant ir prostatg. Prostatos audinyje testosteronas yra
konvertuojamas j dihidrotestosterong (DHT) dél 5-alfa-reduktazés veiklos,
fermento, turin¢io dvi izoformas: I tipo ir II tipo [83]. DHT turi didesn;j afini-
teta prie androgeny receptoriy nei testosteronas ir yra daug aktyvesnis indu-
kuojant prostatos audinio augima. DHT susijungia su androgeny receptoriais,
esanciais prostatos epitelyje ir pernesa Siuos kompleksus j 1asteliy branduolj,
kur jie dalyvauja regulivojant geny ekspresija, atsakingg uz lasteliy augimag
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ir proliferacija [84]. Be to, DHT skatina citokiny ir augimo faktoriy gamyba,
kurie taip pat prisideda prie lasteliy proliferacijos ir prostatos audinio augimo
[85]. Su amZiumi mazéjant testosterono lygiui, prostatos veikla silpnéja, tai
lemia liaukos atrofijos procesa, sumazindama intensyvy androgeny poveikj
[86]. Testosterono sintezés procesas pateiktas 1.6.1.1 paveiksle.

CHy CH, 1
~ I' __,e'. ) T | _
T % Sa-reduktazé i T N
CH 3I ) TH 3[ )
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Testosteronas Dihidrotestosteronas

1.6.1.1 pav. Testosterono sintezé j dihidrotestosterong

Gerybiné prostatos hiperplazija sukelia prostatos sekreto pokycius, kurie
daro reikSminga jtaka spermos kokybei. Priezastys, dé¢l kuriy GPH proce-
sas turi jtakos spermatozoidy savybés pokyciams, yra susijusios su hormony
disbalansu, veikianciu tiek spermatogenezg, tiek spermos brandos procesus
antseklidyje [87]. Be to, Sunims sergant gerybine prostatos hiperplazija, kei-
Ciasi prostatos sekreto biocheminé sudétis, o tai gali paveikti spermos kokybe
ir apriboti spermatozoidy gebéjima apvaisinti kalg [88]. Liaukos hiperplazi-
jos proceso metu vyksta oksidacinis stresas, kurio metu susidaro reaktyvio-
sios deguonies formos (angl. reactive oxygen species, ROS). Nedidelis ROS
kiekis yra biitinas apsauginéms lgstelés funkcijoms bei apoptozés procesui
uztikrinti, taciau pernelyg intensyvi ROS sintezé skatina jvairius paZeidimus
lastelés struktiirose ir jtakg fiziologiniams procesams. Yra Zinoma, kad ROS
gali pazeisti spermatozoidy branduolio ir mitochondrijy DNR, o tai gali tu-
réti jtakos kalés apsivaisinimui bei vaisiaus embriogenezés procesams [89].
Patino spermatozoidai yra ypac jautriis oksidaciniam stresui, nes jy citoplaz-
mos kiekis yra nedidelis, o tai turi jtakos Zemai enziminio antioksidanto kon-
centracijai, kuris skatina ROS neutralizacija, tokiu budu sumazindamas ok-
sidacinio streso poveikj lasteleése [90]. Viena i$ reaktyviyjy deguonies riisiy
klasés medziagy yra reaktyviosios azoto rusys (azoto oksidas, peroksinitritas,
nitroksido jonai ir kt.), atsakingos uz tam tikro tipo oksidacinj stresg, vadina-
ma nitrozaciniu stresu [91]. Domoslawska su bendraautoriais atlikto tyrimo
duomenimis, Suny, serganc¢iy gerybine prostatos hiperplazija, spermos anali-
z¢ parodé, kad padidéjusi azoto oksido gamyba GPH proceso metu daro jtaka
spermos kokybés rodikliams [92]. Taigi, oksidacinis stresas, pasireiSkiantis
GPH proceso metu, gali padidinti spermos lgsteliy pazeidima, sumazindamas
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spermos judrumg, judéjima ir morfologinj vientisuma [93]. Be to, sutrinka
svarbios spermos funkcijos, tokios kaip biocheminiai mechanizmai ir sper-
matozoidy DNR vientisumas [94]. Krakowski ir bendraautoriy atliktos stu-
dijos iSvadose rasoma, kad sumazéjes GPH serganciy Suny spermatozoidy
DNR vientisumas yra susijes su vario ir cinko koncentracijy pasikeitimais
prostatos sekrete [88]. Sie jonai katalizuoja hidroksilo radikalo susidaryma
(Fentono reakcija), kuris laikomas labiausiai nestabiliu ROS ir tiesiogiai daly-
vauja oksidacinio streso Zalos pasireiSkimo procese [95,96]. AnalogiSki pro-
cesai vyksta ir GPH serganciy vyry organizme: lipidy peroksidacijos zymeny
ir antioksidaciniy fermenty pasikeitimai bei sumazgjes spermatozoidy DNR
vientisumas [97,98]. Flores ir bendraautoriy atliktoje studijoje nustatyta, kad
Suny, serganciy GPH, spermatozoidy DNR vientisumas buvo Zemesnis, pa-
lyginti su sveikais gyvinais [94]. Jackson ir kt. studijos rezultatai parodé, jog
aukstas fragmentuotos DNR spermatozoidy procentas yra susijes su vietiniu
oksidaciniu stresu, kuris pasireiSké kaip Suny GPH pasekmé — tai nuléme
nuolatinj ROS procesg ir organizme sumazejusig antioksidacine gynyba [99].

Dar vienas i§ klinikiniy GPH simptomy yra hemospermija. Raudonyjy
kraujo kiineliy perteklius ejakuliate gali turéti jvairiy pasekmiy spermato-
zoidams, tiesiogiai d¢l padidéjusios gelezies koncentracijos ejakuliate [100].
Laisva, arba nesurista, gelezis reaguoja su deguonimi sukeldama ROS pro-
dukcija. Be to, perteklinis ROS prostatos sekrete gali skatinti nesubrendusiy
spermatozoidy ankstyvaji hiperaktyvuma [101,102]. Todél yra jmanoma, kad
GPH sukeltas oksidacinis stresas keicia ir spermatozoidy mitochondrijy vei-
kla, judéjimo modelj ir morfologinius spermos pokycius [103].

GPH neigiamai veikia ne tik spermos kokybe, bet ir bendrg patiny sveika-
tos biikle. Daznai pazengusios GPH formos gali sukelti koprostaze, diaréja,
tenezma, strangurija, hematurija, dizurijg arba silpnuma galinése kojose ir
nugaros skausmus [5,82,104]. Tokiu atveju patinas gali tapti letargiskas, jam
gali sutrikti apetitas ir bendras aktyvumas. Dél minéty klinikiniy simptomy
sumazéja patino libido, ejakuliacijos procesas gali biiti skausmingas, o ligos
progresavimas be gydymo ar kontrolés gali sukelti rimty komplikacijy, tokiy
kaip peritonitas [61,105].

1.6.2. Prostatitas

Prostatitas yra antra pagal daznj patologiné prostatos biklé. Sig bikle
daugeliu atvejy sukelia bakterinés kilmés infekciniai uzkratai, taciau septinis
prostatitas taip pat yra prostatos biikle, taciau pasitaikanti reciau [106,107].
Pasak Boucif ir bendraautoriy atliktos studijos, tik trecdalis prostatito atvejy
yra sukeliami vienos bakterijos rusies, o kitais atvejais nustatomas misrios
bakterijy kulttiros infekcinis prostatitas [108]. Infekcijos prostatos liaukoje
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gali buti sukeltos aerobiniy, gramteigiamy arba gramneigiamy bakterijy, to-
kiy kaip E. coli, Streptococcus spp., Staphylococcus spp., Klebsiella spp.,
Pseudomonas spp., Pasteurella spp., Mycoplasma spp., Ureaplasma spp. ir
kity mikroorganizmy. Infekcijos anaerobinémis bakterijomis yra mazai tike-
tinos [10,79,109].

Predisponuojantys veiksniai prostatos infekcijai gali biiti gerybiné prosta-
tos hiperplazija, prostatos cistos, ploks¢iyjy lasteliy metaplazija ir neoplazija
[104]. Bakterinis prostatitas buina iminis arba létinis [110].

1.6.2.1. Uminis prostatitas

anoreksija, karS¢iavimu, pulingomis iSskyromis i§ apyvarpés, skausmin-
ga galine kiino dalimi ar net vémimu ar diar¢ja. Patinai turi gerai iSreikStus
gynybinius mechanizmus, apsauganc¢ius prostata nuo infekcijy, taciau, kai
prostata yra pazeista gerybinés prostatos hiperplazijos ar cisty, $i patologija
gali i8sivystyti kaip antrinis susirgimas. Bakterinis prostatitas dazniausiai yra
sukeltas Slapléje esanCiy bakterijy, taciau patologija gali iSsivystyti ir dél he-
matogeniniu keliu atneSto uzkrato [61,111]. Infekcijos prostatos liaukoje gali
biti sukeltos aerobiniy, gramteigiamy arba gramneigiamy bakterijy, tokiy
kaip E. coli, Streptococcus spp., Staphylococcus spp., Klebsiella spp., Pseu-
domonas spp., Pasteurella spp., Mycoplasma spp., Ureaplasma spp. ir Kity
mikroorganizmy. Prostatos infekcijos, kurias sukelia anaerobinés bakterijos,
yra mazai tikétinos, o grybelinés ligos, tokios kaip blastomikoze ir kriptoko-
kozg, retai Sunims sukelia prostatitg [10,79,109].

Diagnozés metodai yra identiski kaip ir GPH, taciau prostatito atveju atlie-
kama Slapimo ir prostatos sekreto bakteriologiné analizé. Ultragarso tyrimu
gali buti nustatytas difuzinis prostatos echogeniSkumo padid¢jimas, kuris
laikui bégant tampa ryskesnis. Slapimo ir prostatos sekreto bakteriologiniai
tyrimai paprastai atskleidzia misriy patogeniniy bakterijy kultiirg, o didelés
koncentracijos bakteriniai uzkratai spermoje daro didziule jtakg spermos ko-
kybei ir patino reprodukciniam statusui [61,112,113].

1.6.2.2. Létinis prostatitas

Létinis prostatitas dazniau pasitaiko tarp vyresniy patiny. Gerybinei pros-
tatos hiperplazijai tenka pagrindinis vaidmuo létinio prostatito patogenezéje.
Létinj prostatita nustatyti sunkiau, nes dauguma Suny neturi klinikiniy simp-
tomy arba jie néra gerai iSreikSti. Skirtingai nei Umus prostatitas, sistemi-

skyros i§ §laplés, hematurija ar tenezmas. Slaplés iskyros gali biiti skaidrios,
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pulingos ar su kraujo priemaiSomis [61]. Be to, Slapimo sistemos ligy simp-
tomai (hematurija, polakiurija, strangurija, dizurija, piurija, poliurija) pasi-
reiSkia daugiau nei 50 proc. Suny, patirian¢iy létin prostatita. Nors placiai
aprasomas kaip su prostatitu susijes klinikinis pozymis, tenezmas pasireiskia
tik tada, kai prostata yra labai padidéjusi, o daugelis Suny su létiniu prostatitu
yra besimptomiai. Kraujo laboratoriniai tyrimai sergant §ia liga paprastai ne-
virSija normos riby [107]. Ultragarso tyrime matoma padidéjusi, simetriska,
hiperechogeniskos audinio struktiiros prostata su heteroechogenisky zony re-
gionais. Galimas ir ypa¢ nedideliy difuziSkai iSplitusiy cistiniy ir distrofinés
mineralizacijos vaizdas, atsirandantis dél fibrozés ir létinio uzdegimo [114].
Létinis prostatitas diagnozuojamas spermos vertinimo metu, kai ejakuliate
aptinkama padidéjusi leukocity koncentracija. Prostatos sekreto, surinkto eja-
kuliacijos ar prostatos praplovimo biidu, tyrimas rodo létinio uzdegimo pozy-
mius. Prostatos sekreto kultiiroje daZniausiai iSauga vienos riisies bakterinés
kultiiros mikroorganizmai. Nepaisant to, prostatos audiniy kultiira yra tiks-
liausias metodas nustatant 1étinés kilmés prostatitag. Be to, svarbu paminéti,
kad kaip ir timinio, taip ir létinio prostatito atveju kinta prostatos sekreto su-
deétis ir sekrete esantis uzkratas gali neigiamai paveikti patino sperma [109].

1.6.3. Prostatos cistos

Prostatos cistos dazniausiai yra susijusios su gerybine prostatos hiperpla-
zija ir formuojasi, kai prostatos sekreciniai kanaléliai yra blokuojami ir uzsi-
kemsa, tokiu biidu formuojant skysto turinio pripildytas ertmes [115].

Cistos skirstomos | intraprostatines ir paraprostatines cistas. Intraprosta-
tinés cistos susidaro, kai prostatos parenchimoje jvyksta prostatos acinusy
ertminiai pazeidimai, blokuojami iSeinamieji liaukiniai kanaléliai ir ertmés
uzsipildo skyséiu. Sios cistos daznai jungiasi su §laple [59].

Paraprostatinés cistos aptinkamos uz prostatos riby ir siejamos su likusiais
uterus masculinus elementais. Sios cistos daznai biina labai didelés ir gali
biti apciuopiamos per pilvo sieng. Paprastai jos yra prijungtos prie prostatos
cistinés ertmés audinio elementu arba sgaugomis [116].

Prostatos cistos paprastai diagnozuojamos atliekant ultragarso tyrima. Ma-
70s cistinés struktiiros gali ne visada buti pastebimos prostatos parenchimoje,
taciau didesnés anechoisko turinio pripildytos ertmés matomos gan aiskiai.
Tuo tarpu paraprostatinés cistos gali biiti ultragarsu pastebimos nesunkiai
[28].

1.6.4. Prostatos neoplazija

Dauguma prostatos naviky Sunims histopatologiskai identifikuojami kaip
adenokarcinomos arba uroteliy karcinomos, taciau aptinkama ir kity tipy;
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nors Suny prostatos navikai ir reti, jie dazniausiai yra piktybiniai, o adenokar-
cinoma yra labiausiai paplitgs naviko tipas [117]. Vidutinis amZius, kai dia-
gnozuojama prostatos neoplazija Sunims, yra 10 mety [109]. Paprastai prosta-

pozymiai tokie kaip hematurija, strangurija, ataksija, kacheksija [118,119].
Klinikiniai prostatos neoplazijos simptomai gali skirtis priklausomai nuo
diagnozavimo laiko, invazyvumo laipsnio ir metastaziy pasireiSkimo [120].
Diagnozavimo metu Suny prostatos karcinoma paprastai apima aplinkinius
audinius, su dideliu polinkiu j regionines (30 proc.) ir tolimas metastazes
(50 proc.). Dazniausiai metastazés aptinkamos plauc¢iuose, juosmens stuburo
(dubens) srityje arba juosmens regioniniuose limfmazgiuose [121,122].

Rektinis tyrimas Sunims, sergantiems prostatos neoplazija, daznai atsklei-
dzia netaisyklinga, asimetriska, padidéjusia prostata, kuri gali buti skausmin-
ga. Prostata paprastai vis dar yra dubens kanale, bet paZengusiais atvejais ji
gali biiti pilve dél did¢jancio dydzio. Kiekvieng karta, kai atliekant rektin;j ty-
rimg kastruotam patinui, aptinkama prostata, turéty kilti jtarimy dél prostatos
neoplazijos; tokiu atveju turéty biiti atlickami papildomi diagnostiniai tyrimai
[61]. Prostatos véziy prognozé laikoma nepalankia dél didelés metastaziy ti-
kimybés, pavéluotos diagnozes ir ribotos selektyvios chemoterapijos taikymo
[123]. Sorenmo et al. (2004) atliko tyrima, kuriame dalyvavo 17 Suny, ser-
ganciy prostatos karcinoma, i§ kuriy 15 negavo gydymo; $iy Suny iSgyvenimo
trukmés mediana buvo 21 diena [124].

Prostatos navika galima jtarti atlikus rektinj tyrimg bei diagnostinio vaiz-
davimo tyrimus, tokius kaip rentgeno nuotrauka, echoskopija, kompiuteriné
tomografija ar magnetinis rezonansas [28,125]. Rentgeno radiniai Sunims,
sergantiems prostatos neoplazija, gali apimti prostomegalija, prostatos mi-
neralizacijg, regioning limfadenopatija ir metastaziy | plaucius bei skeleta
jrodymus [126]. Ultragarsiniai radiniai yra panasiis, tatiau taip pat apima
lokalizuotas iki difuziniy hiperechogenines sritis, mineralizacijg ir norma-
lios prostatos kontiiro praradimag [127]. ISsamesni tyrimai, tokie kaip KT ar
magnetinis rezonansas (MRT), pateikia Zenkliai daugiau informacijos apie
organg, todél yra rekomenduojami atlikti, jei yra jtariama prostatos neopla-
zija [20]. Vis délto tiksli prostatos neoplazijos diagnozé nustatoma atlikus
histologinj prostatos audinio tyrimg Sunims, kuriems pasireiskia budingi kli-
nikiniai simptomai, susij¢ su prostatos véziu. Prostatos biopsijos atliekamos
naudojant ultragarsg ar kompiutering tomografija [29,128].

1.6.5. Prostatos abscesai

Prostatos abscesas yra létinio prostatito arba infekuotos prostatos cistos
komplikacija, pasireiskianti ptilingo sekreto sankaupa prostatos parenchimo-
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infekcijos paplitimo organizme. DaZniausiai atsiradus prostatos abscesams
Sunims kyla kiino temperatiira, pasireiskia skausmai pilvo kaudalinéje daly-
je, Suo gali vemti, sunkiai vaikScioti ar atsisakyti ésti. Ypac dideli prostatos
abscesai gali sukelti tenezmg ar dizurijg dél spaudimo zarnyne ar Slapléje
[129]. Labai daznai pasireiskia piilingos i$skyros i§ penio. Patino ejakuliatas
bina piilingas, tiriant spermg diagnozuojama piospermija ir nekrospermija
[96].

Prostatos abscesy diagnostika dazniausiai remiasi prostatos rektiniu tyri-
mu, ultragarsiniu tyrimu ir prostatos sekreto bakteriologine analize. Taip pat
rekomenduojama atlikti ir kraujo tyrimus: kraujo morfologija, biochemines
analizes ir C reaktyvinio baltymo tyrimg [79].

Rektiné palpacija daznai atskleidzia padidéjusia, vietomis ypa¢ minkstos
konsistencijos ir ypa¢ skausmingg prostatg. Ultragarso tyrimo metu prostatos
abscesas matomas kaip heteroechogeniSko ar turinio pripildyta ertmé su hi-
perechogeniSka kapsule. AnalogiSkai abscesus galima diagnozuoti ir KT bei
MRT tyrimais [28,130,131].

1.6.6. Prostatos metaplazija

Prostatos metaplazija apibréZziama kaip epitelio lgsteliy degeneracija, kurig
sukelia per didelis egzogeniniy ar endogeniniy estrogeny fonas Suns organiz-
me [132]. Jei patino organizme nustatoma aukSta estrogeny koncentracija,
paprastai tai siejama su Sertoli 1asteliy naviku, kuris ir sukelia $ig prostatos
patologija. Prostatoje vienasluoksnis epitelis tampa daugiasluoksniu epiteliu
su keratino lastelémis (plokscialgstelinis). Prostatos metaplazija skirstoma j
ploksc€iaja bei mieloiding. Ploks$¢ioji metaplazija dazniausiai atsiranda dél es-
trogeny poveikio, pavyzdziui, ilgalaikés gydomosios hormony terapijos ar
Sertoli Iasteliy naviko. D¢l epitelio lasteliy sekrecinio aktyvumo praradimo
sumazeja prostatos sekreto kiekis, o keratinizacijos procesai gali blokuo-
ti liaukinius kanalélius, skatindami cisty formacija. Mieloidiné metaplazija
dazniausiai susijusi su létiniu uzdegimu ar hormoniniais pokyc¢iais, skatina
uzdegiminiy citokiny (pvz., IL-6, TNF-a) aktyvacija, keicia prostatinio se-
kreto pH bei sumazina jo antibakterines savybes, taip pat mazindama cinko
ir citraty koncentracija, svarbig spermos apsaugai [79,132—134]. Androgeny
dariniai skatina Igsteliy hiperplazijg ir sensibilizuoja prostatos lasteles estro-
geny poveikiui; estrogenai sukelia prostatos lasteliy struktirinius pokycius
(metaplazija), didina androgeny receptoriy skai¢iy ir gali netgi sukelti Igsteliy
pazeidimus, susijusius su laisvaisiais radikalais [135]. Prostatos metaplazija
galima jtarti atlikus rektinj tyrima, ultragarso tyrima ar kitus diagnostinius
vaizdavimo tyrimus. Visgi galutiné diagnozé patvirtinama tik citologinio ar
histopatologinio tyrimo metu, imant méginj i§ prostatos audinio [10,134].
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Prostatos metaplazija gali neigiamai paveikti Suns patino reprodukcinj
statusg d¢l hormoniniy pusiausvyros sutrikimy. Estrogeny, kurie yra pagrin-
diniai metaplazijos vystymosi veiksniai, perteklius gali slopinti testosterono
gamyba, o tai savo ruoztu mazina spermos gamyba ir jos kokybe. Si liga $u-
nims gali sukelti skausmg ir diskomfortg kergimo metu, dél ko gali sumazéti
ju libido ir geb¢jimas dalyvauti veisimo procese [59].

1.7. Suny besimptomeés gerybinés prostatos hiperplazijos diagnostika

Besimptomés GPH diagnozei nustatyti taikomi jvairiis metodai — prade-
dant nuo Suns ligos istorijos bei klinikinés apzitiros ir baigiant ypa¢ moder-
niais metodais, tokiais kaip kompiuteriné tomografija, magnetinis rezonansas,
prostatos audinio citologiniai, histopatologiniai ir bakteriologiniai tyrimai.
Vis délto, nesant klinikiniams simptomams, $ios prostatos buiklés diagnostika
yra ypac sudétinga. Tokiu atveju daznai patinams reproduktoriams yra atlie-
kama spermos analiz¢, siekiant jvertinti ar galimai progresuojanti besimpto-
meés GPH forma turi jtakos patino spermos kokybei [61].

Papildomai yra atliekami ir Slapimo tyrimai (bakteriologinis Slapimo ty-
rimas, Slapimo sudéties analize, Slapimo citologinis tyrimas) bei kraujo tyri-
mai: morfologinés bei biocheminés kraujo analizés. Vis délto minéti tyrimai
paprastai atliekami jau pasireiskus GPH klinikiniams simptomams. Kalbant
apie besimptomés GPH diagnostika, svarbiausia yra laiku aptikti Sig bukle,
siekiant sumazinti rimty komplikacijy rizika, todé¢l diagnostikai yra naudoja-
mi ne vienas, o keli metodai, kuriy rezultatai yra derinami ir analizuojami ar
yra s3gsaja su prostatos hiperplazijos procesais [79,136].

Visgi reikéty pabrézti, kad galutinei diagnozei nustatyti dazniausiai remia-
masi plonos adatos aspiracijos ar prostatos audinio biopsijos tyrimo rezulta-
tais. Kadangi prostatos biopsija yra itin invazyvus metodas, veterinarinéje
praktikoje Sios proceduros stengiamasi iSvengti dél galimybés, kad navikinés
lastelés 18plisty j kitus organus (esant prostatos naviko jtarimams), dél dalinio
prostatos Slaplés pazeidimo, taip pat dél galimybés susirgti prostatitu, iSsi-
vystyti peritonitui, pasireiksti, hematurija ar kitomis komplikacijomis. D¢l
Siy priezasCiy klinikingje praktikoje siekiama sudaryti besimptomés GPH
diagnostinj plang, kuris apimty maziau invazyvius metodus. Derinant skir-
tingy diagnostiniy metody vertinimo rezultatus yra galimybeé diagnozuoti be-
simptomé GPH netaikant minéty invazyviy metody [27,137].

Veterinarinéje praktikoje besimptomés GPH diagnozei dazniausiai yra
naudojami keli metodai: rektinis tyrimas, diagnostinio vaizdavimo metodai,
CPSE tyrimas bei spermos analizé esant patino reproduktoriaus suprastéjusiai
vaisingumo istorijai [7,28,138].
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1.7.1. Rektinis tyrimas

Rektinis tyrimas, kuris yra daZniausiai naudojamas metodas tiek Zmoniy
medicinoje, tiek veterinarijos praktikoje, siekiant jvertinti prostatos biiklg
[13,67]. Tai yra mazai invazyvus metodas, kuris leidzia jvertinti prostatos
anatoming¢ lokalizacija, dydj, skil¢iy simetriSkuma, liaukos pavirSiaus gru-
blétuma, skausminguma, konsistencijg ir prostatos mobiluma [139]. Sveiko
Suns prostata lokalizuojasi dubens ertméje, ventralinéje gaktikaulio simfizés
plokstumoje. Liauka yra prigludusi prie Slapimo puslés kaudokranialiniu as-
pektu, o dorsaliné prostatos dalis turi salytj su tiesigja zarna [57]. Palpuo-
jant sveika prostatg liaukos skiltys yra simetriskos, lygiu pavir§iumi, organas
yra paslankus ir neskausmingas [61]. GPH atveju prostata ¢iuopiant rektaliai
mai, susij¢ su prostatomegalija. PrieSingu atveju, esant besimptomei formai,
liaukos turio padidéjimo rektaliai galima ir nepajausti. GPH atveju prostatos
skiltys gali biiti simetriSkos arba asimetriSkos, konsistencija minksta, liauka
neskausminga, paslanki, dél padidéjusio tiirio gali biiti pasislinkusi kranialiau
nuo gaktikaulio [61,79,114].

Nepaisant to, kad rektinio tyrimo metu galima jvertinti nemazai aspekty,
Sis tyrimas yra subjektyvus. Visy pirma, rektinj tyrimg atlikti mazos ir minia-
tifirinés veislés Sunims yra gana skausminga procediira, o metodas invazyvus.
Be to, vertinant prostata, yra ¢iuopiama tik dorsaliné liaukos dalis, o ventra-
liné dalis yra nepasiekiama ir lieka nejvertinta [79,140]. Nepaisant tam ti-
kry apribojimy, veterinarinéje praktikoje rekomenduojama visiems patinams
atlikti rektinj tyrimg, nes $i procediira yra vertinga kaip pirminis prostatos
buklés vertinimo metodas. Rektinio tyrimo metu surinkta informacija gali
padéti nustatyti galimas prostatos patologijas, o pasteb¢jes jtartinus pokycius,
veterinarijos gydytojas gali sudaryti tolesnj diagnostinj plang, skirtg prostatos
ligy diagnostikai atlikti [11,114,141]. Rektinio tyrimo procediira pavaizduota
1.7.1.1 paveiksle.
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1.7.1.1. pav. Prostatos rektinis tyrimas

1.7.2. Prostatos rentgeninis tyrimas

Rentgeno tyrimas vertinant prostatg yra ribotos vertés. Radiografija gali
biti naudojama prostatos dydziui, formai, konttirui ir anatominei lokalizacijai
nustatyti [137]. Vertinant rentgeno nuotraukg negalima tiksliai diagnozuoti
konkreciy prostatos ligy. Norint iSgauti geros kokybés prostatos vaizda, Suo
turi buti guldomas ant Sono ir ramiai guléti, kol bus atlikta nuotrauka, o daz-
niausiai tai reikalauja sedacijos ar pagalbinio asmens [79]. Be to, prostata
ventrodorsalinése projekcijose yra dubens zonoje ties gaktikauliu, dél to ja
sunku vizualizuoti ir vertinti, nes vaizda gali blokuoti kiti organai bei Zarnyne
susikaupusios dujos [142]. Nepaisant ribotos tyrimo vertés, atlikus rentgeno
nuotraukg galima prostatoje aptikti dideles intraprostatines cistas, iSmatuoti
prostatos dydj bei jvertinti organo formg [143]. Normalios prostatos dydis
turéty biiti ne daugiau kaip 50 proc. priekinés dubens atvaros plocio ven-
trodorsalingje pozicijoje (1.6.4 pav.) [14]. Remiantis kita studija, prostatos
ilgis arba aukstis, didesnis nei 70 proc. atstumo nuo sakralinio iSkySulio iki
gaktos krasto, apibréziamas kaip padidéjes, o ilgis, lygus arba mazesnis nei
70 proc., laikomas normaliu [144]. Kontrastiné radiografija arba kontrasti-
nis cistogramos naudojimas leidzia geriau vizualizuoti §lapimo pisle, kuri
yra orientyras lokalizuojant prostata. Prostatos dalis slapléje gali biiti tiriama
atliekant retrograding uretrocistografija [145]. Tais atvejais, kai kyla jtarimy
dél neoplazijos, galima atlikti kriitinés lastos ir pilvo radiografijas, siekiant
jvertinti galimas metastazes dubens limfmazgiuose, stuburo kauluose ir plau-
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¢iuose [146]. Prostatos dydZio matavimas rentgenogramoje pateiktas 1.7.2.1
paveiksle.

1.7.2.1 pav. Prostatos ir dubens kauly matavimai vertinant prostatos dydj

1.7.3. Prostatos ultragarso tyrimas

Ultrasonografija, pradéta taikyti 1967 m. Zmogaus prostatai jvertinti, tapo
nebrangia, neinvazyvia ir prieinama prostatos buklés vertinimo metodika
[147]. Echoskopuojant prostata galima jvertinti prostatos anatoming¢ lokali-
zacija, audinio struktiirg, kraujotakos rodiklius, liaukos formg bei matmenis
(ilgj, plotj ir aukstj bei tiirj) ir aplinkinius prostatos limfinius mazgus bei kitus
regioninius organus [148]. Siai procedirai gali biiti naudojami keliy rasiy
echoskopijos davikliai: transrektiniai bei abdominaliniai [144].

Transrektinis ultragarsas (TRUS) yra tikslus prostatos vizualizavimo me-
todas [149]. Atliekant §ig procediirg reikia ne tik specialios ultragarso jran-
gos, bet ir paciento sedacijos. Sunims transrektaliné ultrasonografija sukelia
diskomforta, kai daviklis jvedamas ] tiesigja Zarnag, ypac jei yra prostatome-
galija. Be to, reiky paminéti, jog Sios procediiros metu yra taikoma anestezija
[150]. Nors TRUS metodika gali biiti naudojama bendram prostatos liaukos
ir gretimy strukttry ultrasonografiniam vertinimui atlikti, dazniau ji taiko-
ma atliekant transrektines procediiras (pvz., biopsijai ir citologiniam meégi-
niui paimti) [50,151]. Si metodika paprastai naudojama Zmoniy medicinoje,
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o veterinarinéje praktikoje labiau prieinamas yra abdominalinis ultragarsas
[152,153].

Veterinarinéje praktikoje, siekiant iSvengti paciento sedacijos, dazniausiai
naudojamas abdominalinis ultragarsas [148]. Atliekant prostatos ultragarsa,
pacientas gali buti guldomas ant Sono arba j ventrodorsaling pozicijg. Kar-
tais procedura atlickama Suniui stovint. Galima rinktis linijinj arba konusinj
(sektorinj) daviklj. Rekomenduojamas 7,5 iki 10,0 MHz daZznis, o prostatos
vizualizacijg palengvina, jei patino Slapimo piisléje yra turinio [28,154]. Vaiz-
davimas visada turéty biiti atlickamas tiek skersiniame, tiek iSilginiame pju-
vyje. Normalios Suns prostatos liaukos audinio struktiira yra homogeniska su
vidutiniu echogeniSkumu. Liaukos skiltys simetriSkos, su aiskiai matomais
kontiirais ir vientisa kapsule. Prostata yra lokalizuota kaudaliau $lapimo pus-
lés. Tyrimo metu taip pat yra stebimas ventrodorsalinis salytis su tiesigja zar-
na. Skersiniame vaizde matomos dvi prostatos skiltys, o jy centriniame tas-
ke — prostata kertanti Slaplés dalis, kuri yra maZzesnio echogeniskumo zona
arba anechoiska [15,155].

PasireiSkus prostatos ligoms visy pirma keiciasi prostatos audinio echo-
geniSkumas ir liaukos dydis. Prostatito atveju audinys yra ypac hiperecho-
geniskas, o prostatos neoplazijos atveju gali biiti stebimas liaukos audinio
heteroechogenisSkumas bei kalcinatai ir cistos ir daznu atveju — pakite regio-
niniai limfiniai mazgai [27,125]. O echoskopuojant GPH paveikta prostata,
stebimas padidéjes parenchimos echogeniskumas su misraus echogeniskumo
lokaliomis arba difuziSkai iSplitusiomis zonomis. Be to, prostatos liaukos gali
biti saikingai asimetriSkos formos, o kapsulés konttiras pazeistas [10,104].
Vertinant cisty pasireiS$kima, dazniausiai dominuoja difuziskai i$plitusios in-
traprostatinés iki <10 mm skersmens cistos, taciau kai kuriais atvejais gali-
ma aptikti ir pavieniy ar iSplitusiy didesnio skersmens cisty (>10 mm) [156].
Nizanski ir bendraautoriy atliktame tyrime buvo pastebétas ir paraprostatiniy
mai buvo aiskiai iSreiksti [157].

Atliekant Suny prostatos echoskopija praktikoje pradéta naudoti Doplerio
ultrasonografija. Si metodika suteikia naudingy duomeny apie kraujo teké-
jimo modelius ir greitj, susijusj su prostatos liaukos biikle. Suns prostatos
liaukos skiltys turi nepriklausomg kraujotaka, taigi kiekviena prostatos skil-
tis yra apriipinama skirtingomis kraujagyslémis, todél esant prostatos pato-
logijoms galima stebéti skil¢iy asimetriSkuma [158,159]. Spalviniu Dople-
riu vertinamos trys prostatos arterijos lokacijos: marginaliné, subkapsuline
ir parenchiminé. Aptikus Sias kraujagyslés lokacijas, ultragarso aparatu nu-
statomas matavimo zymeklis ant kraujagyslés skersinio pjiivio ir atliekamas
kraujo t€ékmés rodikliy matavimas. Registruojamas sistolinés t€kmés greitis
(PSV), diastolés pabaigos greitis (EDV) ir atsparumo indeksas (RI) [160].
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Moksliniuose tyrimuose pastebéta, kad diagnozavus GPH Suny prostatose,
minéti rodikliai kinta, priklausomai nuo iSreikstos prostatomegalijos laipsnio,
todel $i metodika yra rekomenduojama kaip papildomas tyrimas, kuris sutei-
kia reikSmingos informacijos vertinant prostatos biiklg [157].

Neseniai veterinaringje praktikoje pradéta naudoti kontrastiné ultrasono-
grafija (angl. CEUS) [161]. Si metodika leidZia jvertinti organo kraujagysliy
tinklg naudojant kontrastines medziagas, pavyzdziui, sieros heksafluorida.
CEUS technika yra paremta intraveniniu kontrastinés medZiagos, sudary-
tos 1§ mazesniy nei 7 mikrony dydzio dujy mikroburbuly, aplikavimu j Suns
kraujotaka. Kontrastiniy medziagy suleidimas lemia laiking echosignalo su-
stipréjima prostatoje, kurj galima aptikti naudojant specifing ultragarso jran-
ga [127]. Tokiu atveju prostata yra ypac gerai vizualizuojama, lengviau atlikti
matavimus, jvertinti prostatos ribas, dydi, echogeniskuma bei cisty pasireis-
kimg parenchimoje. Vis délto kontrastiné medZiaga yra brangi, o specifine
ultragarso operaciné sistema prieinama ne visuose aparatuose, todél $i meto-
dika veterinarin¢je praktikoje naudojama gana retai [28,162]. Nepaisant to,
CEUS ultrasonografija yra perspektyvi metodika vertinant prostatg, o ypac
specifinius poky¢ius ir rodiklius pasireiSkus GPH [163].

Svarbu paminéti, kad abdominalinis echoskopinis tyrimas taip pat yra
naudojamas kaip pagalbinis instrumentas atliekant prostatos audinio méginiy
émima citologiniam tyrimui ar atliekant prostatos biopsija [164].

1.7.4. Prostatos biopsija ir citologinis tyrimas

Ultragarso asistuojama plonos adatos aspiracija ir prostatos audinio biop-
sija yra tiksliausi tyrimai, siekiant diagnozuoti prostatos patologijas [136].
Plonos adatos aspiracija gali buiti naudojama ne tik prostatos audiniui paimti,
bet ir intraprostatiniy cisty drenazui ar turinio surinkimui citologiniam bei
mikrobiologiniam tyrimams atlikti [16,61,143]. Pagrindiné kontraindikacija
prostatos turiniu pripildyty ertmiy aspiracijai yra prostatos abscesas. Absce-
so drenavimas yra rizikingas dél piilingo turinio iSsiliejimo ] pilvo ertme¢ ar
uzkrato perdavimo ] kitus regioninius organus ar pilvo ertm¢. Nepaisant Siy
riziky, prostatos cisty ar abscesy aspiracija ir drenazas yra vienas 1§ gydymo
metody pasirinkimo veterinaringje praktikoje [130].

Prostatos plonos adatos aspiracija bei audinio biopsija yra atlickama Sunj
seduojant. Aspiracija paprastai atlickama naudojant abdominalinj ultragarsa,
taciau apraSytos perirektalings ir rektalinés prostatos aspiracijos. Verta pami-
néti, jog Sig procediira galima atlikti ir skanuojant Sunj kompiuteriniu tomo-
grafu [165]. Prostatos citologinio tyrimo metu naudojama spinaliné adata ir
sterilus Svirkstas [22,115]. Surinktas turinys i§ prostatos yra aspiruojamas ant
mikroskopinio stikliuko, fiksuojamas ir siun¢iamas citologiniam vertinimui
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atlikti. Jei yra jtarimy dél bakterinés kilmés uzkrato prostatoje, rekomenduo-
jama atlikti ir bakteriologinj tyrimg i§ surinkto turinio prostatoje [60,129].

Prostatos biopsija yra laikoma ,,auksiniu‘ standartu nustatant prostatos pa-
tologijas [166]. D¢l didelio invazyvumo prostatos audinio biopsija yra daz-
niausiai atlickama jtariant prostatos onkologija, siekiant tiksliai diagnozuoti
neoplazijos tipg bei atitinkamai paskirti gydyma [79]. Biopsijos méginiai gali
biti paimti keliais biidais: atliekant diirj per pilvo sieng j prostata, perirektiniu
budu arba chirurginés ar laparoskopinés operacijos metu [22,147,167].

Naudojant perirektalinj metoda biopsijos jrankis valdomas tuo paciu metu
atliekant transrektaling palpacija, o transabdominalinis metodas paprastai
valdomas ultragarsu [168]. Atliekant chirurging operacija yra daromas pjuvis
per pilvo sieng, vizualizuojama prostata ir tuomet imamas meginys [169].
Atliekant laparoskopine audinio biopsija, naudojami speciallis instrumentai,
0 pats operacijos principas yra minimaliai invazyvus, palyginus su atviro pju-
vio operacija [167].

Vis délto prostatos audinio plonos adatos citologija ar audinio biopsija yra
ypac invazyvi technika, kuri reikalauja ne tik gyviino sedacijos ar anestezijos,
bet daznai susiduriama ir su komplikacijomis [114].

1.8. Moderniis Suny besimptomés GPH formos diagnostikos tyrimai

Veterinarinéje praktikoje naudojami diagnostiniai metodai prostatos bu-
klei vertinti daZniausiai yra rektinis tyrimas ir ultragarso tyrimas. Nepaisant
to, kad ultragarso tyrimas yra ypa¢ naudingas vertinant prostata, $iy laiky
veterinarin¢je medicinoje yra vis dazniau naudojami ir moderniis metodai,
kurie yra Zenkliai informatyvesni. Prostatos ligy diagnostikai yra naudoja-
ma kompiuteriné tomografija, magnetinis rezonansas, elastografija bei Suny
prostatos specifiniai markeriai — CPSE [20,26,28,131,170].

1.8.1. Suny prostatos specifiné esterazé

Zmoniy medicinoje prostatos ligy diagnostikos priemonés patyré didele
pazanga, kai buvo iStirtas prostatos specifinis antigenas [171]. Dél $io pasie-
kimo padidéjo diagnozuoty prostatos ligy atvejy skaicius, nes atsirado gali-
mybé nustatyti besimptomius atvejus. PSA yra proteolitinis glikoproteinas,
esantis vyry prostatos audinyje, o jo koncentracija didéja sergant gerybine
prostatos hiperplazija, prostatitu ir piktybiniais navikais [23,172]. D¢l miné-
ty priezas¢iy mokslininkai pradéjo tirti ir Suny patiny specifinius prostatos
biomarkerius, kurie galéty padéti diagnozuoti prostatos ligas ankstyvojoje
stadijoje [25]. Svarbiausi trys Suny prostatos Zymenys yra Sarminé fosfa-
taz¢, karnitinas ir specifiné prostatos esterazé. Sarminé fosfatazé ir karni-
tinas siejami su antséklidzio ir séklidés kanaléliy tinklo sutrikimais [173].

33



Zmoniy medicinoje $arminé fosfatazé ir PSA yra naudojami prostatos kar-
cinomos diagnostikai atlikti, tac¢iau Sie Zymenys Sunims tebéra diskutuoti-
ni, nes abiejy markeriy koncentracija nebuvo pakitusi prostatos neoplazijy
atvejais, todé¢l klinikinéje praktikoje Sie biomarkeriai néra naudojami iden-
tifikuojant prostatos ligas [26]. Suny prostata yra vienintelis organas, pro-
dukuojantis CPSE [174]. Sis enzimas yra aptiktas prostatos sekrete ir pros-
tatos epitelinése lgstelése [175]. Neseniai atlikti tyrimai parodé, kad CPSE
koncentracija didéja vykstant prostatos hiperplazijos procesams vyresnio
amziaus Suny populiacijoje [24,25,138]. Svarbu paminéti, kad CPSE yra at-
sakingas ir uz spermatozoidy geba prisijungti prie cinko jony bei apvaisinti
kiausialaste [176—-178].

Kasdien¢je klinikin¢je praktikoje CPSE tyrimas taikomas trimis pagrin-
diniais androloginio vertinimo aspektais: pirma, jis veikia kaip diagnostiné
priemoné prostatos sutrikimams nustatyti; antra, naudojamas kaip biomar-
keris ankstyvajai prostatos hiperplazijos diagnostikai; trecia, yra svarbus
atiekant prostatos hiperplazijos stebéseng. [24,26,138]. Svarbu pabrézti, kad
CPSE yra ne tik inovatyvus, bet ir neinvazyvus ir nebrangus tyrimas [63].

1.8.2. Kompiuteriné tomografija

Kompiuteriné tomografija yra vienas i§ svarbiausiy medicinos diagnosti-
nio vaizdavimo atradimy. Pirmasis klinikinis KT tyrimas zmogui buvo atlik-
tas 1971 metais Anglijoje, naudojant prototipinj galvos skenerj, o veterinari-
néje medicinoje $i metodika pradéta taikyti tik po beveik 10 mety, kai 1980
metais KT buvo pirmg kartg atlikta Suniui, nustatant neoplazijas stuburo ir
galvos srityse [21,170]. Kaip ir Zmoniy medicinoje, taip ir veterinarijoje, KT
pradéta naudoti jvairiy ligy diagnostikai atlikti.

Kompiuterin¢ tomografija veterinaringje praktikoje yra naudojama dia-
gnozuojant skeleto l1uZius, sgnariy patologijas ir displazijas, galvos ir stuburo
smegeny pazeidimus, kriitinés 1gstos bei pilvo organy vertinimui bei onkolo-
giniams pakitimams ir metastazéms aptikti [179]. Kompiuteriné tomografija
yra zenkliai pranasesnis tyrimas negu rentgenografija ar ultragarso tyrimas.
PrieSingai nei diagnostiné rentgenografija, KT formuoja tiriamosios srities
aSinj pjuvj ir gali iSgauti trimatj organo vaizda. Be to, Sis diagnostinis meto-
das leidzia geriau atskirti minkstyjy audiniy struktiiras, palyginus su rentge-
no ar ultragarso tyrimais. KT vaizdy interpretacija yra maziau subjektyvi ir
nepriklauso nuo operatoriaus jgiidziy. Procediiros metu daznai aplikuojama
kontrastiné medziaga, kuri leidzia vertinti minkStyjy audiniy tankj ir atskirti
patologinius procesus [142,180,181].

Kompiuterin¢ tomografija tiriant prostatg literatiiroje néra daznai apraSo-
ma, taciau susidoméjimas Siuo metodu yra didelis dé¢l reprodukciniy organy
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vertinimo galimybiy [180]. KT Suny prostatos tyrimams gali biiti naudinga,
nes suteikia informacijos apie liaukos anatoming lokalizacija, organo audinio
morfologines savybes, regioniniy limfmazgiy bei organy bikle ir dél metas-
taziniy zidiniy aptikimo ir paplitimo vertinimo [29,142]. Kontrasto aplikavi-
mas KT tyrimo metu yra vertingas metodas, nes esant skirtingiems prostatos
susirgimams yra stebimas skirtingos prostatos audinio tankio kontrastavimosi
vertés bei pacios audinio struktiiros vaizdas [131,182]. Taip pat kontrastinés
medziagos naudojimas KT tyrimuose gali padéti vertinti ir prostatos kraujo-
takos sistemg [183].

Suny prostatos tiiris neseniai buvo i¥matuotas naudojant KT vaizdus bei
specialig operacing sistema, pasitelkus trimatj prostatos vaizda. Palyginus
prostatos tiirj, naudojant ultragarsg ir kompiutering tomografija, pastebeéti
reik§mingi neatitikimai. Dél $iy neatitikimy echoskopijos metu apskaiciuotas
prostatos turis néra tikslus, todél klinikin¢je praktikoje reikty atkreipti démes;
1 81 faktg [17,184,185]. Be to, vertinant prostatos onkologinius susirgimus,
KT yra efektyvesnis metodas, leidziantis tiksliai apibrézti prostatos forma,
dydj, tankj, ttrj, intersticinius pakitimus bei regioninius limfinius mazgus,
organus ir galimas metastazes [186].

Siuo metu veterinarinéje praktikoje KT yra lengvai prieinama ir nebrangi
procediira. Nepaisant to, jog procediiros metu yra taikoma bendroji nejautra,
tyrimo trukmé paprastai uztrunka iki 30 minuciy, [187].

Svarbu paminéti, jog KT leidzia jvertinti prostata kaip su tyrimu nesusijusij
organg, kuris nuskenuojamas, kartu vykdant aplinkiniy organy tyrima, pvz.:
apzvalging pilvo diagnosting KT. Pasak Caspanello ir bendraautoriy, kompiu-
teriné tomografija yra pazangi vaizdavimo technika, galinti lemti atsitiktiniy
organy patologijy nustatyma, kurie gali vadintis ,,incidentaloma®, arba atsi-
tiktiniu radiniu. Sis terminas apibrézia KT metu aptikus besimptomius kity
skenuojamy organy pakitimus, kurie pastebéti visai su tyrimo tikslu nesusi-
jusiomis aplinkybémis, jvertinus kitg organg, kuris nuskenuotas atsitiktinai.
Atlikus retrospektyvig studija, Caspanello ir kt. tyrimo rezultatai parodé, kad
perziuréjus 561 KT skenavimus, kurie per SeSerius metus buvo atlikti 512
Sunims bei 49 katéms vienoje Italijos veterinarinéje klinikoje buvo rasta net
80 atsitiktiniy radiniy (57 Sunims ir 4 katéms). Taigi, darant su prostata ne-
susijusj KT tyrimg ir nuskanavus prostatg kaip antrinj organg, yra tikimybé
aptikti jvairias $io organo patologijas arba atlikus atitinkamus organo vertini-
mus jtarti prostatos patologija [29].
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1.8.3. Magnetinis rezonansas

Magnetinis rezonansas veterinarin¢je medicinoje pradétas naudoti tik
1990 metais [188]. Pradzioje dauguma veterinariniy MRT tyrimy buvo atlie-
kami Suny galvos ir smegeny srityje ir tik véliau buvo naudojami nugaros ir
ortopediniy patologijy tyrimams atlikti [116]. Praktikoje naudojami skirtingo
magnetinio lauko stiprumo magnetinio rezonanso prietaisai: zemo stiprumo
(0,2-0,4 tesly), vidutinio (0,5—1 T) ir auksto (> 1 T) lauko stiprumo jrenginiai
[189]. Auksto magnetinio lauko stiprumo sistemos gerina vaizdy kokybe, jos
yra skirtos smegeny tyrimams atlikti ir leidZia taikyti paZangias sekas, sie-
kiant iSgauti itin geros kokybés vaizdus. Deja, $ios sistemos yra itin brangios,
dideli eksploatavimo kastai bei technin¢ priezitira. Skirtingai nuo jy, Zemes-
nio magnetinio lauko stiprumo MRT skeneriai yra labiausiai paplit¢ veterina-
rinéje praktikoje ne tik dél prieinamos kainos, bet ir paprastesnio jrengimo bei
priezitiros [190]. MRT tyrimas veterinarinéje praktikoje dazniausiai taikomas
smulkiy gyviing CNS paZeidimams vertinti, navikiniams susirgimams sme-
genyse diagnozuoti bei nugaros iSvarzoms lokalizuoti. Magnetinio rezonanso
tyrimas Suny reprodukciniam traktui vertinti paprastai rekomenduojamas at-
likti jtariant onkologinius procesus [21]. Yra atlikta ne viena studija vertinant
prostatos vézinius susirgimus, naudojant MRT, ta¢iau diagnozuojant mazesne
rizikg Suns sveikatai sukeliancias ligas, tokias kaip GPH ar prostatitas, Sis
tyrimas néra rekomenduojamas dél ilgo pacienty paruoSimo laiko, daugiau
nei valandg laiko trunkancios bendrosios nejautros ir galimos reakcijos i po-
odinius metalinius implantus. Be to, d¢l didelés tyrimo kainos ir galimo kity
diagnostiniy metody pasirinkimy spektro, kurie yra tinkami diagnozuoti ir
diferencijuoti prostatos susirgimus [123,191-193].
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2. MOKSLINIO TYRIMO METODAI IR MEDZIAGOS

2.1. Tyrimo vieta, eiga ir atlikimo planas

Mokslinis tyrimas buvo atlieckamas veterinarijos klinikoje Kaune (veteri-
narijos klinika ,,Kauno veterinarijos praktika”), Vilniuje (veterinarijos klinika
,»Jakovo veterinarijos centras®), Lietuvos sveikatos moksly universitete, Ve-
terinarijos fakulteto Stambiyjy Gyviny Klinikos gyviny reprodukcijos labo-
ratorijoje ir Veterinarinés patobiologijos katedros Patologijos centre. Tyrimai
buvo atliekami 2018-2023 m. Vadovaujantis tyrimo uzdaviniais, mokslinis
darbas buvo suskirstytas j tris etapus (2.1.1 pav.).

I etapas. Prostatos biiklés vertinimas.
Gyviiny skaicius n =150

II etapas. Atlikti sveiky ir besimptomés
gerybinés prostatos hiperplazijos paveiktos
prostatos kompiutering tomografija ir dalinés
pelvimetrijos matavimus.

Gyviny skai¢ius n = 52

III etapas. Nustatyti sveiky ir besimptomés
gerybinés prostatos hiperplazijos paveikty
Suny prostatos specifinés esterazés
koncentracijos ribas ir ultragarso specifiniy
parametry ribines vertes.

Gyviiny skai¢ius n = 65

2.1.1 pav. Mokslinio tiriamojo darbo schema

2.2. Pirmasis tyrimo etapas. Prostatos biuiklés vertinimas
2.2.1. Klinikiné apziiira ir rektinis tyrimas

Pirmame tyrimo etape buvo istirta 150 dideliy ir milzinisky veisliy klinis-
kai sveiky, nekastruoty Suny reproduktoriy, kuriy svoris buvo didesnis nei
25 kg (nuo 25 kg iki 70 kg, vidurkis — 39,1 kg), o amZius daugiau nei 3 metai
(nuo 3 iki 10 mety, vidurkis — 6 metai). Sunys profilaktinei apZiiirai buvo at-
vezti  veterinarijos klinikas Kaune ir Vilniuje. | klinikinés apzitiros protokola
buvo jtraukta:
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. Paciento klinikings istorijos analiz¢;

2. Fiziné apzitira (ktino masés indekso, stovésenos ir eisenos vertinimas,
temperatiiros matavimas, svorio fiksavimas, nugaros — galiiniy — kakli-
nés kiino dalies palpacija skausmui jvertinti);

3. Odos ir kailio apziiira (vertinant, ar néra iSplikimy, odos ar kailio pa-
zeidimy);

4. Akiy, ausy ir burnos ertmés apziiira (akiy biiklés vertinimas vizualiai
apzitirint i1Soriskai, ausy apZiiira bei vidurinés ausies kanalo steb&jimas
naudojant otoskopa, burnos ertmés ir danty biiklés vertinimas vizualiai,
i1$ziodzius Sunj);

5. Kvépavimo sistemos apziiira (plauciy auskultacija, kvépavimo daznio
vertinimas, trachéjos palpacija);

6. Kardiovaskulinés sistemos apziiira (Sirdies auskultacija, kraujosptidzio
matavimas, danteny gleivinés kapiliary prisipildymo greicio jvertini-
mas);

7. Pilvo palpacija (pilvo organy apciuopa atlieckama iSoriskai, per pilvo
sieng);

8. Neurologinis tyrimas (koordinacijos, refleksy bei skausmo atsako jver-

tinimas spaudziant galinés kojos péda atsakas).

Atlikus kliniking profilaktine kliniskai sveiky patiny apzitirg, buvo atlikta
reprodukciniy organy patikra. Pradzioje buvo jvertinti iSoriniai lytiniai orga-
nai: apyvarpe, penis ir séklidés. Apyvarpé vertinama vizualiai, apZiiirint iSo-
riSkai apyvarpés oda, kailj ir anatoming struktiirg. Atsmaukus apyvarpés oda
jvertinta vidiné apyvarpés gleiviné. Penisas, atsmaukus apyvarpe, buvo verti-
namas vizualiai, apzilirint, ar néra mukopurulentiniy gleiviy, kraujingy i$sky-
ry, petechijy, zaizdy, galimy onkologiniy dariniy bei anatominiy anomalijy.
Seklidés buvo vertinamos palpacijos principu: pirStais palpuojant kiekvieng
séklide atskirai, vertinant organy forma, konsistencija, skausminguma, dydij
ir masnelés odos biikle. Ivertinus iSoriniy reprodukciniy organy bikle, buvo
atliktas rektinis tyrimas prostatai jvertinti.

Rektinis patiny tyrimas atliktas stovéjimo pozoje. Naudojant vienkartines
lateksines pirStines rodomasis pir§tas buvo pateptas specialiu androloginiu
geliu (,,Reprolelly*, ,,Minitube GmbH*, Tiefenbachas, Vokietija) ir jvestas ]
tiesigja zarng. Rektiniu tyrimu prostata buvo vertinama pagal Siuos kriterijus:

1. Dydis (pagal autoriy pasiiilyta skale, 2.2.1.1 lentelé);

Skausmingumas (pagal autoriy pasitlyta skalg, 2.2.1.2 lentelé);
Forma — simetriska, asimetriSka;

Konsistencija — kieta, vidutinio kietumo, minksta;

Pavirsius — lygus, grublétas;

bl
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6. Anatominé¢ lokalizacija — dubens srityje, pasislinkusi kaudaliai dubens,
pasislinkusi kranialiai dubens.

Prostatos dydis ir skausmingumas buvo vertinami pagal autoriy sudaryta
tasky vertinimo skale, kuri leidzia subjektyviau jvertinti minétus rodiklius.
Prostatos dydis vertinamas 4-iy baly sistema: nuo 0 iki 3, kur O laikomas
pirmuoju tasku, o 3 — ketvirtuoju, atsizvelgiant | Zemiau pateiktus vertinimo
kriterijus (2.2.1.1 lentelé).

2.2.1.1 lentelé. Prostatos dydzio vertinimo balais skalé ir kriterijai

Balai Vertinimo Kriterijai

0 (nulis) Prostata palpuojant sunkiai juntama, jvertinti sudétinga, organas uzima
labai nedidelg tiesiosios Zarnos spindzio dalj.

1 (vienas) Prostata palpuojant jauciama gerai, vertinti rodiklius nesudétinga, organas
uzima nedidelg tiesiosios zarnos spindzio dalj.

2 (du) Prostata palpuojant jauciama itin gerai, vertinti kriterijus lengva, organas
uzima iki pusés tiesiosios Zarnos spindzio.

3 (trys) Prostata jau¢iama labai lengvai, vertinti kriterijus paprasta, organas uzima
daugiau nei pusg tiesiosios zarnos spindzio.

Vertinant prostatos skausminguma, buvo pasirinkta autoriy suformuota
keturiy baly skausmo vertinimo skalé (2.2.1.2. lentele).

2.2.1.2 lentelé. Prostatos skausmingumo vertinimo skalé ir kriterijai

Balai Vertinimo Kriterijai
0 (nulis) Palpuojant prostata Suo nerodo jokios reakcijos.
1 (vienas) Spaudziant prostatos skiltis Suo jaucia nedidelj diskomforta, kuris pasi-

reiskia nezymiu pilvo tempimu, nugaros rietimu, tac¢iau Suo islieka ramus,
necypia, neloja, neurzgia, nesitraukia nuo gydytojo.

2 (du) Spaudziant organg Suo jaucia diskomforta, bando atsitraukti, riecia nuga-
ra, tempia pilvo siena, taciau necypia, neloja, neurzgia.
3 (trys) Palpuojant prostatg Suo jaucia skausma, cypia, bando atsitraukti, stipriai

riecia nugarg, traukia pilvo sienos raumenis, Suo gali urgzti arba loti.

Po klinikinés apzitiros, iSoriniy lytiniy organy ir prostatos rektinio tyri-
mo buvo atlikta iSpléstiné¢ androloginé apziiira, kurios metu atlikta prostatos
ir séklidziy echoskopija bei §viezios spermos analizé (spermograma). Siai
apzitrai buvo atrinkti kliniskai sveiki Sunys, kurie neturéjo reprodukciniy or-
gany ligy, nevartojo vaisty, galin¢iy paveikti reprodukcing sistemg ir nebuvo
ejakuliave ilgiau nei SeSis ménesius.
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2.2.2. Prostatos vertinimas ultragarsu

Prostatos ultragarso tyrima atliko smulkiyjy gyviiny diagnostinio vaizdi-
nimo specialistas. Tyrimui atlikti buvo naudojamas ultragarso aparatas ,,Min-
dray Vetus-7“ (,,Mindray Bio-Medical Electronics Co., Ltd.“, SendZenas, Ki-
nija). Sunys buvo paguldyti ant nugaros (dorsoventraliné pozicija) naudojant
minkStas pozicija fiksuojancias pagalvéeles, kuriy dydis parinktas individua-
liai pagal Suns kiino sudéjima.

Prostatos liauka buvo skenuojama naudojant sektorinj, gaubtos formos
(konvekeinj) pilvinj daviklj (angl. microconvex). Organas buvo vertinamas
iSgavus ir sustabdzius auksSciausios kokybés vaizdinius skersinéje ir iSilgi-
néje plokStumoje. Daznio diapazonas buvo nustatytas tarp 5,0 ir 7,5 MHz,
atsizvelgiant | vaizdinio kokybe. Siekiant iSgauti auksCiausios kokybés
vaizdinius, buvo naudojamos papildomos aparato funkcijos: rezoliucijos
nustatymas, sritinis priartinimas arba nutolinimas ir fokusavimo sektoriaus
valdymas. Prostatos audinio atvaizdas klasifikuojamas remiantis organo pa-
renchimos echogeniSkumu: homogeniska arba heteroechogeniska, palyginti
su aplinkiniais audiniais.

Intraprostatinés cistos echoskopiskai buvo identifikuojamos kaip aiskiai
riboti, anechoisko turinio uzpildyti, lokalizuoti arba difuziskai iSplit¢ dariniai
su posteriorine akustine amplifikacija. Sunys, kuriy prostatoje buvo aptikta
hipodensiniy kalcinaty, tyrime nedalyvavo.

Siame etape vizualiai jvertintas prostatos dydis, atsizvelgiant j bendrg or-
gano santykinj dydj, palyginus su aplinkiniais organais (pvz., Slapimo piisle
ar inkstais), kontiiry pasireiskima (lygiis ar nelygiis), prostatos salytj su tiesio-
sios zarnos spindziu ir proksimalinés Slaplés skersmeniu. Jvertinus vizualiai,
prostata buvo kategorizuojama kaip vizualiai padidéjusi arba nepadidéjusi.

Atlikus prostatos echoskopija, buvo skenuojami prostatos regioniniai lim-
finiai mazgai (nodi lymphoidei iliaci interni). Vertinant limfinius mazgus at-
sizvelgta 1 dydj (mazgo skersmuo nevir$ijo 1 cm sagitalinéje plokStumoje),
forma (nesuapvaléje, aiSkaus kontiiro) bei struktiirg (homogeniski, be hetero-
echogenisky zony). Sunys, kuriy limfiniai mazgai buvo padidéje arba turéjo
struktiiriniy poky¢iy, tyrime nedalyvavo.

Toliau ultragarso aparatu skenuotos seklidés. Vertinant se¢klides, buvo nau-
dojamas tas pats ultragarso aparato daviklis kaip ir prostatai bei aplinkiniams
limfiniams mazgams jvertinti. Daznio diapazonas buvo nustatytas tarp 5,0 ir
7,5 MHz, atsizvelgiant  vaizdinio kokybe. Séklidés skenuotos po vieng atski-
rai. Vertinant s¢klidziy biiklg, buvo atsizvelgta j organo dydj, formg ir echo-
geniskuma. Skenavimo metu buvo vertinamas antséklidis. Sunys, kuriems
nustatyti seklidziy ar antséklidzio pakitimai tyrime nedalyvavo.
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2.2.3. Spermos surinkimas ir vertinimas

Sperma buvo méginama surinkti i§ visy 150 Suny, taciau visas ejakuliatas
surinktas tik 117 Suny. D¢l Sios priezasties 33 Sunys tolesniuose tyrimo eta-
puose nedalyvavo.

Prie$ pradedant spermos surinkimo procediirg, buvo paruosti spermos su-
rinkimui skirti instrumentai ir prietaisai:

1.

Elektrinis termostatinis inkubatorius ,lab incubator DNP-915%
(CNWTC, Nankinas, Kinija). Jjungus prietaiso Sildymo rezima nusta-
tyta 37 °C temperatura.

. Sildymo puodelis ,,Semen collection cup® (,,Minitube®, Tiefenbachas,

Vokietija). Tai plastikinis indas, kuriame yra anga, skirta meégintuve-
liams. Puodelis pripildomas 37 °C temperatiiros vandens ir dedamas j
termostatg, kur palaikoma 37 °C temperatura. ISimamas i§ termostato
tik prie§ pradedant spermos surinkimo procediirg. | puodel; sudedami
spermos surinkimo meégintuvéliai iSlaikant optimalig 37 °C temperati-
r3.

Spermos surinkimo mégintuvéliai ,,Canine collection system for all
breeds, three-step* (,,Minitube®, Tiefenbachas, Vokietija). Sie mégintu-
véliai yra pagaminti i§ specialaus plastiko, kuris néra spermatoksiskas
ejakuliatui. Mégintuvéliai graduoti nurodant mililitry skalg. Mégintu-
veliai laikomi termostate, kuriame palaikoma 37 °C temperatira, ir is-
imami prie§ pat spermos surinkimo procediirg, po to dedami j Sildymo
puodel;.

Mikroskopas su Sildomu staleliu. Stalelio temperatiira nustatoma 37 °C
laipsniy, tuomet ant stalelio padedamas stiklinis mikroskopinis stikliu-
kas, kuris laikomas 30 min., kad jo temperatiira pakilty iki stalelio tem-
peraturos.

. Sterilios pipetés ir antgaliai. Pipeciy antgaliai pagaminti i§ specialaus

plastiko, kuris néra spermatoksiSkas. Pipetés ir antgaliai iki panaudoji-
mo laikomi termostate 37 °C laipsniy temperatiiroje.

pH matuoklis. Instrumentas, skirtas matuoti spermos pH. Siai procedi-
rai buvo naudojamas ,,Thermo Scientific™ Orion Star™ A211 Bench-
top pH Meter* (,,OVH Groupe SA*, Rub¢, Pranciizija) pH matuoklis.
Spermos koncentracijos matuoklis. Spermos koncentracijai matuoti
naudotas fotometras ,,SDM 1* (,,Minitube®, Tiefenbachas, Vokietija).

. Eozino-negrozino dazai. Sie dazai skirti nudazyti spermos tiriamajj

meéginj, siekiant jvertinti spermos gyvybingumg ir morfologinius rodi-
klius. Pasirinkti dazai Nigrosin stain (4 proc.), Eosin G stain (2 proc.)
(,,Minitube®, Tiefenbachas, Vokietija).
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PasiruoSus laboratorijg ir instrumentus, j patalpa, kurioje atliekama sper-
mos surinkimo procediira, buvo atvesta rujojanti kalé — ,,stimuliatoré®. Po to j
patalpg buvo atvestas patinas. Kalé buvo laikoma Seimininko taip, kad snukis
buty nusuktas nuo patino, o vulva — kuo ar¢iau patino galvos. Kai kalé¢ yra
fiksuojama stovejimo pozoje, o patinas kontroliuojamas Seimininko, prade-
dama spermos surinkimo procediira. Spermos surinkimo procesas susideda i$
Siy etapy:

1. Susipazinimo etapas. Patinui leidziama prieiti prie rujojancios kalés,
uostyti arba laizyti vulva. Siuo etapu siekiama jvertinti, ar kalé patinui
yra patraukli, ar néra agresijos tarp abiejy Suny ir jvertinti patino /ibido.

2. Patino peniso iSvedimas i§ apyvarpés ir manualinis stimuliavimas. Pa-
tinui priartéjus prie kalés ir uodziant vulva, spermg surenkantis asmuo
kaire ranka uz patino nugaros i§veda penisg i§ apyvarpés ir pradeda ma-
nualing stimuliacijg. Ivertinus bulbus glandis (peniso kiino stormens)
18didéjima ir apyvarpe uzsmaukus uz Sios struktiiros, pereinama prie
kito etapo.

3. Spermos surinkimas. Pating tinkamai stimuliuojant, jis pats pradeda at-
likti kergimo judesius ir netrukus ejakuliuoja. Ejakuliatas surenkamas
naudojant tris sterilius, spermos surinkimui pritaikytus plastikinius meé-
gintuvélius. Svarbu, kad Sis procesas biity atlickamas atsargiai siekiant
iSvengti traumos ir ejakuliato uzterSimo. Patinui pradéjus ejakuliuoti,
ejakuliatas surenkamas | mégintuvélius atskiriant pagal atitinkamas
frakcijas: pirmoji frakcija — prostatinis sekretas, antroji — tikroji sper-
mos frakcija, trecioji — prostatinis sekretas. Surinkus ejakuliata, meé-
gintuvéliai neSami | laboratorijg analizei atlikti. Spermos analizeé buvo
atlikta keliais etapais (2.2.3.1 lentele).

2.2.3.1 lentelé. Spermos analizés etapai

Vertinamos . . e s
Etapas .. | Vertinami rodikliai

spermos frakcijos
Makroskopinis | Vizualiai verti- * Nustatomas surinktos spermos tairis visuose trijuo-
vertinimas namos visos trys se mégintuvéliuose.

frakcijos * Ejakuliato spalvos vertinimas: vizualiai jvertinama
visy trijy mégintuveéliy turinio spalva: prostatinis
sekretas turi biiti bespalvis, be drumzliy ar kity
priemaisy. Tikrosios spermos frakcija turi buti
balta.

 Konsistencija vertinama, ar pirmoji ir tre¢ioji frak-
cija néra tirSta, o antroji — vandeninga.
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2.2.3.1 lentelés tesinys

spermos frakcija  |*

Etapas vertinamos = |y tinami rodikliai
spermos frakcijos

Mikroskopinis | Mikroskopu (prie§ | Judrumas stebimas spermatozoidy judéjimo greitis

vertinimas ir po dazymo) bei ir kryptis. Pagal judruma spermatozoidai klasifi-
fotometro aparatu kuojami j progresyviai judanéius, neprogresyviai
vertinama antroji judancius ir nejudancius.

Spermos koncentracija matuojama fotospektrome-

tru vadovaujantis gamintojo instrukcija.
Spermatozoidy morfologija: nudazius ir i§dzio-
vinus tepinélj, vertinama spermatozoidy forma

ir struktiira, sickiant nustatyti galvutés, kiino ar
uodegos deformacijas. Skai¢iuojama 200 sperma-
tozoidy matymo lauke.

Gyvybingumas: nudazytame tepinélyje vertinamas
spermatozoidy gyvybingumas. Gyvy spermatozoi-
dy galvos nepraleidzia specifinio dazo ir iSlicka
nenusispalvinusios raudona spalva, o negyvy sper-
matozoidy galvos nusidazo raudonai. Skaiciuoja-
ma 200 spermatozoidy matymo lauke.

pH vertinimas

Trecioji frakcija

Matuojama prostatinio sekreto pH. Sekreto pH pa-
prastai yra Siek tiek riigstinis arba neutralus (tarp 6,3
ir 7,0).

2.2.4. Spermos kokybés vertinimo Kriterijai

Atlikus spermos analize iSskirtos trys spermos kategorijos pagal kokybe:
gera, vidutiné ir bloga spermos kokybeé. Vertinimo kriterijai pasirinkti pagal
Johnston ir kolegy metodika [173]. Kokybés rodikliai ir klasifikacija pateikta

2.2.4.1 lentelégje.

2.2.4.1 lentelé. Spermos kokybés rodikliai ir klasifikacija

Parametras Gera kokybé Vidutiné kokybé |Bloga kokybé
Ttris (antra frakcija, ml) |2,1-5,0 1,0-2,0 <1,0
Koncentracija (spermato- | > 300 milijony 100-300 milijjony | < 100 milijony
zoidy/ml)

Progresyvus judrumas > 170 proc. 50-70 proc. <50 proc.
(proc.)

Bendra spermos morfo- |> 80 proc. normaliy | 40—80 proc. norma- | <40 proc. normaliy
logija (proc.) spermatozoidy liy spermatozoidy |spermatozoidy
Bendra spermatozoidy | > 600 milijony 300-600 milijony | <300 milijony
koncentracija

Spermatozoidy gyvybin- |> 80 proc. gyvy 50-80 proc. gyvy  [< 50 proc. gyvy
gumas (proc.) spermatozoidy spermatozoidy spermatozoidy
pH (trecioji frakcija) 6,2-6,4 6,5-6,8 >6,8
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Sudarius spermogramas ir jvertinus spermos kokybe, visi Sunys buvo su-
skirstyti | grupes pagal amzZiy ir svorj, siekiant atlikti atitinkamus statistinius
skai¢iavimus. Pagal amziy Sunys buvo suskirstyti | keturias grupes: 3—4 mety,
5-6 mety, 7-8 mety ir 9-10 mety.

2.3. Sveiky Suny patiny ir Sunuy, jtariamy besimptome GPH, atrinkimas
sekan¢iam tyrimo etapui

Surinkus spermos méginius 1§ 117 kliniSkai sveiky Suny, buvo sudarytos
dvi grupés: sveiky Suny ir Suny, kuriems jtariama besimptomeé gerybiné pros-
tatos hiperplazija. Sios dvi grupés buvo toliau tiriamos kituose mokslinio ty-
rimo etapuose. Kriterijai, pagal kuriuos patinai buvo skirstomi kitiems tyrimo
etapams, pateikti 2.3.1 lenteléje.

2.3.1 lentelé. Suny grupiy sudarymas pagal atitinkamus tyrimy kriterijus

Tyrimas Sveikas Suo Itariama besimptomé GPH

Rektinis Prostata nepadidéjusi (0-1 Prostata i$ dalies arba zenkliai padidéjusi

tyrimas pagal skalg), pavirSius lygus, | (2-3 pagal skale), pavirSius nelygus, is-
néra skausmingumo (0—1 pagal |reikstas dalinis skausmingumas (2—3 pagal
skale), organo konsistencija skale), konsistencija vidutiniskai kieta arba
minksta kieta

Prostatos Neéra difuziskai i$plitusiy in- Prostatos audinyje yra difuziskai iSplitu-

echoskopija |traprostatiniy cisty, skiltys sios intraprostatinés cistos, asimetriskos

simetriskos, prostatos audinys | prostatos skiltys, audinys heteroechogenis-
homogeniskas, prostata vizua- |kas, prostata vizualiai vertinant padidéjusi

liai vertinant nepadidéjusi
Spermos Gera Vidutiné arba bloga
kokybé

2.4. Antrasis tyrimo etapas. Sveiky ir besimptome GPH forma
serganciy Suny prostatos kompiuteriné tomografija ir daliné
pelvimetrija

Siame etape dalyvavo 52 patinai, kurie buvo pasirinkti i§ pirmo etapo: 24
kliniSkai sveiki ir 28 su jtariama besimptome gerybine prostatos hiperplazija.
Visiems patinams buvo atliktas prostatos citologinis tyrimas, siekiant tiks-
liai nustatyti prostatos biiklg. Remiantis citologinio tyrimo rezultatais, Sunys
buvo suskirstyti | dvi grupes: besimptomés gerybinés prostatos hiperplazijos
forma paveikti Sunys (n = 28) ir kliniSkai sveiki Sunys (n = 24).

Besimptomés GPH Suny grupéje amzius svyravo nuo 3 iki 10 mety (vidur-
kis — 6,8 m.), o sveiky Suny grupéje — nuo 3 iki 5 mety (vidurkis — 4,1 m.).
Besimptome GPH forma serganciy Suny svoris svyravo nuo 25 iki 50 kg (vi-
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durkis — 42,5 kg), o sveiky Suny svoris grupéje varijavo nuo 25 iki 50 kg
(vidurkis — 35,1 kg).

2.4.1. Prostatos citologinio tyrimo méginio paémimas

Prostatos citologiniai méginiai buvo renkami prostatos masazo metodikos
principu. Prostatos masazas buvo atlickamas Sunims, kuriems buvo atlikta
premedikacija prie§ sukeliant bendraja nejautrg KT tyrimui. Prie§ atliekant
prostatos masazg, pirmiausiai buvo istustinta Slapimo piislé naudojant steri-
ly Slapimo kateterj. IStustinus Slapimo pusle, Slapimo kateteris iStrauktas ir
pakeistas nauju, steriliu kateteriu. Ivedus nauja kateterj, Sis kelis kartus prap-
lautas steriliu fiziologiniu tirpalu ir aspiracijos principu pakartotinai iStustinta
Slapimo puslé. Visa procediira stebima echoskopu, vizualizavus proksimali-
ne Slaplés dalj ir Slapimo pusle. Pakartotinai praplovus ir i$tuStinus Slapimo
puslg, Slapimo kateteris buvo atitrauktas j proksimaling prostatos Slaplés dalj,
stebint procesa echoskopu. Tuomet, rektiSkai jvedus pirsta | tiesiaja zarng ir
uzC¢iuopus prostatg, organas buvo masazuojamas, spaudziant abi jo skiltis.
Masazo metu ] sterily Svirkstg pasiruosta 10 ml fiziologinio tirpalo ir l1étai
suleista per kateterj. Kateteriui judant pro prostatos Slaplés dalj, buvo taikoma
nepertraukiama aspiracija ir surenkamas prostatos sekretas kartu su fiziolo-
ginio tirpalo frakcija. Gautas skystis 18 SvirkSto supiltas j sterily 10 ml sterily
mégintuvelj ir i$siystas citologiniam tyrimui j laboratorija. Prostatos masazo
metodika pasirinkta pagal Johnston ir kt. publikacijoje pateiktag metodika [10].

2.4.2. Prostatos kompiuteriné tomografija

Visiems 52 Sunims buvo atlikta pilvo ertmes ir dubens srities kompiuterine
tomografija, kurios metu buvo i tyrimg jtraukta ir prostata. Procediira atlikta
taikant bendraja nejautra. Visiems Sunims ] priekinés deSiniosios kojos gal-
vine veng (v. cephalica) buvo jvestas intraveninis kateteris. [vedus kateterj,
buvo pajungta intraveniné infuzija su 0,9 proc. NaCl tirpalu (,,Fresenius Kabi.
Sodium Chloride, 0,9 proc.“, Gracas, Austrija). Premedikacijai j veng per
kateter] aplikuojamas medetomidino hidrochloridas (,,Cepetor 1,0 mg/ml*,
,CP-Pharma®, Burgdorfas, Vokietija) 10 ug/kg doze. Bendra nejautra buvo
sukelta naudojant propofolj (,,Fresenius Propoven, 10,0 mg/ml®, , Fresenius
Kabi“, Gracas, Austrija) 2—4 mg/kg doze. Anestezijai palaikyti visi Sunys
buvo intubuoti trachéjos vamzdeliu ir taikyta inhaliaciné anestezija izoflura-
no dujomis. Bendraja nejautra procediros metu stebéjo gydytojas anestezio-
logas. Visiems gyviinams buvo taikytas toks pats anestezijos protokolas.

Abiejy grupiy gyvinai buvo skenuojami ventrodorsalinéje pozicijoje nau-
dojant minkStasias padéties palaikymo priemones (pozicionavimo pagalve-
les), kurios uztikrino stabilig padétj. KT tyrimai atlikti naudojant spiralinj
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dviejy pjuviy KT skenerj (,,Somatom Spirit 2%, ,,Siemens*, Vokietija), naudo-
jant 130 kV jtampa, 100 mAs srove ir 3—5 mm pjiiviy storj (rekonstrukcijos
1,5-2,5 mm). Pirminiai vaizdiniai rekonstruoti naudojant minkstyjy audiniy
ir kauly algoritmus. Procediiros metu per intraveninj kateterj buvo suleista
kontrastiné medziaga joheksolis (,,Omnipaque 350 mg/ml“, ,,GE Healthcare
AS*, Norvegija) 600 mg/kg doze, siekiant atlikti kontrastavimo faziy vertini-
mo tyrimus prie$ ir po kontrastinés medziagos suleidimo.

Prostatos audiniy tankio vertés buvo nustatytos apibréziant visos prosta-
tos kontiirg rankiniu biidu. Audinio tankio vertés buvo isreikstos Hounsfieldo
vienetais (HU).

2.4.3. Prostatos turio skai¢iavimas

Prostatos liaukos tiirio skai¢iavimams buvo naudojama ,,0OsiriX* progra-
miné jranga (,,Pixmeo SARL®, Bernas, Sveicarija), pasizyminti specialiomis
organy tiirio skai¢iavimo funkcijomis. Pirmiausia, jkélus prostatos vaizdinj
KT tyrime naudojamg ,,OsiriX* programg, kiekviename vaizdo pjuvyje or-
ganas buvo apibréziamas rankinio kontiiravimo jrankiu, kuris leido tiksliai
pazymeéti prostatos ribas. Kontiiravimo metu kiekviename pjuvyje buvo nu-
statomos prostatos ribos, sukuriant vieng pagrindinj kontiirinj prostatos vaiz-
da. Sie kontiirai buvo apdoroti programinés jrangos algoritmais, kurie atliko
trimate (3D) rekonstrukcija. Trimaté rekonstrukcija leido programinei jrangai
automatiskai atkurti prostatos formg ir struktiirg, taip leisdama tiksliai apskai-
Ciuoti tarj.

Prostatos tiirio apskai¢iavimas vyko taikant integracinj metoda, kuris ap-
émé visus kontiiruotus pjiivius ir jvertino tarpusavio atstumus tarp jy. Sis
metodas leido nustatyti tiksly prostatos tiirj, iSreikSta kubiniais centimetrais
(cm?).

2.4.4. Prostatos ir L6 slankstelio ilgio santykiniy reikSmiy
nustatymas

Sioje metodikoje prostatos dydZio matavimui buvo pasitelktos skirtin-
gos plokStumos ir standartizuotas santykinis palyginimas su $eStojo juos-
mens slankstelio ilgiu. Pirmiausia buvo iSmatuotas prostatos ilgis dorsalinéje
plokstumoje, tokiu biidu galima buvo jvertinti liaukos i8ilging dimensija, ei-
nan¢ig nuo priekinés iki uzpakalinés prostatos dalies. Tuomet buvo matuo-
jamas prostatos plotis ir aukstis skersinéje plokstumoje, kuri pateikia vaizda
per prostatos plotj (Soninis matmuo) ir aukstj (vertikalus matmuo). Taip buvo
gauti visi trys pagrindiniai prostatos matmenys: ilgis, plotis ir aukstis.

Kitas Zingsnis — $e3tojo juosmens slankstelio ilgio nustatymas. Sis matmuo
buvo vertinamas tiek sagitalingje, tiek dorsalin¢je plokStumose, siekiant kuo
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tiksliau iSmatuoti slankstelio ilgj. Atlikus matavimus abiejose plokStumose
buvo apskaiciuotas L6 ilgio vidurkis.

Gauti prostatos matmenys — ilgis, plotis ir aukstis — buvo lyginami su L6
kiino ilgiu. Buvo apskaiciuotas rL (prostatos ilgis / L6 ilgis), rW (prostatos
plotis / L6 plotis) ir rH (prostatos aukstis/ L6 aukstis) santykis, remiantis Pa-
sikowska ir bendraautoriy tyrimo metodika [183].

L6 slankstelio ilgio ir prostatos dimensiniy matavimy metodika pateikta
2.4.4.1 paveiksle.

2.4.4.1 pav. Besimptomés formos GPH paveiktos prostatos liaukos
ir L6 slankstelio matavimy vaizdiniai

A — priesiné liauka, skersiné plok§tuma, minkstyjy audiniy algoritmas; raudonos linijos nuro-
do prostatos aukscio, plocio ir apskritimo ploto matavimus centimetrais; B — priesiné liauka,
dorsaliné plokStuma, minks$tyjy audiniy algoritmas; raudonos linijos nurodo prostatos ilgio ir
apskritimo ploto matavimus centimetrais; C — L6 slankstelis, skersiné plokStuma, kauly al-
goritmas; raudona linija Zymi slankstelio kiino ilgj; D — L6 slankstelis, dorsaliné plokstuma,
kauly algoritmas; raudona linija Zymi slankstelio kiino ilgi.

2.4.5. Dalinés pelvimetrijos pritaikymas naudojant KT

Dalinés pelvimetrijos metodikoje buvo taikoma specifiné dubens kauly
matavimo technika, remiantis Aubry ir kt. mokslinés publikacijos metodika
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[194]. Atsizvelgiant | Sio darbo rezultatus, dalinés pelvimetrijos metu buvo
matuojamas priekinés dubens atvaros skersmuo ir aukstis, pasitelkus sagi-
talinés ir skersinés plokStumos vaizdus, gautus kompiuterinés tomografijos
metu. Siekiant iSmatuoti prostatos ir dubens struktiiry proporcijas, buvo at-
likti santykiniai prostatos ir priekinés dubens atvaros matmeny skai¢iavimai,
naudojantis programinés jrangos ,,OsiriX* specializuotomis funkcijomis.
Priekinés dubens atvaros plocio ir auksCio santykiai SU prostatos plociu ir
auksciu buvo pazyméti atitinkamai ppW ir ppH reikSmémis. Santykiai buvo
apskaiciuoti automatiskai suvedus minéty struktiiry matavimus j skai¢iavimo
funkcija. Si programa padéjo sumazinti subjektyvumo lygj atlickant matavi-
mus ir padidinti tyrimo patikimuma.

Siekiant pavaizduoti §ig metodika, buvo panaudota trimaté vaizdavimo re-
konstrukcija, kuri vizualiai atvaizduota (2.4.5.1 paveiksle).

-

2.4.5.1 pav. Priesinés liaukos (raudonas organas) ir priekinés dubens
atvaros trimatés rekonstrukcijos vaizdas ir matavimy technika
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2.5. Tredias tyrimo etapas. Suny prostatos specifinés esterazés ir
ultrasonografijos tyrimo metodai vertinant sveiky ir besimptome GPH
serganciy Suny prostatos biikle

Siame etape i3 viso dalyvavo 65 Sunys. Pirmiausia buvo surinkti visy pa-
tiny kraujo méginiai, o Sunys, kuriy CPSE koncentracija sieké arba virsijo
> 61 ng/ml, kartu su pirmojo etapo metu atliktais tyrimais, leidzianciais jtar-
ti besimptom¢ GPH, buvo nukreipti atlikti ultragarso kontroliuojama plonos
adatos aspiracing biopsija, kad buty tiksliai patvirtinta arba atmesta besimpto-
més GPH diagnozé. Sveikiems Sunims prostatos citologija nebuvo atlickama,
vengiant invazyviy metody taikymo, kai néra jtarimy dél prostatos ligy. Tokia
metodika buvo pasirinkta remiantis Pinheiro ir kt. bei Cunto ir kt. publikaci-
jomis [24,77].

Atlikus CPSE analiz¢ nustatyta, kad pirmajame etape 30-ies sveiky Suny
CPSE koncentracija nevirSijo 61 ng/ml. Tuo tarpu iSanalizavus kitus 35 Sunis,
kuriems pirmajame etape buvo jtariama besimptomé GPH, gauti rezultatai
parodé, kad Siy patiny CPSE koncentracija virsijo 61 ng/ml, todél jiems buvo
atliktas prostatos citologinis tyrimas.

Sveiky Suny grupéje vidutinis amzius buvo 3,7 mety (nuo 3 iki 6 mety),
vidutinis svoris — 39,8 kg (nuo 27 iki 58 kg), o besimptomés GPH paveikty
Suny grupéje vidutinis amzius sieké 6,9 mety (nuo 4 iki 10 mety), vidutinis
svoris — 40,1 kg (nuo 21 iki 60 kg).

2.5.1. Prostatos ultrasonografija

Atliekant prostatos ultragarsa, liaukos ribos buvo nubréztos echoskopuo-
tojo, naudojantis mechaniniu formos apibrézimo jrankiu. Taip buvo siekiama
pazyméti prostatos liaukos ribas skersinéje plokstumoje. Prostatos matmenys
buvo matuojami taip: prostatos ilgis — iSilgin¢je plokstumoje, o prostatos plo-
tis ir aukstis — skersingje plokStumoje. Aukscio ir ilgio matavimai apémé abi
prostatos skiltis apskaiciavus viduting verte centimetrais, o prostatos ilgis buvo
apibréztas kaip maksimalus skersmuo iSilgai Slaplés aSies, iSmatuotas centi-
metrais (2.5.1.1 pav.). Prostatos tiiris (PT) apskaiciuotas pritaikius elipsoidinio
kiino formulg, kurig pasitilé Ruel ir kt.: PT (cm®) = (L x W x H) x 0,523 [154].
Citologinis prostatos méginiy tyrimas atliktas ultragarsu pagal Kustritz ir
bendraautoriy pasiiilyta metodika [22].
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Dist1 2.08 cm
Dist2 2.10 cm
Dist3 3.13cm

1 Dist 3.45cm
2 Dist 3.63 em

2.5.1.1 pav. Prostatos ultrasonografijos vaizdai ir matavimy principai

A —i8ilginé ploks§tuma; B — skersinés prostatos plokstumos vaizdinys.

2.5.2. Prostatos kraujotakos vertinimas spalvinio Doplerio metodu

Ultragarso spalvinio Doplerio metodas buvo naudojamas marginalinés ir
subkapsulinés prostatos arterijos (a. prostatica) lokacijy kraujotakos tyrimui
atlikti, remiantis Zelli ir kt. [160]. Naudojant pulsinés bangos rezima (angl.
power wave, PW), parengties skirtukas buvo mechaniskai nuvestas ir fik-
suotas minétose prostatos arterijos zonose taip, kad apimty visg kraujagyslés
spindj vertikaligja kryptimi. Buvo registruotos ne maziau kaip keturiy Sirdies
cikly bangos. Véliau mechaniniu biidu, naudojant ultragarso aparato kraujo-
taky greicius skaiciuojancias funkcijas, apskaiciuoti specifiniai kraujo tekmés
rodikliai, tokie kaip sistolés tekmeés greitis (PSV), diastolés pabaigos greitis
(EDV) ir atsparumo indeksas (RI). IS trijy nuskaityty reikSmiy buvo apskai-
¢iuotos vidutinés kiekvieno rodiklio reikSmés. Siekiant iSvengti ,,blyksnio*
artefakty, spalvinio Doplerio signalo stiprinimo nustatymai buvo koreguo-
jami procediirg atliekancio operatoriaus taip, kad biity i§gauti kokybiskiausi
rodmenys.

2.5.3. Suny prostatos specifinés esterazés tyrimas

Tyrimas buvo atliktas ,,Kauno veterinarijos praktika“ klinikoje. CPSE
analiz¢ atlikta grieztai laikantis gamintojo nurodymy, naudojant ,,Speed™
Reader* (,,Virbac*, Karosas, Pranciizija) analizatoriy, kuris veikia lazeriu su-
keltos fluorescencijos imunochromatografijos principu. Ruo$iant meéginj ir
atliekant tyrimg buvo vadovautasi gamintojo instrukcija, kuri buvo pateikta
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kartu su analizatoriumi. ,,Speed™ Reader* analizatorius pavaizduotas 2.5.3.1
paveiksle.

2.5.3.1 pav. ,,Speed™ Reader“ CPSE analizatorius

2.6. Statistiné analizé

Tyrimo duomeny statistiné analizé buvo atlikta naudojant statistikos pro-
graming jrangg IBM SPSS Statistics 29.0.0.0. Kiekybiniy duomeny skirstinio
normalumas buvo tikrintas taikant Shapiro-Wilk testag. Duomeny apibendrini-
mui apskai¢iuotos vidutines reik§més, o variacija jvertinta vidurkio paklaido-
mis. Lyginant sveiky Suny kiekybinius parametrus su besimptomine gerybine
prostatos hiperplazija serganciy Suny parametrais, buvo taikytas Stjudento
t-testas nepriklausomoms imtims.

Statistiniams rySiams tarp Suns amziaus, svorio, prostatos matmeny, CPSE
koncentracijos ir L6 slankstelio matmeny nustatyti buvo skai¢iuojami Pearso-
no tiesinés koreliacijos koeficientai, o duomenys pateikti grafiskai, vaizduo-
jant tiesines regresijos prognoze. Prostatos matmeny gebé€jimas diferencijuoti
sveikus Sunis nuo serganciyjy GPH buvo vertinamas sprendimus priimancio-
jo ypatybiy (angl. receiver operating characteristic, ROC) kreivémis. Be to,
ROC metodu jvertintas amziaus ir svorio prognostinis gebéjimas nustatyti
prostatos patologijas.

Prostatos patologijy paplitimas ir jy rySys su GPH pasireiSkimu buvo is-
reikstas dazniy skirstiniais, o skirtumai jvertinti naudojant y? testg. Statistiniai
ry$iai ir skirtumai buvo laikomi statistiSkai reikSmingais, kai p < 0,05.

2.7. Etikos principai

Tyrimas buvo atliktas laikantis Lietuvos Respublikos gyviny geroveés ir
apsaugos jstatymo Nr. VIII-500 ,,D¢l gyviiny prieziiiros, gerovés ir naudo-
jimo moksliniams tyrimams*, priimto 1997 m. lapkri¢io 6 d. (,,Valstybés Zi-
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nios“, Nr. 108, 1997-11-28), ir Lietuvos Respublikos Valstybinés maisto ir
veterinarijos tarnybos isakymy ,,Dé¢l laboratoriniy gyviiny naudojimo moks-
lintams bandymams* (Nr. 4-16, 1999-01-18). I§ VMVT buvo gautas tyrimo
patvirtinimo numeris — PK Nr. 012856.

Teiséti gyviiny Seimininkai pasirasé Lietuvos smulkiy gyviiny veterinari-
jos gydytojy asociacijos paruostg teisinj susitarimg dél veterinariniy procedii-
ry gyvinui (gyviinams) atlikimo, kuris leido veterinarijos gydytojams atlikti
diagnostines klinikines procediiras tyrime dalyvavusiems Sunims.
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3. MOKSLINIO DARBO REZULTATAI

3.1. I tyrimo etapas. Prostatos buklés vertinimas

3.1.1. Rektinio tyrimo rezultatai

IStyrus 150 Suny rektiskai, nustatyta, kad 71 Suns (43,7 proc.) prostatos
pavirSius buvo jvertintas kaip grublétas, o lygus prostatos pavirSius nustaty-
tas 79 Sunims (52,7 proc.). Tyrime dalyvavusiy Suny prostatos konsistencija
jvertinta taip: minksta — 64 Suny (42,7 proc.), vidutiniskai minksta — 58 Suny
(38,7 proc.), kieta — 28 Suny (18,7 proc.).

Rektinio tyrimo metu buvo tiriamas prostatos skausmingumas, jvertinant
balais. 0 balu buvo jvertintas 38 Suny (25,3 proc.) prostatos, 1 balu — 43 patiny
(28,7 proc.), 2 balais — 65 Suny (43,3 proc.) ir 3 balais — 4 patiny (2,7 proc.).

SimetriSkos prostatos skiltys nustatytos 82 patinams (54,6 proc.), o asi-
metriSkos — 68 patinams (44,4 proc.). Be to, buvo vertinamas ir bendras pros-
tatos dydis, ivertinant balais — nuo 0 iki 3. 19 Suny (12,7 proc.) prostata buvo
sunkiai juntama, vertinti kitus aspektus buvo sudétinga, organas uzéme la-
bai nedidele tiesiosios zarnos spindzio dalj (0 baly). 1 balu buvo jvertintas
52 Suny (34,7 proc.) prostatos dydis; juos palpuojant buvo gerai jau¢iama
prostata, vertinti parametrus nebuvo sudétinga, liauka uzémé nedidele tiesio-
sios zarnos spindzio dalj.

Dazniausiai tyrime dalyvavusiy patiny (n = 70, 46,6 proc.) prostatos dydis
buvo jvertintas 2 balais, t. y. palpacijos metu prostata buvo jauciama gerai,
vertinti kriterijus buvo itin lengva, liaukos skiltys uzémé iki puses tiesiosios
zarnos spindzio. 3 balais buvo jvertintas 9 Suny prostatos dydis, jy prostata
buvo itin gerai iSreik$ta ir juntama labai lengvai, vertinti organo kriterijus
buvo ypa¢ paprasta, o pati liauka uzéme daugiau nei puse¢ tiesiosios Zarnos
spindzio.

3.1.2. Prostatos echoskopijos rezultatai

Ivertinus visy tirty Suny prostatos skil¢iy forma, nustatyta, kad 71 patino
(47,3 proc.) prostatos skiltys buvo asimetri§kos, o 79 patiny (52,7 proc.) —
simetriS$kos. Vertinant liaukos audinio echogeniskumg, homogeniska prosta-
ta buvo nustatyta 81 patinui (54 proc.), o heterogeniskos audinio struktiiros
prostata nustatyta 69 Sunims (46 proc.).

Apzvelgiant intraprostatiniy cisty pasireiskima, rezultatai parod¢, kad vie-
tinés ar difuziskai iSplitusios intraprostatinés cistos buvo nustatytos 91 pati-
nui (60,7 proc.), o 59 patinai (39,3 proc.) cisty prostatoje neturé¢jo. Galiausiai,
vertinant prostatos dydj, nustatyta, kad 82 Suny (54,7 proc.) prostata buvo
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vizualiai padidéjusi, o 68 Suny (45,3 proc.) prieSine liauka vizualiai atrode
fiziologiniy normy ribose ir buvo jvertinta kaip nepadidéjusi.

Vertinant prostatos echoskopijos rezultatus buvo atlikta ROC analize,
siekiant nustatyti patiny amziaus ir svorio jtakg prostatos pokyciams, kurie
buvo jvertinti ultragarsu. ROC kreiviy analizé atskleidé reikSmingg Suny am-
ziaus jtakg prostatos pokyc¢iy rodikliams. Prostatos skil¢iy asimetriSkumas
(AUC = 0,799, p < 0,001), audinio heterogeniskumas (AUC = 0,777, p <
0,001), intraprostatinés cistos (AUC = 0,880, p <0,001) ir vizualiai jvertintas
prostatos padidéjimas (AUC = 0,882, p < 0,001) parodé stiprig diagnostine
verte ir statistiSkai reikSmingg ry$j su Suny amziumi. Visy patologijy pasi-
reiSkimo slenkstiné amziaus riba buvo 5,5 mety (p < 0,001). ROC kreivés
grafikas pateiktas 3.1.2.1 paveiksle.

1,0
0,8
é 0,6 —— Asimetri§kumas
g Heterogeniskumas
E 0.4 Intraprostatinés cistos
Prostatos padidéjimas
— Atskaitos linija
0,2
0,0
0,0 0,2 0,4 0,6 0,8 1,0

1 - SpecifiSkumas

3.1.2.1 pav. Prostatos patologijy diagnostinés vertés priklausomybés nuo
amziaus ROC kreiviy analizés grafikas

Atlikus analogiska analize, kurioje vertinta patiny svorio jtaka, ROC krei-
vés parode, kad asimetriSkumo (AUC = 0,483, p = 0,726), heterogeniSkumo
(AUC = 0,491, p = 0,848), intraprostatiniy cisty (AUC = 0,526, p =0,591) ir
prostatos padidéjimo (AUC = 0,455, p=0,346) kreiviy plotai yra artimi 0,5, o
tai rodo, kad $iy rodikliy rySys su Suny svoriu neturi diagnostinés vertés. ROC
kreiviy grafikas, kuriame vizualiai matoma prostatos patologijy diagnostinés
vertés priklausomybé nuo svorio, pateiktas 3.1.2.2 paveiksle.
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3.1.2.2 pav. Prostatos patologijy diagnostinés vertés priklausomybés nuo
svorio ROC kreiviy analizés grafikas

3.1.3. Spermos vertinimas

Sperma buvo bandoma surinkti i§ visy 150 tyrime dalyvavusiy Suny. Vis
délto, spermos nepavyko surinkti i§ 33 patiny (22 proc.). Bendrai jvertinus
spermos kokybe, rezultatai parodé, kad 54 Suny (36 proc.) spermos kokybé
buvo gera, 43 Suny (28,7 proc.) — vidutiné, o 20 Suny (13,3 proc.) — bloga.
Spermos kokybés pasiskirstymas pateiktas 3.1.3.1 paveiksle.

B Gera kokybé

I Vidutiné kokybé

! Bloga kokybé
Neatidavé spermos

3.1.3.1 pav. Spermos kokybés pasiskirstymas

Vertinant visy 117 Suny spermos méginius, buvo analizuojama spermos
rodikliy koreliacija su Suny amziumi ir svoriu. Statistiné duomeny analizé
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parodé¢, kad spermos rodikliai reik§mingai koreliuoja su Suny amziumi, ta-
¢iau néra statistiSkai reikSmingo rysio su Suny svoriu. Atsizvelgus ] tai, toliau
buvo vykdoma statistin¢ analiz¢, kurioje nustatyti spermos rodikliy rySiai su
amziumi.

Gauti rezultatai parodé¢, kad Suny amziui vidutiniskai padidéjus viene-
riais metais, spermos antrosios frakcijos tiiris sumazéja vidutiniskai 0,36 ml
(p < 0,001), spermos koncentracija sumazéja 60 min./ml (p < 0,001), o ben-
dros spermos koncentracijos sumaz¢jimas siekia net 210 mln. spermatozoidy
(p < 0,001). Taip pat nustatyta, kad kiekvienais metais visy Suny spermo-
je vidutiniskai 9 proc. padaugéja morfologiniy pakitimy (p < 0,001), o pro-
gresyvus spermatozoidy judrumas sumazéja 7,8 proc. (p < 0,001). Patinams
senstant kei€iasi ir prostatos treciosios frakcijos pH, kuris kiekvienais metais
padidéja 0,13 vienety (p < 0,001).

Atskirai analizuojant skirtingy amziaus grupiy Sunis buvo gauti Sie rezul-
tatai:

* 34 mety Suny grupé¢ (n = 29) iSsiskyré¢ didziausiu spermos tiiriu
(2,91 = 0,14 ml) ir koncentracija (437,86 = 17,98 mln./ml), bendra
koncentracija sieké 1 296,44 + 87,71 mln., o morfologiniai pakitimai
buvo maziausi (16,83 £+ 1,07 proc.). Progresyvus judrumas buvo auks-
Ciausias (82,24 £ 1,44 proc.), o pH reikSme sieke 6,22 + 0,03.

* 5-6 mety Suny grupéje (n = 49) spermos tiiris sumazéjo iki 2,34 £ 0,14
ml, koncentracija sieké 317,02 + 17,94 min./ml, o bendra koncentra-
cija — 817,98 £ 72,15 miIn. Morfologiniy pakitimy skaicius iSaugo iki
31,57 £ 2,72 proc., progresyvus judrumas sumazejo iki 66,73 + 2,10
proc., o pH reik§meé buvo 6,49 + 0,06.

* 7-8 mety Suny (n = 22) spermos kokybés sumaz¢jimas buvo dar Zen-
klesnis: turis — 1,70 + 0,17 ml, koncentracija — 215,45 = 21,19 mln./ml,
bendra koncentracija — 428,43 £+ 82,54 mlIn., morfologiniy pakitimy pa-
daugéjo iki 47,64 £+ 3,37 proc., o progresyvus spermatozoidy judrumas
sumazéjo iki 55,91 + 2,73 proc., pH — 6,69 £ 0,05.

*  9-10 mety Suny grup¢je (n = 17) rodikliai buvo prasCiausi: spermos
tiris — 0,74 = 0,13 ml, koncentracija — 85,71 + 11,47 mIn./ml, bendra
koncentracija — 82,63 + 23,80 mln., morfologiniy pakitimy skai¢ius
sieké 69,88 + 2,82 proc., progresyvus spermatozoidy judrumas buvo
maziausias — 35,88 + 3,69 proc., o pH — 6,95 + 0,05.

Visi spermos kokybés rodikliai skirtingose amziaus grupése skyrési statis-

tiskai reikSmingai (p <0,001). Spermos parametry pasiskirstymas skirtingose
amziaus grupése pateiktas 3.1.3.1 lentel¢je.
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3.1.3.1 lentelé. AmzZiaus jtaka spermos kokybés rodikliams. a, b, c, d — skirtingomis raidémis pazyméti vidurkiai
stulpelyje skyrési statistiSkai reiksmingai (p < 0,01)

_ . Morfologiniai
Am7i Spermos tiris, Spermos Bendra spermos e o . Progresyvus
mzius n . . . pakitimai, . pH
antra frakcija, ml | koncentracija, min./ml | koncentracija, min. proc judrumas, proc.
3—4 metai | 29 2,91+0,14* 437,9 £ 17,98 1296,4 £ 87,7* 16,83 + 1,07 82,24 £ 1,44* 6,22 +0,03*
5—6 metai | 49 2,34 +£0,14° 317,0 £ 17,94° 818,0 +£72,2° 31,57 +2,72° 66,73 +2,10° 6,49 £ 0,06
7-8 metai | 22 1,70 £0,17° 215,5+21,19¢ 428,4 + 82,5¢ 47,64 +3,37¢ 55,91 +2,73¢ 6,69 £ 0,05°
9-10 mety | 17 0,74 £ 0,134 85,7 + 11,47¢ 82,6 +23,8¢ 69,88 + 2,824 35,88 +3,69¢ | 6,95+0,05¢




3.2. II tyrimo etapo rezultatai. Sveiky ir besimptomés gerybinés
prostatos hiperplazijos paveiktos prostatos kompiuterinés tomografijos
ir dalinés pelvimetrijos matavimai

3.2.1. Citologinio tyrimo rezultatai

Siame tyrimo etape buvo itirti 52 Sunys. Prie§ atliekant kompiuterine to-
mografija, taikant bendrajg nejautra, buvo paimti kiekvieno Suns prostatos ci-
tologiniai méginiai prostatos masazo metodiniu principu. Atlikus citologiniy
méginiy vertinimg buvo nustatyta, kad 28 meéginiai parodé GPH pozymius, o
likusiy 24 Suny prostatos netur¢jo jokiy patologiniy pozymiy ir buvo diagno-
zuotos kaip sveikos.

3.2.2. Prostatos matmenys ir tiiris, jvertinus kompiuterinés
tomografijos biidu

GPH paveikty Suny grupéje prostatos ilgis buvo 5,21 £ 0,27 cm, prostatos
plotis sieké 5,20 = 0,22 cm, jos aukstis buvo 4,45 + 0,15 cm, o jos tiris sieké
74,66 cm?® + 8,02 cm? (p < 0,05).

Sveiky Suny grupéje prostatos matmenys buvo reik§mingai mazesni: pros-
tatos ilgis buvo 3,43 + 0,11 cm, plotis sieke 3,65 = 0,19 cm, aukstis — 3,49 +
0,14 cm, o taris buvo 24,23 cm® + 2,5 cm®. Atlikus statisting analizg rezultatai
parodé, kad prostatos ilgis, plotis, aukstis bei turis skyrési statistiskai reiks-
mingai abiejose grupése, o jvertinus prostatos dimensijy bei tiirio skirtumus
tarp sveiky ir serganciy Suny grupiy, nustatyta, kad besimptome GPH ser-
gancioje Suny grupeje prostatos ilgis, plotis, aukstis ir tiiris atitinkamai buvo
1,5, 1,4, 1,3 ir 3,1 karto didesni, palyginti su sveiky Suny grupe (p < 0,001).
Prostatos matavimy ir tiirio reikSmés pateiktos 3.2.2.1 lenteléje.

3.2.2.1 lentelé. Prostatos ilgio, plocio, aukscio ir tirio matavimy rezultatai.
a, b — skirtingomis raidémis pazyméti vidurkiai stulpelyje skiriasi statistiskai
reiksmingai (p < 0,001)

Tiriamosios Prostatos Prostatos Prostatos Prostatos

grupés ilgis, cm plotis, cm aukstis, cm taris, cm®
Besimptomé GPH 5,21 £0,272 5,20+ 0,222 4,45 +0,15° 74,66 + 8,022
Sveiki Sunys 3,43+£0,11° 3,65+0,19° 3,49+0,14° 24,23 +2,50°

Atlikus ROC analize, nustatyta, kad prieSinés lytinés liaukos matmenys
(ilgis, plotis, aukstis) bei turis yra efektyvis rodikliai diferencijuojant sveikus
ir besimptome gerybine prostatos hiperplazija paveiktus Sunis.
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Paaiskéjo, kad prostatos tiiris, virSijantis 46,186 cm’, leidzia su 92,3 proc.
tikimybe (p < 0,001) klasifikuoti Sunj kaip sergantj besimptome GPH. Taip
pat analizeé parodé, kad prostatos ilgis, plotis ir aukstis turi ir reikSminga dis-
kriminacinj gebéjima: jei prostatos ilgis buvo didesnis arba lygus 4,57 cm,
plotis — 4,26 cm, o aukstis — 3,95 cm, tai tikimybé, kad prostata yra paveik-
ta besimptome GPH, buvo atitinkamai — 87,5 proc., 85,5 proc. ir 81,5 proc.
(p <0,001). ROC kreivés grafikas pateiktas 3.2.2.1 paveiksle.

0,6

Jautrumas

0,4

Prostatos

Aukstis, cm

= [lgis, cm
Plotis, cm

= Tiiris, cm?

= Atskaitos linija

0,2

0,0
0,0 0,2 0,4 0,6 0,8 1,0

1-Specifiskumas

3.2.2.1 pav. Prostatos matmeny (ilgio, plocio, aukscio) bei tiirio
diagnostinio patikimumo ir ribiniy reiksmiy ROC kreiviy grafikas

3.2.3. Prostatos matmeny santyKkis su L6

Sio tyrimo metu nustatyta, kad $unims patinams, kuriems buvo patvirtinta
besimptomé gerybiné prostatos hiperplazija, prostatos ilgio, plocio ir auks¢io
santykinés reikSmeés su SeStojo juosmens slankstelio kiino ilgiu buvo reiks-
mingai didesnés, palyginti su sveiky Suny grupe (p < 0,001).

Besimptome GPH forma serganciy Suny grupéje prostatos plocio ir §estojo
juosmens slankstelio santykinio ilgio reikSme (rW) su standartiniu nuokrypiu

59



(SD =) buvo reikSmingai didesné — 1,58 + 0,44, palyginti su sveiky Suny gru-
pe, kurioje §is rodiklis sieké 1,10 £ 0,29 (p < 0,05).

GPH paveikty Suny vidutinés prostatos auk$¢io ir L6 santykinio ilgio
reikSmé su standartiniu nuokrypiu buvo didesné — 1,34 £+ 0,21, palyginus su
sveiky Suny grupe, kurioje rH reikSmeé buvo 1,03 + 0,26 (p < 0,05).

Atitinkamai didesné buvo ir rL reikSmé: GPH serganciy Suny grupéje rL
sieke 1,57 + 0,48, tuo tarpu sveiky Suny grupéje Sis rodiklis buvo 1,06 + 0,16
(p <0,05).

Palyginus sveiky ir besimptome GPH serganciy Suny rL, rW ir rH reiks-
mes, gautas statistiSkai reikSmingas padidé¢jimas serganciy Suny grupéje: rtW
reik§mé padidéjo 43,6 proc. (p < 0,001), rH — 30,1 proc. (p < 0,001), o rL
rodiklis — 48,1 proc. (p < 0,001). Visy iSvardinty rodikliy reikSmiy pasiskirs-
tymas abiejose grupése pateiktas 3.2.3.1 paveiksle.

18 Besimptomé GPH

1,6 Kliniskai sveiki

0,8
0,6
0,4

0,2
1,58 .1 1,34 1,03 1,57 1,06

r'W rH rL

Matmeny santykis

3.2.3.1 pav. ¥W, rH ir rL reiksmés sveiky ir besimptome GPH serganciy
Suny grupese

a, b — skirtingomis raidémis pazyméti vidurkiai stulpelyje skiriasi statistiSkai reikSmingai
(p <0,001)
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Buvo atliktos prostatos tiirio ir L6 slankstelio plo¢io (rW), ilgio (rL) ir
aukscio (rH) statistinés regresinés analizés abiejose tiriamosiose Suny grupé-
se.

Analizuojant prostatos turio ir rW reikSmes sveiky ir serganciy Suny
grupése, nustatyta stipri koreliacija tarp Siy kintamyjy. Regresijos lygtis
y=138,25x — 17,80, o determinacijos koeficientas (R?) siekia 0,84. Tai reiskia,
kad 84 proc. prostatos tiirio variacijos gali biiti paaiskintos rW reik§me. Sie
rezultatai yra statistiSkai reikSmingi (p < 0,05).

Serganciy Suny grupéje regresijos lygtis y = 66,81x + 31,26, o determinaci-
jos koeficientas (R?) yra 0,47 — tai rodo vidutinio stiprumo ry$j ir reik§mingai
didesnj prostatos tiirio padidéjima esant didesnéms rW reikSméms, palyginus
su sveikais Sunimis (p < 0,05). Be to, pastebéta, kad serganciy Suny regre-
sinés tiesés statesnis nuolydis (66,81) rodo spartesnj prostatos tiirio augima
su did¢jancia rW reikSme, palyginti su sveiky Suny grupés regresinés tiesés
nuolydziu (38,25) (p < 0,05).

ISanalizavus, kaip prostatos tiiris susijes rL reikSme sveiky ir serganciy
Suny grupése, nustatyta, kad sveiky Suny regresijos lygtis yra y = 47,87x —
26,45, o determinacijos koeficientas (R?) yra 0,40. Tai rodo vidutinj ry$j tarp
rL reikSmes ir prostatos tiirio (p < 0,05). Serganciy Suny grupéje prostatos
tiiris auga grei¢iau esant didesnéms rL reikSméms, nes jy regresijos tiesés
nuolydis yra 73,68, palyginus su 47,87 sveiky Suny grupéje (p < 0,05). Taip
pat pastebéta, kad serganciy Suny grupéje rL reikSmés ir prostatos turis yra
didesni, o duomeny variacija platesné (p < 0,05).

[Sanalizavus prostatos turio ir rW koreliacijg nustatyta, kad sveiky Suny
grup¢je gauta regresijos lygtis y = 36,95x + 13,89 ir determinacijos koeficien-
tas (R?) 0,60 rodo stipry ry$j tarp rH reik§més ir prostatos tiirio (p < 0,05). Tuo
tarpu serganciy Suny grupéje regresijos lygtis y = 127,68x — 96,35 ir determi-
nacijos koeficientas 0,41 rodo vidutinio stiprumo rysj (p < 0,05). Serganciy
Suny grupéje pastebimas gerokai statesnis regresijos tiesés nuolydis (127,68),
liudijantis spartesnj prostatos tiirio augimg esant didesnéms rH reikSméms,
palyginti su sveiky Suny grupés regresijos tiesés nuolydziu (36,95) (p < 0,05).

Visy skai¢iavimy rezultatai pavaizduoti atskirais grafikais (3.2.3.2 pav.).
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3.2.3.2 pav. Prostatos tirio ir rW, rL ir rH sklaidos diagramos. Mélyni
taskai ir zonos priklauso besimptome GPH serganciy suny grupei, o
raudoni taskai ir zonos — kliniskai sveiky suny grupei

Atlikus ROC analize nustatyta, kad rW, rH, ir rL rodikliai patikimai dife-
rencijuoja sveikus Sunis nuo serganciy besimptome gerybine prostatos hiper-
plazija.

Rodiklis W rodo auksta diskriminacinj potencialg su AUC reikSme, sie-
kiancia 0,85, tuo tarpu rH rodiklio AUC reikSmé buvo Siek tiek Zemesne —
0,82, o rL diskriminaciné reik§mé buvo auksciausia, palyginus su kitais ro-
dikliais, ir sieké net 0,88. Sios rodikliy vertés patvirtina, kad minéti rodikliai
pasizymi aukstu diagnostiniu efektyvumu, kadangi AUC artumas prie 1 rodo
auksta diagnostinio tikslumo lygj, o statistinis patikimumas (p < 0,001) susti-
prina §iy rezultaty reikSmingumg.

Remiantis gautais duomenimis, buvo apibréztos ir ribinés rodikliy reiks-
meés: tW — 1,28, rH — 1,10, rL — 1,35. VirSijus Sias ribines reikSmes, tikimybe
teisingai identifikuoti sergancius Sunis yra 82,1 proc. rW atveju, 89,3 proc. rH
atveju ir 67,9 proc. rL atveju (p < 0,01).

ROC kreiviy grafikas pateiktas 3.2.3.3 paveiksle.
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3.2.3.3 pav. rW, rH ir rL rodikliy diagnostinio patikimumo ir ribiniy
reiksmiy ROC kreiviy grafikas

3.2.4. Dalinés pelvimetrijos rezultatai

Atlikus dalinés pelvimetrijos tyrima, rezultatai parodé, kad vidutinés ppW
ir ppH reik§més buvo reik§mingai didesnés sveiky Suny grupéje palyginus su
besimptome GPH serganciy Suny grupe (p < 0,001). Dalinés pelvimetrijos
matmeny santykinés reik§mes pateiktos 3.2.4.1 lenteléje.

3.2.4.1 lentelé. ppW ir ppH reiksmeés tiriamosiose grupése. a, b — skirtingomis
raidemis pazymeéti vidurkiai stulpelyje skiriasi statistiskai reikSmingai
(p < 0,05)

Tyrimo grupés ppW ppH
Besimptomé GPH 0,74 £ 0,19* 0,57 £0,12°
Sveiki Sunys 1,02 +£0,27* 0,71 £0,13*

Apskaiciavus priklausomybe tarp ppH ir visy tyrime dalyvavusiy Suny
amziaus, buvo gautas neigiamas rySys tarp Suny amziaus ir ppH reiks-
miy. Tai rodo, kad did¢jant amziui ppH reikSmé mazéja. Regresijos lygtis
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y=121,29 — 0,88x, o determinacijos koeficientas (R?) 0,239 rodo silpng rysj,
kuriame tik apie 29,3 proc. ppH variacijos galima paaiSkinti Suny amziumi.

ISanalizavus ppW ry$j su visy tyrime dalyvavusiy Suny amZiumi, gauta
neigiama koreliacija, atskleidzianti, kad did¢jant Suny amziui, ppW reikSme
maz¢ja. Regresijos lygtis y = 19,26 — 1,22x ir determinacijos koeficientas (R?)
0,343 rodo vidutinio stiprumo rysj: apie 34,3 proc. ppW santykio variacijas
galima paaiskinti Suny amziaus jtaka.

Abiejy skaiciavimy sklaidos diagramos yra pateiktos 3.2.4.1 paveiksle.
Taskai grafike atspindi individualiy Suny duomenis, o regresijos tiesé vizua-
liai parodo bendrag mazéjimo tendencija.

y =-0,1104x + 1,8587
P R®=0,3289
2
. .
2 $
3
=, 15 L . P
B L]
i T .
- H a [ ] . L
1 . ! [} ] - = L
.
[ ] (P
.
0,5 .
0
0 2 4 6 8 10 12
Amzius, metai
3 . y =-0,0759x + 2,0639
= R*=0,1548
25
° [ ]
3
2 .
3 s..§..°* s 3 * e
B . L L LT ¥ > =
B l L] 5 . = e
xs :
] [ ] ® . . L
L
1 °
0,5
D
0 2 4 6 8 10

Amzius, metai

3.2.4.1 pav. ppH ir ppW santykio su suny amzZiumi sklaidos diagramos

Atlikus serganciy ir sveiky gyviiny atskyrimo gebos analiz¢ taikant ROC
metodika, nustatyta, kad kintamyjy ppW ir ppH ploto po ROC kreive (AUC)
reik§més sudaré atitinkamai 0,836 ir 0,844 (p < 0,001). Sios reik§més rodo,
kad tiek ppW, tiek ppH parametry santykinés vertés pasizymi aukstu gebéji-
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mu patikimai diferencijuoti sveikus Sunis nuo Suny, serganciy besimptome
GPH.

Analizés metu nustatyta, kad atskyrimo taskas buvo ties 0,77 ppW reiks-
me ir 0,71 ppH reik§me. Siy ribiniy reik§miy vir$ijimas buvo susijes su
74,4 proc. tikimybe ppW atveju ir 77,1 proc. tikimybe ppH atveju, kad tiria-
masis gyviinas priklauso sveiky Suny grupei (p < 0,001). ROC analiziy grafi-
kas pavaizduotas 3.2.4.2 paveiksle.
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1 - Specifiskumas

3.2.4.2 pav. ppW ir ppH diagnostinio patikimumo ir ribiniy reikSmiy
ROC kreiviy grafikas

3.2.5. Prostatos kontrastavimas

Analizuojant prostatos liaukos audinio tankio reikSmes (HU) skirtingose
kontrastinése fazése, nustatyta, kad prieSkontrastinés fazés metu statistiSkai
reikSmingy skirtumy tarp sveiky ir besimptome GPH serganciy Suny grupiy
nebuvo (p > 0,05). Vidutiné HU reikSme prieskontrastinéje fazé¢je sveiky Suny
grupéje buvo 67,83 + 3,56 HU, o besimptome GPH serganc¢iy Suny grupéje —
64,18 + 9,98 HU. Taciau pokontrastinés fazés metu buvo nustatyti statistiskai
reikSmingi skirtumai tarp grupiy (p < 0,001).
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Sveiky Suny grupé¢je vidutiné HU reikSmé buvo 95,42 + 2,34, o serganciy-
Ju grupeje reikSmé sieké 92,61 + 1,83 HU. Tyrimo rezultatai pateikti 3.2.5.1
lenteléje, o prostatos kontrastavimo vaizdai — 3.2.5.1 paveiksle.

3.2.5.1 lentelé. Kontrastavimosi fazés ir jy vidutinés reiksmés su standartiniu
nuokrypiu skirtingose Suny grupése. a, b — skirtingomis raidémis pazymeéti
vidurkiai stulpelyje skiriasi statistiskai reiksmingai (p < 0,05)

Tyrimo grupés Prieskontrastiné fazé, HU Pokontrastiné fazé, HU
Besimptomé GPH 64,18 + 9,98 92,61 + 1,832
Sveiki Sunys 67,83 £+ 3,56 95,42 +2,34°

3.2.5.1 pav. Prostatos kontrastavimo fazés. A — prieSkontrastiné faze,
B — pokontrastiné fazé

Vis délto, atlikus ROC analize, nustatyta, kad prieskontrastinés fazés AUC
reikSmé yra 0,489 = 0,011 (p = 0,369). Diagnostinis patikimumo intervalas
svyruoja nuo 0,273 iki 0,584. Sie duomenys rodo, kad prieskontrastinés fazés
diagnostinis tikslumas nustatant besimptome gerybing prostatos hiperplazijg
néra aukstas, kadangi AUC reikSmé yra zemesné uz 0,5. Be to, prieskontras-
tinés fazés diagnostinis patikimumas néra statistiskai reikSmingas (p > 0,05).

Pokontrastinés fazés ROC plotas AUC = 0,179 £+ 0,057 (p < 0,001).
Diagnostinio metodo pasitikéjimo intervalas svyruoja nuo 0,067 iki 0,292.
Pokontrastine faz¢ yra efektyvi kaip diagnostinis metodas besimptomei gery-
binei prostatos hiperplazijai ir sveiky Suny prostatai atskirti. Kai pokontras-
tinés fazés reikSmeé mazesné uz 93,5 HU, galima jtarti besimptome gerybine
prostatos hiperplazija su 87,8 proc. tikimybe. ROC analizés kreivé pateikta
3.2.5.2 paveiksle.
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3.2.5.2 pav. Pokontrastinés ir prieskontrastinés faziy diagnostinio
patikimumo ir ribiniy reiksmiy ROC kreiviy grafikas

3.2.6. Prostatos tiirio ir kontrastavimo faziy rysys

PrieSkontrastinéje faz¢je serganciy besimptome GPH forma Suny prosta-
tos turis turéjo tendencijag mazéti HU vertei did¢jant, gauta priklausomybés
lygtis y =—1,1404x + 146,72, o determinacijos koeficientas R? = 0,0723. Tuo
tarpu sveiky Suny grupéje pastebétas prostatos tiirio maz¢jimas, didé¢jant HU
reikSmei (y = —1,2581x +109,58 ir R =0,1339).

Pokontrastinéje fazéje tiek serganciy, tiek sveiky Suny grupése nustatyti
tik minimaliis ttrio pokyc¢iai HU reikSméms didéjant. Serganciy Suny grupés
priklausomybeés lygtis buvo y = 0,2639x + 49,097, o R? koeficientas buvo ly-
gus 0,001. Sveiky Suny grupéje priklausomybés lygtis buvo y =0,0615x + 18,
o koeficientas R? buvo toks pats, kaip ir serganéiyjy grupéje (R*=0,001). Sie
duomenys parodo, kad prieskontrastin¢ fazé yra labiau jautri HU vertéms,
ypac sveiky Suny grupéje, palyginti su pokontrastinés fazés minimaliais po-
ky¢iais.

Prostatos tiirio poky¢iai atsizvelgiant | HU vertes skirtingose kontrastinése
fazése abiejose tirlamosiose grupése pateikti Zemiau esan¢iame sklaidos gra-
fike (3.2.6.1 pav.).
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3.2.6.1 pav. Prostatos tirio ir HU reiksmiy sklaidos grafikas

3.2.7. RySys tarp intraprostatos cisty ir HU reikS§miy

Atlikus statisting analiz¢ nustatyta, kad intraprostatinés cistos turi gana
nedidelg jtakg prostatos kontrastavimuisi. PrieSkontrastinéje fazéje intrapros-
tatinés cistos padidina HU reikSmes sveiky Suny prostatose iki 70,5 HU, pa-
lyginti su 67,6 HU be cisty.

Tuo tarpu serganciy Suny grupéje cistinis prostatos audinys sumazina HU
reikSmes iki 64,0, palyginti su 70,0 HU prostatoje be cisty. Pokontrastinéje
fazéje intraprostatinés cistos taip pat nezymiai didina HU reikSmes abiejose
grupése, ypac sveiky suny, kur HU padidéja iki 99,0 su cistomis, palyginti
su 95,1 be jy. Sie skirtumai yra pastebimi, ta¢iau gana riboti, nes statistiskai
reikSmingas skirtumas nustatytas tarp HU reikSmiy tik sveiky Suny grup¢je
pokontrastinéje fazéje (p < 0,01). Cisty jtaka HU reikSméms pateikta 3.2.7.1
paveiksle.
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3.2.7.1 pav. Cisty pasireiskimo jtaka HU reikSméms skirtingose fazése
sveiky ir besimptome gerybine prostatos hiperplazija serganciy suny
grupese
Skaiciais stulpelyje suzymétos HU reikSmeés. a, b — skirtingomis raidémis pazyméti
vidurkiai skiriasi statistiSkai reik§mingai (p < 0,01).

3.3. III tyrimo etapo rezultatai. Sveiky ir besimptomés GPH paveikty
Suny prostatos specifinés esterazés koncentracijos riby ir ultragarso
specifiniy parametry ribiniy verc¢iy nustatymas

3.3.1. Citologinio tyrimo rezultatai

Atlikus prostatos citologinj tyrima, besimptomés gerybinés prostatos hi-
perplazija buvo diagnozuota 35 Sunims. Citologiniame preparate buvo aptikta
jvairaus dydzio stulpinio arba kubinio epitelio 1asteliy laksty, kuriuose laste-
l1és daznai i$sidésCiusios tankiai viena Salia kitos suformuodamos ,,tvorelés*
struktiirg. Lasteliy branduoliai buvo apvalis arba ovalis, su smulkiu, kartais
SiurkStoku chromatinu. Lastel¢je gali buti matomi ir 1-2 smulkis branduo-
léliai. Citoplazma dazniausiai stebima kaip stulpiné arba daugiakampe, pil-
ka, kartais vakuoléta. Lastelés rodo polisSkuma, daznai formuojasi papilinés
strukturos.

Kitiems 30 Suny nebuvo nustatyta prostatos audinio patologijy. Sveikos
prostatos citologinio tyrimo preparate (n = 30) buvo stebima nedidelé, tvar-
kingai i$sidésc¢iusiy stulpelinio epitelio 1gsteliy grupe; Iastelés déstosi nedi-
deliais telkiniais po vieng ar dvi, formuodamos ,,tvorelés* struktiirg. Laste-
liy branduoliai apvaliis, nezymiai ovalis, citoplazmos ir branduolio santykis
4-3:1. Branduolio chromatinas smulkiai griidétas. Prostatos citologinio mé-
ginio nuotraukos pateiktos 3.3.1.2 paveiksle.
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3.3.1.2 pav. Prostatos citologinio méginio nuotraukos is mikroskopo
., Olympus BX36“ (Tokijas, Japonija)

40x didinimas. A — normalios prostatos audinys; B — gerybiné prostatos hiperplazija.

3.3.2. Prostatos ultrasonografija

Tyrimo rezultatai parod¢, kad besimptome GPH serganc¢iy Suny grupe-
je 20,0 proc. patiny (n = 7) nustatyta prostatos liaukos asimetrija. Audinio
echogeniskumo analizé parode, kad 85,7 proc. (n = 30) Suny prostatos au-
dinys buvo heterogeniskas, palyginus su aplinkiniais audiniais, o difuziskai
iSplitusios intraprostatinés cistos Sioje grup€je buvo identifikuotos 85,7 proc.
(n=30) atvejy.

Tuo tarpu sveiky Suny grupé€je asimetriska prostatos forma buvo nustaty-
ta 16,6 proc. (n = 5) atvejy, heteroechogeniska audinio struktiira pastebéta
13,3 proc. (n = 4) tirty Suny, o intraprostatinés cistos rastos 10,0 proc. (n = 3)
Suny.

Tyrimo metu buvo vertinami prostatos dimensiniy matmeny skirtumai tarp
besimptome GPH serganciy Suny ir sveiky Suny grupiy. Besimptomés GPH
Suny grupéje nustatyti prostatos matmenys buvo tokie: ilgis — 5,34 = 1,29 cm,
plotis — 5,05 = 1,17 cm, aukstis — 4,12 + 0,94 cm. Palyginus grupes tarpu-
savyje, sveiky Suny grupéje prostatos matmenys buvo Zenkliai mazesni:
ilgis — 3,57 £ 0,77 cm, plotis — 3,70 £ 0,94 cm, aukstis — 3,45 + 0,88 cm.
Statistiné analizé parodé reikSmingus skirtumus tarp prostatos ilgio, plocio ir
aukscio abiejose tiriamosiose grupése (p < 0,01).

3.3.3. Prostatos tiirio analizé

Analizuojant prostatos turio rodiklius, buvo gauti statistiSkai reikSmingi
skirtumai tarp grupiy. Besimptomés GPH Suny grupéje nustatytas zenkliai di-
desnis prostatos turis, kurio vidurkis su standartinio nuokrypio reik§me sieké
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64,51 + 43,62 cm’, atitinkamai sveiky Suny grupéje vidutinis prostatos tiiris
buvo zenkliai mazesnis — 26,93 + 17,93 cm® (p < 0,001).

Ivertinus Suny amziaus ir prostatos tiirio statisting koreliacija sveiky ir
serganCiy Suny grupése, rezultatai nebuvo statistiSkai reikSmingi (p > 0,05).
Analizé parod¢, kad besimptome GPH serganc¢iy Suny grupéje prostatos turis
kasmet vidutini$kai padidéja 2,29 cm? (p = 0,597), o sveiky Suny grupéje liau-
kos taris kasmet padidéja 2,74 cm® (p = 0,527). Nepaisant to, jog Sie poky-
¢iai kiekvienoje grupéje atskirai néra statistiSkai reikSmingi, vertinant sveiky
ir besimptome GPH serganciy Suny grupes kartu, buvo nustatyta vidutinio
stiprumo koreliacija tarp amziaus ir prostatos tiirio (R? = 0,423, p < 0,001).
Si koreliacija pateikta Zemiau esanéiame duomeny sklaidos grafike (3.3.3.1.
pav.).
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3.3.3.1 pav. Prostatos tirio ir Suny amZiaus sklaidos diagrama

Analizuojant Suny kiino svorio ir prostatos turio koreliacija sveiky Suny
grup¢je, buvo nustatyta vidutinio stiprumo statistiskai reikSminga koreliaci-
ja (R* = 0,475, p < 0,01). Tyrimo rezultatai parodé, kad svorio padidéjimas
vienu kilogramu vidutini$kai susijes su 0,82 cm?® prostatos tario didéjimu
(p<0,01).

Tuo tarpu besimptome GPH serganciy Suny grupéje rySys tarp Suny svo-
rio ir prostatos turio buvo silpnas (r = 0,217) ir statistiSkai nereikSmingas
(p =0,209).
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Vertinant bendraji tyrimo imties ry$j, buvo nustatytas silpnas koreliacinis
rySys (R? = 0,240), o statistinis rySys buvo nereik§mingas (p = 0,055). Sklai-
dos grafikas, vaizduojantis visy tyrime dalyvavusiy Suny svorio ir prostatos
tiirio koreliacijg, pateiktas 3.3.3.2 paveiksle.
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3.3.3.2 pav. Prostatos tirio ir Suny svorio sklaidos diagrama

Remiantis ROC analize, nustatyta, kad prostatos tiris yra patikimas dia-
gnostinis rodiklis, leidZiantis atskirti sveikus Sunis nuo serganciyjy besimp-
tome GPH. ROC kreivés ploto reikSmeé (AUC = 0,87, p < 0,001) rodo, kad
prostatos tiiris turi gana aukstg atskyrimo geba, nes AUC verté artima 1 —
tai rodo ypaC aukstg diagnostinj tikslumg. Optimalioji prostatos tiirio ribiné
reikSmé nustatyta 35,16 cm?, t. y. $ig ribg virSijancios prostatos trio vertés
rodo besimptomés GPH pasireiSkimg su 87,4 proc. tikslumu. ROC analizés
kreiviy grafikas pateiktas 3.3.3.3 paveiksle.
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3.3.3.3 pav. Prostatos tirio (cm?) diagnostinio patikimumo ir ribiniy
reiksmiy ROC kreiviy grafikas

3.3.4. Spalviné Doplerio analizé

Siame etape buvo atlikta prostatos arterijos (a. prostatica) echoskopija
naudojant spalvinj Doplerio ultragarsg, kuris leido stebéti ir analizuoti krau-
jotakos rodiklius skirtingose prostatos arterijos Sakojimosi lokacijose.

Rezultatai parodé, kad sveiky Suny grupéje prostatos arterijy marginalinés
lokacijos PSV reik§mé su standartinio nuokrypio reikSme sieke 22,29 + 1,4,
o besimptome GPH serganciy Suny grupéje Sis rodiklis buvo reik§mingai di-
desnis — 34,1 £ 2,91 (p < 0,05). Analogiska tendencija pastebéta ir vertinant
EDV reik$mes; Cia sveiky Suny EDV nustatyta 4,44 + 0,33, o serganciyjy gru-
péje — 6,52 £ 0,86 (p < 0,001). Vertinant atsparumo indekso reikSmes margi-
nalingje ir subkapsulingje lokacijose, abiejose grupése rezultatai reikSmingai
nesiskyré: marginalinéje lokacijoje rodiklio reik§més buvo 0,80 & 0,02 sveiky
Suny grupéje ir 0,81 £ 0,01 serganciy, o subkapsulinés lokacijos RI reikSmes
sveiky Suny grupé¢je sieke 0,65 + 0,04, o serganciy — 0,64 + 0,03 (p > 0,05).
Visi rezultatai pateikti 3.3.4.1 lentel¢je.
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3.3.4.1 lentelé. Prostatos arterijos skirtingose lokalizacijose kraujotakos
rodikliai. a, b — skirtingomis raidémis eilutéje pazymeéti vidurkiai skyrési
statistiskai reiksmingai (p < 0,05)

Grupé Sveiki Sunys Besimptomg GPH
sergantys Sunys

a.prostatica / marginaliné lokacija, PSV 22,29 £ 1,48 34,1 £2,91°
a.prostatica / marginaliné lokacija, EDV 4,44 + 0,332 6,52 £ 0,36°
a.prostatica / marginaliné lokacija, RI 0,80 = 0,02 0,81 +0,01

a. prostatica / subkapsuliné lokacija, PSV | 15,36 +0,57° 17,96 + 1,07°
a. prostatica / subkapsuliné lokacija, EDV | 5,42 +0,55* 6,57 £0,72°
a. prostatica / subkapsuliné lokacija, RI 0,65 +0,04 0,64 +0,03

Rezultatai parod¢, kad tiek marginalinéje, tiek subkapsulingje a. prostati-
ca lokacijose tam tikri hemodinaminiai parametrai pasizyméjo labai aukstu
diagnostiniu tikslumu. Marginalin¢je lokacijoje PSV rodiklis parode idea-
lig klasifikacijg (AUC = 1,000; p < 0,001), o nustatyta ribin¢ reikSmé buvo
26,78 cm/s. Sia ribine reik§me virsijus, $uo buvo teisingai identifikuojamas
kaip sergantis subklinikinés GPH forma su 100 proc. tikimybe.

EDV parametras marginalin¢je zonoje taip pat pasizyméjo labai aukstu
diagnostiniu tikslumu (AUC = 0,999; p < 0,001), o ribiné reik§mé — 5,23
cm/s. Sia riba virsijus, besimptome GPH buvo galima diagnozuoti su 97,1
proc. tikimybe.

RI parametras marginalinéje lokacijoje buvo neinformatyvus (AUC =
0,639; p = 0,051). Sis rezultatas nebuvo statistiskai reikSmingas, todel RI
naudojimas diagnostiniais tikslais marginalinéje srityje laikytinas riboto pa-
tikimumo.

Subkapsulinéje lokacijoje PSV taip pat pasizyméjo itin aukstu tikslumu
(AUC = 0,999; p < 0,001), o nustatyta ribin¢ reikSmeé — 16,19 cm/s. Siq ribg
virsijus, tikimybé teisingai atpazinti sergancius Sunis sieké 97,1 proc. EDV
parametras parodé gerg diagnostinj patikimuma (AUC = 0,903; p < 0,001),
o ribiné reik§mé — 6,36 cm/s. Sig reik§me virsijus, tikimybé teisingai klasifi-
kuoti besimptome GPH sergantj Sunj sudaré¢ 62,9 proc. Tuo tarpu RI subkap-
sulingje srityje diagnostinés vertés netur¢jo (AUC = 0,440; p = 0,446).

ROC kreiviy analizés grafikas pavaizduotas 3.3.4.1 paveiksle.
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3.3.4.1 pav. Prostatos arterijos rodikliy skirtingose lokacijose
diagnostinio patikimumo ir ribiniy reiksmiy ROC kreiviy grafikas

3.3.5. Suny prostatos specifinés esterazés analizé

Sveiky Suny grupéje vidutiné CPSE koncentracija buvo 38,85 ng/ml +
14,55 ng/ml (intervalas varijavo nuo 17,53 iki 67,8 ng/ml), o GPH paveikty
Suny grup¢je biomarkerio koncentracija padidéjo iki 203,3 + 90,39 ng/ml (in-
tervalas varijavo nuo 97,31 iki 487,54 ng/ml). Statistin¢ analizé parode, kad
Sie rezultatai tarp grupiy skyrési statistiSkai reikSmingai (p < 0,001). CPSE
koncentracijos skirtumai pateikti 3.3.5.1 paveiksle.
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3.3.5.1 pav. CPSE koncentracijos skirtumai tarp skirtingy tiriamyjy grupiy

a, b — skirtingomis raidémis pazymeéti vidurkiai skiriasi statistiskai reikSmingai (p < 0,01)

Papildomai atlikta ROC analiz¢, siekiant nustatyti, ar CPSE yra tinkamas
metodas diferencijuoti sveikus ir sergancius Sunis. ROC kreivés plotas (AUC)
buvo 1,00 (p <0,001), o nustatyta ribiné verté sieké 82,56 ng/ml. Analiz¢é pa-
rode, kad kuomet CPSE koncentracija yra lygi arba didesné nei 82,56 ng/ml,
galima 100 proc. tikslumu identifikuoti besimptome GPH sergancius Sunis
(p <0,001). ROC analitin¢ kreivée pateikta 3.3.5.2 paveiksle.
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3.3.5.2 pav. CPSE diagnostinio patikimumo ir ribiniy reiksmiy ROC kreivés
grafikas

Apskaiciavus CPSE priklausomybe nuo Suny prostatos tiirio vertinant ben-
drai visus tyrime dalyvavusius Sunis (n = 65), rezultatai parodé, kad prostatos
taris didéja 0,14 cm?, kai CPSE koncentracija padidéja 1 ng/ml, kai pradiné
prostatos tirio reikSmé yra 29,49 cm?® (y = 29,49 + 0,14 * x).

Nepaisant to, jog sklaidos diagramoje regresijos linija rodo teigiama sa-
saja tarp CPSE koncentracijos ir prostatos turio, grafike yra tasky, kurie yra
i$sidéste aplink regresijos kreive, o tai indikuoja silpng koreliacija tarp Siy
kintamyjy. Atlikus Pearsono koreliacijos koeficiento skaifiavimus, gautas
vidutinis statistiSkai patikimas rySys tarp CPSE ir prostatos tiirio (r = 0,378,
p <0,01). Duomeny sklaidos grafikas pateiktas 3.3.5.3 paveiksle.
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3.3.5.3 pav. Tyrimo duomeny sklaidos grafikas, nurodantis visy Suny
CPSE koncentracijos priklausomybe nuo prostatos tiirio

Atlikus analogiSka analize, kurioje vertinta visy tyrime dalyvavusiy Suny
amziaus ir CPSE koncentracijos priklausomybé, gauti identiski rezultatai, ku-
rie parod¢ stipry statistiSkai patikima rysj tarp amziaus ir CPSE koncentraci-
jos (y = 80,7 + 38,1 * x, R*= 0,584, p < 0,01). Statistin¢ analizé parodé¢, kad
su amziumi CPSE koncentracija progresiSkai didé¢ja. Pagal pateikta tiesing
regresijos lygtj (y = 80,7 + 38,1 * x), CPSE koncentracija kasmet vidutiniSkai
padidéja 38,1 ng/ml, vertinant Sunis nuo 3 mety amziaus, kaip atskaitos taska.
Taigi, Suny nuo 3 mety amziaus kiekvienais gyvenimo metais CPSE koncen-
tracija kraujyje padidéja apytiksliai 38,1 ng/ml (p < 0,01). Sklaidos grafikas
pateiktas 3.3.5.4 paveiksle.
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3.3.5.4 pav. Tyrimo duomeny sklaidos grafikas, nurodantis visy Suny
amziaus priklausomybe nuo CPSE koncentracijos

[Sanalizavus kiino svorio ir CPSE koreliacijg, buvo nustatyta, kad Suny
svoris nepriklauso nuo CPSE koncentracijos kraujyje. ISanalizavus 65 ne-
kastruoty Suny duomenis, pastebéta, kad Pearsono koreliacijos koeficiento
reik§mé tarp kiino svorio ir CPSE koncentracijos buvo 0,047, o p reikSmé
sieké 0,711.

Sudarius duomeny sklaidos grafika rezultatai parod¢, kad tasky pasiskirs-
tymas nerodo aiSkios tendencijos: taskai grafike yra iSsidéste padrikai, o re-
gresinés linijos poslinkis yra minimalus. Tai parodo tiesés lygtis (y = 146 —
— 0,47 * x) ir koeficientas (R* = 0,002). Sklaidos grafikas pateiktas 3.3.5.5
paveiksle.
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3.3.5.5 pav. Tyrimo duomeny sklaidos grafikas, rodantis visy tyrime
dalyvavusiy Suny svorio priklausomybe nuo CPSE koncentracijos
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4. MOKSLINIO TYRIMO REZULTATU APTARIMAS

Mokslinio tiriamojo darbo rezultaty aptarimas yra iSsamiai aprasytas 1 ir
2 moksliniy tyrimy rezultaty aptarimo skiltyje. Tolimesniuose skyriuose bus
aptarti patys svarbiausi ir esminiai §i0 darbo rezultatai. Svarbu atkreipti dé-
mes], jog atliekant §j tyrimg autoriai nustaté kelis metodinius bei praktinius
apribojimus, kurie galé€jo turéti jtakos rezultaty interpretavimui ir klinikiniam
pritaikomumui. Vienas svarbiausiy veiksniy — tirty Suny veisliy jvairove, dél
kurios negalima atmesti veislés jtakos prostatos dydziui, morfologiniams
pokyc¢iams bei kraujotakos parametrams ar CPSE koncentracijos ir KT tirty
parametry variacijoms. Taip pat susidurta su techniniais i8Siikiais spalvinio
Doplerio echoskopijos tyrimuose: tikslus smulkiy anatominiy struktiiry iden-
tifikavimas vertinant prostatos arterijas skirtingose lokacijose bei ultragar-
so zondavimo kampo standartizacija skirtingy gyviiny atzvilgiu galéjo turéti
jtakos kai kuriy parametry tikslumui. Svarbu pabrézti, jog KT bei ultragarso
tyrime didele reikSme turi ir procediirg atliekantis bei rezultatus vertinantis
asmuo, tod¢l prostatos atitinkamy parametry interpretavimas gali priklausyti
ir nuo procediirg atlikusio operatoriaus, kas gali turéti jtakos rezultatams. Be
to, pirmame etape daliai patiny nepavyko surinkti spermos meéginiy, todél
$ios analizés duomeny skai¢ius buvo maZesnis nei planuota. Sie apribojimai
turéty buti jvertinti planuojant biisimus tyrimus ir taikant gautus rezultatus
praktikoje.

4.1. 1 tyrimo etapas. Prostatos buklés vertinimas

4.1.1. Rektinis tyrimas

Sis metodas vis dar yra pla¢iai naudojamas vertinant prostatos biikle, ta-
¢iau tyrimo jautrumas ir specifiSkumas yra subjektyvus [79]. Misy tyrimo
rezultatai atskleide, kad rektinis tyrimas negali tiksliai nustatyti prostatos pa-
tologijy, todé¢l prostatos vertinimas rektiskai turi biiti atliekamas kaip pirmi-
nis prostatos apzitiros metodas, taCiau ligy diagnostikai atlikti tyrimas yra
netikslus. Siame etape buvo rektiskai istirta 150 $uny. Rektinio tyrimo duo-
menys parodé¢, kad dauguma Suny (n = 79, 52,7 proc.) tur¢jo lygy prostatos
pavirSiy bei simetriSkas skiltis (n = 82, 54,6 proc.), o 43,7 proc. (n = 71)
Suny prostatos pavirSius buvo grublétas ir skiltys buvo asimetriskos (n = 68,
44,4 proc.), taciau tik 18,7 proc. (n = 28) patiny prostaty buvo kietos kon-
sistencijos, o 3 balais skausmingumas buvo jvertintas tik 4 patiny prostatos
(2,7 proc.). Daznu atveju kietos konsistencijos, asimetriSkos ar skausmingos
prostatos yra imaus prostatito arba pazengusiy prostatos onkologiniy ligy po-
zymis [8,61]. Vis délto Siame tyrime dalyvave patinai buvo kliniSkai sveiki ir
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neturéjo jokiy simptomy, susijusiy su prostatos patologijomis, todél prostatos
onkologijos ar prostatitas nebuvo jtariamos diagnozés atlikus rektinj tyrima.
Taciau vertinant prostatos dydj rezultatai parodé, kad didziajai daliai Suny
(81,3 proc.) nustatyta prostata, uzimanti iki pusés tiesiosios zarnos spindzio, —
tai rodo nedidelio laipsnio (0—2 balai) prostatos padid¢jimg. Tokio laipsnio
prostatomegalija paprastai nesukelia klinikiniy simptomy, bet gali kelti jta-
rimy del besimptomés GPH diagnozés [11]. Nors rektinis tyrimas gali biiti
subjektyvus ir priklauso nuo tyrimg atlikusio specialisto kompetencijy, tai yra
pagrindinis pirmings prostatos apzitiros metodas [ 139]. Klinikinéje praktikoje
rekomenduojama atlikti iSsamesnius tyrimus prostatos ligoms jvertinti ir dia-
gnozuoti, neapsiribojant vien rektinio tyrimo rezultatais [27,28].

4.1.2. Prostatos echoskopija

Atlikus prostatos echoskopija buvo vertinamas organo skil¢iy simetrisku-
mas, audinio echogeniSkumas bei prostatos cisty pasireiSkimas. Rezultatai
parodé, kad tarp Suny, kuriy asimetriskos prostatos skil¢iy formos, daznai pa-
sitaike ir kity echoskopiniy radiniy, jskaitant heterogeniska audinio struktiirg
bei intraprostatines cistas. Russo ir bendraautoriy atlikto tyrimo duomenimis,
visiems Sunims, kuriems buvo diagnozuota GPH, prostatoje buvo nustatyti
identiSki pakitimai: intraprostatinés cistos, pakites prostatos audinio echoge-
niskumas ir nezymi skil¢iy asimetrija. [195]. Sio tyrimo rezultatai taip pat
parodé, kad intraprostatinés cistos, prostatos audinio heteroechogeniskumas,
skil¢iy asimetriSkumas bei prostatos padidéjimas yra susije su patiny amziu-
mi — Suniui senstant prasideda GPH procesai, o kartu pasireiskia ir minéti
echoskopiniai radiniai. Amziaus priklausomyb¢ nuo prostatos pokyciy pa-
tvirtino ir Mantziaras ir kolegy atliktos studijos rezultatai, kurioje buvo verti-
nami prostatos poky¢iai jauniems ir vyresnio amziaus Sunims [12]. Skirtingai
nei amzius, Suny svoris jtakos prostatos echoskopiniams pokyciams netur¢jo.
Kad prostatos svoris priklauso nuo patino kiino svorio, jrodyta jau seniai —
1983 metais atliktoje studijoje, kurig publikavo Brendler ir bendraautoriai.
[196]. Taciau tyrimais paremtos informacijos, ar prostatos svoris turi rysj su
minétais specifiniais echoskopiniais pokyciais, autoriy ziniomis, mokslin¢je
literatiiroje aptarta néra.

4.1.3. Spermos vertinimas

[Sanalizavus 117 $viezios spermos méginiy buvo nustatyta, kad Suny sper-
mos kokybé maz¢ja su amziumi, o did¢jantis morfologiniy defekty skaicius
ir spermos pH reikSmés padidéjimas rodo, kad senstant Sunims reprodukci-
né funkcija silpnéja. ReikSmingas spermos kokybés sumazejimas pastebimas
vyresniy amziaus grupiy Sunims, kas leidzia manyti, kad senéjimo procesas
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daro neigiamg jtaka spermatogenezei. Lechner ir kolegy atliktas tyrimas pa-
rodeé, jog vykstant senéjimo procesams keiciasi ne tik patino spermos kokybe,
bet ir spermatozoidai tampa neatsparts Saldymo procesams, tod¢l vyresnio
amziaus patiny sperma daugeliu atveju yra netinkama Saldyti skystame azote
[197]. Taipogi tyrimo duomenys parod¢, kad gera spermos kokybé dazniau-
siai susijusi su homogeniSku prostatos audiniu, o vidutiné ir bloga spermos
kokybé — su heterogeniSku audiniu. Intraprostatinés cistos buvo reikSmingai
susijusios su prastesne spermos kokybe, biidinga dideliam procentui Suny
su vidutine ar bloga spermos kokybe. Nors kai kurie Sunys su intraprosta-
tinémis cistomis parodé gera spermos kokybe, $is atvejis nebuvo daznas
(n=14, 25,9 proc.).

Sie rezultatai rodo, kad spermos kokybés poky¢éiai biidingi vyresnio am-
ziaus Sunims, kuriems analogiskai bidingi ir prostatos audinio poky¢iai (in-
traprostatinés cistos ir padidéjes audinio echogeniskumas) yra tiesiogiai su-
sije su spermos kokybés pablogéjimu. Moxon ir bendraautoriy atlikto tyrimo
rezultatai rodo, kad patiny, kuriy prostatos audinys pasizymi misriu echoge-
niskumu, spermos kokybé yra blogesné, lyginant su patiny, kuriy prostatos
audinys yra homogeniSkas [198]. Minéti pokyciai prostatos audinyje gali biiti
susije su GPH procesu, kas lemia oksidaciniu reakcijy prostatoje iniciacija.
Oksidacinis stresas turi neigiamg jtaka patino spermos kokybei [101]. Kra-
kowski ir kolegy atliktas tyrimas taip pat pateiké panasius rezultatus. Sioje
studijoje buvo istirta 11 dideliy ir milzinisky Suny patiny, kuriy amzius virsijo
3 metus ir kurie sirgo gerybine prostatos hiperplazija, Sviezia sperma. IStyrus
ejakuliatg, nustatyti pokyciai prostatos sekreto sudétyje, pH lygyje ir sperma-
tozoidy DNR defragmentacijoje, kas 1émé prastesne spermos kokybe [88].

4.2. I1 etapas. Sveiky ir besimptomés gerybinés prostatos hiperplazijos
paveiktos prostatos kompiuterinés tomografijos ir dalinés pelvimetrijos
matavimai

4.2.1. Prostatos matmenys ir tiiris, apskaiciuoti remiantis KT
vaizdais

Atlikus KT ir jvertinus sveiky ir besimptome GPH serganciy Suny prosta-
tos ilgj, plotj, aukstj bei paskaiciavus tiirj, remiantis specialiais KT operacinés
sistemos algoritmais, rezultatai parode, kad sveiky ir serganciy Suny prostatos
matavimai ir turis skyrési akivaizdziai. Salonen ir kolegos atliko tyrima, ku-
riame buvo iSmatuotas vyresniy nei penkeriy mety jvairiy veisliy Suny prosta-
tos turis naudojant kompiutering tomografija. Tyrimas parodé, kad naudojant
tokius pacius programinés jrangos algoritmus, kaip ir miisy studijoje, prosta-
tos tiirio nustatymas yra itin tikslus ir patikimas. Be to, tyrimas atskleide, kad
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matavimy patikimumas néra priklausomas nuo specialisto kompetencijos; net
ir su radiologine praktika nesusij¢s klinicistas, gerai susipazings su matavimo
technika, taip pat yra kompetentingas atlikti prostatos tiirio matavimus [184].

Haverkamp ir bendraautoriy atliktame tyrime buvo iSmatuotas patiny
prostatos turis naudojant kompiutering tomografijg ir ultragarsg. Studija pa-
teike aiskig i1Svada, kad ultragarsu iSmatuotas prostatos tiiris buvo nepatiki-
mas ir visiS8kai nekoreliavo su KT metodu nustatytu tiiriu. D¢l Sios prieZasties
klinikinéje praktikoje, remiantis ultragarsu apskaiCiuotu prostatos tiiriu, gali
kilti neatitikimy su realiu prostatos turiu, todél §io metodo patikimumas yra
ribotas [17].

Kitoje Haverkamp ir kolegy atliktoje studijoje buvo skanuotos prostatos
95 Sunims, kuriy grupe sudaré 58 nekastruoti patinai (vidutinis amzius 7,3
mety, vidutinis svoris 30,8 kg) ir 37 kastruoti patinai (vidutinis amzius 8,2
mety, vidutinis svoris 25,5 kg). Tyrimo rezultatai parodé, kad vidutinis pros-
tatos turis sieké 58,6 cm?. Misy tyrimas taip pat pateiké panasius rezultatus,
taCiau atlikus ROC analizg¢, buvo nustatyta, kad patiny, kuriy prostatos turis
virsija 46,186 cm’, rizika sirgti besimptome gerybine prostatos hiperplazija
yra 92,3 proc. Skirtingai nei minétoje studijoje, mes zinojome tikslig tiria-
myjy Suny patiny prostatos bikle, todél iSlieka pagrindas manyti, kad Ha-
verkamp ir kolegy atliktame tyrime dalyvave Sunys gal€jo sirgti besimptome
gerybine prostatos hiperplazija, todél prostatos tiiris buvo skai¢iuojamas sie-
kiant parodyti bendra prostatos turio tendencijg didelés imties populiacijoje.

Schulze ir kt., Ruel ir kt. bei Atalan ir bendraautoriai tyré atitinkamai 50,
100 ir 154 skirtingy veisliy ir amziaus kliniskai sveiky patiny ir nustate, kad
vidutinis prostatos tiiris svyruoja nuo 12 iki 30 cm’ [148,154,199]. Deja, Siy
autoriy tyrimuose taip pat nebuvo nustatyta tiksli prostatos biikle, o prostatos
matavimai buvo atlikti naudojant ultragarsa. Be to, PT buvo skai¢iuojamas
naudojant skirtingas ttirio formules, kurios, pasak Haverkamp ir bendraau-
toriy atliktos studijos statistiSkai nekoreliuoja su KT apskaiciuotu prostatos
tariu [18].

Miisy tyrimo naujumas pasizymi tuo, kad visi iSirti patinai buvo kliniskai
sveiki arba sirgo besimptome GPH, kuri buvo nustatyta atlikus prostatos ci-
tologija. Atlikus statistines analizes, buvo nustatyta rekomendaciné PT riba,
kurig virsijus galima jtarti besimptome¢ GPH su gana aukstu patikimumo pro-
centu. Be to, svarbu pabrézti, kad KT metu nustatyta riba buvo 46,186 cm?,
o apskaic¢iavus PT pagal USG matavimus riba tarp sveiky ir serganciy buvo
mazesné ir sieké 35,16 cm’. Vis délto rekomenduojama remtis kompiuterinés
tomografijos tiirio matavimo riba, nes metodologiskai KT yra tikslesnis [21].

Tyrimo metu buvo matuojamas ir prostatos ilgis, plotis bei aukstis. Miisy
studijoje nustatyti sveiky Suny prostatos matmenys buvo tokie: vidutinis
ilgis — 3,43 = 0,11 cm, vidutinis plotis — 3,65 + 0,19 cm, vidutinis aukstis —
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3,49 £ 0,14 cm, o serganciyjy grupe¢je: ilgis — 5,21 + 0,27 cm, plotis — 5,20 +
0,22 cm, aukstis — 4,45 £ 0,15 cm. Pasikowska ir bendraautoriai atliko analo-
giska tyrima, kuriame dalyvavo 20 sveiky ir 20 gerybine prostatos hiperplazi-
ja serganciy jvairiy veisliy Suny, kuriy svoris buvo nuo 10 iki 42 kg, o amzius
svyravo nuo 5 iki 11 mety. Siems $unims buvo atlikta prostatos kompiuteri-
né tomografija. Tyrimo metu buvo nustatyti sveiky Suny prostatos vidutiniai
matmenys: ilgis — 2,68 + 0,63 cm, plotis — 3,19 £ 0,68 cm, aukstis — 2,82 +
0,75 cm, o sergan¢iy GPH Suny grup¢je Sie rodikliai pasiskirsté taip:
ilgis — 4,38 = 1,1 cm, plotis — 4,89 + 0,88 cm, aukstis — 4,49 + 0,95 cm [183].
Palyginus miisy ir Pasikowskos ir bendraautoriy atlikty tyrimy rezultatus,
akivaizdu, kad abiejose studijose GPH serganciy Suny prostatos matmenys
buvo didesni nei sveiky Suny. Miisy tyrimo duomenys rodo didesnius prosta-
tos matmenis sveiky Suny grupg¢je, palyginti su Pasikowska ir kolegy nusta-
tytais matmenimis, — tai gali buti susije¢ su skirtingu tyrime dalyvavusiy Suny
amziumi. Serganciy Suny grupése abiejy tyrimy matmenys taip pat skyrési,
taCiau abiejy tyrimy rezultatai patvirtina, kad GPH biklé turi jtakos prostato-
megalijai vystytis.

4.2.2. Prostatos matmeny santykis su L6 slanksteliu

Prostatos karcinomos atvejais daznu atveju metastazes pasireiskia kauluo-
se, 0 ypac regioniniuose kaulinés sistemos dalyse: dubens kauluose bei juos-
mens slanksteliuose [200]. Atsizvelgiant | tai, Pasikowska ir bendraautoriy
atliktame tyrime buvo matuojamas santykis tarp prostatos aukscio, plo¢io bei
ilgio ir L6 juosmens slankstelio ilgio, keliant hipoteze, kad prostatomegalija
GPH sergantiems Sunims gali buiti salyginai identiska, palyginus prostatos
karcinomos paveiktos prostatos dydj, todél, vertinant santykines vertes tarp
prostatos rodikliy matavimy ir L6 ilgio, galima $ig metodikg pritaikyti ski-
riant sveikus ir GPH sergancius Sunis [183]. Panasi studija buvo atlikta Vali
ir kt. bei Lee ir kt., kur prostatos matavimai buvo vertinami atitinkamai su L7
ir su L6 slanksteliais. Abiejy autoriy studijos pateiké iSvadas, kad rySio tarp
prostatos matavimy ir L7 bei L6 nebuvo [142,201]. Vis délto abi studijos tyré
kliniskai sveikus, jvairaus amziaus, svorio ir veislés Sunis, ta¢iau né viena-
me tyrime nebuvo atliktas prostatos citologinis ar histopatologinis tyrimas.
Pasikowska ir bendraautoriy publikuotoje studijoje buvo atlikti citologiniai
prostatos tyrimai, kaip ir misy tyrime. Minétame tyrime nustatyta, kad pros-
tatos hiperplazija buvo susijusi su didesniu santykiu tarp prostatos ilgio (rL),
plocio (rW) ir aukscio (rH) su L6 kiino ilgiu GPH serganciy Suny grupéje, pa-
lyginus su sveikais Sunimis [183]. Miisy tyrimas taip pat parodé reikSmingai
didesnius vidutinius rL, rW ir rH santykius besimptome GPH paveikty Suny
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grupéje, palyginus su sveikais Sunimis bei teigiamas prostatos tiirio koreliaci-
jas surW, rH bei rL reikSmémis.

Misy atliktame tyrime, prieSingai nei kituose tyrimuose, papildomai buvo
nustatytos specifinés rL, rH ir W ribinés vertes. Pasitelkus ROC analizg, buvo
apibréztos minéty parametry ribinés reikSmés, kurios padeda atskirti sveikus
Sunis nuo besimptome GPH sergan¢iy Suny. Gauti duomenys leido nustatyti
Sias ribines rodikliy vertes: rtW — 1,28 cm, rH — 1,10 cm, ir rL — 1,35 cm.
Siy ribiniy veréiy virsijimas leidzia su tam tikra tikimybe nustatyti sergan-
¢ius Sunis: 82,1 proc. tikimybé rW atveju, 89,3 proc. tikimybé rH atveju ir
67,9 proc. tikimybe rL atveju. Tai yra nauji rezultatai, kurie gali padéti klini-
kinéje praktikoje vertinant prostatg.

4.2.3. Dalinés pelvimetrijos pritaikymas prostatos dydZio vertinime

Siame tyrime atlikti dalinés pelvimetrijos matavimai siekiant jvertinti pros-
tatomegalijos pasireiSkimg. Pelvimetrija daznai naudojama Zmoniy medici-
noje vertinant motery dubens kauly matmenis, ypac atsizvelgiant j vaisiaus
galvos ir dubens priekinés atvaros santykij bei distocijos rizikg gimdymo metu
[202]. Veterinaringje medicinoje i metodika taikoma panasSiems tikslams —
atliekama nésciy kaliy pelvimetrija, siekiant jvertinti analogiskas rizikas kaip
ir Zmoniy medicinoje [203]. Pastaruoju metu Siam tikslui buvo panaudota ir
KT [204]. ]vairios studijos parodé, kad kompiuteriné tomografija yra Zymiai
patikimesnis metodas pelvimetrijai atlikti nei rentgeno tyrimas [205-207].
Vertinant Suny prostatg, dubens kauly ir priesinés liaukos rySys buvo apra-
Sytas 1999 metais Atalan ir kt. atliktoje studijoje. Tyrimo metu buvo atliktos
rentgenogramos, kuriose démesys atkreiptas j prostatos ir dubens kauly ma-
tavimus. Tyrimo iSvados parode¢, kad Sie matavimai yra patikimi vertinant
prostatos dydj [144]. Tai buvo vienas pirmyjy bandymy panaudoti dubens
kaulus ir tirti §iy matavimy tarpusavio rysj, siekiant jvertinti galimas korelia-
cijas ir suteikiant vertingy jzvalgy apie anatomine s3sajg tarp dubens kauly
ir prostatos matmeny. Vis délto véliau atlikta Choi ir bendraautoriy studija
parod¢, kad Sis metodas yra subjektyvus ir netikslus dél galimy neatitikimy
atliekant matavimus rentgeno nuotraukoje [149]. Atsizvelgdami j §j apriboji-
m3a, teséme dubens priekinés atvaros bei prostatos plocio ir auk$¢io santykio
vertinimg, pasitelkdami KT sistemoje atkurtus trimacius vaizdus ir siekdami
suprasti matavimy tarp Siy strukttiry rysj bei kaitg. Miisy rezultatai parodé,
kad besimptomés GPH paveikty Suny ppW ir ppH reikSmeés skiriasi, palygi-
nus jas su sveiky Suny. Tai rodo galimg prostatomegalijos ir dubens priekinés
atvaros matmeny sgsajg. Be to, §io tyrimo rezultatai atskleidé neigiama kore-
liacijg tarp visy tyrime dalyvavusiy Suny amZiaus, nepriklausomai nuo pros-
tatos liaukos sveikatos biiklés ir ppH bei ppW reikSmiy; tai rodo, kad senstant
Sunims spontaniskai progresuoja prostatomegalija, o Sios reikSmeés parodo
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prostatos didéjimo progresija. PanaSus rezultatai buvo gauti ir su prostatos
turiu. Tyrimas rodo, kad didéjant prostatos tiiriui ppW ir ppH reik§més ma-
7¢ja, nes didelio turio prostata vis maziau ,,telpa* i priekinés dubens atvaros
~rémus®. Taip pat svarbu atkreipti démes;j j tai, kad lytinés brandos sulauku-
siy Suny yra visiSkai susiformavusi muskuloskeletiné sistema ir dubens kauly
dydis senstant nesikeicia [208]. Tai reiskia, kad ppW ir ppH reikSmés visiskai
priklauso nuo prostatos hiperplazijos procesy. Tai patvirtina ir misy tyrime
atlikta ROC analize, kurios rezultatai rodo, kad skiriamosios ribinés ppW ir
ppH reikSmés leidzia atskirti sveikus nuo besimptome GPH paveikty Suny.

Sis tyrimas yra pradinis modelis dalinei pelvimetrijai ir prostatomegalijos
ry$iui tarp Suny patiny tyrinéti. Svarbu pabrézti, kad Sis vertinimo metodas
tinka prostatos dydZziui nustatyti ir besimptomés GPH diagnostikai atlikti ir
tuo atveju, kai kompiuteriné tomografija atlickama kitoms strukttiroms ver-
tinti, taciau ] tyrima patenka priekiné dubens atvara ir prostatos liauka, pa-
vyzdZiui, vertinant urogenitalinio trakto, stuburo ar klubo sgnariy patologijas
[209].

4.2.4. Prostatos audinio tankio matavimai

Miisy atliktame tyrime buvo vertinamos ir prostatos audinio tankio skaiti-
nés vertés. Gauti rezultatai atskleidé, kad pokontrastinéje tyrimo fazéje Ho-
unsfieldo vienety (HU) reik§Smés besimptomés GPH paveikty Suny prostatoje
zymiai sumazgjo, palyginus su sveiky Suny. Tokius rezultatus pateiké ir Pa-
sikowska ir bendraautoriy atliktas tyrimas, kuriame GPH serganc¢iy Suny HU
reik§mes taip pat buvo didesnés [183]. Nepaisant to, miisy tyrime buvo atlikta
statisting analiz¢, kuri parod¢, kad prieSkontrastinéje fazéje tiek serganciy be-
simptome GPH forma, tiek sveiky Suny HU reikSmés didé¢ja mazéjant pros-
tatos tiiriui, taciau §is rySys yra statistiSkai nereikSmingas. Pokontrastingje
fazéje prostatos tiiris HU reiksméms jtakos beveik neturi. Sie duomenys pa-
tvirtina, kad prostatos tiiris turi ribota jtakag HU reikSméms. Vis délto reikia
atkreipti démesj, kad besimptome GPH serganc¢iy Suny prostatomegalija yra
simptomais, paprastai pasizymi ryskia prostatomegalija, kuri potencialiai gali
daryti jtakg HU reikSmém:s.

Lee ir bendraautoriai atliko studija, kurioje vertino Suny prostatas ana-
liznodami jvarius KT rodiklius. Buvo pastebéta, kad skyrési HU reikSmés
Suny prostaty, kuriose buvo intraprostatiniy cisty [142]. Misy tyrimo metu
statistiné analizé parodé, kad intraprostatinés cistos daro nedidelg jtaka pros-
tatos kontrastavimuisi. Tokie rezultaty skirtumai gali biiti paaiskinti tuo, kad
abiejuose tyrimuose nebuvo apibréztas intraprostatiniy cisty skersmuo. Rei-
kéty pabrézti, kad kliniskai sveiki Sunys su diagnozuota besimptome GPH
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dazniausiai neturi didelio skersmens intraprostatiniy cisty, nes didelés apim-
ties cistos prostatoje paprastai siejasi ir su klinikiniy simptomy pasireiskimu
[130]. Nors musy ir Lee ir kt. atlikty tyrimy rezultatai vertinant HU reikSmes
skyrési, svarbu pabrézti, kad Lee ir bendraautoriy studijoje nebuvo atlikta
prostatos audinio histopatologiné analiz¢ ir tyrimas tik parodé, kad liaukos
kontrastavimas gali buti naudojamas kaip papildomas kriterijus vertinant
prostatos biikle.

Vis tik musy tyrime atlikta prostatos audinio citologija i§skyreé sveikus ir
besimptome GPH paveiktus Sunis, tod¢l rezultatai gali buti patikimesni. Be
to, miisy tyrime atlikta ROC analizé pateiké ir ribines reikSmes, kurios gali
leisti jtarti besimptomés GPH paveiktus Sunis. Tyrimas parodé, kad pokon-
trastin¢je fazéje esant HU reikSmei zemesnei nei 93,5 HU galima jtarti, kad
Sunys yra paveikti hiperplazijos procesy. Sie rezultatai taip pat yra naudojami
kaip papildoma informacija atkreipiant démesj j galima prostatos besimpto-
més GPH pasireiskima.

4.3. I1I etapas. Sveiku ir besimptomés GPH paveikty Suny prostatos
specifinés esterazés koncentracijos riby ir ultragarso specifiniy
parametry ribiniy verc¢iy nustatymas

4.3.1. Prostatos turio vertinimas ultragarsu

Misy rezultatai pabrézé zenkliai padidéjusj prostatos tiirj Suny, serganciy
besimptome GPH forma, palyginus su sveikais Sunimis. Dearakhshandeh ir
kolegy atlikto tyrimo metu buvo istirti 25 jvairaus amziaus bei veisliy patinai,
kuriy amzius svyravo nuo 1 iki 3 mety, o svoris — nuo 15 iki 20 kg, siekiant
nustatyti prostatomegalijos progresija, kai GPH buvo sukelta dirbtinai apli-
kuojant testosterono enantato ir estradiolio benzoato injekcijas. Ultragarso
tyrimai atskleide, kad dirbtinai sukeltos GPH grupés prostatos tiiris padidéjo
nuo 9,66 + 4,81 cm? 0 dieng iki 20,59 + 6,83 cm’ 63 dieng [85]. Nors Suny,
dalyvavusiy misy tyrime, amzius ir svoris skyrési, rezultatai buvo panasiis:
sergan¢iy besimptome GPH Suny prostatos taris buvo 64,51 + 43,62 cm’,
sveiky Suny — 26,93 + 17,93 cm®. Abu tyrimai rodo tendencija, kad GPH pa-
veiktos Suny prostatos tiiris yra didesnis nei sveiky Suny.

Be to, miisy tyrimuose ROC analizé pasitilé prostatos tirio riba besimp-
tome GPH sergantiems Sunims, kuri turéty biiti didesné nei 35,16 cm®. Ta-
Ciau svarbu pazyméti, kad misy tyrime prostatos tiiris, matuotas ultragarsu
(naudojant elipsoidiniy kiiny formule), skyrési nuo KT operacinés sistemos
apskaiCiuoto tiirio. Visgi remiantis tuo, kad KT yra tikslesnis tyrimas ver-
tinant ne tik organo turj, bet ir kitus rodiklius, galima pritarti Haverkamp
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ir bendraautoriy atliktos studijos tyrimui, kad KT yra patikimesnis metodas,
skai¢iuojant prostatos turj [17].

4.3.2. Prostatos kraujotakos vertinimas spalviniu Dopleriu

Miisy tyrimas pabrézia spalvinio Doplerio metodikos svarbg ir potenci-
alg vertinant sveikus ir besimptome GPH sergancius Sunis. Rezultatai buvo
palyginti su Zelli ir kolegy atlikto tyrimo duomenimis, kuriame buvo i$ma-
tuoti jvairts kraujagysliy rodikliai prostatos arterijoje. Miisy gauti rezultatai
skyrési nuo Zelli ir bendraautoriy pateikty rezultaty. Minéto autoriaus tyrime
tiek marginalinés lokacijos prostatos arterijoje, tieck subkapsulinéje lokacijoje
PSV, EDV bei RI rodikliai buvo didesni nei miisy tyrime istirty Suny prosta-
tose.

Skirtingi rezultatai tarp Siy tyrimy gali buti susije¢ su jvairiais metodologi-
niais aspektais, pavyzdziui, tiriamyjy Suny amziumi, svoriu, veisle bei imties
dydziu. Miisy tyrimas apéme jvairiy veisliy Sunis, o Zelli ir bendraautoriai
analizavo tik vokieCiy aviganius. Be to, miisy tyrimo sergantiems Sunims
buvo diagnozuota besimptomé GPH, o minétame tyrime klinikiné Suny biiklé
nebuvo aiskiai apibrézta.

Nepaisant minéty skirtumy, miisy tyrimy rezultatai rodo, kad Sunys, ser-
gantys besimptome GPH, daZniausiai pasizymi padidéjusiais kraujagysliy
greicio rodikliais, palyginti su sveikais Sunimis. Tai yra svarbu, nes panasis
didesni kraujagysliy greiciai buvo stebimi ir kity autoriy, tokiy kaip Gun-
zel-Apel ir kt. bei Nizanski ir kt. atliktuose tyrimuose, kurie taip pat fiksavo
didesnius prostatos arterijos kraujotakos grei¢ius GPH paveiktose prostatos
liaukose, palyginus su sveikomis. Miisy pateikti rezultatai leidzia geriau su-
prasti kraujotakos poky¢€ius prieSin¢je liaukoje, susijusius su besimptome
GPH forma, kadangi tyrime buvo atlikta ROC analizé, kuri parod¢, kad ats-
kirose lokacijose tirtos prostatos arterijos kraujotakos grei¢iy rodikliai yra
veiksmingas diagnostinis metodas, skiriantis sveikus ir sergancius Sunis.
ROC kreivés analizé parode, kad prostatos arterijy PSV ir EDV rodikliai tiek
marginalingje, tiek subkapsulin¢je lokacijoje, pasizymi aukstu diagnostiniu
tikslumu abiejose grupése. Vis délto RI rodiklio abiejose prostatos arterijos
lokacijose, o ypa¢ subkapsulinéje lokacijoje diagnostinis tikslumas buvo zy-
miai maZesnis, palyginus su PSV ir EDV rodikliais. Sis rodiklis nesiskyré
statistiSkai reik§Smingai abiejose lokacijose tiek sveiky, tiek serganc¢iy Suny
grup¢je, todél RI Siuo atveju yra maziau informatyvus, tad  tai reikéty at-
kreipti démes;j klinikingje praktikoje. Tokj fenomeng galima paaiskinti tuo,
kad PSV ir EDV rodikliai, matuojantys kraujo tekmeés greitj per tam tikra
laika, yra jautresni aptinkant net nedidelius kraujagysliy sieneliy ar kraujo-
takos pokycius [210]. RI, apskai¢iuojamas kaip santykis tarp PSV ir EDV
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(RI = (PSV — EDV) / PSV), yra atsparus pokyciams, kurie nekeicia krauja-
gysliy atsparumo arba kraujagysliy tonuso, net jei PSV ar EDV rodikliai pa-
tiria pokyciy. RI yra jautrus kraujagysliy sieneliy buklei ir elastingumui, kuri
gali likti palyginti stabili esant besimptomei GPH formai [211,212].

4.3.3. CPSE ribiniy reikSmiy nustatymas

Misy tyrime atlikus CPSE analize 52 kliniSkai sveikiems Sunims repro-
duktoriams, buvo nustatyta, kad sveiky Suny grup¢je vidutinée CPSE koncen-
tracija kraujyje buvo 38,85 = 14,55 ng/ml. Ir prieSingai — Suny su besimpto-
me GPH buvo zymiai padidéjusi vidutiné koncentracijos reikSmeé — 203,3 +
90,39 ng/ml. Bell ir bendraautoriy atliktas tyrimas parod¢, kad GPH sergantys
Sunys tur¢jo zenkliai didesnes CPSE koncentracijos vertes (189,7 ng/ml), pa-
lyginus su sveikais Sunimis (41,8 ng/ml) [213]. Alonge ir bendraautoriy studi-
joje buvo nustatyta, kad sveiky Suny vidutinés CPSE vertés buvo 38,9 ng/ml,
o Suny, sergané¢iy GPH, — 184,9 ng/ml [214]. Siame tyrime buvo nustatyta
klinikiné CPSE ribiné verté, kuri, remiantis ROC analize, yra 52,3 ng/ml,
gali biiti taikoma GPH diagnozuoti. Miisy tyrimas, atliktas su didesne imtimi
(n = 65) Suny, palyginus su Alonge ir kolegy atliktu tyrimu (n = 19), nustaté
aukstesne diagnosting riba, kuri, vir§ijus 82,56 ng/ml, leidzia jtarti besimp-
tom¢ GPH. Rezultaty skirtumai gali biiti susij¢ ne vien su imties dydzio, Suny
amziaus ir veisliy skirtumais, bet ir su pagrindiniu metodologiniu aspektu:
Alonge ir bendraautoriy atliktame tyrime CPSE koncentracija buvo nusta-
tyta atlieckant ELISA metoda, o miisy tyrimas pasitelké lazerinés fluorescen-
cijos metoda, kuris yra patikimesnis uz ELISA metoda [215]. Palyginus su
Holst ir bendraautoriy atliktu tyrimu, kuriame diagnostiné riba buvo nustatyta
90 ng/ml, musy gauti rezultatai yra vienodi. Minétoje studijoje tyrimo imtj
sudaré 79 nekastruoti Sunys patinai, kuriy vidutinis amzius sieké 7,5 mety,
o vidutinis svoris — 24,5 kg. Nepaisant to, kad CPSE koncentracija Holst ir
bendraautoriy atliktame tyrime buvo nustatyta naudojant ELISA metoda,
diagnostinés ribos buvo panasios [25]. Atsizvelgus ] tai, kad Holst ir bendra-
autoriy tyrime Sunys buvo klinikiniu pozitriu sveiki ir jy amzius bei svoris
buvo panasus j miisy tirty Suny charakteristikas, galima teigti, kad abi pateik-
tos ribinés vertés yra gana patikimi rodikliai, jtariant besimptome¢ GPH. Taip
pat miisy tyrimo rezultatai parodé, kad CPSE turi priklausomybe nuo prosta-
tos tiirio, bet nepriklauso nuo patino svorio. Analogiskus rezultatus pateiké ir
Pinheiro ir bendraautoriy studija [24]. Atsizvelgiant j tai, kad CPSE yra grei-
tas, ekonomiskas ir prieinamas tyrimas, veterinarinéje praktikoje Sis metodas
tampa itin vertingas Suny prostatos sveikatos biiklei jvertinti. CPSE leidZia
atlikti ankstyva prostatos ligy diagnostika visiems Sunims patinams, nepri-
klausomai nuo jy reprodukcinio statuso — tai suteikia galimybe ne tik laiku
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pastebéti hiperplazijos procesus, bet ir pradéti reikiamus tyrimus ar gydyma,
net ir tuo atveju, jei susirgimas yra besimptomis. Svarbu pabreézti, kad Sis me-
todas yra neinvazyvus, todé¢l yra ypac tikslingas atliekant vyresnio amziaus
Suny tyrimus. Be to, CPSE tyrimas naudingas ne tik GPH ankstyvos formos
diagnozei atlikti, bet ir bendrai Suny patiny reprodukcinei bei sveikatos buklei
jvertinti, stebésenai ir gydymo strategijoms rengti [138,213,216].

92



ISVADOS

1. Nustatyta, kad rektinio tyrimo metu jvertinti prostatos morfologiniai
parametrai pasizymeéjo didele individualia variacija.

1.1. Tyrimo duomenimis nustatyta, kad prostatos ultragarsu jvertinti
pakitimai — prostatos dydis, audinio heterogeniskumas, intrapros-
tatiniy cisty pasireiSkimas bei prostatos skil¢iy asimetrija — pri-
klauso nuo Suny amziaus ir pasireiskia patinams, vyresniems nei
5,5 mety, o Suny svoris itakos netur¢jo.

1.2. Nustatyta, kad su amziumi reikSmingai blogéja patiny spermos
kokybé — mazg¢ja antrosios frakcijos tiiris, spermatozoidy koncen-
tracija ir progresyvus judrumas, didéja morfologiniy defekty pro-
centas bei ejakuliato tre€iosios frakcijos pH.

2. Nustatyta, kad prostatos ilgis, plotis, aukstis ir tiiris reikSmingai skyrési
tarp sveiky ir besimptome GPH serganciy Suny (p < 0,001), o nustatyta
prostatos tiirio ribiné reikSmé (46,186 cm?®) leidzia diagnozuoti besimp-
tome¢ GPH su 92,3 proc. tikimybe.

2.1. Nustatyta, kad rodikliai L, W ir rH pasizymi auks$tu diagnosti-
niu patikimumu atskiriant besimptome GPH sergancius Sunis nuo
sveiky, o jy ribinés reikSmes — L > 1,35, rW > 1,28 ir rH> 1,10 —
leidzia identifikuoti susirgimg atitinkamai 67,9 proc., 82,1 proc. ir
89,3 proc. tikslumu (p <0,01).

2.2. Nustatyta, kad ppW rodiklis pasizyméjo aukstu diferenciniu tikslu-
mu vertinant sveiky ir besimptome GPH serganciy Suny atskyrima
—reikSme, virsijanti 0,77, buvo susijusi su 74,4 proc. tikimybe, kad
tiriamasis gyvinas priklauso sveiky suny grupei (AUC = 0,836; p
<0,001). Tuo tarpu ppH parametrui buvo nustatyta ribiné reikSmé,
lygi 0,71, kurig vir$ijus Sunys su 77,7 proc. tikimybe buvo klasifi-
kuojami kaip kliniskai sveiki.

2.3. Nustatyta, kad tik pokontrastinéje kompiuterinés tomografijos
faz¢je prostatos audinio tankio reikSmeés statistiSkai reik§Smingai
skyrési tarp sveiky ir besimptome GPH serganciy Suny (p < 0,001),
o esant HU reikSmei mazesnei nei 93,5, diagnozuoti besimptome
GPH galima su 87,8 proc. tikimybe (AUC = 0,879; p < 0,001).

3. Nustatyta, ribiné prostatos tario verté (35,16 cm?®), kurig virsijus, be-
simptom¢ GPH galima nustatyti su 87,4 proc. tikimybe (AUC = 0,87;

p <0,001).
3.1. Tyrimo duomenimis nustatyta, kad prostatos arterijy kraujotakos
rodikliai — sistolinis kraujo tekmés greitis (PSV) ir diastolés pabai-
gos greitis (EDV) — pasizymi itin aukStu diagnostiniu tikslumu di-
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3.2.

ferencijuojant sveikus Sunis nuo besimptomés gerybinés prostatos
hiperplazijos atvejy (AUC = 0,999-1,000; p < 0,001). Apskaiciuo-
tos ribines reik§més marginalingje prostatos arterijy lokalizacijoje
buvo PSV >26,78 cm/s ir EDV > 5,23 cm/s. Virsijus Sias ribas, Su-
nys buvo teisingai klasifikuojami kaip sergantys subklinikinés GPH
forma atitinkamai 100,0 proc. ir 97,1 proc. tikslumu. Subkapsuliné-
je lokalizacijoje nustatytos ribinés reikSmeés buvo PSV > 16,19 cm/s
ir EDV > 6,36 cm/s, o Siy reikSmiy virSijimas lémé teisinga ser-
ganéiy Suny atpazinimg atitinkamai 97,1 proc. ir 62,9 proc. tiki-
mybe. PrieSingai, atsparumo indeksas (RI) abiejose lokalizaci-
jose diagnostings vertés neturéjo (AUC = 0,639 marginalinéje ir
AUC = 0,440 subkapsuling¢je lokalizacijoje; p > 0,05), todél jo tai-
kymas diferencijuojant sveikus ir sergancius Sunis laikytinas nein-
formatyviu.

Nustatyta, kad besimptomé gerybiné prostatos hiperplazija gali
biti diagnozuojama su 100 proc. tikslumu, kai prostatos specifinés
esterazés (CPSE) koncentracija yra lygi arba virSija 82,56 ng/ml
(AUC = 1,00; p < 0,001).
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REKOMENDACIJOS

. Vyresniems nei 5,5 mety nekastruotiems Sunims reguliariai atlikti pro-
filaktines andrologines apziiiras atlickant rektinj tyrima, prostatos ul-
tragarso vertinimg, o patinams reproduktoriams papildomai atlikti ir
spermos analizg.

. Atliekant prostatos ultragarsinj tyrima, apskai€iuoti prostatos tiirj ir
taikyti spalvinés Doplerio sonografijos metodika, vertinant prostatos
arterijy kraujotakos greiCius ir remiantis nustatytomis prostatos tiirio
ir arterinés kraujotakos rodikliy ribinémis vertémis, jvertinti prostatos
hiperplazijos procesy pasireiSkimg.

. Androloginés apzituros metu taikyti CPSE kraujo tyrimag kaip pirmo
pasirinkimo neinvazinj metodg ankstyvai gerybinés prostatos hiperpla-
zijos diagnostikai, remiantis miisy tyrime nustatyta ribine biomarkerio
reikSme.

. Kompiutering tomografija taikyti kaip patikimg ir kompleksinj pros-
tatos buklés vertinimo metods, integruojant kiekybing prostatos tiirio

analize, santykiniy matmeny su Ses$tuoju juosmens slanksteliu jvertini-
ma, dalinés pelvimetrijos ir audinio tankio analizg.
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SUMMARY

ABBREVIATIONS
BPH - Benign Prostatic Hyperplasia
US — Ultrasonography
CT — Computed Tomography
CPSE — Canine Prostatic Specific Esterase
DHT - Dihydrotestosterone
GnRH - Gonadotropin-Releasing Hormone
FSH - Follicle-Stimulating Hormone
LH — Luteinizing Hormone
PSA  — Prostate-Specific Antigen
ROS - Reactive Oxygen Species
MRI -~ Magnetic Resonance Imaging

TRUS - Transrectal Ultrasound
CEUS - Contrast Enhanced Ultrasonography

HU — Hounsfield Units

L6 — Sixth Lumbar Vertebra

rL — Ratio of Prostate Length to Sixth Lumbar Vertebra Length
rH — Ratio of Prostate Height to Sixth Lumbar Vertebra Height
rw — Ratio of Prostate Width to Sixth Lumbar Vertebra Width
ppW  — Ratio of Prostate Width to Anterior Pelvic Aperture Width
ppH  — Ratio of Prostate Height to Anterior Pelvic Aperture Height
PSV  — Peak Systolic Velocity

EDV - End Diastolic Velocity

RI — Resistive Index

PT — Prostate Volume

SD — Standard Deviation

ROC - Receiver Operating Characteristic

AUC  — Area Under the ROC Curve

ELISA - Enzyme-Linked Immunosorbent Assay
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1. INTRODUCTION

Benign prostatic hyperplasia (BPH) is the most commonly encountered
prostate pathology affecting all unneutered male dogs, regardless of breed.
According to Socha et al., this prostatic condition with clinical symptoms is
more frequently observed in large and giant breed dogs older than 4 years [1].
However, BPH can also manifest earlier, including younger dogs. Lowseth et
al. suggest that prostatic hyperplasia may begin developing in males as young
as 2 years of age [2].

It is important to note that the canine prostate gland exhibits anatomical
and histological structures that are analogous to those of the human prostate,
along with comparable physiological functions. The prostate gland is not only
involved in hormone synthesis but also demonstrates significant sensitivity
to circulating sex hormones within the body, particularly androgens [3]. The
degree of benign prostatic hyperplasia manifestation directly depends on the
concentration of androgens. The impact of androgens in the prostate gland
initiates changes in the number and size of epithelial cells: an increase in cell
number (hyperplasia) and an enlargement in cell size (hypertrophy). These
physiological processes contribute to the enlargement of the prostate, leading
to various health issues [4]. BPH may present clinical symptoms such as
hematuria, disuria, constipation, balanoposthitis, pain in the back or hind limbs,
limping, penile discharge, or even urinary incontinence [5]. Additionally, it is
crucial to remember that BPH significantly affects canine reproductive health.
In cases of BPH, there may be a decrease in male /ibido, deterioration in semen
quality, or even development of infertility [6]. Research has established that the
prostate gland is responsible for producing the first and third fractions of the
complete canine ejaculate and that significant alterations in these components
can elevate the risk of compromised bree-ding functionality and generally
affect the reproductive status of male dog [7]. Moreover, the uncontrolled
progression of BPH increases the risk of developing secondary prostatic
conditions, such as prostatitis, intraprostatic and/or paraprostatic cysts, and
prostatic neoplasms, all of which may negatively affect the male’s fertility
and overall health. Furthermore, associated conditions like perineal hernia
may also arise due to progression of BPH, which potentially can compromise
the animal’s systemic well-being [8,9].

Currently, in veterinary practice, there are numerous diagnostic tools for
assessing prostate conditions, yet early detection of subclinical BPH remains
a challenge. Prostate assessment begins with a rectal examination, which is
one of the primary methods for evaluating prostate gland condition in both
humans and animals. However, this examination is subjective, since only the
dorsoventral aspect of the prostate can be palpated. Also, this method is further
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influenced by individual variability in physician assessmen. Additionally,
rectal palpation can pose challenges for small breed dogs due to their size,
potentially causing pain and discomfort leading to false examination [10,11].

For a more comprehensive evaluation of the prostate, various diagnostic
imaging modalities are utilized, including radiography, ultrasonography, com-
puted tomography (CT), and magnetic resonance imaging. These diagnostic
imaging modalities are widely regarded as the most efficacious in veterinary
medicine for the comprehensive assessment of prostate gland [13,14]. In
terms of different diagnostic imaging methods, X-ray examination of the
prostate gland may be used for determining only the anatomical localization,
size, or presence of large cysts. Moreover, the value of X-ray examination is
limited due to other abdominal organ imaging interferences and poor quality
contrast enhansment. Therefore, ultrasound is more commonly used in clinical
practice in terms of evaluation of the prostate gland [11,12]. Nonetheless,
the effectiveness of ultrasound diagnosis greatly depends on the operators
experience, not only in terms of image interpretation but also regarding the
technical aspects of the procedure. Accurately delineating the prostate gland
margins, particularly the posterior contour, and selecting optimal imaging
planes for ultrasound measurements continue to pose significant challenges
for some practitioners. However, despite these limitations, ultrasound is
considered the ,gold-standard® in clinical practice for evaluating prostate
gland due to its accessibility and diagnostic efficacy [12,15,16]. Still, recent
scientific studies indicate that ultrasound examination does not always
accurately assess prostate pathologies, particularly in calculating prostate
volume, which is a crucial criterion for determining the degree of BPH
[17,18]. In instances where ultrasound diagnosis is unreliable or when there
are significant concerns regarding prostate neoplasms, CT is recommended
as an alternative diagnostic tool. While CT is typically used for severe cases,
this examination is an integral part of diagnosing internal organ disorders,
including prostate gland diseases [19,20].

Computed tomography offers novel and advanced diagnostic imaging
capabilities; however, there is still a limited number of scientific publications
specifically addressing prostatic imaging using this modality [21].

In veterinary practice, there is a consistent effort to avoid invasive diagnostic
procedures. Although the aforementioned imaging techniques are classified
as non-invasive, it is important to emphasize that the most reliable method
for BPH diagnosis remains cytological or histopathological evaluation of
prostatic tissue [22].

In an effort to minimize the use of invasive diagnostic methods, the use
of canine prostatic specific esterase (CPSE), a biomarker for benign prostatic
hyperplasia, has been increasingly adopted in veterinary practice in recent
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years. This biomarker is analogous to the prostate-specific antigen (PSA)
employed in human medicine for the diagnosis of prostatic diseases in men
[23]. Both CPSE and PSA are serine proteases specific to prostatic tissue
and serve as biomarkers for assessing prostatic health. CPSE is particularly
valuable in canine prostatic disease diagnostics, as its concentration in blood
increases in cases of prostatic hyperplasia, thus providing veterinarians with
a valuable tool for early detection of BPH [24,25].

The CPSE-based method is non-invasive, rapid, and cost-effective,
which contributes to its growing application in both diagnostic settings and
monitoring programs. It serves as a biomarker for tracking the progression of
BPH in aging dogs [26].

Although a definitive diagnosis of BPH still requires invasive cytological
or histopathological confirmation, the integration of non-invasive diagnostic
tools previously mentioned is increasingly recommended. Such an approach
may improve protocols for the diagnosis of subclinical BPH while reducing
the need for invasive procedures and enabling timely detection of prostatic
disorders [27,28].

It is also noteworthy that when computed tomography is performed on
dogs for unrelated indications — such as evaluation of the abdomen, pelvis,
urogenital system, or general abdominal screening — the prostate is often
included in the scan as non-target organ. In such cases, assessment of the
prostate using specific CT parameters can allow for the identification or
suspicion of various prostatic disorders, including BPH [29].

Aim of the study

Evaluate and compare new and existing diagnostic methods applied in
clinical practice for detecting subclinical benign prostatic hyperplasia in
intact male dogs.

Objectives of the study:

1. To evaluate the prostatic condition and semen quality of intact male
dogs of various ages, body weights, and breeds using conventional
diagnostic methods.

2. To assess computed tomography and partial pelvimetry measurements
of the prostate in clinically healthy dogs and dogs affected by subclini-
cal benign prostatic hyperplasia, and to determine diagnostic threshold
values.

3. To establish reference values for canine prostatic specific esterase con-
centration and prostate-specific ultrasonographic parameters in clini-
cally healthy dogs and those affected by subclinical benign prostatic
hyperplasia.
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Novelty and practical importance of the study

This scientific study highlights recent advancements in the field of
canine andrology by analyzing the diagnosis of subclinical benign prostatic
hyperplasia (BPH) and its impact on the reproductive system of breeding
males. The research emphasizes both established and novel diagnostic methods
that are important for evaluating prostatic health. Computed tomography
(CT), although still considered a relatively new diagnostic tool in the field of
small animal reproduction, is gaining increasing attention in both veterinary
clinical practice and scientific literature for its utility in assessing reproductive
tract organs. In this study, CT was applied in cases of subclinical BPH, and
the obtained results, along with the described methodology, provide new
opportunities not only for further scientific investigations in the context of
subclinical BPH but also for aiding veterinarians in the evaluation of prostatic
changes.

In addition, the authors incorporated partial pelvimetry using specific three-
dimensional (3D) CT reconstructions. This innovative approach allows for
detailed assessment of the prostate gland size, shape, and the area it occupies
within the pelvic inlet, which may indicate the presence of BPH.

The study also employed classical methods of prostatic evaluation, including
digital rectal examination and ultrasonography. A novel aspect of the study
is the introduction of author-defined grading scales for rectal palpation and
a detailed methodology for evaluating specific ultrasonographic parameters,
including the establishment of threshold values distinguishing healthy dogs
from those affected by subclinical BPH. The application of ultrasonography
and the analysis of these parameters not only confirm the effectiveness of this
technique but also expand its potential for clinical use in prostate assessment.

Furthermore, the study presented an analysis of canine prostatic specific
esterase (CPSE), which remains scarcely documented in the scientific literature
in the context of subclinical BPH as an auxiliary diagnostic tool. Determining
CPSE concentrations and establishing reference values may support the
diagnosis of subclinical BPH without the need for invasive procedures. The
method has only recently been implemented in clinical veterinary practice,
and its use in subclinical BPH has not been widely described in the literature,
making the results of this study potentially valuable for both clinical and
academic applications.

All diagnostic methods analyzed in this study, along with the broad range
of reference values and statistical associations distinguishing healthy dogs
from those affected by subclinical BPH, contribute to the development of new
diagnostic strategies and monitoring programs that may reduce the need for
invasive diagnostic procedures. These strategies are essential for ensuring the
reproductive health of male dogs and their suitability for breeding.
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2. MATERIALS AND METHODS

2.1. Study location and implementation plan

The scientific study was conducted at veterinary clinics in Kaunas
(“Kaunas Veterinary Practice”), in Vilnius (“Jakovo Veterinary Centre”), at
the Lithuanian University of Health Sciences, Large Animal Clinics Animal
Reproduction Laboratory of the Faculty of Veterinary Medicine, and at the
Department of Veterinary Pathobiology’s Pathology Center. The research was
carried out from 2018 to 2023. In accordance with the objectives of the study,
the scientific work was divided into three stages (see Figure 2.1.1).

I stage. General evaluation of the prostate
gland.

Animal number n =150

IT stage. To perform CT on healthy male dogs
and those affected by subclinical BPH and
apply partial pelvimetry method for the
evaluation of the prostate gland

Animal number n = 52

I1I stage. To establish the treshold of
CPSE in healthy dogs and those affected by
subclinical BPH and determine the
threshold values for specific ultrasound
parameters.

Animal number n = 65

Fig. 2.1.1. Principal scheme of the study

2.2. I stage. Prostate gland evaluation

2.2.1. Clinical examination and rectal palpation

In the first stage of the study, 150 intact breeding male dogs of large and
giant breeds, weighing over 25 kg (ranging from 25 kg to 70 kg, average —
39.1 kg) and older than 3 years (ranging from 3 to 10 years, average — 6
years), were examined. The dogs were brought to veterinary clinics in Kaunas
and Vilnius for anual general health examinations. The clinical examination
protocol included:
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. Analysis of the patient’s clinical history;

2. Physical examination (assessment of body condition score, posture and
gait, body temperature, weight, palpation of the back, limbs, abdomen
and cervical body parts to assess pain);

3. Examination of the skin and coat (evaluating for any hair loss, skin or
coat damage);

4. Examination of the eyes, ears, and oral cavity (assessment of eye con-
dition by external visual inspection, ear examination, and observation
of the middle ear canal using an otoscope, assessment of oral cavity and
dental condition visually, upon opening the dogs mouth);

5. Respiratory system examination (auscultation of the lungs, assessment
of respiratory rate, palpation of the trachea);

6. Cardiovascular system examination (heart auscultation, blood pressure
measurement, assessment of capillary refill time);

7. Abdominal palpation (external palpation of abdominal organs through
the abdominal wall);

8. Neurological examination (assessment of coordination, reflexes, and

pain response by pressing the back foot).

Following the clinical examination of healthy male dogs, an assessment
of the reproductive tract organs was conducted. Initially, the external genital
organs, including the prepuce, penis, and testicles, were evaluated. The pre-
puce was visually inspected to assess the external skin, hair, and anatomical
structure. Upon retraction of the prepuce, the internal mucosa was examined.
Subsequent to retracting the prepuce, the penis was inspected for any signs of
mucopurulent or bloody discharges, petechiae, wounds, potential oncological
formations, and anatomical anomalies. Each testicle was palpated individu-
ally to evaluate its shape, consistency, size, sensitivity to pain, and the condi-
tion of the scrotal skin. Following the assessment of the external reproducti-
ve organs, a rectal examination was performed to evaluate the prostate. The
rectal examination was performed in a standing position. Using disposable
latex gloves, the index finger was lubricated with a special andrological gel
(“Reprolelly”, “Minitube GmbH”, Tiefenbach, Germany) and inserted into
the rectum. The prostate was assessed during the rectal examination based on
the following criteria:

1. Size (according to a scale proposed by the authors, Table 2.2.1.1);

2. Pain (according to a scale proposed by the authors, Table 2.2.1.2);

3. Shape — symmetrical, asymmetrical;

4. Consistency — hard, medium-hard, soft;

5. Surface — smooth, rough;

102



6. Anatomical location — within the pelvis, shifted caudally within the pel-
vis, shifted cranially within the pelvis.
7. Interlobar urethral groove — palpable, not palpable.

The size and pain of the prostate were assessed using a point rating scale,
which allows for a more subjective assessment. The size of the prostate gland
was rated on a 4-point system: from 0O to 3, where 0 is considered the first

point and 3 — the fourth, based on the evaluation criteria provided below
(Table 2.2.1.1).

Table 2.2.1.1. Prostate size assesment scale and criteria

Score Assesment criteria

0 (zero) |Prostate gland is barely palpable within the rectum

1 (one) | Prostate gland is palpable, occupying a small portion of the rectal lumen.

2 (two) | Prostate gland is palpable, occupying a moderate portion of the rectal lumen
3 (three) |Prostate gland is palpable, occupying a significant portion of the rectal lumen

When assessing prostate pain, a four-point pain assessment scale was
chosen (Table 2.2.1.2).

Table 2.2.1.2. Prostate pain assesment scale and criteria

Score Assesment criteria

0 (zero) |No reaction to palpation. The dog remains calm without muscle tensing, voca-
lization, or attempts to move.

1 (one) |Mild discomfort. Slight tensing of abdominal muscles or flinching during pal-
pation, but no vocalization or significant movement

2 (two) | Moderate discomfort. Clear flinching, pulling away, or trying to sit down du-
ring the examination. May show signs of discomfort like turning the head to
the examiner

3 (three) |Severe discomfort or pain. Vocalizing during palpation, strong attempts to pull
away or aggressive behaviour due to pain.

After the clinical examination, external genital organs assessment, and
rectal palpation of the prostate gland, an advanced andrological examination
was conducted, which included ultrasonography of the prostate and testicles
and analysis of fresh semen quality. For this andrological examination, were
selected that exhibited no diseases of the reproductive organs, had not been
administered any medications that could influence the reproductive system,
and had not ejaculated for a period exceeding six months.
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2.2.2. Prostate gland ultrasonography

The prostate gland was scanned using a micro-convex abdominal probe.
The organ was assessed by obtaining and freezing high-quality images in both
transverse and longitudinal planes. The frequency range was set between 5.0
and 7.5 MHz, depending on the image quality. To achieve the highest quality
images, additional device features were used: resolution setting, regional
zoom in or out, and focus sector control. The prostate tissue image was classi-
fied based on the echogenicity of the organ’s parenchyma: homogeneous or
heteroechoic compared to surrounding tissues.

Intraprostatic cysts were identified as clearly delineated, anechoic content-
filled formations, localized or diffusely spread, and posterior acoustic
amplification. Dogs with hypodense foci or calcinates in the prostate
parenchyma were exluded from the study.

The size of the prostate was visually assessed based on the overall relative
size of the organ compared to surrounding organs (e.g., the urinary bladder or
kidneys), contour appearance (smooth or irregular), prostate contact with the
rectal lumen, and the diameter of the proximal urethra. Visually, the prostate
was categorized as enlarged or not enlarged.

Afterwards, the regional prostate gland lymph nodes (internal iliac lymph
nodes) were scanned. The assessment of the lymph nodes considered size
(node diameter did not exceed 1 cm in the sagittal plane), shape (not rounded,
clear contour), and structure (homogeneous, without heteroechoic zones).
Dogs with enlarged or structurally altered lymph nodes were excluded from
the study.

Finally, the testicles were scanned using the same ultrasound device and
probe as employed for the prostate and surrounding lymph nodes. Each testicle
was scanned individually, with the right and left testicles being securely held
by an assistant to facilitate comfortable operation by the scanning technician.
The assessment of the testicles was based on size, shape, and echogenicity.
Additionally, the epididymis was evaluated during the scanning process.
Dogs diagnosed with testicular changes or specific diseases were excluded
from the study.

2.2.3. Semen colection and evaluation

Semen collection and analysis were conducted at the private veterinary
clinic ‘Kauno veterinarijos praktika’. Attempts were made to collect semen
from all 150 dogs; however, complete ejaculates were successfully obtained
from 117 dogs. Consequently, 33 dogs were excluded from of the study
second and third stages. Before starting the semen collection procedure,
special instruments and devices specifically for this purpose were prepared:
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. Electric Thermostatic Incubator “Lab incubator DNP-915” (CNWTC,
Nanjing, China): This device was set to maintain a temperature of 37 °C
to ensure optimal conditions.

. Heating Cup “Semen collection cup” (Minitube, Tiefenbach, Germa-
ny): A plastic container designed with a hole for test tubes, filled with
water at 37 °C and kept at this temperature within a thermostat. The cup
is only removed from the thermostat immediately before semen collec-
tion begins, and the semen collection test tubes are kept at the optimal
temperature of 37 °C within it.

. Semen Collection Test Tubes “Canine collection system for all breeds,
three-step” (Minitube, Tiefenbach, Germany): These are made from
special plastic that is not toxic to sperm. They feature a graduated mil-
liliter scale and are kept at a temperature of 37 °C in a thermostat until
just before semen collection.

. Microscope with a heated stage: the microscope stage temperature is
preset at 37 °C, and a glass microscope slide is placed on the stage and
kept for 30 minutes to match the temperature.

. Sterile pipettes and tips: the tips are made from special plastic that is not
toxic to sperm. Pipettes and tips are stored at a temperature of 37 °C in
the thermostat until they are used.

. pH meter: The “Thermo Scientific™ Orion Star™ A211 Benchtop pH
Meter” (OVH Groupe SA, Roubaix, France) is used to measure the pH
of the semen.

. Semen concentration analyzer: The photometer “SDM 17 (Minitube,
Tiefenbach, Germany) is used to measure semen concentration.

. Eosin-Nigrosin stain: used for staining the semen sample to assess via-
bility and morphological features. The chosen stains are Nigrosin stain
(4 %) and Eosin G stain (2 %) (Minitube, Tiefenbach, Germany).

With the laboratory and instruments prepared, a bitch in heat was brought
into the room where the semen collection procedure would take place.
Following this, the male dog was brought in. The bitch was positioned by
the owner so that her muzzle was turned away from the male, and her vulva
was positioned as close to the male’s head as possible. As the female is held
in a standing position and the male is controlled by the owner, the semen
collection process begins. This process involves several stages:

1. Acclimation stage: the male is allowed to approach the female in heat,

sniff or lick the vulva to assess whether he finds the female attractive.

2. Manual stimulation: upon the male dog approaching and beginning to

sniff the vulva, the semen collector exposes the penis from the prepuce
using left hand and initiates manual stimulation.
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3. Semen collection: upon proper stimulation, the male begins mounting
the bitch and soon ejaculates. The ejaculate is collected into three steri-
le, specially adapted plastic test tubes, with careful attention to prevent
injury and contamination. As the male begins to ejaculate, the ejaculate
is collected, separating it into fractions: the first fraction is prostatic
fluid, the second is the sperm rich fraction, and the third is prostatic
fluid. After collection, the test tubes are taken to the laboratory for ana-
lysis. Semen analysis was performed in several stages (Table 2.2.3.1).

Table 2.2.3.1. Stages of semen analysis

Stage Assesment qf Criteria
semen fractions

Macroscopic | All three fractions | Semen volume determination: The volume
evaluation are visually of semen collected in all three test tubes is
assessed. measured.

+ Ejaculate color assessment: The color of the
contents in all three test tubes is visually
evaluated: the prostatic fluid should be
opalescent, without sediment or other impurities.
The sperm rich fraction should be white or milky
in color.

+ Consistency: first and third fractions are not
thick, while the second should not be watery.

Microroscopic | The second semen |+ Motility: the movement speed and direction of

evaluation fraction is analyzed| spermatozoa are observed. Based on motility,
using a microscope | spermatozoa are classified into progressively
(before and after motile, non-progressively motile, and immotile.
staining) and a + Sperm concentration is measured using the
photometer. photometer according to the manufacturer’s
instructions.

» Sperm morphology: after staining and drying the
smear, the shape and structure of spermatozoa are
evaluated to determine the number of head, body
or tail deformities. A total of 200 spermatozoa are
counted within the field of view.

* Viability: sperm viability is assessed in the
stained smear. Live spermatozoa do not absorb
the specific stain and remain unstained, while
dead spermatozoa stain red. A total of 200
spermatozoa are counted within the field of view.

pH assessment | Third fraction Measuring of the prostatic fluid pH. Normally, the
pH is slightly acidic or neutral (ranging from 6.3
to 7.0).
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2.2.4. Semen evaluation criteria

After semen analysis, semen quality was classified into three categories:
good, moderate, and poor. The evaluation criteria were adopted from the
methodology described by Johnston et al. [173]. The quality indicators and
classification categories are detailed in Table 2.2.4.1.

Table 2.2.4.1. Semen qality indicators and classification

Parameter

Good quality

Moderate quality

Poor quality

Volume (second fraction, mL)

2.1-5.0

1.0-2.0

<1.0

Concentration > 300 million 100-300 million < 100 million
(spermatozoa/mL)
Progressive Motility (%) >70 % 50-70 % <50 %
Morphology (%) >80 % normal |40-80 % normal <40 % normal
spermatozoa spermatozoa spermatozoa
Total sperm count > 600 million 300-600 million < 300 million
Sperm viability (%) >80 % live 50-80 % live <50 % live
spermatozoa spermatozoa spermatozoa
pH (third fraction) 6.2-6.4 6.5-6.8 >6.8

2.3. Selection of healthy and suspected of subclinical BPH male dogs for
the next stage of the scientific study

After collecting full semen samples from 117 clinically healthy dogs,
two groups were established: one consisting of clinically healthy dogs and
another comprising dogs suspected of subclinical BPH. These groups were
then subjected to further investigation in subsequent phases of the scientific
study. The criteria used to categorize the males for second and thrid study
satges are presented in Table 2.3.1.

Table 2.3.1. Formation of dog groups according to corresponding study
criteria

Examination |Healthy group Subclinical BPH
Rectal palpa- | Prostate not enlarged Prostate partially or significantly en-
tion (0—1 on scale), surface smooth, | larged (2—-3 on scale), surface irregular,

no pain (0—1 on scale), organ | partial pain expressed (2—3 on scale),
consistency soft. consistency moderately hard or hard.
Prostate gland | No diffusely spread intrapros- | Diffusely spread intraprostatic cysts
ultrasound tatic cysts, lobes symmetrical, |present, prostate lobes asymmetrical,
prostate tissue homogeneous, | tissue heteroechoic, prostate visually
prostate not visually enlarged. |enlarged.

Semen quality | Good

Moderate or poor
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2.4. 11 stage. Computed tomography and partial pelvimetry of prostate
glands in healthy and subclinical BPH-affected male dogs

This stage included 52 male dogs selected from the first phase of the
study: 24 clinically healthy and 28 suspected of having subclinical benign
prostatic hyperplasia (BPH). All dogs underwent cytological examination
of the prostate to accurately determine the prostatic status. Based on
the cytological findings, the dogs were divided into two groups: dogs
affected by subclinical BPH (n = 28) and clinically healthy dogs (n = 24).
In the subclinical BPH group, the age of male dogs ranged from 3 to 10 years
(mean — 6.8 years), while in the healthy group, it ranged from 3 to 5 years
(mean — 4.1 years). The body weight of dogs diagnosed with subclinical BPH
ranged from 25 to 50 kg (mean — 42.5 kg), and in the healthy group, it ranged
from 25 to 50 kg (mean — 35.1 kg).

2.4.1. Prostate gland cytological exmination and sample collection

Prostate cytological samples were collected using prostate massage
technique. For the prostate massage technique, dogs were pre-medicated prior
to undergoing general anesthesia for the CT scan. The urinary bladder was
initially emptied using a sterile urinary catheter. After bladder evacuation, the
catheter was replaced with a new, sterile catheter which was flushed multiple
times with sterile saline and used to aspirate the bladder again. This process
was monitored via ultrasound, focusing on the proximal part of the urethra and
the bladder. After multiple flushes and evacuations, the catheter was retracted
to the proximal prostatic urethra under ultrasound guidance. The prostate was
then massaged rectally by pressing on its lobes while 10 mL of sterile saline
was injected through the catheter. Continuous aspiration was applied as the
catheter moved through the prostatic urethra, collecting prostate secretion
mixed with the saline. The fluid was then transferred to a sterile 10 mL tube
which was sent to laboratory for cytological analysis. This method is based
on the technique described by Johnston et al. [10].

2.4.2. Computed tomography

All 52 dogs underwent abdominal and pelvic computed tomography (CT).
The procedure was performed under general anesthesia. An intravenous
catheter was placed in the cephalic vein of the right front leg (v. cephalica) of
each dog. Once the catheter was in place, an intravenous infusion with 0.9 %
NaCl solution (“Fresenius Kabi. Sodium Chloride, 0.9 %”, Graz, Austria)
was connected. For premedication, medetomidine hydrochloride (“Cepetor
1.0 mg/mL”, “CP-Pharma”, Burgdorf, Germany) was administered through
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the catheter at a dose of 10 pg/kg. General anesthesia was induced using
propofol (“Fresenius Propoven, 10.0 mg/mL”, “Fresenius Kabi”, Graz,
Austria) at a dose of 24 mg/kg. To maintain anesthesia, all dogs were
intubated with a tracheal tube and inhalation anesthesia with isoflurane gas
was applied. An anesthesiologist monitored general anesthesia during the
procedure. The same anesthesia protocole was aplied for all study dogs.

Animals from both groups were scanned in a dorsal recumbency position
using soft positioning aids, which ensured a stable position. CT scans
were performed using a dual-slice spiral CT scanner (“Somatom Spirit 27,
“Siemens”, Germany) with a voltage of 130 kV, a current of 100 mAs, and
slice thicknesses of 3—5 mm (reconstruction 1.5-2.5 mm). Initial images were
reconstructed using soft tissue and bone algorithms. During the procedure,
a contrast agent, iohexol (“Omnipaque 350 mg/mL”, “GE Healthcare AS”,
Norway), was injected through the intravenous catheter at a dose of
600 mg/kg to perform phase contrast studies before and after the injection of
the contrast material.

Prostate tissue density values were determined in specific prostate tissue
zones defined by the operator. Tissue density values were expressed in
Hounsfield units (HU).

2.4.3. Prostate gland volume calculation

Prostate gland volume calculation was performed using the ‘OsiriX’
software (‘Pixmeo SARL’, Bern, Switzerland), which is equipped with
specialized functionalities for organ volume estimation. The process began by
uploading prostate CT images into the ‘OsiriX’ software system. The oprertor
manually seceted the region of interest of the whole prosate gland using a
marker tool that allows precise delineation of the prostate gland boundaries.
These organ images were then processed through software algorithms to
perform a three-dimensional (3D) reconstructions. This 3D reconstruction
enabled the software to accurately replicate the prostate glands® shape, size
and structure, facilitating the precise calculation of its volume.

The volume of the prostate was calculated using an integration method that
incorporated all contoured slices and measured the distances between them.
This method provided an accurate determination of the prostate volume,
expressed in cubic centimeters (cm?).

2.4.4. Prostate gland and L6 ratios

In this method for measuring prostate size, different planes were used
along with a standardized relative comparison to the length of the sixth
lumbar vertebra. Initially, the length of the prostate gland was measured in
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the dorsal plane, allowing the gland’s longitudinal dimension, running from
the anterior to the posterior part of the prostate, to be assessed. Then, the
width and height of the prostate were measured in the transverse plane, which
provides a view across the prostate’s width (lateral dimension) and height
(vertical dimension). This process yielded all three primary dimensions of the
prostate: length, width, and height.

The next step was determining the length of the sixth lumbar vertebra (L6).
This measurement was evaluated both in the sagittal and dorsal planes to
accurately measure the vertebra’s length. After measurements in both planes,
the average length of L6 was calculated.

The obtained prostate dimensions (length, width, and height) were
compared to the length of the L6 body. The values of rL (prostate length / L6
length), rW (prostate width / L6 width), and rH (prostate height / L6 height)
were calculated, following the methodology of Pasikowska et al. [183]. The
technique of L6 and prostate gland measurements is presented in Figure
2.4.4.1.

Fig. 2.4.4.1. Imaging of prostate glands affected by subclinical BPH and
measurements of the L6 vertebral body

A — prostate gland in transverse plane using a soft tissue algorithm; red lines indicate measu-
rements of prostatic height, width, and cross-sectional area in centimeters. B — prostate gland
in dorsal plane using a soft tissue algorithm; red lines indicate measurements of prostatic
length and cross-sectional area in centimeters. C — L6 in transverse plane using a bone algo-
rithm; red line indicates the length of the vertebral body. D — L6 in dorsal plane using a bone
algorithm; red line indicates the length of the vertebral body.
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2.4.5. Partial pelvimetry assesment

The partial pelvimetry approach employed specific techniques for mea-
suring pelvic bone dimensions, as detailed in the scientific publication by
Aubry et al. [195]. This process involved measuring the diameter and height
of the pelvic inlet using sagittal and transverse plane images acquired through
computed tomography.

To determine the proportions between the prostate and pelvic structures,
relative measurements of the prostate and pelvic inlet dimensions were
calculated using the specialized functionalities of the OsiriX software. The
width and height ratios of the pelvic inlet to the prostate dimensions were
denoted as ppW and ppH, respectively. These ratios were automatically
derived by entering the measured values into the software’s computational
functions, thereby reducing measurement subjectivity and enhancing the
reliability of the study.

To illustrate this methodology, a three-dimensional (3D) reconstruction
was performed and is visually presented in Figure 2.4.5.1.

-

Fig. 2.4.5.1. Three-dimensional reconstruction of the prostate gland
(red-colored organ) and the pelvic inlet, along with the measurement
technique
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2.5. III stage. Methods for evaluating CPSE and ultrasonography in
assessing the prostate gland status of healthy and subclinical BPH
affected male dogs

This stage of the study included 65 dogs. Initially, blood samples were
collected from all males, and dogs with CPSE concentrations reaching or
exceeding > 61 ng/mL, along with findings from the first-stage examinations
suggestive of subclinical BPH, were referred for fine-needle aspiration biopsy
under ultrasound guidance to confirm or rule out the diagnosis of subclinical
BPH. Healthy dogs did not undergo prostate cytology to avoid the use of
invasive methods when no prostate disease was suspected. This methodology
was selected based on the studies by Pinheiro et al. and Cunto et al. [24,77].

Following CPSE analysis, it was determined that in the first stage, the
CPSE concentration in 30 healthy dogs did not exceed 61 ng/mL. Meanwhile,
among the other 35 dogs suspected of subclinical BPH, CPSE concentrations
exceeded 61 ng/mL, leading to prostate cytology examinations in these cases.

In the healthy group, the average age was 3.7 years (range: 3 to 6 years),
and the average weight was 39.8 kg (range: 27 to 58 kg). In the subclinical
BPH group, the average age was 6.9 years (range: 4 to 10 years), and the
average weight was 40.1 kg (range: 21 to 60 kg).

2.5.1. Prostate ultrasonography

During ultrasonographic examination of the prostate, the gland’s borders
were delineated by the operator using a manual shape-defining tool to outline
the margins of the prostate in the transverse plane. Prostatic dimensions were
measured as follows: the length was assessed in the longitudinal plane, while
width and height were measured in the transverse plane. The height and width
measurements included both prostatic lobes, and mean values were calculated
in centimeters. The prostatic length was defined as the maximum diameter
along the urethral axis, measured in centimeters (Figure 2.5.1.1). Prostatic
volume (PV) was calculated using the ellipsoid formula proposed by Ruel
et al.: PV (cm?) = (L x W x H) x 0.523 [154]. Cytological examination of
prostate samples was performed under ultrasonographic guidance according
to the technique described by Kustritz et al. [22].
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Dist1 2.08 cm
Dist2 2.10 cm
Dist3 3.13cm

1 Dist 3.45cm
2 Dist 3.63 em

Fig. 2.5.1.1. Ultrasonographic images of the prostate and measurement
principles

A — longitudinal plane; B — transverse image of the prostate.

2.5.2. Assessment of prostate blood flow using color Doppler method

The color Doppler ultrasound method was used to evaluate the blood flow
in the marginal and subcapsular prostatic arteries (a. prostatica), following
the methodology described by Zelli et al. [160]. Using the pulsed-wave (PW)
mode, the pre-set scanning marker was manually positioned and fixed in the
specified prostatic artery zones, ensuring that the entire vessel lumen was
captured in the vertical direction. A minimum of four heart cycle waves were
recorded.

Subsequently, specific blood flow parameters were calculated using the
ultrasound blood velocity measurement functions, including peak systolic
velocity (PSV), end-diastolic velocity (EDV), and resistance index (RI). The
average value for each parameter was determined based on three recorded
measurements.

To prevent “flash” artifacts, the color Doppler signal gain settings were
adjusted by the operator during the procedure to ensure the highest quality
readings.

2.5.3. Canine Prostate-Specific Esterase (CPSE) Analysis

The study was conducted at the private veterinary clinic “Kauno
Veterinarijos Praktika”. The CPSE analysis was performed strictly following
the manufacturer’s instructions using the “Speed™ Reader” analyzer (Virbac,
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Carros, France), which operates based on the laser-induced fluorescence
immunochromatography principle.

Sample preparation and analysis were carried out according to the
manufacturer’s protocol provided with the analyzer. The “Speed™ Reader”
analyzer is illustrated in Figure 2.5.3.1.

Fig. 2.5.3.1. “Speed™ Reader” CPSE analyzer

2.6. Statistical analysis

The statistical analysis of the study data was performed using IBM SPSS
Statistics 29.0.0.0. The normality of the distribution of quantitative data was
tested using the Shapiro-Wilk test. For data summarization, mean values were
calculated, and variation was assessed using standard errors of the mean.
To compare the quantitative parameters of healthy dogs with those of dogs
affected by subclinical benign prostatic hyperplasia (BPH), an independent
samples Student’s t-test was applied.

Pearson’s linear correlation coefficients were calculated to determine
statistical relationships between age, weight, prostate dimensions, CPSE
concentration, and L6 vertebral dimensions, with the data presented graphically
using linear regression predictions. The ability of prostate dimensions to
differentiate between healthy dogs and those affected by BPH was evaluated
using receiver operating characteristic (ROC) curves. Additionally, the
ROC method was used to assess the prognostic ability of age and weight in
identifying prostate pathologies.

The prevalence of prostate pathologies and their association with BPH
occurrence were expressed using frequency distributions, and differences
were assessed using the i test. Statistical relationships and differences were
considered significant at p < 0.05.
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2.7. Ethical principles

The study was conducted in accordance with the Law on Animal Welfare
and Protection of the Republic of Lithuania No. VIII-500, “On Animal Care,
Welfare, and Use for Scientific Research,” adopted on November 6, 1997
(“State Gazette,” No. 108, 1997-11-28), and the orders of the State Food
and Veterinary Service of the Republic of Lithuania regarding the use of
laboratory animals for scientific experiments (No. 4-16, 1999-01-18). The
study received approval from the State Food and Veterinary Service with
approval number PK No. 012856.

The legal owners of the animals signed a legal agreement, prepared by
the Lithuanian Small Animal Veterinary Association, which authorized
veterinarians to perform diagnostic clinical procedures on the dogs
participating in the study.

3. RESULTS

3.1. I stage results. General evaluation of the prostate gland

3.1.1. Rectal examination

A total of 150 dogs underwent digital rectal examination. In 71 dogs
(43.7 %), the surface of the prostate was assessed as irregular, while a smooth
prostatic surface was identified in 79 dogs (52.7 %). The consistency of the
prostate among the examined dogs was classified as follows: soft in 64 dogs
(42.7 %), moderately soft in 58 dogs (38.7 %), and hard in 28 dogs (18.7 %).

During the rectal examination, prostatic pain was evaluated using a scoring
system. A score of 0 (no pain) was assigned to 38 dogs (25.3 %), a score of
1 to 43 dogs (28.7 %), a score of 2 to 65 dogs (43.3 %), and a score of 3 to
4 dogs (2.7 %).

Symmetrical prostatic lobes were observed in 82 dogs (54.6 %), while
asymmetry was noted in 68 dogs (44.4 %). In addition, the overall size of the
prostate was assessed using a score ranging from 0 to 3. In 19 dogs (12.7 %),
the prostate was barely palpable, and further evaluation was difficult, as the
gland occupied only a minimal portion of the rectal lumen (score 0). A score
of 1 was assigned to 52 dogs (34.7 %), in whom the prostate was clearly
palpable, assessment was not difficult, and the gland occupied a small portion
of the rectal lumen.

The most common prostatic size score among the dogs (n = 70, 46.6 %)
was 2, indicating that the prostate was well palpable, evaluation of clinical
parameters was straightforward, and the lobes occupied up to half of the rectal
lumen. A score of 3 was assigned to 9 dogs, whose prostates were markedly
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enlarged and easily palpable, allowing for effortless evaluation; the gland
occupied more than half of the rectal lumen.

3.1.2. Prostate gland ultrasonography

Upon evaluating the shape of the prostate lobes in all examined dogs, it
was determined that 71 males (47.3 %) exhibited asymmetrical lobes, while
79 males (52.7 %) had symmetrical lobes. Assessment of the echogenicity of
the glandular tissue revealed a homogeneous prostatic structure in 81 males
(54 %) and a heterogeneous structure in 69 dogs (46 %).

Analysis of intraprostatic cyst occurrence showed that localized or
diffusely distributed intraprostatic cysts were identified in 91 males (60.7 %),
while 59 males (39.3 %) had no detectable cysts in the prostate. Furthermore,
evaluation of prostate size revealed that 82 dogs (54.7 %) had a visually
enlarged prostate, whereas in 68 dogs (45.3 %) the gland appeared within
physiological limits and was assessed as non-enlarged.

To further evaluate the ultrasonographic findings, a ROC curve analysis was
performed to determine the influence of age and body weight on ultrasound-
detectable prostatic changes. The analysis demonstrated a statistically sig-
nificant association between age and several prostate alteration indicators.
Prostatic lobe asymmetry (AUC = 0.799, p < 0.001), tissue heterogeneity
(AUC = 0.777, p < 0.001), presence of intraprostatic cysts (AUC = 0.880,
p < 0.001), and visual prostate enlargement (AUC = 0.882, p < 0.001) all
showed strong diagnostic value and significant correlation with age. The
threshold age for the manifestation of these pathological changes was
determined to be 5.5 years (p < 0.001). The corresponding ROC curve is
presented in Figure 3.1.2.1.
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Fig. 3.1.2.1. Graph of ROC curve analysis for the dependency of diagnostic

values on age in prostate pathologies

A similar analysis was performed to evaluate the influence of body
weight on the occurrence of prostatic alterations. The ROC curve results
demonstrated that the areas under the curves for asymmetry (AUC = 0.483,
p = 0.726), heterogeneity (AUC = 0.491, p = 0.848), intraprostatic cysts
(AUC = 0.526, p = 0.591), and prostatic enlargement (AUC = 0.455,
p = 0.346) were all close to 0.5. These findings indicate that the relationship
between these ultrasonographic indicators and body weight lacks diagnostic
value. The corresponding ROC curve graph illustrating the dependence of the
diagnostic value of prostatic alterations on body weight is presented in Figure
3.1.2.2.
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3.1.3. Semen evaluation

Semen samples were attempted to be collected from all 150 male dogs.
However, collection was unsuccessful in 33 males (22 %). Upon evaluating
the semen quality across the cohort, it was determined that 54 dogs (36 %)
exhibited good sperm quality, 43 dogs (28.7 %) demonstrated average sperm
quality, and 20 dogs (13.3 %) were found to have poor sperm quality. The
distribution of sperm quality among the studied population is depicted in
Figure 3.1.3.1.

B Good quality
B Moderate quality
[0 Bad quality

Did not ejaculate

Fig. 3.1.3.1. Semen qualilty distribution among 150 male dogs
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An evaluation of semen samples from all 117 dogs was performed to assess
the correlation between semen quality parameters and the dogs’ age and body
weight. Statistical analysis revealed that semen parameters were significantly
correlated with age but showed no statistically significant relationship with
body weight. Based on these findings, further statistical analysis focused on
the association between semen parameters and age.

The results indicated that with each additional year of age, the volume of
the second semen fraction decreased by an average of 0.36 mL (p < 0.001),
sperm concentration decreased by 60 million/mL (p <0.001), and total sperm
count was reduced by as much as 210 million spermatozoa (p < 0.001).
Furthermore, morphological abnormalities increased by an average of 9 %
annually (p < 0.001), while progressive motility decreased by 7.8 % per year
(p <0.001). Aging was also associated with a progressive increase in the pH
of the third prostatic fraction, rising by 0.13 units per year (p < 0.001).

When analyzing the dogs by age group, the following results were obtained:

* In the 3—4-year-old group (n = 29), the highest semen volume (2.91
+ 0.14 mL) and concentration (437.86 = 17.98 million/mL) were
observed. The total sperm count reached 1,296.44 + 87.71 million, with
the lowest proportion of morphological abnormalities (16.83 £ 1.07 %).
Progressive motility was highest at 82.24 + 1.44 %, and the pH of the
third prostatic fraction was 6.22 + 0.03.

* In the 5-6-year-old group (n = 49), semen volume decreased to 2.34
+ 0.14 mL, concentration was 317.02 = 17.94 million/mL, and total
sperm count was 817.98 £ 72.15 million. Morphological abnormalities
increased to 31.57 = 2.72 %, progressive motility declined to 66.73 +
2.10 %, and the pH value rose to 6.49 + 0.06.

* Among 7-8-year-old dogs (n = 22), a further decline in semen quality
was observed: volume was 1.70 £ 0.17 mL, concentration was 215.45
+ 21.19 million/mL, and total count was 428.43 + 82.54 million.
Morphological abnormalities increased to 47.64 + 3.37 %, progressive
motility dropped to 55.91 + 2.73 %, and pH increased to 6.69 + 0.05.

* In the 9-10-year-old group (n = 17), the poorest semen quality was
recorded: semen volume was 0.74 + 0.13 mL, concentration was
85.71 + 11.47 million/mL, and total sperm count was only 82.63 +
23.80 million. Morphological abnormalities reached 69.88 + 2.82 %,
progressive motility was the lowest at 35.88 + 3.69 %, and the pH of the
third prostatic fraction was 6.95 + 0.05.

All semen quality parameters differed significantly between the age groups
(p < 0.001). The distribution of semen parameters across the different age
groups is presented in Table 3.1.3.1.
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Table 3.1.3.1. Influence of age on semen quality. a, b, ¢, d — averages marked by different letters in the column differed

significantly statistically (p < 0.01)

Age | n | ey | (ionmly | omitony | Morphology, % | VIS pH
34 years | 29 2,91 +0,14° 437,9 + 17,98 1296,4 + 87,7° 16,83 = 1,07* 82,24 + 1,44 6,22 + 0,03
56 years | 49 2,34+ 0,14° 317,0 + 17,940 818,0 + 72,2° 31,57 +2,72° 66,73 +2,10° 6,49 = 0,06°
7-8 years | 22 1,70+ 0,17 215,5+21,19¢ 428.4 + 82,5° 47,64 +337° 5591 +2,73¢ 6,69 % 0,05
9-10 years | 17 0,74 +0,13¢ 85,7+ 11,479 82,6 + 23,8¢ 69,88 + 2,824 35,88 + 3,69 6,95 + 0,05




3.2. II stage results. CT on healthy male dogs and those affected by
subclinical BPH and utilization of partial pelvimetry method for the
evaluation of the prostate gland

3.2.1. Cytological examination results

At this stage of the study, 52 dogs were examined. Prior to performing
computed tomography, cytological samples of the prostate were collected
from each dog under general anesthesia using the prostatic massage technique.
Cytological evaluation of the collected samples revealed signs of benign
prostatic hyperplasia (BPH) in 28 dogs, while the remaining 24 dogs showed
no pathological changes in the prostate and were classified as clinically
healthy.

3.2.2. Prostate dimensions and volume, assessed by CT

In the group of dogs affected by BPH, the mean prostatic length was 5.21
+0.27 cm, width was 5.20 + 0.22 cm, height was 4.45 £ 0.15 cm, and volume
was 74.66 = 8.02 cm® (p < 0.05).

In the clinically healthy group, the prostate dimensions were significantly
smaller: the length measured 3.43 + 0.11 cm, the width 3.65 + 0.19 cm, the
height 3.49 + 0.14 cm, and the volume was 24.23 + 2.5 cm’.

Statistical analysis confirmed that prostatic length, width, height, and
volume differed significantly between the two groups. When comparing
the dimensional and volumetric differences, it was determined that in dogs
with subclinical BPH, the prostate was 1.5 times longer, 1.4 times wider,
1.3 times taller, and had a 3.1-fold greater volume compared to the healthy
group (p <0.001).

The specific values of prostatic measurements and volumes are presented
in Table 3.2.2.1.

Table 3.2.2.1. Results of prostate length, width, height, and volume

measurements. a, b — values marked with different letters differ significantly
(p < 0.001)

Prostate length, | Prostate width, | Prostate height, Prostate
Study groups 3
cm cm cm volume, cm
Subclinical BPH 5,21 £0,272 5,20 £ 0,228 4,45 +0,15° 74,66 + 8,02*
Healthy Dogs 3,43+0,11° 3,65+0,19° 3,49+0,14° 24,23 £2,50°

ROC analysis revealed that the dimensions of the prostate gland (length,
width, height), as well as its volume, are effective indicators for differentiating
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between clinically healthy dogs and those affected by subclinical benign
prostatic hyperplasia.

It was determined that a prostate volume exceeding 46.186 cm® allows
for the classification of a dog as affected by subclinical BPH with 92.3 %
probability (p < 0.001). The analysis also demonstrated that prostatic length,
width, and height possess significant discriminative power: when the length
was equal to or greater than 4.57 cm, the width 4.26 cm, and the height
3.95 cm, the probability of subclinical BPH was 87.5 %, 85.5 %, and 81.5 %,
respectively (p < 0.001).

The corresponding ROC curve is presented in Figure 3.2.2.1.
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Fig. 3.2.2.1. ROC curve graph illustrating the discriminative ability

of prostate dimensions (length, width, height) and gland volume in
distinguishing healthy dogs from those affected by subclinical BPH

3.2.3. Prostate dimensions in relation to L6

This study revealed that male dogs diagnosed with subclinical BPH had
significantly higher relative values of prostatic length, width, and height in
relation to the length of the sixth lumbar vertebral body compared to the
clinically healthy group (p < 0.001).

In the group of dogs affected by subclinical BPH, the relative width
of the prostate (rW) in relation to the length of the sixth lumbar vertebra
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was significantly higher, with a mean + standard deviation of 1.58 + 0.44,
compared to the healthy group, where this ratio was 1.10 + 0.29 (p < 0.05).

The mean relative height of the prostate (rH) was also greater in subclinical
BPH-affected dogs, at 1.34 + 0.21, compared to 1.03 + 0.26 in the healthy
group (p <0.05).

Similarly, the relative length of the prostate (rL) was significantly higher
in the subclinical BPH group (1.57 £ 0.48), while in the healthy dogs it was
1.06 £0.16 (p < 0.05).

A comparative analysis of the rL, rW, and rH values between healthy and
subclinical BPH-affected dogs showed a statistically significant increase in
the affected group: the rW value increased by 43.6 % (p < 0.001), rH by
30.1 % (p < 0.001), and rL by 48.1 % (p < 0.001). The distribution of these
relative measurements in both groups is presented in Figure 3.2.3.1.
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Fig. 3.2.3.1. ¥rW, vH, and rL values in healthy and subclinical BPH-affected

dog groups

Statistical regression analyses were conducted to evaluate the relationship
between prostate volume and the relative dimensions of the sixth lumbar
vertebra in both study groups.

When analyzing the correlation between prostate volume and rW values
in healthy and subclinical BPH-affected dogs, a strong relationship was
observed. In the healthy group, the regression equation was y = 38.25x —
17.80, with a coefficient of determination (R?) of 0.84, indicating that 84 % of
the variability in prostate volume could be explained by the rW value. These
results were statistically significant (p < 0.05).

In the subclinical BPH-affected group, the regression equation was y =
66.81x + 31.26, with an R? of 0.47, demonstrating a moderate correlation and
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a substantially greater increase in prostate volume associated with higher rtW
values compared to the healthy group (p < 0.05). Moreover, the steeper slope
of the regression line in the affected group (66.81) compared to the healthy
group (38.25) suggests a faster growth in prostate volume with increasing rtW
values (p < 0.05).

When assessing the relationship between prostate volume and rL values,
the regression equation for the healthy group was y = 47.87x — 26.45, with
an R? of 0.40, indicating a moderate correlation between prostate volume and
rL (p < 0.05). In the subclinical BPH group, prostate volume increased more
rapidly with higher rL values, as reflected by a steeper regression slope of
73.68, compared to 47.87 in the healthy group (p < 0.05). Additionally, both
rL values and prostate volume were higher in the affected group, accompanied
by greater data dispersion (p < 0.05).

Analysis of the correlation between prostate volume and rH showed that
in the healthy group, the regression equation was y = 36.95x + 13.89, with
an R? of 0.60, indicating a strong correlation (p < 0.05). In the BPH group,
the regression equation was y = 127.68x — 96.35, with an R? 0of 0.41, showing
a moderate correlation (p < 0.05). The substantially steeper slope in the
affected group (127.68) compared to the healthy group (36.95) indicates a
significantly faster increase in prostate volume associated with increasing rH
values (p < 0.05).

All calculation results are illustrated in separate graphs presented in Figure
3.2.3.2.
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Fig. 3.2.3.2. Scatter plots of prostate volume and rW, rL and rH

Blue points and areas correspond to the subclinical BPH affected dog group, while green
points and areas represent the healthy dog group.
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ROC analysis revealed that the relative prostatic dimensions rW, rH, and
rL are reliable indicators for differentiating clinically healthy dogs from those
affected by subclinical BPH.

The rW parameter demonstrated a high discriminative potential, with an
AUC value of 0.85. The rH parameter showed a slightly lower AUC value of
0.82, while rL exhibited the highest discriminative power among the three,
with an AUC of 0.88. These values confirm that the examined indicators
possess high diagnostic efficiency, as AUC values approaching 1 indicate
strong diagnostic accuracy. Furthermore, the statistical significance of the
results (p < 0.001) reinforces the reliability of these findings.

Based on the obtained data, cut-off values were established for each
parameter: tW — 1.28, rH — 1.10, and rL — 1.35. Exceeding these thresholds
corresponds to a probability of correctly identifying affected dogs of 82.1 %
for rW, 89.3 % for rH, and 67.9 % for rL (p < 0.01).

The ROC curve illustrating these results is presented in Figure 3.2.3.3.
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Fig. 3.2.3.3. ROC curve graph reflecting the discriminative ability of rW,
rH, and rL indicators to differentiate between healthy and diseased dogs
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3.2.4. Partial pelvimetry results

Partial pelvimetry analysis revealed that the mean ppW and ppH values
were significantly higher in the group of healthy dogs compared to the group
of affected by subclinical BPH (p < 0.001). The relative values of partial
pelvimetry measurements are presented in Table 3.2.4.1.

Table 3.2.4.1. Relative values of ppW and ppH in both study groups. a, b —
means marked with different letters in a column differ significantly (p < 0.05)

Study groups ppW ppH
Subclinical BPH 1,02+0,27° 1,71 +£0,13°
Healthy 0,74 £0,19° 1,37 £0,122

Analysis of the relationship between ppH and the age of the all study
dogs revealed a negative correlation, indicating that ppH values decrease
with increasing age. The regression equation y = 21.29 — 0.88x and the
determination coefficient (R* = 0.239) indicate a weak relationship, with only
about 29.3 % of ppH variation explained by the age.

Similarly, the analysis of ppW in relation to age also showed a negative
correlation, demonstrating that ppW values decrease as dogs age. The
regression equation y = 19.26 — 1.22x and the determination coefficient (R* =
0.343) indicate a moderate relationship, with about 34.3 % of ppW variation
attributable to the influence of age.

The scatter plots for both calculations are presented in Figure 3.2.4.1. The
points on the graph represent individual dog data, while the regression line
visually illustrates the overall decreasing trend.
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Fig. 3.2.4.1. Scatter plots of the ppH and ppW ratio in relation to dog age

Following the analysis of the ability to distinguish between healthy and
affected animals using the ROC analysis, it was determined that the area under
the ROC curve (AUC) values for the variables ppW and ppH were 0.836
and 0.844, respectively (p < 0.001). These results indicate that the relative
values of both ppW and ppH parameters exhibit a high capacity to reliably
differentiate healthy dogs from those affected by subclinical BPH.

During the analysis, the cut-off values were determined to be 0.77 for
ppW and 0.71 for ppH. Exceeding these threshold values was associated with
a 74.4% probability (for ppW) and a 77.1% probability (for ppH) that the
examined animal belonged to the healthy dog group. The ROC curves are
presented in Figure 3.2.4.2.

128



1.0
= pph
—ppw
=== Reference Line
0.8
=
£ 06
Z
Y
[75]
0.4
0.2
_|—'r
T
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
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and ppH to differentiate between healthy and diseased dogs

3.2.5. Prostate gland tissue density mesurements.

Analysis of prostatic gland tissue density values (HU) across different
contrast phases revealed that no statistically significant differences were
observed between the healthy and subclinical BPH-affected dog groups
during the pre-contrast phase (p > 0.05). The mean HU value during the pre-
contrast phase was 67.83 £ 3.56 HU in the healthy group and 64.18 = 9.98
HU in the BPH group.

However, statistically significant differences between the groups were
detected during the post-contrast phase (p < 0.001). In the healthy group, the
mean post-contrast HU value was 95.42 + 2.34, while in the BPH-affected
group it was 92.61 = 1.83 HU.

The results of the analysis are presented in Table 3.2.5.1, and representative
contrast-enhanced prostate images are shown in Figure 3.2.5.1.
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Table 3.2.5.1. Contrast phases and their mean values with standard deviation
in different dog groups. a, b — means marked with different letters in the
column differ statistically significantly (p < 0.05)

Study groups Pre-contrast phase, HU Post-contrast phase, HU
Subclinical BPH 64,18 £ 9,98 92,61 +1,83*
Healthy 67,83 +3,56 95,42 +2,34°

Fig.3.2.5.1. Prostate contrast phases

A — pre-contrast phase, B — post-contrast phase.

Nevertheless, ROC analysis revealed that the AUC value for the pre-
contrast phase was 0.489 £+ 0.011 (p = 0.369). The diagnostic confidence
interval ranged from 0.273 to 0.584. These findings indicate that the diagnostic
accuracy of the pre-contrast phase for identifying subclinical BPH is low, as
the AUC value is below 0.5. Additionally, the diagnostic reliability of the pre-
contrast phase was not statistically significant (p > 0.05).

In contrast, the post-contrast phase yielded an AUC value of 0.179 + 0.057
(p <0.001). The confidence interval for this diagnostic method ranged from
0.067 to 0.292. These results suggest that the post-contrast phase is effective
as a diagnostic tool for distinguishing between subclinical BPH and clinically
healthy prostates. Specifically, when the post-contrast attenuation value is
below 93.5 HU, subclinical BPH may be suspected with a probability of
87.8 %.

The ROC curve analysis is presented in Figure 3.2.5.2.
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Fig.3.2.5.2. ROC curve graph showing the discriminative ability of post-
contrast and pre-contrast phases to differentiate between healthy and
diseased dogs

3.2.6. Relationship between prostate volume and contrast phases

In the pre-contrast phase, the prostate volume of dogs affected by subclinical
BPH tended to decrease as HU values increased. The regression equation
describing this relationship was y = —1.1404x + 146.72, with a coefficient
of determination R? = 0.0723. In the healthy dog group, a similar trend of
decreasing prostate volume with increasing HU values was observed, with
the regression equation y = —1.2581x + 109.58 and R? = 0.1339.

In the post-contrast phase, only minimal changes in prostate volume were
observed with increasing HU values in both groups. In the BPH group, the
regression equation was y = 0.2639x +49.097, with R?>= 0.001. In the healthy
group, the equation was y = 0.0615x + 18, with the same coefficient of
determination (R* = 0.001). These results indicate that the pre-contrast phase
is more sensitive to variations in HU values, particularly in the healthy group,
compared to the minimal changes observed during the post-contrast phase.

Prostate volume variations in relation to HU values across different
contrast phases for both groups are illustrated in the scatter plot shown in
Figure 3.2.6.1.
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Fig. 3.2.6.1. Scatter plot of prostate volume and HU value

3.2.7. Relationship between intraprostatic cysts and HU values

Statistical analysis revealed that intraprostatic cysts have a relatively
limited effect on prostatic contrast enhancement. In the pre-contrast phase,
intraprostatic cysts increased HU values in the prostates of healthy dogs to
70.5 HU, compared to 67.6 HU in prostates without cysts.

In contrast, among dogs affected by BPH, the presence of cystic prostatic
tissue reduced HU values to 64.0 HU, compared to 70.0 HU in prostates
without cysts. In the post-contrast phase, intraprostatic cysts also slightly
increased HU values in both groups, particularly in healthy dogs, where the
HU value increased to 99.0 in the presence of cysts, compared to 95.1 in
prostates without cysts.

Although these differences are observable, they are relatively minor. A
statistically significant difference in HU values was found only in the healthy
dog group during the post-contrast phase (p < 0.01). The effect of cysts on
HU values is illustrated in Figure 3.2.7.1.
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Fig.3.2.7.1. Influence of cyst occurrence on HU values in different phases in

healthy dogs and those with subclinical benign prostatic hyperplasia
a, b — Means marked with different letters differ statistically significantly (p <0.01).

3.3. III stage results. Establishment of the treshold of CPSE in healthy
dogs and those affected by subclinical BPH and determination of the
threshold values for specific ultrasound parameters

3.3.1. Cytological examination results

Following the cytological examination of the prostate, subclinical benign
prostatic hyperplasia was diagnosed in 35 dogs. The cytological preparations
revealed sheets of columnar or cuboidal epithelial cells of varying sizes,
where cells were often densely arranged side by side, forming a “picket
fence” structure. The cell nuclei were round or oval, with fine, sometimes
coarse chromatin. One to two small nucleoli could be observed within the cell.
The cytoplasm was typically columnar or polygonal, gray, and occasionally
vacuolated. Cells demonstrated polarity, often forming papillary structures.
For the other 30 dogs, no prostate tissue pathologies were detected. In the
cytological preparations of the healthy prostate (n = 30), a small, orderly
arranged group of columnar epithelial cells was observed; the cells were
arranged in small clusters of one or two, forming a “picket fence” structure.
The cell nuclei were round, slightly oval, with a cytoplasm-to-nucleus ratio of
4-3:1. The nuclear chromatin was finely granular. Photographs of the prostate
cytological samples are presented in Figure 3.3.1.
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Fig. 3.3.1.1. Photomicrographs of prostate cytology samples from the
“Olympus BX36 " microscope (Tokyo, Japan)

40x magnification. A — normal prostate tissue. B— benign prostatic hyperplasia.

3.3.2. Prostate ultrasonography

The results of the study showed that in the group of dogs affected by
subclinical benign prostatic hyperplasia (BPH), prostatic gland asymmetry
was observed in 20.0 % of males (n = 7). Echogenicity analysis revealed
that in 85.7 % of dogs (n = 30), the prostate tissue appeared heterogeneous
compared to surrounding structures, and diffusely distributed intraprostatic
cysts were identified in 85.7 % of cases (n = 30).

In comparison, in the healthy dog group, asymmetrical prostate shape was
detected in 16.6 % of cases (n = 5), heterogeneous echotexture was observed
in 13.3 % (n=4), and intraprostatic cysts were found in 10.0 % (n = 3) of the
animals examined.

The study also assessed differences in prostate dimensions between the
groups. In dogs with subclinical BPH, the following average prostate mea-
surements were recorded: length — 5.34 + 1.29 cm, width — 5.05 = 1.17 cm,
and height — 4.12 £+ 0.94 cm. In comparison, the healthy dog group exhibited
significantly smaller prostate dimensions: length — 3.57 = 0.77 cm, width —
3.70 + 0.94 cm, and height — 3.45 £+ 0.88 cm. Statistical analysis confirmed
that the differences in length, width, and height between the two groups were
significant (p < 0.01).

3.3.3. Prostate volume analysis

When analyzing prostate volume metrics, statistically significant differen-
ces were found between the groups. The group with subclinical BPH had a sig-
nificantly larger average prostate volume, measuring 64.51 + 43.62 cm?,
whereas the average prostate volume in the healthy dogs group was
significantly smaller —26.93 + 17.93 cm? (p < 0.001). Assessing the statistical
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correlation between the dogs’ age and prostate volume in both healthy and
diseased groups, the results were not statistically significant (p > 0.05). The
analysis indicated that in the group with subclinical BPH, the prostate volume
increased by an average of 2.29 cm?® annually (p = 0.597), while in the healthy
dogs group, the gland volume increased by 2.74 cm® annually (p = 0.527).
Although these changes are not statistically significant individually for each
group, when evaluating the groups of healthy and subclinical BPH-affected
dogs together, a moderate correlation was found between age and prostate
volume (r = 0.423, p < 0.001). This correlation is presented in the scatter
plot below (Figure 3.3.3.1).
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Fig. 3.3.3.1. Scatter plot of prostate volume and age of male dogs

In the group of healthy dogs, a statistically significant moderate correlation
was found between body weight and prostate volume (r = 0.475, p < 0.01).
The study results indicated that an increase in weight by one kilogram was
on average associated with an increase in prostate volume by 0.82 cm’
(p < 0.01). Conversely, in the group of dogs suffering from subclinical
BPH, the relationship between the dogs’ weight and prostate volume was
weak (r = 0.217) and statistically insignificant (p = 0.209). Evaluating the
overall sample of the study, a weak correlation was found (r = 0.240), and the
statistical significance was marginal (p = 0.055). The scatter plot depicting
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the correlation between weight and prostate volume for all dogs participating
in the study is presented in Figure 3.3.3.2.
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Fig. 3.3.3.2. Scatter plot of prostate volume and weight of male dogs

According to ROC analysis, prostate volume has been identified as
a reliable diagnostic marker for distinguishing healthy dogs from those
suffering from subclinical benign prostatic hyperplasia. The area under the
ROC curve (AUC =0.87, p <0.001) indicates that prostate volume possesses
a relatively high discriminative ability, as an AUC value close to 1 signifies
exceptionally high diagnostic accuracy. The optimal threshold for prostate
volume was determined to be 35.16 cm?®, with values exceeding this threshold
indicating the presence of subclinical BPH. The graph of the ROC curves is
presented in Figure 3.3.3.3.
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of prostate volume

3.3.4. Color Doppler analysis

At this stage, echoscopy of the prostate artery (a. prostatica) was performed
using color Doppler ultrasound, which allowed for the observation and analysis
of blood flow metrics at various branching locations of the prostate artery.
Results indicated that in the healthy dogs group, the peak systolic velocity
(PSV) at marginal locations of the prostate arteries averaged 22.29 + 1.4,
while in the group of dogs with subclinical BPH, this metric was significantly
higher — 34.1 = 2.91 (p < 0.05). A similar trend was observed in evaluating
end-diastolic velocity (EDV) values; here, the EDV in healthy dogs was 4.44
+ 0.33, compared to 6.52 + 0.86 in the affected group (p < 0.001). When
assessing resistance index (RI) values at marginal and subcapsular locations,
results did not significantly differ between the groups: marginal location RI
values were 0.80 + 0.02 in healthy dogs and 0.81 £+ 0.01 in those with BPH,
and subcapsular location RI values were 0.65 + 0.04 in healthy dogs and
0.64 = 0.03 in the affected group (p > 0.05). All results are presented in Table
3.34.1.
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Table 3.3.4.1. Blood flow parameters in different locations of the prostatic

artery
Location of prostate artery anfi paramter Healthy dogs Subclinical BPH
of blood flow analysis group
a.prostatica / marginal location, PSV 2229+ 1.4¢° 34.1+£291°
a.prostatica / marginal location, EDV 4.44 +0.33° 6.52 +0.86°
a.prostatica / marginal location, RI 0.80 £0.02 0.81+£0.01
a. prostatica / subcapsular location, PSV 1536+ 0.57* 17.96 + 1.07°
a. prostatica / subcapsular location, EDV 542 +£0.55* 6.57 £0.72°
a. prostatica / subcapsular location, RI 0.65+0.04 0.64 £ 0.03

The results demonstrated that specific hemodynamic parameters exhibited
very high diagnostic accuracy in both marginal and subcapsular locations of
the prostatic artery. In the marginal location, the peak systolic velocity (PSV)
showed perfect classification performance (AUC = 1.000; p < 0.001), with
an identified cutoff value of 26.78 cm/s. When this threshold was exceeded,
dogs were correctly identified as having subclinical benign prostatic
hyperplasia with a probability of 100 %. The end-diastolic velocity (EDV)
in the marginal region also demonstrated excellent diagnostic accuracy
(AUC = 0.999; p < 0.001), with a cutoff value of 5.23 cm/s. Exceeding this
threshold allowed for the diagnosis of subclinical BPH with a probability
of 97.1 %. In contrast, the resistive index (RI) in the marginal location
was not informative (AUC = 0.639; p = 0.051). As this result did not reach
statistical significance, the diagnostic reliability of RI in the marginal region
is considered limited.

In the subcapsular location, PSV also exhibited exceptionally high
diagnostic accuracy (AUC = 0.999; p < 0.001), with an established cutoff
value of 16.19 cm/s. When this threshold was exceeded, the probability of
correctly identifying dogs with subclinical BPH reached 97.1 %. The EDV
parameter demonstrated good diagnostic reliability (AUC = 0.903; p <
0.001), with a cutoff value of 6.36 cm/s, and exceeding this threshold yielded
a 62.9 % probability of correct classification. Conversely, the RI parameter
in the subcapsular region had no diagnostic value (AUC = 0.440; p = 0.446).

The graphical representation of the ROC curves analysis is presented in
Figure 3.3.4.1.
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Fig. 3.3.4.1. ROC curve graph for diagnostic reliability and threshold
values of prostatic artery parameters in different locations

3.3.5. Analysis of Canine Prostate-Specific Esterase (CPSE)

In the group of healthy dogs, the average CPSE concentration was 38.85
ng/mL + 14.55 ng/mL (ranging from 17.53 to 67.8 ng/mL), while in the group
of dogs affected by BPH, the biomarker concentration increased to 203.3
+ 90.39 ng/mL (ranging from 97.31 to 487.54 ng/mL). Statistical analysis
showed that these results differed significantly between groups (p < 0.001).
The differences in CPSE concentrations are presented in Figure 3.3.5.1.
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a, b — means marked with different letters differ significantly (p < 0.01).

Additionally, a ROC analysis was performed to determine whether CPSE
is a suitable method for differentiating healthy dogs from those affected
by disease. The area under the ROC curve (AUC) was 1.00 (p < 0.001),
with an established threshold value of 82.56 ng/mL. Accordingly, a CPSE
concentration equal to or greater than 82.56 ng/mL indicates the presence of
subclinical BPH in dogs with 100 % classification accuracy, supported by
a statistically significant result (p < 0.001). The ROC curve is presented in
Figure 3.3.5.2.
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Fig. 3.3.5.2. ROC curve graph depicting the diagnostic reliability and
threshold value of CPSE

Upon calculating the dependency of CPSE on the prostate volume asses-
sing collectively in both groups (n = 65), the results indicated that prostatic
volume increases by 0.14 cm® for every 1 ng/mL increase in CPSE
concentration, starting from a baseline prostatic volume of 29.49 cm’
(y = 29.49 + 0.14 * x). Although the scatter plot’s regression line displays a
positive relationship between CPSE concentration and prostatic volume, there
are points scattered around the regression curve, indicating a weak correlation
between these variables. Pearson correlation coefficient calculations revealed
a statistically significant, moderate correlation between CPSE and prostatic
volume (r = 0.378, p < 0.01). The data scatter plot is presented in Figure
3.3.5.3.
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Fig. 3.3.5.3. Scatter plot of the study data showing the relationship between
CPSE concentration and prostate volume in all dogs

Upon conducting a similar analysis assessing the relationship between age
of all study dogs and concentration of CPSE, identical results were obtained.
The findings demonstrated a strong, statistically significant relationship
between age and CPSE concentration (y = 80.7 + 38.1 * x, R? = 0.584,
p < 0.01). The statistical analysis indicated that CPSE concentration prog-
ressively increases with age. According to the provided linear regression
equation (y = 80.7 + 38.1 * x), the CPSE concentration increases by an
average of 38.1 ng/mL annually, considering dogs from the age of 3 years as
the reference point. Thus, in dogs from the age of 3 years, CPSE concentration
in the blood increases by approximately 38.1 ng/mL each year (p <0.01). The
scatter plot is presented in Figure 3.3.5.4.
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Upon analyzing the correlation between body weight and CPSE
concentration, it was determined that the weight of the dogs does not depend
on the CPSE concentration in the blood. Analysis of data from 65 unneutered
dogs revealed that the Pearson correlation coefficient between body weight
and CPSE concentration was 0.047, with a p-value of 0.711. The scatter plot
created showed that the distribution of points does not exhibit a clear trend: the
points on the graph are scattered randomly, and the shift in the regression line
is minimal. This is demonstrated by the linear equation (y = 146 — 0.47 * x)

(¢]

R? Linear =0.584

y=-80.7 +38.1*x

3 4 5 6 7 8 9

Age, years

age and CPSE concentration in all dogs

and a coefficient (R* = 0.002). Scatter plot is shown in figure 3.3.5.5.

143



500
o
400 °
° R? Linear = 0.002
° y = 146 — 0.47%x
=
£ o
= 300 o
o o
[=%
© )
o o ° o
200 . o 4 . R ° . oo
o © o
Q ° *
o o O
100 ° ° °
° o o 8 °
6 (6] 8 000 8
o 8 o ° o 8 o S
0
20 30 40 50 60
Weight, kg

Fig. 3.3.5.5. Scatter plot of the study data showing the relationship between
body weight and CPSE concentration in all participating dogs

4. DISCUSSION

The major discussion of the results of the scientific investigative work is
described in disuccion sections of the published scientific articles. Subsequent
sections will address the most crucial and fundamental results of this work.
It is important to note that during this study, the authors identified several
methodological and practical limitations that could have influenced the
interpretation of the results and their clinical applicability. One of the most
significant factors is the diversity of the breeds of the dogs studied, which does
notallow the exclusion ofthe influence of breed on prostate size, morphological
changes, blood flow parameters, or variations in CPSE concentration and CT-
examined parameters. Additionally, technical challenges were encountered
in the color Doppler echoscopy studies: the accurate identification of small
anatomical structures when assessing prostate arteries in different locations
and the standardization of the ultrasound probing angle for different animals
could have affected the accuracy of some parameters. It is important to
emphasize that the person performing and evaluating the CT and ultrasound
studies also significantly impacts the procedures, and thus, the interpretation
of the relevant prostate parameters may depend on the operator who conducted
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the procedure, which could influence the results. Furthermore, in the first
stage, it was not possible to collect sperm samples from some males, resulting
in a smaller dataset for this analysis than planned. These limitations should be
considered when planning future studies and applying the findings in practice.

4.1. Stage I: Evaluation of prostate gland

4.1.1. Rectal palpation

This method remains widely used for evaluating the prostate, although
its diagnostic sensitivity and specificity are considered subjective [79]. The
results of our study revealed that digital rectal examination (DRE) cannot
reliably identify prostatic pathologies; therefore, DRE should be considered
a preliminary assessment tool, while not sufficient as a definitive diagnostic
method. In this phase, a total of 150 male dogs underwent rectal examination.
The DRE findings showed that the majority of dogs (n = 79, 52.7 %) had
a smooth prostatic surface, and in 82 dogs (54.6 %), the lobes appeared
symmetrical. In contrast, 71 dogs (43.7 %) exhibited an irregular surface, and
68 dogs (44.4 %) had asymmetrical lobes. However, only 28 dogs (18.7 %)
had prostates of firm consistency, and pain sensitivity scored 3 points in only
4 dogs (2.7 %). In most cases, asymmetrical, or painful prostates may indicate
acute prostatitis or advanced prostatic neoplasia [8,61]. Nevertheless, the dogs
involved in this study were clinically healthy and exhibited no clinical signs
related to prostatic disease; thus, prostatitis or neoplasia was not considered a
likely diagnosis based on DRE alone.

Regarding prostatic size, the results showed that in the majority of dogs
(81.3 %), the prostate occupied up to half of the rectal lumen, corresponding
to mild prostatic enlargement (grade 0-2). This level of prostatomegaly
generally does not result in clinical symptoms but may raise suspicion for
subclinical BPH [11]. Although rectal examination is a subjective method
and its accuracy depends on the examiner’s experience, it remains the
primary tool for initial evaluation of the prostate [139]. In clinical practice,
further diagnostic investigations are recommended for the assessment and
confirmation of prostatic disorders, and diagnosis should not rely solely on
rectal examination findings [27,28].

4.1.2. Prostate gland ultrasonography

Following ultrasonographic evaluation of the prostate, the symmetry of the
glandular lobes, tissue echogenicity, and the presence of prostatic cysts were
assessed. The results showed that among dogs with asymmetrical prostatic
lobes, additional sonographic findings were frequently observed, including
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heterogeneous tissue structure and intraprostatic cysts. These findings are
commonly associated with benign prostatic hyperplasia. According to the
study conducted by Russo et al., all dogs diagnosed with BPH exhibited
identical changes in the prostate: intraprostatic cysts, altered echogenicity
of the glandular tissue, and mild lobe asymmetry [195]. The results of the
present study also demonstrated that the presence of intraprostatic cysts,
heteroechogenicity, lobe asymmetry, and prostatic enlargement were age-
related — as dogs aged, the progression of BPH was accompanied by these
specific sonographic features. The correlation between age and prostatic
changes was further supported by findings from the study by Mantziaras et
al., which compared prostatic alterations in young and older male dogs [12].

In contrast to age, body weight was not found to influence the
ultrasonographic characteristics of the prostate. Although the relationship
between prostatic weight and body weight has been well established by
Brendler et al., the authors are not aware of any published data evaluating

whether prostatic weight is associated with specific ultrasonographic changes
[196].

4.1.3. Semen evaluation

Analysis of 117 fresh semen samples revealed that semen quality in dogs
declines with age. An increase in the number of morphological defects and
elevated semen pH values indicates that reproductive function deteriorates
with aging. A significant decrease in semen quality was observed in older
age groups, suggesting that the aging process has a negative impact on
spermatogenesis. Lechner et al. also reported that aging affects not only
semen quality but also the resistance of spermatozoa to cryopreservation,
making semen from older males generally unsuitable for freezing in liquid
nitrogen [197].

The findings of this study further showed that good semen quality was most
frequently associated with homogeneous prostatic tissue, while moderate and
poor semen quality were more commonly observed in dogs with heterogeneous
prostatic echotexture. Intraprostatic cysts were significantly associated with
reduced semen quality and were prevalent among dogs with moderate or poor
semen characteristics. Although a few dogs with intraprostatic cysts exhibited
good semen quality, such cases were relatively uncommon (n = 14, 25.9 %).

These results indicate that changes in semen quality are typical in older dogs
and are directly associated with structural changes in the prostate, including
intraprostatic cysts and increased tissue echogenicity. Moxon et al. found that
dogs with mixed prostatic echogenicity had poorer semen quality compared
to those with homogeneous prostatic tissue [ 198]. These structural changes in
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the prostate may be linked to the progression of benign prostatic hyperplasia,
a condition associated with the initiation of oxidative processes in the gland.
Oxidative stress is known to negatively affect male semen quality [101].
Similar findings were reported by Krakowski et al., who investigated fresh
semen in 11 large and giant breed male dogs over the age of three diagnosed
with benign prostatic hyperplasia. Their analysis of the ejaculate revealed
changes in the composition of prostatic fluid, pH levels, and sperm DNA
fragmentation, all of which contributed to a decline in semen quality [88].

4.2. Stage II: Computed tomography and partial pelvimetry
measurements of healthy and subclinical BPH affected dogs

4.2.1. Prostate dimensions and volume calculated using CT scan
software

Computed tomography measurements of prostatic length, width, height,
and volume in clinically healthy dogs and those affected by subclinical BPH,
based on dedicated imaging software algorithms, revealed a clear difference
in prostatic dimensions and volume between the two groups. Salonen et al.
conducted a study in which the prostatic volume of dogs over five years of age
and of various breeds was measured using CT. Their findings demonstrated
that the determination of prostatic volume using the same software algorithms
applied in our study is highly accurate and reliable. Moreover, the study showed
that measurement accuracy does not depend on the radiological experience
of the operator; a clinician without radiological training, but familiar with
the technique, was also capable of accurately performing prostatic volume
measurements [ 184].

In another study, Haverkamp et al. measured prostatic volume using both
CT and ultrasonography. The study clearly concluded that ultrasonographically
determined volumes were unreliable and did not correlate with those obtained
via CT. As a result, reliance on ultrasound-based volume estimates in clinical
practice may lead to discrepancies from actual prostate size, highlighting the
limited reliability of this method [17].

In a separate study, Haverkamp and colleagues performed CT scans on the
prostates of 95 dogs, including 58 intact males (mean age 7.3 years; mean
weight 30.8 kg) and 37 neutered males (mean age 8.2 years; mean weight
25.5 kg). The average prostatic volume reported was 58.6 cm?®. Our study
yielded similar values; however, receiver operating characteristic (ROC)
analysis indicated that dogs with a prostatic volume exceeding 46.186 cm’
had a 92.3 % likelihood of being affected by subclinical BPH. Unlike the
aforementioned study, in our research, the prostatic health status of all dogs
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was confirmed, supporting the assumption that dogs in the Haverkamp
study may also have had undiagnosed subclinical BPH. Therefore, volume
estimations in that study likely represented a general tendency within a large
sample population.

Schulze et al., Ruel et al., and Atalan et al. investigated 50, 100, and
154 clinically healthy dogs of various breeds and ages, respectively, and
reported mean prostatic volumes ranging from 12 to 30 cm® [148,154,199].
However, none of these studies confirmed the precise prostatic health status
of the animals, and ultrasound was used for volume assessment. Additionally,
prostatic volume was calculated using various formulas which, according to
the findings of Haverkamp et al., do not statistically correlate with volumes
determined by CT [18].

The novelty of our study lies in the fact that all evaluated males were either
clinically healthy or affected by subclinical BPH confirmed by cytological
analysis. Statistical evaluation enabled the identification of a recommended
prostatic volume threshold above which subclinical BPH can be suspected
with high confidence. The CT-derived cut-off was 46.186 c¢cm?®, while the
ultrasound-based threshold distinguishing healthy from affected dogs was
lower at 35.16 cm®. Nevertheless, it is recommended to rely on CT-derived
volume thresholds, given the superior accuracy of CT methodology [21].

Prostatic length, width, and height were also measured. In the healthy group,
the mean dimensions were as follows: length — 3.43 £ 0.11 cm, width — 3.65
+ 0.19 cm, height — 3.49 + 0.14 cm. In the affected group, the corresponding
values were: length — 5.21 £ 0.27 cm, width — 5.20 &+ 0.22 cm, height — 4.45
+ 0.15 cm. A comparable study by Pasikowska et al. included 20 healthy and
20 BPH-affected dogs of various breeds, weighing 10 to 42 kg and aged 5 to
11 years. CT measurements in the healthy group revealed mean values of:
length — 2.68 + 0.63 cm, width — 3.19 + 0.68 cm, height — 2.82 = 0.75 cm. In
the affected group, these values were: length — 4.38 = 1.1 cm, width — 4.89 +
0.88 cm, height — 4.49 + 0.95 cm [183].

Comparison of our findings with those of Pasikowska et al. confirms that
dogs with BPH have significantly larger prostates than healthy dogs. Our study
reported larger dimensions in healthy dogs compared to the values reported
by Pasikowska and colleagues, which may be attributed to differences in
the age distribution of the study populations. Despite inter-study variation,
both datasets support the association between BPH and the development of
prostatomegaly.
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4.2.2. Prostate gland dimensions and L6 ratio levels

In cases of prostatic carcinoma, metastases frequently occur in the skeletal
system, particularly in regional bone structures such as the pelvic bones and
lumbar vertebrae [200]. Considering this, Pasikowska et al. conducted a study
in which they measured the ratio between prostatic height, width, and length
and the length of the sixth lumbar vertebra (L6), based on the hypothesis that
prostatomegaly in dogs with BPH may be relatively comparable to prostate
enlargement in cases of prostatic carcinoma. Therefore, by evaluating the
relative values of prostatic dimensions in relation to L6 length, this method
could potentially be applied to differentiate healthy dogs from those affected
by BPH [183].

Similar studies were carried out by Vali et al. and Lee et al., where
prostatic measurements were evaluated in relation to L7 and L6 vertebrae,
respectively. Both studies concluded that there was no significant association
between prostatic measurements and the vertebral body length of L7 or L6
[142,201]. However, both studies included only clinically healthy dogs of
various ages, weights, and breeds, and neither study performed cytological or
histopathological examination of the prostate. In contrast, the study published
by Pasikowska et al., as well as our own study, included cytological evaluation
of the prostate. The findings of that study indicated that prostatic hyperplasia
was associated with higher ratios between prostate length (rL), width (rW),
and height (rH) and the length of the L6 vertebral body in dogs with BPH
compared to healthy dogs [183].

Our study also demonstrated significantly higher mean values of rL, tW,
and rH in the group of dogs affected by subclinical BPH when compared
to the healthy group, along with positive correlations between prostatic
volume and each of these ratios. Unlike previous studies, our research
additionally established specific threshold values for rL, rW, and rH. Using
receiver operating characteristic analysis, we defined cut-off values for these
parameters that allow for distinguishing between healthy and BPH-affected
dogs. The following threshold values were identified: rtW — 1.28 cm, rH —
1.10 cm, and rL — 1.35 cm. Exceeding these thresholds corresponded to the
following probabilities of identifying affected dogs: 82.1 % for rW, 89.3 %
for rH, and 67.9 % for rL. These novel findings may be clinically useful in the
evaluation of the canine prostate.

4.2.3. Partial pelvimetry and prostate gland mesurements

In this study, partial pelvimetry was performed to evaluate the manifestation
of prostatomegaly. In human medicine, pelvimetry is commonly used to
assess pelvic bone dimensions in women, particularly in relation to fetal head
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size and the cranial pelvic inlet, as well as the risk of dystocia during delivery
[202]. In veterinary medicine, this method is applied for similar purposes,
including the assessment of pregnant bitches to evaluate the same obstetric
risks as in human medicine [203]. In recent years, computed tomography has
also been employed for this purpose [204]. Various studies have shown that
CT is a significantly more reliable method for pelvimetry than conventional
radiography [205-207].

In the context of prostate assessment, the anatomical relationship between
the pelvic bones and the prostate gland was described in a 1999 study by Atalan
et al., where radiographic images were used to evaluate the dimensions of the
prostate and pelvic bones. The findings indicated that these measurements
could be considered reliable for assessing prostate size [ 144]. This was among
the first attempts to explore the potential correlation between pelvic structures
and the prostate through morphometric analysis. However, a later study by
Choi et al. demonstrated that this method could be subjective and inaccurate
due to inconsistencies in radiographic measurement techniques [149].

To address these limitations, our study continued the evaluation of the
relationship between prostatic width and height and the cranial pelvic aperture
using three-dimensional CT images. The aim was to investigate possible
correlations and changes between these structures. The results showed that
ppW and ppH values in dogs affected by subclinical BPH differed from those
in healthy dogs. This suggests a potential association between the degree of
prostatomegaly and the dimensions of the cranial pelvic aperture.

In addition, the findings revealed a negative correlation between age
and both ppW and ppH values in the entire study population, regardless of
prostatic health status. This indicates that as dogs age, the prostate enlarges
progressively, and this enlargement is reflected in decreasing ppW and ppH
values. A similar pattern was observed with prostatic volume. As the volume
increased, the ppW and ppH values decreased, which may be explained by the
limited space available within the cranial pelvic inlet for the enlarged prostate.
It is important to highlight that, in sexually mature dogs, the musculoskeletal
system is fully developed and the size of the pelvic bones remains constant
throughout aging [208]. Therefore, the variation in ppW and ppH values can
be attributed solely to prostatic hyperplastic changes.

This conclusion is supported by the ROC analysis conducted in our
study, which demonstrated that specific cut-off values for ppW and ppH can
effectively differentiate between healthy dogs and those affected by subclinical
BPH. The present study represents an initial model for investigating the
association between partial pelvimetry and prostatomegaly in male dogs.
It is important to emphasize that this assessment method may be useful for
estimating prostate size and diagnosing subclinical BPH in cases where CT is
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performed for unrelated reasons, such as evaluations of the urogenital tract,
spine, or hip joints, provided that both the cranial pelvic aperture and prostate
are included in the imaging field [209].

4.2.4. Prostate gland density values

In our study, numerical values of prostatic tissue density were also assessed.
The results revealed that in the post-contrast phase, Hounsfield unit (HU)
values in the prostates of dogs affected by subclinical BPH were significantly
lower compared to those of healthy dogs. Similar findings were reported in a
study by Pasikowska et al., in which dogs with BPH also demonstrated lower
HU values [183]. Nevertheless, our statistical analysis showed that in the pre-
contrast phase, HU values tended to increase as prostatic volume decreased
in both healthy dogs and those affected by subclinical BPH. However, this
correlation was not statistically significant. In the post-contrast phase, prostatic
volume had almost no influence on HU values. These findings suggest that
prostatic volume has a limited effect on tissue density expressed in HU.

It is important to note that in dogs with subclinical BPH, prostatomegaly
is typically mild. It is likely that dogs with clinically evident BPH usually
exhibit more pronounced prostate enlargement, which may potentially affect
HU values. A study by Lee et al. evaluated canine prostates using various CT
parameters and observed differences in HU values between prostates with and
without intraprostatic cysts [142]. In our study, statistical analysis showed
that intraprostatic cysts had only a minor effect on contrast enhancement of
the prostate. This discrepancy between findings may be attributed to the fact
that neither study defined the diameter of the cysts. It should be emphasized
that clinically healthy dogs diagnosed with subclinical BPH usually do not
present with large intraprostatic cysts, since larger cysts are more commonly
associated with the manifestation of clinical symptoms [130].

Although our results differ from those of Lee et al. in terms of HU values,
it is important to highlight that their study did not include histopathological
analysis of the prostate. Their investigation merely indicated that contrast
enhancement may serve as an auxiliary parameter for evaluating prostate
condition. In contrast, our study included cytological evaluation of prostatic
tissue, which allowed us to distinguish between healthy dogs and those
affected by subclinical BPH, making our results potentially more reliable.

Furthermore, ROC analysis performed in our study identified a diagnostic
threshold for HU values that may assist in the identification of dogs affected
by subclinical BPH. The analysis showed that a post-contrast HU value lower
than 93.5 may indicate the presence of hyperplastic changes in the prostate.
These results may serve as additional information when assessing the potential
occurrence of subclinical BPH.
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4.3. 111 stage. Determination of the CPSE threshold and the boundary
values of specific ultrasound parameters in healthy dogs and subclinical
BPH affected male dogs

4.3.1. Ultrasound evaluation of prostate gland

Our results demonstrated a significantly increased prostatic volume
in dogs affected by subclinical BPH compared to healthy dogs. In a study
conducted by Dearakhshandeh et al., 25 male dogs of various breeds and
ages (ranging from 1 to 3 years and weighing between 15 and 20 kg) were
examined to assess the progression of prostatomegaly. In this study, BPH was
experimentally induced using testosterone enanthate and estradiol benzoate
injections. Ultrasonographic examinations revealed that the prostatic volume
in the BPH-induced group increased from 9.66 + 4.81 cm® on day 0 to 20.59
+ 6.83 cm® on day 63 [85].

Although the dogs included in our study differed in age and body weight,
similar tendencies were observed. In our study, the prostatic volume of dogs
affected by subclinical BPH was 64.51 +43.62 cm?, whereas in healthy dogs
it was 26.93 + 17.93 cm’. Both studies support the observation that prostatic
volume is greater in dogs affected by BPH compared to healthy individuals.

Moreover, our study used receiver operating characteristic analysis to
propose a volume threshold for identifying subclinical BPH, indicating that
the prostate volume should exceed 35.16 cm?. It is important to note, however,
that in our study, the volume measurements obtained via ultrasonography
using the ellipsoid formula differed from those calculated using the CT
operating system. Based on the greater accuracy of CT in assessing organ
volume and other structural parameters, our findings align with those reported
by Haverkamp et al., who concluded that CT is a more reliable method for
calculating prostatic volume [17].

4.3.2. Assesment of prosate blood flow using color Doppler

Our study highlights the importance and potential of color Doppler
ultrasonography in evaluating healthy dogs and those affected by subclinical
benign prostatic hyperplasia. The results were compared with data from a study
by Zelli et al., which measured various vascular parameters in the prostatic
artery. Our findings differed from those reported by Zelli and colleagues. In
their study, peak systolic velocity (PSV), end-diastolic velocity (EDV), and
resistance index (RI) values in both marginal and subcapsular locations of the
prostatic artery were higher than the values observed in our study population.

These discrepancies may be attributed to various methodological
differences, such as the age, weight, breed, and sample size of the dogs
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examined. Our study included dogs of different breeds, whereas the study by
Zelli et al. focused solely on German Shepherds. Additionally, the dogs in our
study were diagnosed with subclinical BPH, while the clinical status of the
dogs in the aforementioned study was not clearly defined.

Despite these differences, our results indicate that dogs with subclinical
BPH generally exhibit increased vascular flow velocity parameters compared
to healthy dogs. This is consistent with findings from other authors, such
as Gunzel-Apel et al. and Nizanski et al., who also reported elevated blood
flow velocities in the prostatic arteries of dogs affected by BPH compared to
healthy controls.

Our findings contribute to a better understanding of hemodynamic changes
within the prostate gland associated with subclinical BPH. Receiver operating
characteristic (ROC) analysis demonstrated that velocity measurements of
the prostatic artery at specific anatomical locations are effective diagnostic
indicators for distinguishing between healthy and affected dogs. The ROC
curve analysis revealed that PSV and EDV values in both marginal and
subcapsular regions showed high diagnostic accuracy. However, the diagnostic
accuracy of the RI parameter in both anatomical locations, particularly in
the subcapsular region, was significantly lower compared to that of PSV and
EDV.

The RI values did not differ significantly between healthy and affected
dogs in either location, suggesting that this parameter is less informative
for clinical use in this context. This phenomenon may be explained by the
nature of the parameters. PSV and EDV measure blood flow velocity over
time and are more sensitive to subtle changes in vascular wall integrity or
hemodynamics [210]. In contrast, RI, calculated as the ratio between PSV and
EDV (RI = (PSV — EDV) / PSV), is less influenced by changes that do not
affect vascular resistance or tone. Although PSV and EDV may change, RI
remains relatively stable if vascular resistance is unaltered. RI is particularly
sensitive to structural characteristics such as vascular wall elasticity, which
may remain relatively unaffected in cases of subclinical BPH [211,212].

4.3.3. Determination of CPSE reference values

In our study, CPSE analysis performed on 52 clinically healthy breeding
male dogs showed that the mean CPSE concentration in the healthy group was
38.85 + 14.55 ng/mL. In contrast, the mean concentration in dogs affected
by subclinical BPH was significantly higher, reaching 203.3 & 90.39 ng/mL.
Similar results were reported by Bell et al., who found that dogs with BPH
had markedly elevated CPSE levels (189.7 ng/mL) compared to healthy dogs
(41.8 ng/mL) [213]. In the study conducted by Alonge et al., the average
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CPSE concentration was 38.9 ng/mL in healthy dogs and 184.9 ng/mL in
dogs with BPH [214].

In that study, a diagnostic CPSE threshold of 52.3 ng/mL was established
based on receiver operating characteristic (ROC) analysis, which could be
used for diagnosing BPH. Our study, which included a larger sample (n = 65)
compared to the study by Alonge et al. (n=19), identified a higher diagnostic
threshold. A CPSE concentration exceeding 82.56 ng/mL was associated
with an increased likelihood of subclinical BPH. The difference in results
may be related not only to sample size, age, and breed variability but also
to a key methodological factor. In the study by Alonge et al., CPSE levels
were measured using the ELISA method, whereas our study utilized laser
fluorescence technology, which is considered more reliable than ELISA [215].

When compared with the findings of Holst et al., who reported a diagnostic
threshold of 90 ng/mL, our results are consistent. Their study included 79
intact male dogs with a mean age of 7.5 years and an average weight of 24.5
kg. Despite using ELISA for CPSE detection, the threshold value reported in
their study was similar to ours [25]. Given that the dogs in the study by Holst et
al. were clinically healthy and exhibited similar demographic characteristics
to the dogs in our research, it may be concluded that both threshold values
provide reliable markers for identifying subclinical BPH.

Our study also demonstrated that CPSE levels were positively correlated
with prostatic volume but showed no association with body weight. Similar
findings were reported by Pinheiro et al. [24]. Considering that CPSE testing
is rapid, cost-effective, and widely accessible, this method has become highly
valuable for evaluating prostatic health in veterinary practice. CPSE testing
enables early detection of prostatic disorders in all male dogs, regardless
of reproductive status, thus facilitating timely identification of hyperplastic
changes and the initiation of further diagnostic or therapeutic interventions,
even in asymptomatic cases.

Importantly, CPSE testing is non-invasive and therefore particularly
appropriate for the examination of older dogs. In addition to its utility in
diagnosing early-stage BPH, this test is also beneficial for evaluating the
overall reproductive and health status of male dogs, supporting monitoring
protocols and treatment planning [138,213,216].
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CONCLUSIONS

1. It was determined that morphological prostate parameters assessed
during rectal examination exhibited high individual variability.

1.1. According to the study data, morphological changes in the prosta-
te — including tissue heterogeneity, formation of intraprostatic
cysts, and asymmetry of prostate lobes — were age-dependent and
most commonly observed in males older than 5.5 years, whereas
the body weight had no influence on these changes.

1.2. It was established that semen quality significantly deteriorates
with age — the volume of the second ejaculate fraction, sperm con-
centration, and progressive motility decrease, while the percentage
of morphological defects and the pH of the third ejaculate fraction
increase.

2. It was found that prostate length, width, height, and volume significant-
ly differed between healthy dogs and those affected by subclinical BPH
(p <0.001), with volumes exceeding 46.186 cm® allowing diagnosis of
subclinical BPH with 92.3 % accuracy.

2.1. Relative dimensional indices (rL, rW, rH) demonstrated high
diagnostic accuracy. Threshold values of rL. > 1.35, rW > 1.28, and
rH > 1.10 allowed identification of subclinical BPH with 67.9 %,
82.1 %, and 89.3 % accuracy, respectively (p <0.01).

2.2. It was found that the ppW index demonstrated high diagnostic
accuracy (AUC =0.836; p <0.001). When its value exceeded 0.77,
the ppW parameter identified healthy dogs with 74.4 % probability.
In comparison, the diagnostic accuracy of the ppH parameter was
77.1 %, with a threshold value of 0.71 (AUC = 0.844; p < 0.001).

2.3. Statistically significant differences in prostate tissue density were
observed only in the post-contrast phase of computed tomo-
graphy (p < 0.001). A Hounsfield unit (HU) value below 93.5
enabled identification of subclinical BPH with 87.8 % accuracy
(AUC =0.879; p <0.001).

3. A threshold prostate volume value of 35.16 cm® was identified, abo-
ve which subclinical BPH can be diagnosed with a probability of
87.4 % (AUC =0.87; p <0.001).

3.1. The study findings revealed that prostatic artery blood flow
parameters — peak systolic velocity (PSV) and end-diastolic
velocity (EDV) — demonstrated exceptionally high diagnostic
accuracy in differentiating healthy dogs from those with
subclinical benign prostatic hyperplasia (AUC = 0.999-1.000;
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p < 0.001). The calculated cutoff values in the marginal
region of the prostatic artery were PSV > 26.78 cm/s and
EDV > 5.23 cm/s. Exceeding these thresholds resulted in correct
classification of dogs with subclinical BPH with a probability of
100.0 % and 97.1 %, respectively. In the subcapsular region, the
cutoff values were PSV > 16.19 cm/s and EDV > 6.36 cm/s, with
correct identification of affected dogs at probabilities of 97.1 %
and 62.9 %, respectively. In contrast, the resistive index (RI)
had no diagnostic value in either location (AUC = 0.639 in the
marginal and AUC = 0.440 in the subcapsular region; p > 0.05),
indicating that its use for differentiating healthy and affected dogs
is not informative.

3.2. It was determined that subclinical benign prostatic hyperplasia
can be diagnosed with 100 % accuracy when the concentration
of CPSE is equal to or exceeds 82.56 ng/mL (AUC = 1.00;
p <0.001).

RECOMMENDATIONS

. It is recommended to periodically perform comprehensive prostate
evaluations for all intact males older than five years, including rectal
examination, ultrasonographic assessment of the prostate, CPSE con-
centration analysis, and semen quality evaluation.

. Computed tomography (CT) should be introduced as an additional di-
agnostic tool for prostate disorders, particularly for the evaluation of
subclinical BPH cases, where CT is performed not as the primary pros-
tate assessment method, but rather includes the prostate as a secondary
organ of interest.

. To improve the diagnostic accuracy and sensitivity of subclinical BPH,
a multi-criteria evaluation approach is recommended, integrating seve-
ral complementary diagnostic methods and parameters.

. Based on the specific threshold values established during the study and
the combined application of diagnostic methods (CT, ultrasound, CPSE
concentration, semen analysis), it is recommended to develop a standar-
dized protocol for the clinical diagnosis of subclinical BPH.
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Simple Summary: Benign prostatic hyperplasia is a common condition in older intact male dogs,
and it is often initially lacking in noticeable clinical signs. Due to this asymptomatic nature, it is
frequently overlooked in clinical practice. Our study aimed to develop a simplified non-invasive
examination plan for the early detection of subclinical benign prostatic hyperplasia in older intact
dogs. We established a clinical rectal-scoring system and new diagnostic thresholds using non-
invasive methods such as ultrasonography and analysis of canine prostatic-specific esterase from
blood serum samples. Our study revealed elevated values of canine prostatic-specific esterase,
increased prostatic volume, and higher values of prostatic artery vascular velocities in dogs with
subclinical BPH. Additionally, we found a positive relationship between prostatic volume and the age
and weight of the dogs. In summary, our findings indicate that multiple non-invasive examinations
can aid in identifying or suspecting early stages of BPH based not only on proposed new thresholds
for prostatic volume and canine prostatic-specific esterase, but also elevated prostatic artery vascular
velocities, changes in size, shape, and echostructure of the prostate gland, and differences in rectal
examination. This information enables practitioners’ timely intervention, preventing the progression
of prostatic manifestations.

Abstract: Benign prostatic hyperplasia (BPH) is an androgen-related non-neoplastic enlargement
of the prostate gland that commonly affects both reproductive capabilities and the general health
of intact dogs. The subclinical form of BPH can be challenging to diagnose due to a lack of clinical
signs, even if rectal palpation is performed. Left untreated, this condition poses risks to the dogs”
health and breeding status. This study, involving 65 male dogs, aimed to investigate subclinical BPH
through rectal palpation, ultrasonography, and analysis of canine prostatic-specific esterase (CPSE).
Of the participants, 35 had subclinical BPH, and 30 served as a healthy control group. Dogs suspected
of subclinical BPH, as determined by examination results from ultrasonography and CPSE analysis,
underwent fine needle aspiration (FNA) guided by ultrasound to enhance diagnostic precision.
Findings revealed distinct differences in rectal palpation and ultrasonography between subclinical
BPH and healthy dogs. This study established diagnostic thresholds based on prostatic volume and
CPSE values and proposed new thresholds for subclinical BPH. Additionally, results showed that
prostate gland volume depended on the weight and the age of the dog. In conclusion, early detection
of this condition is possible through various examinations, such as changes in ultrasound features,
CPSE levels, and rectal palpation. All together, these methods can aid practitioners in early detection
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of BPH and assist with scheduling screening programs for dogs, ultimately promoting their overall
health and reproductive well-being. In conclusion, we advocate for routine, non-invasive prostate
screenings in breeding males, underlining the effectiveness of a combination of various multiple
techniques for early subclinical BPH detection.

Keywords: canine andrology; BPH; ultrasonography; rectal palpation; CPSE

1. Introduction

The prostate gland is the only sex gland in the male dog’s reproductive tract [1].
Prostatic disorders significantly affect both the reproductive system and the overall health of
canine patients. Among these, benign prostatic hyperplasia (BPH) is the leading condition
diagnosed in intact dogs [2,3]. According to Socha et al. (2018), dogs of large and giant
breeds often exhibit a propensity for developing BPH [4]. Linked to the aging process,
this spontaneous lesion involves both an increase in cell numbers (hyperplasia) and an
enlargement of individual cells (hypertrophy), typically manifesting in older dogs [5].
Despite that, it is important to note that BPH can be evident in dogs as young as 2 years
old [6]. Moreover, it should be emphasized that in its early stages, this condition can remain
asymptomatic until an increased glandular volume leads to the emergence of BPH-related
symptoms such as constipation, hematuria, dysuria, changes in fertility status, and issues
like excessive licking of the penis or lameness of the hind legs; in BPH-affected dogs,
the prostate gland is more susceptible to bacterial infections, and if left untreated, such
conditions such as prostatitis and prostatic cysts with the possibility abscess formation can
develop [7].

Furthermore, the presence of BPH, prostatitis, or prostatic neoplasia have been linked
to the onset of perineal hernias in intact dogs [8]. Regarding the reproductive health of dogs
with BPH, there can be a decreased libido, issues with the ejaculatory process, and a noted
decline in semen quality attributed to changes in prostatic fluid composition, which can lead
to an elevated level of sperm cell DNA fragmentation [9]. Due to the fact that BPH presents
no clinical signs in many cases, its diagnosis can be challenging. In regard to this, multiple
examinations are recommended to ensure a reliable diagnosis [10,11]. A comprehensive
diagnostic approach includes a full patient history, rectal palpation, evaluation of the organ
using diagnostic imaging tools, semen collection, and culture and cytology of prostate
tissue or fluid samples. Moreover, the levels of a distinct biomarker for prostatic disease,
canine prostate-specific esterase (CPSE), is now highly recommended [12].

In clinical practice, rectal palpation is one of the methods to estimate the size, shape,
flexibility, anatomical location, glandular surface, and sensitivity of the prostate gland [13].
While rectal palpation primarily provides access to the dorsocaudal regions of the prostate
gland, it can pose challenges in small dogs due to their size or in giant breeds where the
prostate may be positioned too cranially. Despite these limitations, it is still recommended
to include this examination in routine procedures for dogs whenever possible, as it can
serve as a valuable guide for further investigations if necessary [1,5,14-16].

In terms of using different diagnostic imaging methods, X-ray imaging of the prostate
gland can be used to determine the location and size of the organ. However, it has a limited
value due to interference of other abdominal organs, resulting in poor contrast images
affecting the visualisation of the organ [17].

In regards to the diagnostic limitations of the X-ray, ultrasonography is proposed as a
valuable method for examining the prostate gland [18].

Transrectal ultrasound, while the preferred approach for achieving precise images
of the target organ, presents challenges in practicality due to the necessity of specialized
equipment and sedation for the patient [19].

Abdominal ultrasonography is the preferred method over transrectal examination in
most veterinary practices. Recognized as the most effective technique for prostate gland
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assessment, it enables the evaluation of the gland’s size, shape, tissue structure, and vascular
velocities of the organ [10,20,21]. Furthermore, with the assistance of ultrasonography,
biopsies and cytology samples can be acquired, as tissue analysis is the most accurate
method for diagnosing prostatic disorders [22].

Interestingly, recent studies have highlighted the potential of CPSE as an innovative,
non-invasive diagnostic marker for the assessment of prostatic status in dogs [20]. CPSE,
classified as an arginine esterase, is synthesized by the columnar epithelial cells within
the canine prostate gland, with its secretion increasing as benign prostatic hyperplasia
progresses, accompanied by hypertrophic and hyperplastic changes in the prostatic epithe-
lium. Due to this fact it has been shown that dogs diagnosed with BPH have elevated CPSE
levels [23,24]. However, a concrete diagnosis of prostatic conditions can be achieved with
ultrasound-assisted fine needle aspiration (FNA) or a biopsy of the prostatic tissue [25].

The aim of this study is to develop a simplified approach for the early detection
of subclinical BPH in older intact dogs, avoiding invasive diagnostic procedures. This
involves establishing new diagnostic thresholds and clinical scoring systems based on
non-invasive techniques such as digital rectal examination, ultrasonography, and analysis
of CPSE.

2. Materials and Methods

In this investigation, a cohort of 65 client-owned intact breeding male canines, rep-
resenting large and giant breeds, was assembled. The subjects encompassed a spectrum
of ages and weights, with details provided in Appendix A (Tables A1 and A2) regarding
breed classification and age distribution. Dogs were randomly selected from those un-
dergoing routine health check-ups at the veterinary practice. During these examinations,
non-invasive procedures such as general clinical examination, rectal palpation, and ultra-
sonography of the abdominal and chest cavities were performed. However, dogs displaying
ultrasonographic alterations of the prostate gland, such as intraprostatic cysts, asymmet-
rical shape, heterogeneous echotexture, and increased prostate gland vascular velocities,
were recommended for further investigation to diagnose subclinical BPH. Blood samples
were collected from dogs exhibiting BPH-related alterations of the prostate gland for CPSE
concentration analysis. Dogs with a CPSE concentration reaching or exceeding >61 ng/mL,
alongside the aforementioned sonographic alterations, underwent ultrasound-assisted FNA
to accurately confirm the diagnosis of subclinical BPH. The CPSE concentration threshold of
>61 ng/mL and the ultrasonographic alterations related to BPH were determined based on
the studies conducted by Pinheiro et al. (2017) and Cunto et al. (2022), respectively [14,26].
Ultrasound-guided FNA was performed based on techniques published by Kustritz et al.
(2006) [27]. After cytological analysis, two study groups were conducted: the healthy
dogs group (n = 30) and the subclinical BPH-affected dogs group (n = 35). The healthy
group had an average age of 3.7 years (range: 3 to 6 years) and an average weight of
39.8 kg (range: 27 to 58 kg), while the subclinical BPH-affected group had an average age
of 6.9 years (range: 4 to 10 years) and an average weight of 40.1 kg (range: 21 to 60 kg).

2.1. Clinical History and Examination

None of the dogs had any documented history of compromised semen quality or any
other reproductive tract disease, nor did they have any general health disorders within the
6 months prior to the study. Additionally, no unsuccessful matings or pregnancies were
recorded. None of the dogs included in this study were mated in the period of 6 months
since the beginning of the study. Initially, a comprehensive breeding soundness evaluation
was performed by a practitioner specializing in the field of small animal reproduction. This
evaluation included visual and morphological inspections of the prepuce, penis, and testes,
along with an additional sonographic examination of both testicles. Based on the results of
all aforementioned examinations, all dogs were determined to be clinically healthy without
any signs of prostatic or testicular diseases.
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2.2. Rectal Palpation

Rectal palpation was conducted consistently by the same individual across all dogs in
a blinded manner. Dogs were posed in a standing position and gently restrained. Using
a lubricated gloved finger, the examiner palpated the anterior rectal wall to assess the
prostate gland. In instances where the prostate gland was not palpable, the operator
applied gentle pressure with his left hand to the abdominal wall, maneuvering the gland
into a dorsocaudal position until it became palpable. Assessment criteria included the
prostate gland’s size, shape, consistency, surface, and position. Additionally, a pain and
size score system was suggested and employed for a comprehensive evaluation. The pain
score system comprised 4 scoring points:

e  Score 0: no reaction to palpation. The dog remains calm without muscle tensing,
vocalization, or attempts to move.

e  Score 1: mild discomfort. Slight tensing of abdominal muscles or flinching during
palpation, but no vocalization or significant movement.

e  Score 2: moderate discomfort. Clear flinching, pulling away, or trying to sit down
during the examination. May show signs of discomfort like turning the head to
the examiner.

e  Score 3: severe discomfort or pain. Vocalizing during palpation, strong attempts to
pull away or aggressive behaviour due to pain.

Based on size evaluation, a 4-point scoring system was employed to assess the degree
of prostate gland occupation within the rectal lumen.

e Score 0: prostate gland is barely palpable within the rectum.

e  Score 1: prostate gland is palpable, occupying a small portion of the rectal lumen.

e  Score 2 prostate gland is palpable, occupying a moderate portion of the rectal lumen.
e Score 3: prostate gland is palpable, occupying a significant portion of the rectal lumen.

2.3. B-Mode Ultrasonography

The ultrasound examination was performed by a specialist in small animal diagnos-
tic imaging. A Mindray Vetus-7 (Mindray Bio-Medical Electronics Co., Ltd. Shenzhen,
China) ultrasound machine was used. The dogs were placed in dorsal recumbency using
soft positioning aid beds. The prostate gland was scanned with a microconvex probe in
transverse and longitudinal planes. The frequency range was set between 5.0 and 7.5 MHz.
Sonographic images of glandular parenchyma were categorized as homogenic or hetero-
genic based on its appearance. Intraprostatic cysts were determined as anechoic, roundish
areas of different sizes. No variations in cyst size or volume were distinguished. The
region of interest (ROI) of the prostate gland was drawn using a freehand tool navigator to
highlight the borders of the prostate gland in the transversal plane. Prostatic dimensions
were measured as follows: prostatic length (L) on the longitudinal plane and prostatic
width (W) and height (H) on the transversal plane. The measurements of height and length
included both lobes of the prostate, and the average value in centimeters was calculated,
whereas prostatic length was defined as the maximum diameter along the urethral axis and
measured in centimeters (Figure 1). The prostatic volume (PV) was calculated using the
ellipsoid body formula proposed by Ruel et al. (1998): PV (cm) = (L x W x H) x 0.523 [18].

The color Doppler technique was employed to examine the blood flow in the prostatic
artery (a.prostatica) marginal and subcapsular locations, following the method suggested by
Zelli et al. (2013) [21]. In the pulse wave (PW) mode, the sample volume was set to cover
the entire lumen of a vessel, ensuring that waveforms representing at least four consecutive
cardiac cycles were recorded. Specific blood flow parameters, including peak systolic
velocity (PSV), end diastolic velocity (EDV), and resistance index (RI) were calculated.
The ultrasound inbuilt algorithm package automatically derived these values for each
waveform. The values from three sweeps were then averaged to determine a mean value
for each parameter at each location. Additionally, color gain adjustments were made to
mitigate flash artifacts.
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Figure 1. Ultrasonographic representation of measurements of the normal prostate gland in a 3-year-
old Husky. (A): Longitudinal plane axis with red lines indicating measurements of prostatic length.
(B): Transverse plane showcasing the prostate; the height and width are demarcated by red lines. The
prostate gland is encircled in red, highlighting the region of interest and anatomical landmarks.

Subsequently, ultrasound-guided FNA was conducted. The cytology samples were
assessed by a clinical pathologist (Figure 2). BPH was identified through the characteris-
tics of the cytological samples: the presence of extensive groups of epithelial cells with
either columnar or polygonal morphology, a minimal nucleus-to-cytoplasm ratio, and
uniform round nuclei showcasing small nucleoli alongside finely granulated chromatin
patterns [25,28].
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Figure 2. Cytological slides of prostate gland (magnification—100x). (a): normal prostate gland.
Displayed are the acinar epithelial cells, organized in rows or small clusters. Note the distinct polarity
of the epithelial cells, which are consistent in size. Their nuclei are round or slightly oval, featuring
indistinct nucleoli and clear cytoplasm. (b): benign prostatic hyperplasia. High cellularity with
epithelial cells forming large sheets. Cells may be columnar or polygonal, often lacking polarity.
The nuclear/cytoplasm ratio remains similar to normal epithelial cells. Nuclei are predominantly
consistent in size, slightly varying in morphology, and frequently exhibit a prominent nucleolus.

2.4. Canine Prostatic-Specific Esterase

Blood samples were collected from all study dogs by inserting a 21-gauge needle into
the cephalic vein. VACUETTE™ Z serum blood collection tubes (Thermo Fisher Scientific
Inc., Waltham, MA, USA) were chosen. After collection, samples were promptly sent to
the laboratory for analysis. The concentration levels of CPSE were analyzed within 30 min
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according to the guidelines of the Speed™ Reader (Virbac, Carros, France), a laser-induced
fluorescence immunochromatographic serum analyzer.

2.5. Ethical Statement

The research was performed in accordance with the Law of the Republic of Lithuania
No. VIII-500 on the Care, Welfare and Use of Animals, dated 6 November 1997 (“Valstybés
zinios” (Official Gazette) No. 108, 28 November 1997) and orders of the State Veterinary
Service of the Republic of Lithuania on the Breeding, Care and Transportation of Laboratory
Animals (No. 4-361, 31 December 1998) and on the Use of Laboratory Animals for Scientific
Tests (No. 4-16, 18 January 1999). The approval number for this study was PK No. 012856.
Informed consent was signed by every owner and obtained as additional approval for
clinical examinations and procedures.

2.6. Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics 29.0.0.0 (241). The
normality of the datasets for prostate size and CPSE values was assessed employing the
Shapiro-Wilk test. Calculations of means and standard deviations were performed for the
prostate size and CPSE values within the subclinical BPH-affected and healthy groups. The
statistical significance of the observed differences was determined using a Student’s t-test
for independent samples.

Receiver operating analysis (ROC) was executed to ascertain the cut-off values for
prostate gland volume and CPSE values, establishing precise thresholds indicative of
subclinical BPH occurrence. Disparities in prostatic rectal palpation results between the
subclinical BPH-affected and healthy groups were statistically evaluated utilizing the
X2 test, with a Bonferroni correction applied. A significance level of p < 0.05 was considered
to denote statistical significance in all analyses.

3. Results
3.1. Rectal Palpation

In the healthy group, rectal palpation primarily revealed typical prostate gland char-
acteristics. The gland was prominently located in the cranial section of the pelvic inlet,
displaying a symmetrical appearance with a uniform, smooth, and elastic texture. The size
of the organ did not occupy a significant portion of the rectal lumen, and the evaluation
scores were mostly 0-1.

Upon examining dogs affected by subclinical BPH, notable changes were observed
through rectal palpation, particularly in the shape, size, and consistency of the prostate.
There was a discernible shift in the positioning of the prostate gland, which leaned more
cranially towards the pelvic brim. Furthermore, in this group, approximately half of the
prostate surfaces exhibited a rough texture. Based on size, more than half of the prostate
glands in this group exhibited enlargement, resulting in moderate occupation of the rectal
lumen. Detailed results of prostate gland rectal palpation are presented in Table 1.

Table 1. Results of the rectal palpation of the prostate gland in healthy and subclinical
BPH-affected dogs.

Feature Finding Healthy (n=30)  BPH (n = 35) Statistical
Significance
Symmetric 83.3% * 14.3% **
Shape Asymmetric 16.7%* 85.7% ** p<0.001
Soft 83.3% * 31.4% **
Consistency Medium hard 16.7% * 54.3% ** p <0.001
Hard 0% * 14.3% **
Urethral Present 100% * 68.6% **
groove Absent 0% * 31.4% ** p<0.001
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Table 1. Cont.
Feature Finding Healthy (n =30)  BPH (n = 35) .Stat.ls.tlcal
Significance
0 63.3% * 0% **
Pai 1 26.7%* 31.4% *
am, 2 10% * 54.3% ** p <0.001
score 3 0% * 14.3% **
4 0% 0%
0 30% 0%
Size, 1 60% * 34.3% **
score 2 10% * 65.7% ** p <0001
3 0.0% * 0% **
Intra-pelvic 90.0% * 71.4%*
Position Extended caudally 10.0% * 20.6% * p=0.115
Intra-abdominal 0% * 8.6% *
Rough 86.7% * 45.7% **
Surface Smooth 13.3%* 543%™ p <0001

*, **—proportions marked with different symbols in rows differed significantly (p < 0.05).

3.2. Ultrasonographic Evaluations of Prostate Glands

Within the subclinical BPH-affected dogs, 20% (n = 7) displayed glandular asymmetry,
while in the healthy group, 16.6% (n = 5) displayed a similar shape. In terms of tissue
structure, our observations revealed a prevalent heterogeneous pattern in the BPH study
group, with 85.7% (30 out of 35) of dogs exhibiting this feature. In contrast, only 13.3%
(4 out of 30) of dogs in the healthy group demonstrated heterogeneous prostatic tissue.
However, the statistical analysis revealed that the relationship between echogenicity and
the shape of the prostate was not found to be statistically significant in either the affected
group, the healthy group, or when considering both groups collectively (p > 0.05).

In terms of intraprostatic cyst occurrence, our analysis showed a higher prevalence
within the subclinical BPH group, where 85.7% (n = 30) of cases exhibited a diffuse cystic
pattern. In contrast, among the healthy dogs, only 10% of cases (n = 3) exhibited intrapro-
static cysts within the prostatic parenchyma. We further conducted a statistical analysis
to assess the correlation between the presence of intraprostatic cysts and the shape of the
prostate gland. Our findings indicated that the observed correlation was not statistically
significant in either the subclinical BPH group or the healthy group, nor when assessing
both groups combined.

This study identified differences in prostatic dimensions between subclinical BPH-
affected dogs and the healthy group. Specific measurements for the subclinical BPH
group included a prostatic length with mean & SD values of 5.34 & 1.29 cm, width of
5.05 4 1.17 cm, and height of 4.12 4 0.94 cm. In contrast, the healthy group measurements
stood at 3.57 + 0.77 cm for length, 3.70 £ 0.94 cm for width, and 3.45 + 0.88 cm for height.
Statistical analysis showcased significant differences in prostatic length, width, and height
of the prostate gland between both study groups (p < 0.01).

Furthermore, the subclinical BPH group demonstrated larger prostatic volume, with
mean + SD values of 64.51 + 43.62 cm?, in contrast to the healthy group, which had a
prostatic volume of 26.93 + 17.93 cm? (p <0.001).

Additionally, we examined the relationship between prostatic volume and age across
both study groups. Analyzing the healthy control and subclinical BPH-affected dogs collec-
tively, a moderate correlation between age and prostate volume was evident (p < 0.001). Yet,
within the subclinical BPH-affected dogs group, the correlation between age and prostate
volume was statistically insignificant (p > 0.05). In this group, the prostate volume will
rise by an average of 2.29 cm?® for each year increase in age (p = 0.597). The regression
analysis for the healthy control group indicates that with each year of age, the prostate
volume will increase on average by 2.74 cm® (p = 0.527). While these changes within each
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group are statistically insignificant, when considering both the healthy and subclinical
BPH-affected groups together, a notable moderate correlation between age and prostate
volume is observed (r = 0.423, p < 0.001). The results are shown in Figure 3.

@ Healthy
Py o @ BPH
~~ Fit line forTotal

e R'Lnear=0179
Healthy R’ Linear = 0014
L4 BPH: R’ Linear = 0009

o
L ]
[v=48.62+2.20} = ) s
o ° °
o
[y=16.68+2.74 °
® L J
4 s 6 7 s 9 10
Age, years

Figure 3. Scatter plot illustrating the correlation between age and prostate volume in distinct
dog groups.

Regarding the correlation between weight and prostate volume in the healthy group,
a moderate correlation was observed (r = 0.475, p < 0.01). For each kilogram increase in
weight, there was an average prostate volume increment of 0.82 cm® (p < 0.01). Conversely,
in the subclinical BPH-affected group, this relationship was faint (r = 0.217, p = 0.209), a
trend similarly noticed when evaluating the whole study cohort (r = 0.240, p = 0.055). The
results are detailed in Figure 4.

A receiver operating characteristic (ROC) analysis was employed, emphasizing the
value of prostate volume in distinguishing healthy dogs from those afflicted with subclinical
BPH. The area under the curve (AUC) was computed to be 0.87 with a notable cut-off value
set at 35.16 cm® (p < 0.001). This analysis underscores the diagnostic potential of assessing
prostate volume. An ROC analysis graphical image is shown in Figure 5.

3.3. Color Doppler Evaluation

A comparative analysis between the two study groups unveiled notable distinctions
in color Doppler assessments at different locations along the prostatic artery.

Both the PSV and EDV were notably higher in the BPH group across both locations.
Furthermore, the RI was elevated in the BPH group in both the marginal and subcapsular
locations. However, statistical differences in RI were observed only in the marginal location
(p <0.01). Detailed data and statistical representations of the Doppler parameters for each
group can be found in Table 2.
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Figure 4. Scatter plot showcasing the correlation between dog weight and prostate volume.
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Figure 5. Receiver operating analysis (ROC) analysis of prostatic volume. The red line signifies the
reference line, while the blue line depicts canine prostate-specific esterase (CPSE) values in ng/mL.
Table 2. Means =+ SD of prostatic artery Doppler parameters detected in marginal and subcapsular
location in the normal group and subclinical BPH group.
Marginal Marginal . . Subcapsular Subcapsular Subcapsular
Group n Location, PSV  Location, EDV Marginal Location, RI Location, PSV  Location, EDV Location, RI
Healthy 30 2229 +14* 444 +£033* 0.80 =& 0.02 **** 15.36 £ 0.57 * 542 +0.55* 0.65 & 0.04 ***
BPH 35 3414291 6.52 + 0.86 ** 0.81 =4 0.01 ** 17.96 + 1.07 ** 6.57 +£0.72** 0.64 4 0.03 ****

PSV, peak systolic velocity; EDV, end diastolic velocity; RI, resistive index; symbols *; **—means marked with
different letters in rows differed significantly (p < 0.001); ***; ****—means marked with different letters in rows
differed insignificantly (p > 0.05); *****; **** _means marked with different letters in rows differed significantly
(p<0.01).
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3.4. CPSE Analysis

Our investigation highlighted substantial differences in CPSE values between the
subclinical BPH-affected and the healthy dog groups. Specifically, the mean =+ SD values
were recorded as 38.85 & 14.55 ng/mL (range from 17.53 to 67.8 ng/mL) for the healthy
group and escalated to 203.3 & 90.39 ng/mL (range from 97.31 to 487.54 ng/mL) for the
BPH group (p < 0.001). These data are graphically elucidated in Figure 6.

CPSE. ng/ml

38.85 203.30

Healthy BPH

Figure 6. Comparison of mean CPSE values between the healthy and BPH-affected groups. The
statistical significance, marked as ‘a” and ‘b’, indicates a statistically significant difference between

the study groups (p < 0.001).

Our data underscored the feasibility of using CPSE values as a determinant to differ-
entiate healthy dogs from those with BPH. The AUC was a perfect 1.00 (p < 0.001), with
a cut-off threshold set at 82.56 ng/mL. Thus, when the CPSE metric exceeds or equals
82.56 ng/mL, it becomes feasible to pinpoint dogs showing an asymptomatic form of BPH
with a confidence level of 100% (p < 0.001). The results are shown in Figure 7.
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Figure 7. CPSE concentration explored through ROC analysis.
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4. Discussion
4.1. Rectal Palpation

Clinically, the health of the prostate gland is often gauged using digital rectal palpation,
which evaluates various factors, including size, shape, position, consistency, and pain,
among others [11,13]. The results obtained from our study corroborate and extend the
findings reported by other authors, providing valuable insights into the rectal palpation of
canine prostates in both healthy and subclinical BPH-affected groups.

The normal prostate is smooth and symmetrical in shape, and it is free of pain on
digital examination. The dorsal sulcus of the prostate is easily palpable and can be a
useful landmark for those with limited experience [5]. In our study, the healthy group
predominantly exhibited standard prostate characteristics, characterized by a cranially
situated gland with symmetrical lobes, a smooth and elastic texture, and an evident urethral
groove, with size scores predominantly falling within the range of 0-1. The majority of
subjects demonstrated minimal discomfort during rectal palpation.

In dogs with BPH, the prostate can be shifted cranially into the abdomen. Each of the
two lobes of the prostate should be symmetric in size and shape. The consistency should be
firm, but not hard. Gentle palpation of the prostate should not be painful [22]. Our results
align with these observations, indicating a noticeable cranial shift in the positioning of the
prostate gland upon examination of dogs with subclinical BPH. In some cases, mild discom-
fort was noted, but no severe pain reactions were observed. Additionally, approximately
half of the cases exhibited a rough texture on the prostate surface, possibly indicative of an
expressed cystic pattern in the gland, which can lead to surface texture irregularities.

According to the size scoring system, more than half of the dogs in the group were
classified with a score of 3, indicating mild prostatomegaly. Such enlargement is frequently
observed in the subclinical stage of BPH, often presenting without overt clinical signs such
as tenesmus, diarrhea, or stranguria [11].

However, an asymmetrical shape was observed in over 80% of dogs in the group,
potentially indicating the progression of the current condition or the presence of an intrapro-
static cystic pattern. It is well-established that asymmetry of the prostate gland can signify
neoplastic or inflammatory processes [16]. Nevertheless, cytological examinations did not
reveal evidence of either condition. This result may be attributed to operator variability, as
rectal palpation is highly dependent on the skill and technique of the examiner.

Nonetheless, in general, rectal palpation remains a valuable tool, especially in cases
like acute prostatitis, where immediate management is crucial, and prostatic neoplasia,
where notable changes in shape, size, and pain are present, making it highly recommended
for use in intact dog patients [13].

4.2. Ultrasonographic Evaluation

Building upon the findings of Mantziaras et al. (2017), which underscored the sig-
nificance of early detection of prostatic abnormalities in dogs, our investigation delved
deeper into this recommendation. In line with their study, which involved a substantial
cohort of 1003 dogs from various breeds categorized by life expectancy, we aimed to elu-
cidate the optimal age for preventive ultrasonographic examination of the prostate [29].
Confirming their assertion that around 40% of expected longevity is a critical period for
detection of prostate gland alterations, our study included a healthy group with an average
age of 3.7 years and a subclinical BPH-affected group with an average age of 6.9 years.
This age discrepancy between groups serves to highlight the importance of age-related
factors in prostatic health assessments. While the control group’s younger age suggests
minimal susceptibility to prostatic changes, the inclusion of the BPH-affected group, de-
spite their lack of symptoms, aligns with the recommended lifespan limit identified by
Mantziaras et al. (2017).

Based on our results, the prostate glands in the subclinical benign prostatic hyperplasia
(BPH) group primarily exhibited symmetrical shapes and heterogeneous tissue structures,
characterized by a diffuse cystic pattern. In contrast, healthy dogs displayed different
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findings, with predominantly homogeneous tissue patterns and an absence of intraprostatic
cysts. However, the shape of the prostate gland was symmetrical in most cases.

A recent study by Nizanski et al. (2020) on 10 dogs diagnosed with BPH, with a mean
age of 9.5 (SD = 3.5) years and a mean weight of 14.12 (SD =+ 12.17) kg, reported similar
ultrasonographic findings. In this group, the prostate gland appeared as heterogeneous
with focal lesions less than 1 cm in diameter (intraprostatic cysts). Our results correspond
to the findings mentioned above, reinforcing the consistency of ultrasound characteristics
in dogs with BPH across different studies. Similar findings were described in the study by
Russo et al. (2012), where eight dogs (age 5.9 & 3.2 SD years and weight 19-37 kg) diagnosed
with BPH exhibited increased tissue echogenicity and the presence of intraprostatic cysts in
all cases [30].

Regarding prostatic dimensions, our study indicated that in subclinical BPH-affected
dogs, the length, width, and height of the prostate gland were higher compared to their
healthy counterparts. In the study by Ruel et al. (1998), which investigated 100 intact
healthy dogs with a mean age of 5.1 (SD = 3.4) years and a mean weight of 18 (SD =+ 11.8)
kilograms, the mean SD+ values for prostatic length, width, and height were 3.4 & 1.1 cm,
3.3+ 0.9 cm, and 2.6 & 0.7 cm, respectively [18]. These results align with our findings for
healthy male dogs. However, it is important to note that in the subclinical BPH group, these
values were significantly higher, indicating prostate gland enlargement in this condition.

In a study by Pasikowska et al. (2015), where computed tomography was used to
assess the dimensions of the prostate gland, the results from 20 intact dogs diagnosed with
BPH, ranging between 15 and 45 kg and 5-11 years old, showed a prostatic length, width,
and height of 4.38 & 1.1 cm, 4.89 + 0.87 cm, and 4.49 & 0.94 cm, respectively [1]. Similar
values were found in our study using ultrasonography. These findings also align with the
fact that prostate gland volume is higher in BPH-affected dogs compared to healthy ones,
as published in the recent study by Genov et al. (2021) [31].

In the realm of veterinary research, several studies have consistently described a
direct correlation between prostatic volume, age, and weight [18,19,32]. Such a trend,
broadly accepted in the field, suggests that as dogs age, there is an expected increase
in prostatic volume, which might be further influenced by their weight. However, our
current investigation paints a slightly different picture, prompting a reevaluation of these
established notions.

Upon investigating a sample of 65 male dogs, our findings revealed a nuanced rela-
tionship. While there was an undeniable significant correlation between prostatic volume,
age, and weight on a holistic scale, subgroup analyses unveiled certain inconsistencies.
The relationship between volume, age, and weight seemed to fluctuate depending on the
specific groups considered.

A potential explanation for these divergent results might stem from the clinical pro-
gression of prostatic conditions in our sample. No dog in our study showcased overt
clinical signs related to prostatic enlargement. If we operate under the premise that only
substantial enlargement of the prostate gland triggers clinical manifestations, then the
observed positive correlation in specific subgroups starts making intuitive sense.

Such unexpected findings offer a fresh perspective and emphasize the significance of
comprehending the nuances of prostatic health not only in the subclinical stage but also in
the broader context of trends in intact dogs.

In a study focusing on beagles, Wheaton et al. (1979) reported a range of prostatic
volume deriving from 20 to 31 cm? in BPH-affected males [33]. In a 2000 study by Kamol-
patana et al., 12 intact male dogs, all under 5 years old and with an average weight of
21.8 kg, were examined using ultrasound. The mean £SD prostatic volume values found
in this study were 16.77 4 11.77 cm® [34]. In comparison to our study, we found a slightly
higher average prostatic volume of 26.93 + 17.93 cm® in the healthy dogs group. Compared
to the study by Kamolpatana et al. (2000), our healthy dogs exhibited some distinctions,
being, on average, 3.7 years old with an average weight of 39.8 kg.
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In the investigation conducted by Ruel et al. (1998), 100 intact healthy male dogs of
various breeds, ages, and weights were examined, and prostatic volume was calculated
utilizing ultrasonographic measurements and the ellipsoid body formula. The mean
standard deviation of prostatic volume across all dogs was found to be 18.9 + 15.5 cm® [18].
These divergences might shed light on the disparities observed in prostatic volume ranges
between our study and the previously discussed research by both Kamolpatana et al. (2000)
and Ruel et al. (1998). Nonetheless, neither of the two aforementioned studies examined
the precise health status related to prostatic volume.

In the research conducted by Hosseinpour et al. (2022), 24 intact male dogs with an
average age of 7.6 years and an average weight of 13.6 kg, all exhibiting clinical signs
associated with BPH, were examined using an ultrasound, and their prostatic volume was
calculated. The mean and standard deviation values were 14.32 + 12.62 cm? [2]. In contrast,
our study demonstrated that, in dogs (average age 6.9 years and average weight 40.1 kg)
affected by subclinical BPH, the mean =+ SD values of prostatic volume were notably higher,
registering at 64.51 + 43.62 cm®. The variance in results might be attributed to differences in
sample size, weight, and age between the studies; specifically, our research focused on large
breed dogs, while Hosseinpour et al. (2022) exclusively included small breed dogs. Our
results underscored a markedly elevated prostatic volume in dogs affected by subclinical
BPH, with the diagnosis being validated through cytological examination. This increased
prostatic volume is attributed to the prostate enlargement that is intrinsically associated
with the condition.

In the study conducted by Dearakhshandeh et al. (2020), twenty-five male intact
mixed-breed dogs, aged between 1 and 3 years and weighing 15-20 kg, were employed
to investigate the induction of BPH, which involved injections of testosterone enanthate
and estradiol benzoate. Ultrasound examinations revealed that the prostate volume of
the induction group exhibited a notable increase in prostate volume from 9.66 + 4.81 cm®
on day 0 to 20.59 £ 6.83 cm® on day 63 [35]. While there are discrepancies in the age and
weight of the dogs used in our study, the results broadly mirror our own, highlighting that
in instances of subclinical stage of BPH, prostate gland volume is significantly elevated
compared to healthy dogs.

Additionally, in our research, the ROC analysis suggested a prostatic volume threshold
for subclinical BPH in dogs to be above 38 cm3. However, it is crucial to note that our
study predominantly involved large to giant breed dogs, with an average age of 6.9 years
and an average weight of 40.1 kg. This can potentially explain the variations observed in
previous studies, where some studies excluded variations based on breed or assessed only
the prostate gland volumes in healthy intact dogs and not in neutered dogs [18,26,32,34,36].

4.3. Color Doppler Evaluation

Our research emphasizes the considerable potential of color Doppler in this domain.
We compared our study results with the one that was conducted by Zelli et al. (2013) [21].
In their work, the average values for PSV, EDV, and RI in the marginal prostatic artery were
33.23 +2.29 cm/s, 6.14 £ 0.71 cm/s, and 0.85 + 0.03, respectively. In contrast, our study
showed values of 22.29 + 1.4 cm/s, 4.44 4 0.33 cm/s, and 0.80 = 0.02 for the same metrics.

Exploring the subcapsular margins, Zelli et al. (2013) reported PSV, EDV, and RI values
as 18.29 £ 1.29 cm/s, 6.70 & 0.91 cm/s, and 0.70 =+ 0.02, respectively. Our findings were
slightly divergent, with 17.96 + 1.07 cm/s, 6.57 & 0.72 cm/s, and 0.64 & 0.03. When we
assessed the healthy group in both studies, a consistent trend of lower values was evident.
Zelli et al. (2013) documented PSV at 22.71 + 1.88 cm/s, EDV at 4.47 4+ 0.47 cm/s, and RI
at 0.81 & 0.07, while our results were closely aligned at 22.29 & 1.4 cm/s, 4.44 4 0.33 cm/s,
and 0.80 £ 0.02.

When comparing our findings to those of Zelli et al. (2013), various factors could
account for the differences. The age, weight, and sample size of the dogs examined might
affect the results. Moreover, our research incorporated a range of breeds, while Zelli
et al. (2013) exclusively studied German Shepherds. Importantly, our study featured

185



Animals 2024, 14, 1204

14 0f 18

dogs with subclinical BPH, whereas the referenced study did not specify the clinical
conditions of their subjects. The use of different ultrasound machines and software could
also introduce discrepancies. However, in general, our findings consistently showed that
dogs affected by subclinical BPH typically exhibit elevated vascular velocity parameters,
particularly in the PSV, EDV, and RI measurements, when compared to healthy dogs. While
most parameters presented statistical differences, the RI values in the subcapsular region
were the exception (p > 0.05). Despite that, our observations also align with the studies
published by Gunzel-Apel et al. in 2001 and Nizanski et al. in 2020, where higher vascular
velocities were documented in BPH-affected prostate glands in comparison to their healthy
counterparts [37,38].

4.4. CPSE Values

In the current study, we discerned notable differences in serum CPSE levels be-
tween healthy dogs and those affected by subclinical BPH. The healthy group exhib-
ited a mean CPSE serum level of 38.85 4 14.55 ng/mL, spanning a range from 17.53 to
67.8 ng/mL. In stark contrast, dogs with BPH showed a considerably elevated mean value
of 203.3 & 90.39 ng/mL, with levels ranging between 97.31 and 487.54 ng/mL (p < 0.001).
Our findings align with prior research, such as that of Bell et al. (1995), which documented
BPH dogs having appreciably higher CPSE concentrations (189.7 ng/mL) relative to their
unaffected counterparts (41.8 ng/mL) [39]. Similar trends of elevated CPSE levels in BPH
dogs have been substantiated in other studies as well [40-42]. Our results are in agree-
ment with Alonge et al. (2018), who found that healthy dogs had average CPSE values of
38.9 ng/mL, while dogs with BPH had values averaging 184.9 ng/mL [22]. However, while
the mentioned study proposed a clinical CPSE threshold of 52.3 ng/mL for BPH diagnosis
via ROC analysis, our study, benefitting from a more robust sample size (n = 35 vs. n =19),
set forth a diagnostic threshold of 82.56 ng/mL for subclinical BPH using the same analytic
method. The variations in these outcomes may be attributed to differences in CPSE analysis
methods, sample sizes, and the inclusion of diverse canine male subjects in both studies.

It is imperative to acknowledge that previous investigations have predominantly
relied on Enzyme-Linked Immunosorbent Assay (ELISA) tests for the analysis of CPSE
values [12,24,26]. In contrast, our study adopted a laser-induced fluorescence immunochro-
matographic analyzer, a method we deemed more reliable than ELISA. This assertion is
supported by the findings of Navvabi et al. (2022), wherein the immunochromatographic
test demonstrated high accuracy in diagnosing Hepatitis B surface antigen (HBsAg) in
human blood, while the ELISA test exhibited acceptable sensitivity and specificity [43].
Consequently, we posit that our chosen method for CPSE analysis offers enhanced precision.
However, further studies are needed to confirm or refute this statement, which constitutes
the primary objective of our forthcoming study.

5. Conclusions

In conclusion, our study underscores the pivotal role of various diagnostic modalities,
including rectal palpation, ultrasonography, and CPSE analysis, in the early detection of
subclinical BPH in older intact dogs. By introducing novel thresholds for ultrasonographic
features and CPSE values, our research enhances diagnostic accuracy, facilitating timely
intervention. Furthermore, our innovative rectal palpation scoring system, in conjunc-
tion with CPSE and ultrasonography, significantly improves the precision of subclinical
BPH identification. These diagnostic advancements advocate for the integration of com-
prehensive male screening programs into routine veterinary practice, enabling proactive
identification and management of prostatic conditions. However, despite our results indi-
cating that prostate gland volume is influenced by individual age and weight, it is crucial
to acknowledge a limitation of our study: the absence of comprehensive lifetime breeding
history for each participant. Nonetheless, early diagnosis and intervention remain essential
for maintaining the overall health and reproductive well-being of intact dogs. Recognizing
the significance of early detection underscores the need for alternative diagnostic modalities
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and supports the development of proactive and preventative treatment options. Our study
strongly recommends the adoption of comprehensive prostate gland screening protocols,
thereby safeguarding canine health and optimizing breeding status.
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Appendix A

Table Al. Distribution of breeds and ages among BPH-affected dogs group.

Breed Age
Akita Inu
Akita Inu

American Akita
Belgian Shepherd
Belgian Shepherd

Bernese Mountain Dog

Bernese Mountain Dog

Bernese Mountain Dog

Bernese Mountain Dog

Bernese Mountain Dog

Borzoi

Borzoi

Bouvier Des Flandres

Bull terrier

Bullmastiff

Bullmastiff

Cane Corsa

Flat-coated Retriever

NN/ ojlau|ocn|N|n|®IN|n|aa|ja|an|G|g|® G

German Shepherd

—
o

German Shepherd

(=2

German Shorthaired Pointer

el

German Wirehaired Pointer
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Table A1. Cont.

Breed Age
Giant Schnauzer 7
Golden Retriever 10
Greyhound 10
Husky 9
Hungarian Vizsla 5
Newfoundland 7
Old English Sheepdog 4
Rhodesian Ridgeback 8
Saluki 5
Tibetan Mastiff 8
English Pointer 10

Table A2. Distribution of breeds and ages among healthy dogs group.

Breed Age
Akita Inu
Akita Inu
Akita Inu

Alaskan Malamute

Belgian Shepherd
Belgian Shepherd

Borzoi

Borzoi

Boxer

Bullmastiff

Cane Corso

Czechoslovakian Wolf dog

Czechoslovakian Wolf dog

Dobermann

Dogue de Bordeaux

English Pointer

Flat-coated Retriever

Flat-coated Retriever

German Shepherd

German Shepherd

Hungarian Vizsla

Labrador Retriever

Leonberger
Newfoundland

Rottweiler

Rottweiler

Wk | W W W[ W W] W[ W W W W W[U[E[N| W[ RO W[ W[N] W|[N|N

Samoyed
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Table A2. Cont.

Breed Age
Samoyed 4
Weimaraner 3
‘Weimaraner 3
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for the evaluation of health status of prostate gland, computed tomography (CT) offers
advanced imaging capabilities. The latter technique allows for comprehensive
investigation of the target organs, with possible incidental findings in other organs.
This study aimed to evaluate the prostate gland in BPH-affected and healthy intact
male dogs using ultrasonography and various CT assessment techniques. This study
involved 52 intact male dogs of various breeds, ages, and weights. These dogs were
divided into two study groups based on the cytological findings of the prostate gland
tissue; healthy group (n=24) and a group with confirmed subclinical BPH (n=28).
Animals of both groups were examined using ultrasonography and CT features to
assess the health status of prostate gland. Results revealed that the length, width,
height and volume of prostate gland were significantly higher in BPH-affected
group than the healthy group (p<0.001). Similarly, asymmetry and heterogenicity
of the gland was observed in higher %age of BPH-affected dogs than the healthy
ones (p<0.001). BPH-affected dogs also exhibited lower contrast attenuation values
and higher ratios of prostate gland dimensions to the 6th lumbar vertebra compared
to healthy dogs. Additionally, ratios of prostate gland width and height to pelvic
inlet dimensions were higher in BPH group (p<0.001). In conclusion, the study
shows that utilizing multiple CT imaging method, including the partial pelvimetry
technique, offers both reliability for advanced imaging of the prostate gland and
serves as a diagnostic tool for BPH diagnosis in dogs.
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INTRODUCTION diarrhea, dysuria, hematuria, pain and lameness in the hind
limbs (Pasikowska et al., 2015). However, in many cases

Benign prostatic hyperplasia (BPH) is a spontaneous ~ the disease remains asymptomatic in its early stages,

and age-related para-physiological condition that affects
intact male dogs (Socha et al., 2018). This condition is
characterized by the enlargement of the prostate gland and
has been associated with oxidative stress and a decrease in
antioxidant defense, potentially leading to negative effects
on male reproductive ability and semen quality (Flores et
al., 2017). In its later stages, BPH can have broader
implications for the overall health of the male dog, with the
manifestation of clinical symptoms including tenesmus,

764

presenting a challenge for owners and veterinarians in
making timely diagnosis.

The use of diagnostic imaging tools is considered the
most effective approach in veterinary medicine for
evaluating the health status of the prostate gland (Alonge et
al., 2018; Mantziaras, 2020). Assessment of the prostate by
transrectal digital palpation is performed by the
veterinarian in intact adult male dogs for routine screening
(Mukaratirwa and Chitura, 2007). However, since rectal
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palpation has limited value, diagnostic imaging tools are
frequently employed for the evaluation of the prostate
gland, with ultrasonography being a commonly used
technique (Lévy er al, 2014). Nevertheless, the
effectiveness of ultrasonography heavily relies on the
experience of the operator, not only in terms of image
interpretation but also in the technical aspects of the
procedure. The precise identification of prostate margins,
particularly the caudal contour, and selecting optimal
imaging planes for ultrasonographic measurements have
proven challenging (Leroy et al., 2013). The presence of
penis and location of prostate gland in the pelvic cavity can
make it difficult to position the probe in a transverse plane
(Atalan et al., 1999a; Leroy et al., 2013). Additionally, in
some cases, ultrasonography can lead to a false diagnosis
of early stages of clinical BPH (Lévy et al., 2014). This
issue can be overcome by using more standardized imaging
techniques, such as computed tomography (CT). This has
been recognized as a reliable and effective technique for
the detailed examination of the reproductive organs,

including the prostate gland (Mantziaras, 2020).
Undeniably, CT offers many advantages over
ultrasonography for evaluating the prostate gland,
including  detailed  visualization,  better  tissue

differentiation, three-dimensional imaging and assessment
of distant metastases. In addition, CT provides better
visibility of the boundaries of the prostate gland, any
lesions present, its location, and the surrounding tissues
compared to ultrasonographic imaging (Salonen et al.,
2022). Moreover, contrast-enhanced CT permits the
assessment of parenchymal and vascular alterations in the
target organ, providing valuable insights into the nature of
the disease (Klansnoh et al., 2018). Also, with the wide
availability of CT and the increasing familiarity of
veterinary practitioners, pet owners prefer CT scans over
ultrasonography for their pets (Kuhnt ez al., 2020; Greco et
al., 2023).

Incidental findings in the reproductive tract are of
particular interest during CT examinations. These
unexpected discoveries, known as "incidentalomas," have
the potential to reveal various unrelated diseases, including
alterations in the prostate gland, when they are
unexpectedly encountered during CT imaging of the
abdominal or pelvic regions (Caspanello et al., 2023).

The present study focuses on utilizing CT imaging to
explore different aspects of the canine prostate gland in
healthy intact male dogs and those affected by subclinical
BPH. The primary objective was to investigate various
CT assessment techniques for evaluating the prostate
gland in animals of these two groups, proposing a novel
diagnostic approach to improve the detection of early
stages of BPH.

MATERIALS AND METHODS

Ethics: The research was performed in accordance with
Law of the Republic of Lithuania No. VIII-500 on the Care,
Welfare and Use of Animals, dated November 06, 1997
(Valstybeés zinios (Official Gazette) No. 108, 28/11/1997)
and orders of the State Veterinary Service of the Republic
of Lithuania on Breeding, Care and Transportation of
Laboratory Animals (No. 4-361, 31/12/1998) and on Use
of Laboratory Animals for Scientific Tests (No. 4-16,

Pak Vet J, 2023, 43(4): 764-770.

18/01/1999). The approval number of the study was PK
No.012856.

Experimental animals: This study was conducted from
August 2019 to January 2023 at a private veterinary clinic
in Vilnius, Lithuania. A total of 52 male dogs of different
breeds, aged 3 to 10 years (average 5.7 years), with body
weight ranging from 25 to 50kg (average 36.5kg) were
included in the study. Dogs were presented to the clinic for
CT examination of abdominal and pelvic regions. All
animals in the study showed no clinical signs and had no
past medical history related to reproductive tract diseases.
Clinical tests were performed that included prostate gland
palpation and standard laboratory tests such as urinalysis,
blood morphology and biochemistry analyses. All
parameters were in normal ranges. Dogs were divided into
two groups (BPH-affected and healthy) based on results of
prostate gland wash cytological examination, as described
below. BPH-affected group consisted of 28 dogs, whereas
healthy dogs group had 24 intact male dogs.

Ultrasonography and prostate gland wash: Ultrasound
evaluations were conducted on all study dogs prior to
administering anaesthesia for computed tomography (CT).
During the ultrasound examination, the shape and
echogenicity of the prostate gland were assessed according
to the guidelines for prostate gland evaluation established
by Russo et al. (2012). Following the ultrasound
examination, prostatic wash was performed after inducing
anaesthesia, and then the animals underwent CT scans. For
prostate gland wash, the urinary bladder was emptied using
urinary catheter, and was then rinsed multiple times with
saline before being emptied again. A urinary catheter was
then inserted into the prostatic urethra, the prostate was
vigorously massaged through the rectum, and normal saline
(10mL) was slowly injected through the catheter.
Continuous aspiration was applied as the catheter was
advanced through the prostatic urethra into the urinary
bladder. The fluid obtained was collected in a syringe and
subjected to cytological examination (Smith, 2008).
Diagnosis of BPH was based on the presence of large
groups of epithelial cells with typical columnar or
polygonal appearance, low nuclear/cytoplasm ratio, and
uniform round nuclei with small nucleoli and fine granular
chromatin patterns, as described by Teske (2009).

Computed tomography: The computed tomography was
performed under general anaesthesia. Animals of both
groups were scanned in dorsal recumbency using
radiolucent positioning aids to maintain stable positioning.
For premedication, medetomidine hydrochloride (Cepetor
1.0mg/ml) at 10pg/kg body weight was given
intravenously. Anaesthesia was induced with propofol
(Propoven 10.0mg/ml) at 2-4mg/kg. For maintenance, all
dogs were intubated with tracheal tube and inhalation
anaesthesia with isoflurane gas was used.

The CT scans were performed using a helical 2 slice
CT scanner (Somatom Spirit 2, Siemens, Germany), using
130kV Voltage, 100mAs current and 3-5mm slice
thickness (reconstructions of 1.5-2.5mm). Raw data was
reconstructed in soft tissue and bone algorithms. Pre- and
post-contrast studies were performed, using iohexol
(Omnipaque 350mg/ml, GE Healthcare AS, Norway) as
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contrast media at 600mg/kg (I/V). Prostatic attenuation
values were quantified within specific regions of interest
(ROI) and expressed in Hounsfield Units (HU). All CT
scan images were obtained in DICOM format and analysed
using OsiriX software (Pixmeo SARL, Bernex,
Switzerland).

Prostatic length was measured on a dorsal plane, while
width and height were measured on the transverse plane.
The length of the sixth lumbar vertebral body (L6) was
determined by measuring it in both sagittal and dorsal plane
images. A median value of these measurements was then
calculated and document (Fig. 1). The ratios of prostatic
length (rL6), width (rW6) and height (rH6) to the length of
the L6 body were measured according to the study
published by Pasikowska ez al. (2015).

The pelvic inlet diameter was measured using sagittal
and transverse images. Then the ratios of the width and
height of the prostate gland with width and height of pelvic
inlet were measured, using the formulas ppW and ppH,
respectively. To visualize the pelvic inlet and the prostate
gland affected by BPH, specialized software for 3D imaging
tools was used for reconstruction. All measurements and the
complete image are presented in Fig. 2.

The special features of the OsiriX (Pixmeo SARL,
Bernex, Switzerland) workstation were used to calculate
the prostate gland volume. Initially, the region of interest
(ROI) was manually drawn using freehand tools.
Subsequently, the software tools automatically calculated
the prostatic volume based on this drawn ROIL
Additionally, we employed 3D reconstructions, allowing
the software to automatically reconstruct the prostate gland
volume for more comprehensive analysis.

Statistical analysis: Data analysis was conducted using
IBM SPSS Statistics 29.0.0.0 (241). The normality of the
data was assessed using the Kolmogorov-Smirnov test.
The Chi-square test was used to evaluate changes in the
shape and echogenicity of the prostate gland, while other
data were compared through Independent-Samples T test.
Confidence intervals (CI 95%) for proportions were
determined using the Wilson method (Wilson, 1927).
Pearson's linear correlation coefficients and regression
analysis were employed to examine the relationships
between the investigated traits. Receiver operating
analysis (ROC) was conducted to establish a cutoff value
for prostate gland volume, yielding a threshold for BPH
occurrence with an Area Under the Curve (AUC) of
0.923, sensitivity of 78.6%, and specificity of 95.8%
(p<0.001). The ROC analysis graph showcases had the
ability to differentiate healthy dogs from those with
asymptomatic BPH using external characteristics. The
probability level of p<0.05 was considered statistically
significant.

RESULTS

Evaluation of the prostate gland with ultrasound: In the
healthy dogs group, a total of 7 out of 24 investigated
prostate glands (29.2%, 95% CI=14.9-49.2%) exhibited
asymmetric shape, suggesting that the majority of prostate
glands in this group tended to display a symmetrical
configuration. Conversely, in the BPH-affected group, 24
out of 28 prostate glands (85.7%, 95% CI = 68.5-94.3%)

Pak Vet J, 2023, 43(4): 764-770.

Fig. I: Computed tomography images of the prostate gland and L6
vertebra. A) prostate gland, transverse plane, soft tissue algorithm. Red
lines indicate measurements of prostate gland height, width and circle
area; B) prostate gland, dorsal plane, soft tissue algorithm. Red lines
indicate measurements of prostatic length and circle area; C) L6 vertebra,
sagittal plane, bone algorithm; red line represents the length of the
vertebral body. D) L6 vertebra, dorsal plane, bone algorithm; red line
represents the length of the vertebral body.

Fig. 2: 3D image of the BPH-affected prostate gland and the pelvic bones.
The prostate gland (red organ) can be appreciated in transverse
projection. The A line represents the distance between closest bony point
of the 2" sacral segment and the pubic symphysis. The B line represents
the closest distance between the central points of left and right
acetabulum. C line shows the width of the prostate gland. DI and D2 lines
represent the height of the left and right prostatic lobes, respectively.

demonstrated asymmetric lobes, indicating a significantly
higher occurrence of asymmetry in this group compared to
the healthy dogs' group (Fig. 3). The proportion of
asymmetric prostates was found to be substantially elevated
(2.9 times) in the BPH group, with statistical significance
(p<0.001), indicating a strong association between BPH and
asymmetrical prostate gland morphology.
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Table |I: Mean (£SD) values of prostate gland length, width, height and volume in dogs of two study groups.

Study groups Prostatic length (cm) Prostatic width (cm) Prostatic height (cm) Prostatic volume (cm®)
BPH-affected 5.21+0.27* 5.20£0.22* 4.45+0.15* 74.66+8.02*
Healthy 3.430.11° 3.65+0.19* 3.49+0.14> 24.23+2.5°

Values with different letters within a column differ significantly from each other (p<0.001).

Table 2: The parameters of Receiver Operating Characteristics (ROC) analysis.

Parameter Prostatic length (cm) Prostatic width (cm) Prostatic height (cm) Prostatic volume (cm?)
Cutoff value 4.570 4.265 3.950 46.186

Sensitivity 0.679 0.857 0.786 0.786

Specificity 1.000 0.708 0.792 0.958

AUC area 0.875 0.855 0815 0.923

Significance of the model p<0.001 p<0.001 p<0.001 p<0.001

Furthermore, in the BPH group, 18 out of 28 dogs
(64.3%, 95% CI=45.8-79.3%) exhibited heterogeneous
prostates, displaying variations in tissue composition and
structural features. In contrast, only 4 out of 24 dogs in the
healthy dogs' group (16.7%, 95% CI=6.7- 35.9%) showed
heterogeneous prostates, indicating a significantly lower
prevalence of heterogeneity in the healthy group (Fig. 3).
The proportion of heterogeneous prostates was found to be
significantly higher in the BPH group compared to the
healthy group (p<0.001).

Prostatic dimensions and volume as assessed by
computed tomography: This study demonstrated a
significant increase in prostate gland volume and
dimensions (length, width, and height) in the BPH-affected
male dogs group compared to the healthy dogs group
(p<0.001; Table 1). In the BPH group, the prostatic length,
width, height and volume were 1.5, 1.4, 1.3 and 3.1 times
higher, respectively, compared to the healthy group
(p<0.001).

The results of the Receiver Operating Characteristic
(ROC) analysis, presented in Fig. 4 and Table 2,
demonstrate that all dimensions of the prostate gland
allowed for a differentiation between healthy dogs and
those affected by BPH. When volume of the prostate was
equal to or exceeded 46.186cm?, the probability of
classifying it as BPH-affected was 92.3% (p<0.001).
Furthermore, the length, width and height of the prostate
also showed significant discriminatory capability in
distinguishing healthy dogs from those with BPH. The
probability of correct classification was slightly lower
compared to using volume, with values of 87.5% for
length, 85.5% for width and 81.5% for height (p<0.001).

Prostatic measurements ratio to L6: In the present study,
male dogs with confirmed BPH exhibited significantly
higher mean (£SD) values of rL6, rW6 and rH6,
representing the prostatic length, width and height ratio to
the length of the 6th lumbar vertebra body, respectively,
compared to the healthy dogs group (p<0.001; Table 3).
Specifically, the ratio of rW6 was increased by 43.6%
(p<0.001), that of tH6 by 30.1% (p<0.001) and for rL6 by
48.1% (p<0.001).

Prostatic measurements ratio to pelvic inlet: In the
present study, mean ppW (ratio between pelvic inlet width
and prostate gland width) and ppH (ratio between pelvic
inlet height and prostate gland height) were significantly
higher in BPH-affected group compared to the healthy dogs
group (Table 4). Furthermore, the study recorded a
significant negative correlation between the age of all dogs

Table 3: Mean (£SD) values of ratios between prostate gland dimensions
and sixth lumbar vertebra body length in both study groups.

Study groups rwé rHé rLé
BPH-affected 1.58+0.44* 1.34£0.21* 1.57+0.48*
Healthy 1.10£0.29° 1.03+0.26° 1.0610.16°

Values with different letters within a column differ significantly from each
other (p<0.001).

Table 4: The mean (£SD) values of ratios of prostate gland width and
height with pelvic inlet width and height measurements in BPH-affected
and healthy dogs groups.

Study groups ppW ppH
BPH-affected 1.02+0.27* 0.71£0.13°
Healthy 0.74£0.19° 0.57+0.12°

Values with different letters within a column differ significantly from each
other (p<0.001).

100%

85.7% 292% 64.3% 16.7%
80%
60%
40%
20%
143% 70.8% 35.7% 83.3%
0%
BPH affected Healthy BPH affected Healthy
p<0.001 p<0.001

Shape of prostate gland Echogenicity

Symetric  ® Asymetric Homogenic Heterogenic

Fig. 3: Shape and echogenicity of the prostate gland in both study groups.
Differences in %age of asymmetric and heterogenic glands between BPH-
affected and healthy dogs are significant (p<0.001).
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Fig. 4: Receiver Operating Characteristics (ROC) curves of prostate
gland dimensions (length, width and height) and prostatic volume.

included in the study and the ratios of pelvic inlet width and
width of the prostate gland (r=-0.586, p<0.001). Similarly,
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Table 5: Mean (+SD) Hounsfield Unit (HU) values of different contrast
phases in prostate gland in BPH-affected and healthy dogs groups.

Study groups Pre-contrast Post-contrast
BPH group 64.18+9.98 92.61+1.83°
Healthy group 67.83+3.56 95.42+2.34°

Values with different letters within a column differ significantly from each
other (p<0.001).

negative correlation was found between pelvic inlet height
and prostate gland height (r=-0.489, p<0.001), as has been
shown in Fig. 5 and 6.

Attenuation values in pre- and post-contrast phases:
The attenuation values obtained from the pre- and post-

y=-0.0759x + 2.0639

768 Pak Vet J, 2023, 43(4): 764-770.

Fig. 5: Graphical diagram of
scatter plot that represents
the relationship of pelvic inlet
height and prostate gland
height (ppH) and the age of 52
intact male dogs (p<0.05).

R*=0.1548

10 12
ig. 6: Graphical diagram of
scatter plot that represents
the relationship of pelvic inlet
v =-0.1104x + 1.8587 width and prostate gland
T R2=03289 width (ppW) and the age of 52

intact male dogs (p<0.05).

Fig. 7: Contrast phases of
prostate gland. Region of
interest (mint color line) was
drawn using freehand
software feature. A: Pre-
contrast phase. B: Post-
contrast phase.

contrast studies underwent comprehensive analysis in both
study groups. In the pre-contrast studies, the statistical
analysis yielded intriguing results, revealing non-
significant difference between dogs of the two groups.
However, in stark contrast, the post-contrast phase
unveiled significant differences between the two study
groups, mean HU value was higher in healthy dogs
compared to BPH group (p<0.001), signifying that the
post-contrast attenuation values exhibited significant
variations (Table 5). Moreover, to provide visual of the
prostate gland in different contrast phases, illustrative
images depicting pre- and post-contrast studies have been
shown in Fig. 7.
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DISCUSSION

Benign prostatic hyperplasia (BPH) is a prevalent sex
gland disease in aged male dogs, affecting more than 80%
of males over 5 years old (Socha et al., 2018). This disease
may not cause noticeable symptoms at early stages, but
when the prostate gland enlarges (prostatomegaly), certain
signs like tenesmus, diarrhea, or difficulty in urinating
(dysuria) may appear (Zelli et al., 2013). Early diagnosis
and management of BPH are essential, even in the absence
of overt clinical signs, as approximately 95% of dogs with
BPH do not show clinical signs of prostatic disease at 9
years of age (Memon, 2007). In our study, we focused on
investigating the prostate gland in two groups of dogs: one
group was affected with BPH but without clinical
symptoms, and another group consisting of clinically
healthy dogs.

Ultrasonographic examination of experimental dogs
revealed that BPH was associated with a higher occurrence
of asymmetric and heterogeneous prostates compared to
healthy dogs, indicating distinct morphological differences
between the two groups. This highlights the potential utility
of prostate gland asymmetry and heterogeneity as
indicators of BPH in male dogs. Similarly, Lévy et al.
(2014) also focused on the appearance of the prostate gland
in BPH-affected dogs. According to these workers, prostate
gland changes in BPH-affected intact male dogs are often
characterized by asymmetrical shapes of the lobes and
hyperechogenic patterns in the parenchyma. It is interesting
to note that in the present study 29.2% of healthy dogs also
showed asymmetric glands. Moreover, 16.7% of healthy
glands also had heterogenic prostate glands.

The enlargement of the prostate gland in BPH-affected
dogs was evident through CT scanning in the present study,
with a significant increase in length, width, height and
volume of the gland compared to healthy dogs. Salonen et
al. (2022) also emphasized the usefulness of CT imaging in
assessing prostate gland volume in dogs with BPH and in
healthy individuals. The observed significant differences in
prostatic volume between BPH-affected and healthy dogs
provide valuable insights into the impact of BPH on
prostate gland enlargement. Ruel et al. (1998) and Atalan
et al. (1999b) investigated prostate glands of healthy intact
male dogs of various breeds, ages and weights, and
reported average prostate gland volume ranging from 12 to
30cm?®. However, only healthy dogs were included in both
these studies. In this regard, we used ROC analysis to
distinguish a healthy prostate gland from one affected by
BPH. Additionally, based on our results, we proposed
threshold of prostatic volume for suspicions of BPH. This
threshold of 46cm® could serve as a useful indicator for
suspecting BPH in intact male dogs over 3 years of age and
medium to large in size. However, the established threshold
should be carefully considered since prostate gland size can
vary significantly among individual dogs and is influenced
by multiple factors (Nizanski et al., 2020). Therefore, while
the threshold can provide valuable guidance, it is essential
for veterinarians to take into account these individual
variations when assessing the health status of the prostate
gland in male dogs without any clinical signs.

Pasikowska et al. (2015) examined the prostate glands
of 40 intact male dogs with varying age, breed, and weight
using computed tomography. These authors categorized
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the dogs into two groups: Group A comprised 20 healthy
dogs without clinical signs, while Group B included 20
dogs diagnosed with BPH and exhibiting clinical
symptoms associated with the disease. These workers
found that prostatic hyperplasia was associated with higher
ratios between L6 body length and prostatic length (rL6),
width (rW6) and height (rtH6) in the BPH-affected dogs
compared to the healthy dogs (p<0.001). Our study also
indicated significantly higher mean ratios between rL6,
rW6 and rH6 in the BPH-affected dogs compared to the
healthy dogs. These findings emphasize the need to
consider various factors when interpreting prostate gland
measurements and their potential significance in
diagnosing BPH in male dogs, especially in cases where the
prostate gland and L6 can be observed during unrelated
scanning.

In our research we also introduced a novel approach of
applying partial pelvimetry to evaluate BPH-affected and
healthy prostate glands. Pelvimetry is commonly used in
human medicine to evaluate pelvic bone dimensions in
women, particularly for assessing cephalopelvic
disproportion and the risk of dystocia during childbirth
(Nishikawa et al., 2023). It has also been used in veterinary
medicine for similar purposes (Eneroth et al., 1999). Atalan
et al. (1999b) conducted measurements of the pubic brim-
sacral promontory distance and compared it with the
measurements of prostate gland depth and length. This was
one of the first attempts to use pelvic bones and explore the
relationship between these measurements in order to assess
potential correlations, providing valuable insights into the
anatomical associations between the pubic brim-sacral
promontory distance and the dimensions of the prostate
gland. However, according to Choi et al. (2014), this
method is subjective and inaccurate due to observer
variability. Considering this limitation, we proceeded to
evaluate the pelvic inlet and the prostate gland to
understand the variability of the ratios between the
measurements of both structures in BPH-affected and
healthy dogs. By utilizing pelvic inlet measurements and
comparing them with prostate gland dimensions, we tried
to assess the potential association between these structures
in male dogs. Our results showed that the higher ratios
between pelvic inlet width and prostate gland width, as well
as pelvic inlet height and prostate gland height, in BPH-
affected dogs compared to healthy dogs, suggest a potential
association between prostatomegaly and pelvic inlet
dimensions.

Furthermore, results of this study revealed a significant
negative correlation between the age of all dogs included
in the study, irrespective of the health status of the prostate
gland, and the ratios of ppH and ppW. This suggests that as
dogs become aged, the ratios of pelvic inlet dimensions to
prostate gland dimensions tend to decrease, indicating
possible age-related changes in the relationship between
pelvic inlet and prostate gland. One possible explanation
for this observation is that as dogs become aged, the
prostate gland may develop spontaneous hypertrophy,
leading to changes in the measured ratios. Nonetheless, our
investigation serves as an initial model for exploring the
relationship between  partial pelvimetry and
prostatomegaly in male dogs. The study shows that this
novel evaluation approach, using non-related CT imaging
of the prostate gland and pelvic inlet, allows practitioners
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to effectively assess potential suspicions for early stages of
BPH.

Regarding contrast-enhanced CT imaging, our results
revealed that the post-contrast phase significantly
decreased the Hounsfield Unit (HU) values in BPH-
affected dogs compared to healthy dogs. However, there
was no statistically significant difference in HU values
between dogs of two groups during the pre-contrast phase.
According to Pasikowska et al. (2015), dogs diagnosed
with BPH showed mean (+SD) attenuation values of
56+4.39HU in the pre-contrast phase and 84+8.03HU in
the post-contrast phase. Similarly, our study also showed
increased attenuation from 64.18+9.98HU in pre-contrast
phase to 92.61+1.83HU during post-contrast phase. These
results support the notion that post-contrast attenuation
values could serve as a distinguishing factor between BPH-
affected and healthy dogs. The observed contrast
enhancement patterns in the prostate gland may indicate
vascular and tissue changes associated with BPH, further
emphasizing the potential diagnostic relevance of this
evaluation approach.

Conclusions: This study demonstrated the effectiveness of
CT in assessing the prostate gland using multiple
techniques. There were significant differences in the
volume, contrast phases, and size measurements between
healthy and diseased glands, with particular relevance to
diagnosing benign prostatic hyperplasia (BPH). Notably,
attenuation values proved valuable in determining presence
of BPH. Additionally, measurements of the sixth lumbar
vertebra and prostate gland dimensions exhibited
significant differences between healthy and BPH-affected
glands. Moreover, partial pelvimetry also yielded
promising results in differentiating between BPH-affected
and healthy male dogs. Overall, this study highlights the
utility of diverse CT techniques in accurately evaluating the
prostate gland and determining the need for invasive
diagnostics in suspected cases of BPH. These findings
enhance diagnostic capabilities and aid in decision-making
for the management of BPH.
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