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1. Wstep

1.1. Ultrasonografia

Ultrasonografia to nieinwazyjna metoda obrazowania narzaddw i tkanek, ktérej
poczatki zastosowania w medycynie siegajg lat 50. XX wieku. Podwalinami pod opracowanie
sondy ultrasonograficznej, ktéra generuje oraz odbiera fale ultradzwiekowe, byto odkrycie
efektu piezoelektrycznego w krysztatach kwarcu i tytanianu baru przez Pierre i Jacques Curie
w 1880 roku [1-3] oraz odkrycie zjawiska odwrotnie piezoelektrycznego przez Lippmana w
1881 roku [4]. W wyniku zjawiska odwrotnego efektu piezoelektrycznego krysztaty
piezoelektryczne zostajg wprawione w drgania przez przytozenie pola elektrycznego, w
nastepstwie czego emitujg fale ultradizwiekowe. Dzieki transmiterowi jakim jest zel
ultrasonograficzny fale rozchodzg sie w gtagb tkanek, od ktérych ulegajg odbiciu, zatamaniu,
interferencji, rozproszeniu oraz absorpcji. Fale wracajgce do gtowicy odksztatcajg krysztaty, co
powoduje powstanie rdznic napiecia elektrycznego na ich powierzchni (zjawisko
piezoelektryczne), ktére nastepnie zostaje przetworzone i wzmocnione [5]. Odbite fale
ultradzwiekowe poczatkowo prezentowane byty w postaci wykresu - prezentacja A [6]. Rozwdj
elektroniki umozliwit przetwarzanie informacji oraz prezentowanie obrazu na ekranie aparatu
ultrasonograficznego jako plamki (piksele) w formie dwuwymiarowego obrazu w skali szarosci
— prezentacja typu B [7]. Wyswietlany na ekranie obraz jest przekrojem badanego narzgdu lub

tkanki, natomiast jasnos¢ plamki zalezy od amplitudy odbitej fali ultradzwiekowe;.

Klasyczne badanie w skali szarosci z czasem zostato uzupetnione o zaawansowane
metody obrazowania takie jak: badania ultrasonograficzne z zastosowaniem zjawiska
Dopplera (umozliwiajgce ocene przeptywu naczyniowego) [8], elastografia (umozliwiajgca
ocene spoistosci tkanek) [9], obrazowanie z wykorzystaniem sSrodkéw kontrastowych
(umozliwiajgce ocene przeptywu naczyniowego i ukrwienia tkanek) [10] oraz obrazowanie
ultrasonograficzne tréjwymiarowe (dajgce mozliwosé zapisania tréojwymiarowego obrazu w
czasie akwizycji, ktéry moze by¢ poddany pdZniejszej analizie na ekranie aparatu juz bez
obecnosci pacjenta) [11]. Zaawansowane techniki ultrasonograficzne dajg mozliwosc
rozszerzenia spektrum diagnostycznego. Zastosowanie ich wydaje sie mieé istotne znaczenie

w diagnostyce wielu choréb uktadu moczowo-ptciowego [12-14].



W pracy dokonatem oceny przydatnosci elastografii oraz ultrasonografii

tréjwymiarowej w diagnostyce wybranych choréb urologicznych.

1.2, Elastografia

Metode elastografii pierwszy opisat Jonathan Ophir w 1991 roku [15]. Jest to badanie
wywodzgce sie z badania palpacyjnego, wykorzystujgcego ucisk dfoni badajgcego do oceny
prawidtowosci lub patologii badanych narzgddéw. Obecnie w aparatach ultrasonograficznych
zastosowanie majg dwa sposoby obrazowania elastograficznego: elastografia uciskowa (strain

elastography - SE) oraz elastografia fali poprzecznej (shear wave elastography - SWE).

Pierwsza metoda (SE) jest metodg uciskowa/statyczng (tak zwane obrazowanie z
wolnej reki), polegajgcg na recznym uciskaniu tkanek gtowicy ultrasonograficzng. Rézny
stopien odksztatcenia tkanek pozwala uzyska¢ mape elastycznosci tkanek, ktéra kodowana
kolorem jest nastepnie natozona na obraz w skali szarosci — B mode. Druga metoda (SWE)
pozwala uzyska¢ mape elastograficzng na podstawie pomiaru réznic predkosci rozchodzenia
sie fali poprzecznej emitowanej przez sonde w zaleznosci od twardosci tkanki, w ktdrej sie
rozchodzi. Obrazowanie SWE pozwala na pomiar bezwzglednej wartosci twardosci badanej
tkanki w kiloPascalach [kPA] w przeciwiedstwie do SE, ktére pozwala uzyska¢ jedynie
wzgledne wartosci twardosci jednej tkanki w stosunku do tkanek otaczajgcych. Wzmozona
spoistosé tkanki moze by¢ spowodowana ogniskami nowotworowymi, ale réwniez zmianami
zapalnymi i wtdknieniem tkanki. Wtasciwosci tej metody znalazty zastosowanie przede

wszystkim w lokalizacji zmian nowotworowych [16,17].

1.3. Ultrasonografia tréjwymiarowa

Ultrasonografia tréjwymiarowa jest metodg uzyskiwania przestrzennych obrazéw

narzadéw. Uzyskaé je mozna w dwojaki sposdb:

I. Za pomocy sondy rejestrujgcej obraz dwuwymiarowy w procesie akwizycji, ktory
polega na rejestracji sekwencji obrazéw w czasie ruchu gtowicy ultrasonograficznej
w zdefiniowanej osi przesuwu ponad badanym obszarem. Ze wzgledu na to, ze badanie

to jest wykonywanie manualnie (z reki), w celu unikniecia btedéw wymagana jest



precyzja i pewne doswiadczenie. W czasie przesuwania sondy aparat
ultrasonograficzny zapisuje pojedyncze obrazy dwuwymiarowe w odstepie 2-5mm
(w zaleznosci od ustawienia). Obecnos¢ pacjenta jest wymagana jedynie w procesie
akwizycji. W kolejnym etapie oprogramowanie aparatu ultrasonograficznego dokonuje
konwersji dwuwymiarowych pikseli pojedynczych obrazéow ultrasonograficznych
w voksele obrazu trojwymiarowego. Uzyskane szesciany mogg byé nastepnie
interaktywnie analizowane na ekranie aparatu ultrasonograficznego lub komputera.
Analizujac badany szescian mozliwe staje sie uzyskanie dowolnego przekroju oraz
mozliwy jest dowolny obrét badanego obszaru tak, aby mozliwe stato sie uzyskanie
pozadanych informaciji.

Il. Za pomocg sondy objetosciowej rejestrujgcej obraz tréjwymiarowy w czasie
rzeczywistym. Badanie takie wykonane w czasie rzeczywistym oznaczane jest jako 4D

[18-20].

1.4. Ultrasonografia gruczotu krokowego

Ocena gruczotu krokowego w badaniu przezbrzusznym nie pozwala na miarodajng
ocene wielkosci i echogenicznosci gruczotu krokowego. W celu doktadnej oceny gruczotu
krokowego obligatoryjne jest wykonanie badania transrektalnego gruczotu krokowego [21].
Dzieki pracom Howry’ego, Takahashi, Ouchi i Watanabe w latach 60. i 70. XX wieku mozliwe
stato sie skonstruowanie sondy transrektalnej [22]. Rozwdj komputeryzacji w kolejnych latach
umozliwit stworzenie aparatéw ultrasonograficznych czasu rzeczywistego pozwalajgcych na
obrazowane gruczotu krokowego w dotychczas niespotykanej rozdzielczosci.
Ultrasonograficzne badanie transrektalne (TRUS) szeroko rozpowszechnione w latach 80. stato
sie podstawowym badaniem obrazowym w diagnostyce chordb gruczotu krokowego i jest nim
rowniez wspotczesnie. Potgczenie sondy transrektalnej z prowadnicg biopsyjng stato sie
przefomem w inwazyjnej diagnostyce raka gruczotu krokowego, jako narzedzie umozliwiajgce
wykonywanie systemowej oraz celowanej biopsji gruczotu krokowego. Dalszy rozwdj
technologii dat mozliwos¢ stworzenia sondy dwuptaszczyznowej, dajgcej jednoczasowy obraz
przekrojéw poprzecznego oraz podfuznego stercza, co pozwolito na pobieranie wycinkéw z

doktadnie wyznaczonych obszaréw [23].



Celem biopsji gruczotu krokowego jest uzyskanie materiatu niezbednego do
rozpoznania histopatologicznego raka gruczotu krokowego, tagcznie z okresleniem Gleason
score oraz oceng zaawansowania miejscowego T. Podejrzenie raka gruczotu krokowego
wysuwane jest na podstawie zmian spoistosci (wyczuwalnych miejsc o wzmozonej spoistosci
- guzkow) gruczotu krokowego stwierdzonych w czasie badania per rectum, podwyzszonej
wartosci PSA, a obecnie réwniez na podstawie zmian uwidocznionych w multiparametrycznym
rezonansie magnetycznym gruczotu krokowego. Odchylenie w powyzszych badaniach jest
wskazaniem do biopsji gruczotu krokowego. Standardowo wykonuje sie biopsje systemowa
igtg Tru-Cut, w czasie ktérej pobiera sie 12 wycinkéw z typowych obszaréw gruczotu
krokowego, ktéra obecnie coraz czesciej jest uzupetniana o biopsje celowang z

wykorzystaniem fuzji obrazéw rezonansu magnetycznego z obrazem ultrasonograficznym[24].

Czutos¢ i swoistos¢ badania ultrasonograficznego transrektalnego w skali szarosci
w rozpoznawaniu raka gruczotu krokowego na podstawie badan wynosi odpowiednio 17-57%
oraz 40-63%. Znaczna cze$¢ ognisk nowotworowych jest izoechogeniczna, natomiast nawet
2/3 zmian upatrywanych jako podejrzane o zmiany nowotworowe ogniska hipoechogeniczne,
sg zmianami tagodnymi. Pozytywna warto$¢ diagnostyczna obrazéw w skali szarosci jest wiec
niewystarczajgca w rozpoznawaniu ognisk nowotworowych. Ponadto badanie
ultrasonograficzne jest badaniem subiektywnym, a wiec moze byé odmiennie interpretowane
przez rdéine osoby je wykonujgce. Biorgc pod uwage powyzsze aspekty badanie
ultrasonograficzne transrektalne zawsze powinno by¢ interpretowane tgcznie z badaniem
palpacyjnym gruczotu krokowego, PSA oraz obecnie, jesli jest dostepny, z wynikiem

multiparametrycznego rezonansu magnetycznego [25-35].

Niska czutos¢ i swoistos¢ badania transrektalnego w skali szarosci w diagnostyce raka
gruczotu krokowego staty sie bodicem do tgczenia badania w skali szarosci z oceng
przeptywdéw naczyniowych w danych obszarach narzgdu, co umozliwito badanie w funkcji
,power Doppler” oraz wykorzystanie srodkéw kontrastowych w formie mikroskopijnych
pecherzykdw gazu. Wzmozony przeptyw naczyniowy moze S$wiadczy¢ o wzmozonym
ukrwieniu, co moze by¢ efektem neoangiogenezy zwigzanej z rozwojem choroby

nowotworowej.

Obrazowanie elastograficzne w aparacie ultrasonograficznym daje mozliwos¢

lokalizacji ognisk o wzmozonej spoistosci, ktére mogg wynikac z ekspans;ji szybko dzielgcych
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sie ogniskowo komdrek nowotworowych i ucisku sgsiadujgcych tkanek. Uzupetnienie obrazu
ultrasonograficznego w skali szarosci o powyzsze dane ma na celu zwiekszenie czutosci

i swoistosci badania w rozpoznawaniu ognisk nowotworowych [36-38].

1.5. Biopsja fuzyjna z wykorzystaniem multiparametrycznego rezonansu

magnetycznego gruczotu krokowego

Multiparametryczny rezonans magnetyczny (mpMRI) jest obecnie standardowym
badaniem obrazowym gruczotu krokowego w szczegdlnosci przydatnym w diagnostyce raka
gruczotu krokowego [39]. W procesie obrazowania, zgodnie z nazwg, metoda ta wykorzystuje
wiele parametrow takich jak: obrazowanie T1 i T2 zalezne, obrazy dyfuzyjne, mapy ADC,
obrazy ze wzmocnieniem kontrastowym. mpMRI charakteryzuje sie najwiekszg czutoscig
i swoistoscig w obrazowaniu ognisk raka gruczotu krokowego oraz w ocenie zaawansowania
miejscowego sposrdod wszystkich obecnie dostepnych metod obrazowania [40,41].
Interpretacjia mpMRI powinna opieraé sie na podstawie pieciostopniowej skali PIRADS
(Prostate Imaging Reporting and Data System), ktéra doczekata sie modyfikacji i na chwile
obecng powszechnie zalecane jest stosowanie skali PIRADS v2.1 [42,43]. Im wyzZszy stopien w
skali PIRADS tym wyzsze prawdopodobienstwo wystepowania ogniska nowotworowego
w danym obszarze stercza. Biopsja gruczotu krokowego jest zalecana w razie wystepowania
ognisk opisywanych jako PIRADS 23 [44]. Uwidocznienie obszaréw podejrzanych
o wystepowanie choroby nowotworowej daje mozliwo$¢ wykonania biopsji celowanej
z dokfadnie wyznaczonych miejsc gruczotu krokowego. Biopsja przy pomocy bezposredniego
obrazowania z wykorzystaniem rezonansu magnetycznego, tak zwana ,,in bore”, jest obecnie
bardzo droga i mato dostepna [45,46]. Standardem postepowania stata sie fuzja obrazu
rezonansu magnetycznego z obrazem uzyskanym w czasie transrektalnego badania
ultrasonograficznego. Najprostszym sposobem fuzji obrazéw wykorzystywanym w czasie
wykonywania biopsji gruczotu krokowego jest tak zwana fuzja ,w pamieci” inaczej
kognitywna. W czasie biopsji kognitywnej operator dokonuje ,w pamieci wtasnego umystu”
naftozenia obrazu multiparametrycznego rezonansu magnetycznego na obraz gruczotu
krokowego uzyskany w czasie transrektalnego badania ultrasonograficznego [47,48]. Drugim
sposobem fuzji jest tak zwana fuzja softwarowa, ktéra wymaga zaawansowanego

oprogramowania umozliwiajgcego natozenie obrazu multiparametrycznego rezonansu
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magnetycznego na ultrasonograficzne badanie transrektalne. Uzyskana tréjwymiarowa fuzja
obrazéw jest nastepnie prezentowana na ekranie aparatu ultrasonograficznego w czasie
rzeczywistym. Umozliwia to wykonanie precyzyjnej biopsji z doktadnie okreslonych
i zaznaczonych na ekranie aparatu ultrasonograficznego obszaréw podejrzanych
o wystepowanie ognisk choroby nowotworowej [49]. Biopsja fuzyjna z wykorzystaniem
mpMRI pozwala zwiekszy¢ rozpoznawalno$é znaczacego klinicznie raka gruczotu krokowego
przy jednoczesnym zmniejszeniu rozpoznawalnosci raka gruczotu krokowego bez znaczenia

klinicznego [50].

1.6. Nietrzymanie moczu po prostatektomii radykalnej — ocena zespolenia

pecherzowo-cewkowego

Nietrzymanie moczu jest jednym z najbardziej wptywajacych na jakos¢ zycia powiktan po
prostatektomii radykalnej [51]. Prawidtowa funkcja zwieracza cewki moczowej jest kluczowym
warunkiem prawidtowego trzymania moczu po zabiegu. Wptyw na trzymanie moczu po
prostatektomii radykalnej moze mie¢ dtugos¢ pozostajgcej miesnidwki zwieracza cewki
moczowej, zachowanie peczkéw naczyniowo-nerwowych, doswiadczenie operatora, technika
operacji, jako$¢é zespolenia oraz czynniki zwigzane z pacjentem tj.: wiek oraz otytosé [52-56].
Rehabilitacja miesni dna miednicy po leczeniu operacyjnym moze przyspieszyé powrot
trzymania moczu po zabiegu, a tym samym moze wptyng¢ na poprawe jakosci zycia [57,58].
Ponadto udowodniono, ze prawidiowe ¢wiczenia miesni dna miednicy zwiekszajg ich site i
wytrzymatosé, co koreluje z pooperacyjnym trzymaniem moczu [59]. Wptyw rehabilitacji
miesni dna miednicy na jego obraz elastograficzny, a zatem spoisto$¢ zwieracza cewki

moczowej, nie zostat dotychczas zbadany.

1.7. Choroba Peyroniego

Plastyczne stwardnienie pracia (choroba Peyroniego) zostato opisane po raz pierwszy
przez de La Peyronie w 1743 [60]. Choroba ta charakteryzuje sie wystepowaniem
bliznowatych i wiéknistych obszaréw w ostonce biatawej pracia przybierajgcych postaé ptytek.
Towarzyszgcymi objawami sg dolegliwosci bélowe w czasie wzwoddw oraz skrzywienie pracia
utrudniajgce stosunek ptciowy [61,62]. Choroba Peyroniego dotyka mezczyzn w kazdym
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wieku, a przyczyn jej powstania upatruje sie w urazach mechanicznych ostonki biatawej oraz
zaburzeniach mikrokrazenia [63]. Ocena lokalizacji i wielko$ci ptytki oraz nasilenia skrzywienia
pracia moze wptynaé na wybér sposobu leczenia. Technikami obrazowania stosowanymi do
oceny wielkosci ptytki s3: badanie rentgenowskie (RTG), ultrasonografia (USG) i rezonans
magnetyczny (MRI). Badanie ultrasonograficzne sposréd powyiszych jest najbardziej
dostepne oraz stosunkowo tanie, dlatego wydaje sie by¢ doskonatg metodg do diagnostyki
pacjentéw z chorobg Peyroniego [64-68]. Obecnie nowe aparaty ultrasonograficzne
umozliwiajg wykonanie obrazéw tréjwymiarowych (3D USG). Dotychczas nie opublikowano
badan wykorzystujgcych ultrasonograficzne obrazowanie tréjwymiarowe w ocenie pacjentéw

ze stwardnieniem plastycznym pracia.
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2. Cele pracy doktorskiej:
Na podstawie opublikowanych wtasnych prac zatozono realizacje nastepujgcych
celow:

e QOcena przydatnosci elastografii ultrasonograficznej w celu zwiekszenia czutosci i
swoistos$ci obrazowania ognisk raka gruczotu krokowego.

e Ocena przydatnosci elastografii fali poprzecznej (SWE) w badaniu kompleksu zwieracza
cewki moczowej jako wartos$ci prognostycznej trzymania moczu u pacjentéw po
prostatektomii radykalnej.

e Ocena przydatnosci ultrasonografii trojwymiarowej (3D USG) w diagnostyce choroby

Peyroniego i jej poréwnanie z ultrasonografig dwuwymiarowa (2D USG).

3. Materiat

Materiatem w rozprawie doktorskiej sg trzy prace wtasne opublikowane w latach 2018-
2021 w czasopismach znajdujgcych sie na ,,Thompson Reuters Master List” posiadajgce Impact
Factor o tacznej wartosci 6,283. W pracach przedstawiono wykorzystanie dwdch
zaawansowanych technik badania ultrasonograficznego tj.: elastografie — uciskowg i fali
poprzecznej oraz ultrasonografie trojwymiarowa. Elastografie wykorzystano do diagnostyki
raka gruczotu krokowego oraz do oceny kompleksu zwieracza cewki moczowej po usunieciu
gruczotu krokowego z powodu raka. Druga z zaawansowanych metod - ultrasonografia
tréjwymiarowa ,,.z wolnej reki” umozliwita obrazowanie zmian w obrebie btony biatawej pracia

w sposob do tej pory nieopisany.
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Abstract

Transrectal prostate biopsies under ultrasonography guidance remain the gold standard for the detection of prostate cancer
(PCa). Transrectal ultrasonography (TRUS), however, has a limited sensitivity in PCa detection. Prostate elastography (TRES)
increases the sensitivity of a TRUS examination. Therefore, the aim of this review is to discuss the usefulness of TRES in
prostate gland imaging for the diagnosis and management of prostate cancer based on published literature. The advantages of
transrectal elastography were analysed in the context of better diagnostic performance provided by this method. TRES pro-
vides additional information for the detection and biopsy guidance concerning prostate cancer, enabling a significant reduction

in the number of biopsies.

Keywords: elastography; prostate cancer; transrectal ultrasonography; biopsy

Introduction

Prostate cancer (PCa) is one of the most frequent can-
cers in males and the second highest cause of death after
lung cancer in the USA [1]. Risk factors for PCa include
age, a positive family history and ethnicity. Black African
and Caribbean men have three times higher risk for be-
ing diagnosed with PCa and dying from prostate cancer
than Caucasian men, whereas Asian men have the lowest
risk. Basic diagnostic management for PCa is based on
a digital rectal examination (DRE) and prostate-specific
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antigen (PSA) testing for the qualification of prostate
biopsy that was introduced in the 1980s by Catalona et
al [2,3]. The most common form of prostate biopsy is
the 12-core systematic biopsy incorporating apical and
far-lateral cores. The major morphological difference
between normal and malignant prostate tissue is locally
increased cohesion that could be identified by DRE and
transrectal elastography (TRES) [4]. In this review paper,
the current knowledge and value of elastography in the
diagnosis of PCa is discussed.

Greyscale TRUS

TRUS was first developed in the 1970s and become
a routine method to detect PCa. Modern transducers
typically are end-firing probes scanning at frequencies
of 5-10 MHz. The diagnostic resolution of conventional
ultrasonography in PCa detection is low. Neoplastic sus-
pected lesions are typically visible as a hypoechoic focal
lesion in the peripheral zone, however, their ultrasound
morphology is highly variable. Benign lesions such as
inflammatory ones may also appear as hypoechogenic
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foci making reliable recognition of a tumour suspected
lesion particularly difficult. TRUS sensitivity in PCa
detection was estimated to be between 17-57% and is
highly dependent on the practitioner’s experience [5].
TRUS examination of the prostate gland should focus on
identification of asymmetry, hypoechogenicity, irregular-
ity of the capsule and the presence of focal lesions [6].
All above features are associated with the suspicion of
PCa; however, the images should always be evaluated
considering clinical evaluation and level of PSA.

Multiparametric ultrasonography

The combination of ultrasound-based modalities
called “multiparametric ultrasound” (mpUS) was devel-
oped to improve sensitivity and specificity of US imag-
ing. This combined imaging technic includes dynamic
contrast-enhanced ultrasound (DCE-US), colour Doppler
ultrasound (CDU), power Doppler ultrasound (PDU),
computerized transrectal ultrasound (C-TRUS) and elas-
tography (TRES) [7]. Additional information for grey
scale TRUS, such as tissue vascular supply and stiffness
may improve targeting of suspected lesions in the pros-
tate. PCa occurrence and progression is associated with
volume expansion and compression of the surrounding
tissue as well as increased angiogenesis and microvas-
cular density. Using power Doppler ultrasound imaging
flow, vessels as small as Imm can be detected. Sauvani
et al [8] in a prospective study on 429 patients showed
that cases with PSA <10 ng/ml, normal DRE and TRUS-
PDU have a less than a 5% risk of high- to intermedi-
ate-risk of cancer, allowing for the reduction of patients
requiring prostate biopsies. The vascularization of the
prostate can also be assessed with contrast-enhanced US
(CEUS). During this examination, gas-filled microbub-
bles are intravenously administered. The microbubbles
have diameters comparable to the morphotic blood ele-
ments, enabling them to pass the microvasculature. The
enhancement of the ultrasound waves by microbubbles
located in various concentrations in tissues enables the
differentiation of healthy tissues from pathological ones
[9]. Mitterberger et al concluded that the PCa detection
rate was significantly higher for the contrast-enhanced
colour Doppler ultrasound than grey scale US-guided
systematic biopsy in 100 patients [10]. The detection
rate for targeted biopsy cores (15.6%) was significantly
higher than for systematic biopsy cores (6.8%) p<0.001
including a reduced number of biopsy cores. Increased
angiogenesis was associated with a higher Gleason score
and worse prognosis [11,12]. Gao et al compared the di-
agnostic accuracy of CEUS versus greyscale TRUS with
colour Doppler and noticed that CEUS can be character-

ized with higher diagnostic accuracy than diffuse PCa.
Detection of diffuse PCa without an obvious focal mass
identified in TRUS or clinical examination may help de-
tect patients who do not need a repeat biopsy [13]. Koh et
al compared CEUS guided biopsy and sonoelastography
guided biopsy. Despite the small cohort, the authors con-
cluded that elastography may improve systematic biopsy
results [14].

The above-mentioned techniques in combination
with computer algorithms and elastography seem to be
promising diagnostic methods for modern PCa detection
and are worthy of further development. MpUS might
improve sensitivity in the visualization of suspicious le-
sions compared to grey scale US; however, standardized
clinical imaging with validated protocols are necessary to
achieve this purpose. Delgado et al drew attention to the
low sensitivity, specificity, positive predictive and nega-
tive predictive values of grey scale US, PDU and CEUS
in the diagnosis of localized PCa. The author compared
the diagnostic profitability of randomized biopsy (RB)
and targeted biopsy and concluded that randomized bi-
opsy still cannot be excluded from a biopsy strategy plan
[15].

What does elastography offer?

Elastography (TRES) was firstly used by Ophir in
1991 as a novel technology that allowed for obtaining
real time information regarding the stiffness of imaged
tissues [16]. Malignant lesions are substantially more rig-
id than healthy tissue. Elastography facilitated to recog-
nize these areas and create a digitally processed map of
prostate stiffness; an elastogram. This imaging strategy is
less subjective than DRE and additionally facilitates the
performance of a targeted biopsy for suspected lesions,
even those located in the anterior part of the prostate
which are not available during palpation. Moreover, the
range of the examined area covers the complete volume
of the prostate gland [17]. Thanks to TRES, the signifi-
cance of US examination in PCa diagnosis could rise and
TRUS with TRES might become an alternative diagnos-
tic tool to magnetic resonance imaging (MRI) [18]. The
major benefit of elastography in urological management
is the ability to improve the effectiveness of TRUS guid-
ed biopsy [19].

Elastography techniques

There are two different techniques to obtain an elas-
tography map of the prostate (fig 1). In the first meth-
od, the operator exerts manual compression on the tis-
sue with the ultrasound transducer. The image of strain
elastography (SE) is thereafter obtained based on the
calculation of tissue displacement and strain by quasi-
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static compression. The second technique - shear wave
elastography (SWE) - uses the radiation force of focused
ultrasound to remotely create a ‘push’ inside the tissue
measuring different shear wave velocities in soft and
hard tissues to create a digital map of prostate elasticity.
The major advantage of this approach is to demonstrate
results as absolute values in kiloPascals or in m/s. De-
pending on the investigation, cut off values range from
28.5 kPa [20] to 52 kPa [21]. According to EFSUMB
guidelines and recommendations for the clinical use of
ultrasound elastography, predictive values for malig-
nant lesions should be 35 and 37 kPa [22-24]. WFUMB
guidelines state that values greater than 35 kPa are sug-
gestive of a malignancy [25]. The images are recorded
and displayed as a colour-coded map of tissue stiffness
where blue corresponds to hard tissue and red with soft
tissue (fig 2). The quality of the SE greatly depends on
the experience of the operator in contrast to SWE. Due
to the necessity for manual compression of the transrec-
tal probe during SE, training is required for reproducible
results. Heinzelbecker et al concluded that learning plato
in SE might be achieved quickly after training with an
expert [26]. There are no studies comparing SWE and
SE; however, SWE appears to be easier to perform and
does not require manual compression training [27]. On
the other hand, shear waves penetrate up to 3-4 cm in
patients with large prostates, making full prostate volume
assessment impossible [28].

Elastography when and for who?

The material obtained during prostate biopsies consist
of several cores, which represent only a limited region of
the prostate gland [29]. Considering focal development
and expansion of PCa, the prostate biopsy results are
a weak representative of the actual neoplastic process.
Without the adequate visualization of cancer foci, multi-
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Fig 1. (A, B) Strain elastography evaluates stiffness of tissues
thorough its compression (B) assessing the degree of tissue dis-
placement. Greater deformation of soft tissues is observed (red)
rather than hard tissues (blue). (C) Shear wave elastography
evaluates the elasticity of tissue using transverse-oriented shear
waves. The speed of the wave’s propagation is faster in hard
tissue than in soft tissue.

Fig 2. (A) Elastographic images, (B) transrectal ultrasonogra-
phy of the prostate glands before the surgical treatment com-
pared with (C) macroscopic image of the prostate gland after
radical prostatectomy. The arrows mark suspected lesions (in-
creased stiffness; blue range of colors) in which the cancer was
confirmed by pathology examination after surgery. Clearly vis-
ible changes in elastography correspond to a certain extent to
subtle hypoechogenic changes in ultrasonography and even to
macroscopic changes in the macroscopic prostate section image.

ple biopsies might be negative despite the progress of the
malignant process [30]. Therefore, the current advances
of PCa detection modalities concentrate on improvement
of biopsy accuracy using new imaging techniques includ-
ing elastography. Precisely targeted specimens from the
appropriate cancerous foci should reduce the number of
cores needed to diagnose. Furthermore, elastography
might also decrease the number of biopsies per se and
related complications [31]. Carneiro et al showed that a
higher number of TRUS biopsy cores (>12) was associ-
ated with a higher risk of haemorrhage and perioperative
complications during robotic-assisted radical prostatec-
tomy [32]. In these circumstances, the ability to enhance
prostate imaging during biopsy is of great clinical im-
portance and consequent development of elastography
technology reflects this need.

The effectiveness of elastography based on

available research

In the past decade, six meta-analyses discussing the
application of elastography as a tool for a prostate cancer
imaging were published (Table I) [23,33-37]. In all avail-
able studies, TRES showed superiority in PCa detection
in comparison to standard TRUS. Higher sensitivity as
well as the specificity in discrimination between the ma-
lignant and healthy tissues were reported.

Systematic versus targeted biopsy using

elastography

SE was proved to reduce the number of core biopsies
necessary for the PCa confirmation and qualification for
further treatment [38]. Another observation was increas-
ing diagnosis accuracy with a higher Gleason score PCa.
The reliable convergence of TRES images with patho-
logical data obtained after radical prostatectomy might
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Table 1. Published meta-analyses evaluating the use of elastography in detecting prostate cancer

Author Number Num- Sensitivity Specificity Conclusions
of studies ber of
included patients
Aboumarzouk 16 2278 0.71-0.82 0.6-0.95 1. SE may improve prostate cancer
[23] (10 comparing SE (RP as reference)  (RP as reference) detection
with TRUS biopsy; 0.26-0.87 0.17-0.76 2. High accuracy comparing with
6 comparing TRES (TRUS biopsy as  (TRUS biopsy as prostate specimen after RP
with RP specimens) reference) reference)
Teng 6 527 0.62 0.79 1. SE is a valuable technique
[33] (comparing SE with (0.55-0.68) (0.74-0.84) in PCa detection
TRUS biopsy) 2. May decrease the number of overall
biopsy core or be supplemental to
systematic biopsy in future
Zhang 7 508 0.72 0.76 1. SE may decrease the number of
[34] (comparing SE with (0.66-0.88) (0.6-0.92) overall biopsy core
RP specimen) 2. Valuable in differentiation of cancer
from benign prostate lesions
Sang 7 923 +30 0.844 0.860 1. SWE shows high accuracy for the
[35] (5 comparing SWE (0.696-0.927) (0.792-0.908) detection of PCa
with TRUS biopsy; 2. SWE may reduce the number of
2 comparing SWE core biopsies needed for diagnosis
with RP specimen)
Woo 8 1028 0.83 0.85 1. SWE shows good performance
[36] (6 comparing SWE (0.66-0.92) (0.78-0.90) for the detection of PCa
with TRUS biopsy; 2. Cutoff value cannot be made
2 comparing SE with because of study heterogeneity
RP specimen)
Tu 7 1240 0.695 - 1. Not enough evidence that SE-
[37] (comparing SE with targeted biopsy can outperform

TRUS biopsy)

systematic biopsy

2. The combination of systematic and
SE-targeted biopsy may improve
PCa detection

SE — strain elastography; TRUS — transrectal ultrasonography; TRES — transrectal elastography; RP — radical prostatectomy; SWE — shear

wave elastography PCa prostate cancer

significantly improve the PCa diagnostic path with us-
ing SE. The major limitation, however, is the insufficient
standardization of available protocols for the final inter-
pretation of collected results. New prospective studies
should shed new light on this issue [39-45].

Sang et al [35] and Woo et al [36] found that SWE
showed an excellent PCa detection rate. The lack of con-
sensus regarding the stiffness cut-off values differentiat-
ing the malignant and benign tissues made it difficult to
standardize SWE guided biopsy. The additional factors
that may affect the cut-off values are the imaging plane
and location of the examined region within the prostate.
Rouviére et al showed different thresholds depending
on the imaging plane (axial or sagittal) and the location
within the prostate gland. All tissue classes were stiffer
on sagittal sections vs axial sections in the transitional
zone than in the peripheral zone, and in the median pe-
ripheral zone than in the lateral peripheral zone [21].

Stiffer lesions, higher Gleason values?

At the time when more attention is paid to diagnosing
only significant prostate cancer at the initial stage, it is
important to obtain the most reliable biopsy cores [46].
The linear correlation between SE and SWE results and
Gleason score of PCa lesions were determined in many
studies [47-51]. The size of the lesion (>5 mm) and local
advancement of the cancer including infiltration beyond
the prostate capsule was defined as major important fac-
tors improving SE sensitivity [52]. According to Junker
et al, SE detected 9.7% of cancer lesions with a maximum
diameter of 0-5mm, 27% with a maximum diameter of
6-10mm, 70.6% with a maximum diameter of 11-20 mm
and 100% with a maximum diameter of >20mm [53].
Compression and decompression performed by an ex-
aminer might cause artefacts and incorrect assessment
of tissue stiffness in SE. On the other hand, controlled
compression delivered by balloon inflation proposed by
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Tsutsumi et al improved prostate visualisation and led to
the reduction of artefacts. However, this technique is not
common [54]. Boehm et al found a higher correlation of
targeted biopsy Gleason scores predicted with elastogra-
phy and pathological radical prostatectomy (RP) report-
ing compared to only using systematic biopsy [55]. SE
improved preoperative Gleason score assessment be-
tween specimens derived from targeted and systematic
biopsy (68.3% vs 56.7 %) and the number of patients
undegraded after radical prostatectomy was lower after
applying elastosonography. The sensitivity and specific-
ity of systematic biopsy were improved by 31% (94%
vs 63 %) and by 10% (92% vs 82%) respectively, after
addition of elastography to standard biopsy protocols.
Interestingly, Porsch et al unexpectedly showed a poor
prediction rate of malignancy by SWE and demonstrated
a significant increase in elasticity of benign prostate tis-
sue from the basal to the apical region [56].

How to interpret the examination?

The use of elastography still generates difficulties in
the interpretation of elastogram. The increased prostate
stiffness in benign prostate diseases such as chronic in-
flammation and fibrosis may be difficult to distinguish
from cancer [57]. Reliable conclusions resulting from
elastography must be drawn after a full clinical examina-
tion and laboratory tests (TPSA, fPSA). The intriguing
results were presented by Barr et al. (2012) who showed
that patients with elevated PSA levels or abnormal DRE
and negative SWE might not require biopsy [28]. This
correlation could significantly reduce the negative biopsy
rate in PCa detection and on the other hand improve the
identification of patients with significant PCa. Xu et al.
introduced 5-grading descriptive rating score for diagno-
sis of PCa with real-time elastosonography. The authors
assessed the diagnostic value of SE score depending on
the level of the PSA and prostate volume. The sensitiv-
ity, specificity and accuracy in the diagnosis of PCa were
68.6%, 69.4% and 69.2%, respectively. High diagnostic
values of SE scores were proven in patients with a pros-
tate volume less than 30 ml and PSA level between 4 and
10 ng/ml, which occurs in the largest group of patients
[58]. In this context, elastography would be a helpful tool
to qualify patients with slightly elevated PSA for biopsy.
Unfortunately, many PCa are difficult to be identified in
elastography; hence systematic biopsy cannot be omitted
[59,60].

TRES; a new helpful tool in prostate cancer

detection

Imaging data acquired by TRES may reveal cancer
lesions that are usually difficult to target in standard ul-
trasonography and trigger further diagnosis and therapy.
Kamoi et al. (2008) compared sensitivity and specific-

ity of power Doppler ultrasonography (PDUS) com-
bined with SE to visualize prostates during a biopsy in
107 patients. The compilation of images gathered by SE
with PDUS increased biopsy sensitivity to 78% vs. 50%.
Authors underlined that PCa detection rates of biopsy en-
hanced by PDUS with SE were significantly higher than
systematic biopsies alone (50% vs. 15%) [61].

Modern diagnostic tools in PCa management include
prostate cancer antigen 3 (PCA3). PCA3 is a gene that
expresses in non-coding RNA and it is highly overex-
pressed in prostate cancer. It was shown to be useful to
predict the presence of malignancy. Nygérd et al. (2016)
combined a real-time elastography with a PCA3 score in
124 patients. This method was showed to identify 96%
patients that should undergo further diagnostic workup.
Authors concluded that SE helped to avoid about 20%
of the prostate biopsies without missing high-risk PCa.
The use of SE and the inclusion of PCA3 may reduce
the number of prostate biopsies especially in the upper
age group, which will undoubtedly reduce the number of
potential complications. PCa targeted biopsies will be-
come easier if urologists would obtain reliable real time
prostate stiffness maps with a display of suspected cancer
regions. The more effective a visualization of malignant
areas within the prostate gland is, the more decisive path-
ological results would be after each biopsy [62].

Magnetic resonance imaging and elastography

Multiparametric magnetic resonance imaging (mp-
MRI) emerged as a key diagnostic tool in PCa detection
[63]. The prostate magnetic resonance scale PI-RADS
(Prostate Imaging Reporting and Data System) was de-
veloped for the most precise tumour staging assessment.
It is characterized by good sensitivity and specificity in
detecting significant prostate cancers and staging before
making a decision about treatment [64]. The recent Pros-
tate MR imaging study (PROMIS) trial showed that (mp-
MRI) might allow for 27% of patients avoiding a primary
biopsy and diagnosis of 5% fewer clinically insignificant
cancers. More cases (18%) of clinically significant can-
cer were detected in comparison to standard systematic
TRUS-biopsies [65]. The ability to target suspected le-
sions in MRI/TRUS fusion biopsies improved its effec-
tiveness. MpMRI/TRUS fusion biopsy was also recom-
mended by the European Association of Urology (EAU)
in guidelines as an important tool before a second biopsy.
Junker et al. (2014) and Aigner et al. (2011) demonstrated
that mpMRI had similar detection rates to SE. In Junker’s
study, MRI had better sensitivity especially in the transi-
tion zone (72.7% vs. 18.2% for SE), anterior part of pros-
tate and in prostates with volumes more than 40ml. SE
identified 67.2% of cancer lesions while MRI identifies
86.9% of lesions. Detection of high-risk PCa was high in
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both methods 93.8% for MRI vs. 87.5% for SE [66,67].
In another study, Pelzer et al. (2013) showed a better sen-
sitivity of SE especially in dorsal and apical parts of the
prostate. Most of the missed tumours were of low vol-
ume and low Gleason score [68]. Detection of prostate
capsule involvement is a crucial factor for determining
further management [69]. In a study performed by Brock
et al, MRI/SE fusion improved sensitivity and specificity
to 65.9% and 75.3%. Each of the imaging methods has
specific advantages in terms of the evaluation of a pros-
tate region. Accordingly, MRI showed a better sensitivity
and specificity for the ventral part of a prostate, whereas
SE was better in the dorsal and apical parts of a prostate
[70]. Brock et al in another study showed that targeted
biopsies using a fusion of SE/MRI improved detection
of clinically significant PCa in repeat biopsies compared
to systematic biopsies (90.6% vs. 73.9%) [71]. Maxeiner
et al. used multiparametric ultrasonography including B-
mode, power Doppler, strain elastography, and CEUS.
Lesions were evaluated by US modalities resulting in a
mpUS score. The authors concluded that a mpUS score
correlated with PI-RADS in PCa prediction. The mpUS
score predicted PCa and PI-RADS score with an overall
accuracy of 86% and 80%, respectively [72]. Brock et
al. combined the real-time elastography with contrast-
enhanced ultrasound. The multiparametric ultrasonogra-
phy decreased the false-positive value of SE alone from
34.9% to 10.3% and improved the positive predictive
value of cancer detection from 65.1% to 89.7% [73]. The
fusion of mpMRI and mpUS may improve the results of
prostate focal therapy. MRI and ultrasound image fusion
using a computer-assisted 3-dimensional transrectal ul-
trasound biopsy system enable an accuracy with less than
3 mm error for targeting suspected lesions. Convinced
diagnosis of focal disease allows for the effective focal
treatment [74-76].

Conclusions

Transrectal elastography (TRES) seems to be a prom-
ising imaging method of the prostate which allows for
the detection of cancerous tissue. The main goal of urol-
ogy nowadays is to only detect significant PCa and TRES
seems to be an important biopsy qualification tool more
available and cheaper than magnetic resonance imaging.
Visualization of the lesion in the prostate gland may also
increase the accuracy of targeted biopsy and reduce the
number of biopsy cores. On the other hand, the current
systematic biopsy protocol should not be omitted until
we gather more research data documenting the better
efficiency of elastography in this field. Future multi-
centre studies are required to evaluate and compare SE

and SWE in the detection of significant PCa. Combining
elastography with other diagnostic methods especially
with multiparametric magnetic resonance may be es-
sential to increase sensitivity and specificity in detecting
significant PCa.
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Abstract—Post-prostatectomy pelvic floor muscle rehabilitation has a significant impact on urinary continence
recovery. The aim of our study was the evaluation of urethral sphincter complex using shear wave elastography
in patients after radical prostatectomy, with and without postsurgical pelvic floor muscle rehabilitation. Thirty-
three patients were included in the study. The severity of urinary incontinence after radical prostatectomy was
evaluated. Transrectal ultrasound examination was performed in all patients with shear wave elastography to
visualize the urethral sphincter complex and estimate its length. Statistical analysis revealed that higher than
average urethral sphincter complex stiffness correlates with a smaller number of pads used per day (p < 0,05)
and better urine continence based on scales: subjective 0—10 (p < 0.05) and International Consultation on Incon-
tinence Questionnaire—Urinary Incontinence Short Form (ICIQ-UI SF) (p < 0.05). The post-prostatectomy pel-
vic floor muscle rehabilitation group had statistically significant higher stiffness of the urethral sphincter
complex compared with the group without rehabilitation (p < 0.05). The study found that shear wave elastogra-
phy is a valuable method in evaluation of the urethral sphincter complex. (E-mail: dominiktyloch@tlen.
pl) ©2021 World Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION Radical prostatectomy is the treatment of choice for
patients with localized prostate cancer. The surgical pro-
cedure consists of two stages: prostate removal and vesi-
courethral anastomosis (the junction of the bladder neck
with the membranous urethra, which is surrounded by
the external urethral sphincter). Although minimal inva-
sive methods are increasingly used among patients
(including laparoscopy and robot-assisted procedures),
post-treatment complications such as urinary inconti-
nence and erectile dysfunction are still significant
(Basiri et al. 2018).

A key requirement for urinary continence after radi-
cal prostatectomy is a properly functioning urethral
sphincter complex (USC), which consists of striated
muscle fibers (outer muscle layer) and smooth muscle
fibers (inner muscle layer). It begins in the prostate, then
passes through the pelvic floor muscles surrounding the
membranous urethra (Walz et al. 2016). Transrectal
ultrasound examination (TRUS) has been found to be

Shear wave elastography (SWE) is an ultrasound mode
that enables the assessment of tissue stiffness as an abso-
lute value in kilopascals and does not require mechanical
force or movement of the transducer during acquisition.
It has proven to be useful in medical imaging to detect
cancerous lesions, typically characterized by a stiffness
higher than that of the surrounding healthy tissues. Nev-
ertheless, various other processes may also trigger a
focal change in tissue cohesion, for example, inflamma-
tory processes and scarring (Tyloch et al. 2018). Striated
muscles may also be non-invasively evaluated using
SWE imaging, and their stiffness may vary depending
on the tension and position (relaxed and contracted)
(Eby et al. 2015; Lee et al. 2016; Ryu and Jeong 2017;
Phan et al. 2019).
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Fig. 1. Anatomy of the urethral sphincter complex. (a) A longitudinal section through the urethral sphincter complex.

(b) Region of interest (ROI). (¢) Transverse section through the urethral sphincter complex. (d) Transverse section under

the urethral sphincter complex. A =bladder neck, B =urethral sphincter complex, C=urethra, D =pubic symphysis,

E =ischiopubic ramus, F =ischiocavernosus muscle, G =perineal membrane, H = external anal sphincter, I=bulbus
penis and bulbospongiosus muscle.

anastomosis caused by tension, urinary extravasation,
urinoma, surgeon inexperience, operative technique and
factors associated with the patient (i.e., age, obesity)
(Pacik and  Fedorko  2017; Sallami  2017;
Manfredi et al. 2019). On the basis of results reported in
published studies, a correlation can be noted between the
postprostatectomy continence rate and the length of
remaining membranous urethra. It was also observed
that there is an inverse correlation between the rate and
the volume of urethral sphincter damaged or removed
with the specimen during surgery (Skeldon et al. 2014).
The aim of our study was the assessment of USC
using SWE in patients after radical prostatectomy with
and without postsurgical pelvic floor muscle rehabilita-
tion, taking into account urinary continence.
Postoperative pelvic floor muscle rehabilitation has
a significant impact on urinary continence recovery
(Fernandez et al. 2015; Straczynska et al. 2019). It has
been proven that proper exercises increase pelvic floor
muscle strength and endurance, which correlates with

postsurgical urinary continence (Zachovajeviene et al.
2019). The effect of rehabilitation on USC stiffness has
not yet been elucidated.

METHODS

The study included 33 patients aged 53—78 y (aver-
age age =68.2 y, median age=69), from 8 wk to 38 mo
(average =57.9 wk, median =40 wk) after radical prosta-
tectomy. None of the patients received adjuvant treatment.

SWE of the USC

TRUS examination of the USC with SWE (using
an SE12-3 probe, Aixplorer Ultimate, Supersonic Imag-
ine, Aix-en-Provence, France) was performed once on
each patient included in the study. Each patient urinated
and drank half a liter of water 1 h before TRUS to
obtain comparable filling of the bladder and to stan-
dardize the procedure. The examination was carried out
with the patient in a left lateral knee—chest position.
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The examined region was studied in both the sagittal
and axial planes to determine the boundaries of the ure-
thral sphincter. The transrectal probe was then posi-
tioned in the midsagittal plane to visualize the region of
interest (ROI) in which the central part the USC was
located. The anatomic boundaries for the ROI were
visually identified on a B-mode image and transposed
onto the stiffness map. The ROI included the dorsal
pole of the pubic symphysis on the border of the image
(usually only partially visible, as the probe’s SWE
imaging range was <3.5 cm), the bladder neck in the
left part and the urethra and pelvic floor muscles on the
opposite side (Fig. 1), and it was set to maximum of
4 x4 cm (Fig. 1b). During the procedure, the USC,
which appeared on ultrasound as a hypoechogenic area
(external striated muscle fibres) surrounding hypere-
chogenic area (internal smooth muscle fibres and ure-
thral mucosa) was evaluated. The stiffness of the

urethral sphincter was measured based on values
acquired from three segments: proximal (adjacent to
the bladder neck), middle and distal (Fig. 2). The mean
stiffness value of an area with a maximum 5-mm diam-
eter of each segment was assessed. Additionally, its
length was estimated based on the distance from the
bladder neck to the bulbar urethra (Fig. 3). The stiffness
of the surrounding pelvic floor muscles was also
assessed using measurements taken from two areas
forward and backward from the urethral sphincter. All
stiffness values were analyzed on the basis of the
ROI image (sagittal plane) to standardize the results,
with the knowledge that the cohesion assessment in
different planes may yield different results
(Rouviere et al. 2017). All images were collected in a
video format and then interpreted by two urologists
experienced in ultrasound. The results were the consen-
sus of the interpretations of two researchers.

Fig. 2. Longitudinal section through the urethral sphincter complex (1.15 cm in length) of a 76-y-old patient with good
continence (24 mo after prostatectomy, with postsurgical rehabilitation of the pelvic floor muscles). The red area corre-
sponds to the increased tissue stiffness; it covers the urethral sphincter complex and pelvic floor muscles.
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Fig. 3. Longitudinal section through the urethral sphincter complex (0.75 cm in length, the shortest in the studied group)

of a 65-y-old patient with severe urinary incontinence symptoms (26 mo after prostatectomy, with postsurgical rehabili-

tation of the pelvic floor muscles). The red area corresponds to increased tissue stiffness; it covers the urethral sphincter
complex and pelvic floor muscle.

Graphic analysis of stiffness distribution

The analysis of stiffness distribution based on the
ROI images obtained was performed using Paint.net
software to expose the relatively hard tissue arrangement
in the ROI. Elastographic images of all patients were
transferred to the graphic scheme taking into account
cutoff points equal to 40 and 50 kPa. The values were
selected as the most representative of the average distri-
bution of areas (overlapping images) with appropriate
stiffness. In the group studied, the chosen values were
close to the average stiffness values in the area of the
urethral sphincter complex. All images were then super-
imposed to obtain a map of the average stiffness of >40
kPa and >50 kPa tissue distribution in the ROI. Regions
of higher intensity of color corresponded to the areas of
tissue that in more patients had a stiffness greater than
40 or 50 kPa. The regions of pelvic floor muscles and
USC were characterized by a stiffness greater than that
of surrounding tissues. The muscle stiffness may have

been related to muscle tension and postsurgical changes,
including fibrosis.

Functional outcomes after surgery

Sixteen patients of the study group completed a post-
prostatectomy pelvic floor muscle rehabilitation course
under a physiotherapist’s supervision. The rehabilitation
course was aimed at correctly contracting pelvic floor
muscles (Kegel exercises). The exercises involved
repeated contraction and relaxation of the muscles that
form the pelvic floor. Treatment sessions included bio-
feedback on correct contraction of pelvic floor muscles
and instructions on how to perform voluntary sphincter
contractions. After 2 wk of the intensive controlled
course, patients were advised to continue performing the
Kegel exercises at home multiple times each day, for sev-
eral weeks. The 16 patients included in study were in
rehabilitation or accomplished a 1-y training. The remain-
ing 17 patients did not participate in the rehabilitation

Downloaded for Anonymous User (n/a) at Nicolaus Copernicus University in Torun Ludwik Rydygier Collegium Medicum in Bydgoszcz from
ClinicalKey.com by Elsevier on March 24, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



Urethral sphincter complex after radical prostatectomy ® D. J. TyLocH e al. 1685

course. Currently, rehabilitation of pelvic floor muscles
after surgery is a standard of care in our department to
improve recovery of urinary continence. However, we
were able to include patients who did not undergo rehabil-
itation in the study because of difficult access (living too
far away from our department or another specialistic
physiotherapy center) and postponement of rehabilitation
for various reasons, including being wait-listed for reha-
bilitation. All 33 patients included in the study were inter-
viewed about the severity of Ul on the day of TRUS of
the USC. UI was evaluated based on number of pads used
per day, an International Consultation on Incontinence
Questionnaire—Urinary Incontinence Short Form (ICIQ-
UI SF) and a subjective scale of 0—10 points. All partici-
pants provided written consent. The study protocol was
approved by our independent university ethics committee.

Statistical analysis

We assessed the correlation between the stiffness
values of the USC and pelvic floor muscles in relation to
the level of Ul after radical prostatectomy in patients
with and without postprostatectomy rehabilitation. Sta-
tistical analysis was performed using Spearman’s rank
correlation coefficient, the Mann—Whitney U-test and
the Kruskal —Wallis test.

RESULTS

Post-prostatectomy USC elastography

The average length of USC evaluated using TRUS
was 1.28 cm (range: 0.75—1.90 cm, median=1.27 cm).
In analyzing individual segments of the USC, we found
that there was an increase in stiffness of the urethral
sphincter from the proximal segment (average =48.79
kPa, range: 29—84 kPa, median =48 kPa) through the
middle part (average=151.18 kPa, range: 31—92 kPa,
median = 53 kPa) to the distal segment (average = 55.94
kPa, range: 38—86 kPa, median =57 kPa) (Table 1).

Graphic analysis of stiffness distribution

Detailed evaluation of the superimposed elasto-
graphic images of all patients using digital image analy-
sis revealed that areas with stiffness >50 kPa were
arranged most commonly linearly from the external anal
sphincter to the distal segment of the USC and

Table 1. Shear wave elastography of urethral sphincter com-
plex (USC) with the distinction of individual segments.

Stiffness values (kPa)
USC segments range of values average
Proximal segment 29kPa - 84kPa 48,79kPa
Middle segment 31kPa - 92kPa 51,18kPa
Distal segment 38kPa - 86kPa 55,94kPa

(@)

(b)

Fig. 4. Distribution of the areas of stiffness >50 kPa (a) and

>40 kPa (b) in the region of interest based on elastography

images of all patients in the study. The yellow arrows indicate

the areas that in most patients corresponded to tissues with
higher stiffness (greater than 50 and 40 kPa).

corresponded to the pelvic floor muscles. Taking into
account the cutoff point of >40 kPa, superimposed elas-
tographic images revealed a wider area covering pelvic
floor muscles and the entire length of the USC (Fig. 4).
Detailed analysis of the USC segments revealed a color
gradient—the darker color in the distal segment
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Fig. 5. Scatter graph of average stiffness of urethral sphincter complex (USC) against the International Consultation on Inconti-
nence Questionnaire—Urinary Incontinence Short Form (ICIQ-UI SF) value. USC average stiffness is correlated with the
decrease on the ICIQ-UI SF scale (p < 0.05).

corresponded to a greater number of patients with a stiff-
ness >50 kPa in those regions. However, in the proximal
segment, the lighter color corresponded to a greater
number of patients with a stiffness <50 kPa in those
regions.

Post-prostatectomy functional outcomes
Twenty-one of 33 patients were satisfied with uri-
nary continence after radical prostatectomy and 15

100

patients used 0—1 pad per day (average for entire
group = 2.45 pads used per day, with a median of 2 pads
used per day). Taking into account the quantified sever-
ity of UI, the average score on the subjective urinary
incontinence scale (0—10) was 6.33 (median=7) and
that on the ICIQ-UI SF was 9.39 (median=9). Time
from surgical procedure was statistically significant
when correlated with the improvement in urinary conti-
nence results based on the number of pads used per day

90

80

stiffness (kPa)

20

-2 0 2 4 6 8

ICIQ-UI SF

s Z1
22~ 72
]

12 14 16 18 20

Fig. 6. Urethral sphincter complex stiffness measurements (kPa) from all three segments correlated with the decrease on
the International Consultation on Incontinence Questionnaire—Urinary Incontinence Short Form (ICIQ-UI SF) scale (p
< 0.05). Z1 =proximal segment; Z2 = middle segment; Z3 = distal segment.

Downloaded for Anonymous User (n/a) at Nicolaus Copernicus University in Torun Ludwik Rydygier Collegium Medicum in Bydgoszcz from
ClinicalKey.com by Elsevier on March 24, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



Urethral sphincter complex after radical prostatectomy ® D. J. TyLocH et al. 1687

(» < 0.05, R=-0.524), the subjective urinary inconti-
nence scale of 0—10 (p < 0.05, R=0.575) and ICIQ-UI
SF results (p < 0.05, R=—0.596). The stiffness of three
segments of the USC were not correlated with time from
surgery both after rehabilitation and without rehabilita-
tion groups (p > 0.05). Pelvic floor muscle rehabilitation
had a statistically significant effect on continence based
on the number of pads used per day (p < 0.05), and both
the subjective 0—10 and ICIQ-UI SF scales (p < 0.05).
Analysis of the average USC stiffness in relation to uri-
nary continence revealed a statistical correlation. Higher
average urethral sphincter stiffness correlates with
smaller numbers of pads used per day (p < 0.05,
R=—-0.416) and better urinary continence based on the
subjective 0—10 (p < 0.05, R=0.437) and ICIQ-UI SF
(p < 0.05, R=-0.493) (Fig. 5) scales. Analogously, the
average stiffness of the USC and pelvic floor muscles
was significantly higher in the group that underwent the
post-prostatectomy rehabilitation course (p < 0.05).
Consequently, we found that there was a statistically sig-
nificant correlation between stiffness of all urethral
sphincter segments and urinary continence after surgery,
as evaluated with the ICIQ-UI SF (p < 0.05) (Fig. 6).
Taking into account the number of pads used per day

100

and the subjective 0—10 UI scale, we found a statisti-
cally significant correlation with stiffness of the middle
and distal segments (p < 0.05) (Fig. 7) and no statistical
correlation with proximal segment stiffness (Table 2).
The post-prostatectomy pelvic floor muscle rehabilita-
tion group had statistically significantly higher stiffness
of all three USC segments versus the group that did not
undergo rehabilitation (p < 0.05) (Fig. 8). Additionally,
in the rehabilitation group, elastography diagrams of the
stiffness distribution revealed a wider tissue area in both
stiffness cutoff points >50 and >40 kPa (Figs. 9 and
10). Furthermore, we noted close to statistically signifi-
cant p values between pelvic floor muscle stiffness and
degree of continence: pads used per day (p = 0.06), sub-
jective 0—10 scale (p=0.146) and ICIQ-UI SF
(»=0.056). Interestingly, in our study there was no sta-
tistical difference between the length of the USC and the
degree of urinary incontinence (p > 0.05).

DISCUSSION

To our knowledge, this is the first study using trans-
rectal ultrasound SWE to assess the stiffness of the USC
and pelvic floor muscles after radical prostatectomy. We

90 ¢
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stiffness (kPa)
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30 ¢

20
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Fig. 7. Stiffness measurements from two segments of the urethral sphincter complex (middle and distal) correlated with
the decrease in number of pads used per day (p < 0.05). Z2 = middle segment; Z3 = distal segment.
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Table 2. Correlation of stiffness values of USC segments with
post prostatectomy continence. Z1-proximal segment, Z2-mid-
dle segment, Z3-distal segment, R-value of the correlation
coefficient, p — significance value

Pads/day Scale 0-10 ICIQ-UI SF
USC segments R p R P R p
Z1 -0,302 0,088 0,311 0,078 -0,374 0,032
z2 -0,442 0,010 0,460 0,007 -0,515 0,002
Z3 -0,375 0,031 0,408 0,019 -0,467 0,006

employed our own ultrasound SWE imaging methodol-
ogy for the urethral sphincter complex, with the use of a
transrectal probe, in a heterogeneous group of patients,
to evaluate the basic relationships of anatomic structure
to functional outcomes.

Kirschner-Hermanns et al. (2012), in a study of 33
patients after radical prostatectomy, used 2- and 3- or
4-D perineal ultrasonography for evaluation of anatomic
changes responsible for Ul. The authors found that
patients with postprostatectomy incontinence were char-
acterized by a greater degree of hypermobility of the
proximal urethra and opening of the bladder neck
(funneling). The authors attempted to evaluate vesi-
courethral fibrosis, but the results were excluded from
analysis because of discrepancies in ultrasound image
assessment by both investigators. Furthermore, no corre-
lation was found among grade of fibrosis, continence sta-
tus and urethral mobility. In our study, we evaluated
static elastographic images that might be affected by

100

Volume 47, Number 7, 2021

muscle tension, as well as fibrotic reaction caused by
undergoing surgery.

The effect of fibrosis in the area of the USC on uri-
nary continence after radical prostatectomy has been the
subject of several studies. Tuygun et al. (2006), in a
study of 36 patients using magnetic resonance imaging,
found that the incidence of severe fibrosis is much
greater in patients with postprostatectomy incontinence
and may have a negative effect on external urethral
sphincter function. Momozono et al. (2016), in a study
of 185 patients that underwent robot-assisted radical
prostatectomy, evaluated urethral fibrosis in pre-opera-
tive magnetic resonance. The authors concluded that ure-
thral fibrosis may be a significant predictor of urinary
continence recovery. The incidence of continence in
patients with no or mild fibrosis was significantly higher
than that in patients with severe fibrosis in the same
period after surgery. Fibrotic tissues were usually char-
acterized by higher stiffness compared with healthy tis-
sues. These might be seen in elastography as areas of
increased cohesion. To differentiate fibrosis and hard
tense muscles, electromyography, magnetic resonance
imaging or histologic assessment should be performed in
subsequent studies.

In a study of 64 patients using pre-operative and
post-operative magnetic resonance imaging,
Paparel et al. (2009) found that membranous urethral
length before and after surgery and the change in this
length after surgery are related to urinary continence
recovery after prostatectomy. The authors also assessed
fibrosis and concluded that periurethral fibrosis, after a

90

80

stiffness (kPa)

20
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e Z1
Yes = 22

postprostatectomy rehabilitation s Z3

Fig. 8. Statistically significant differences in stiffness of urethral sphincter complex segments between patients with and
without postprostatectomy rehabilitation (p < 0.05). Z1 = proximal segment; Z2 = middle segment; Z3 = distal segment.
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(a)

(b)

Fig. 9. Distribution of the areas of stiffness >50 kPa in the
region of interest based on elastography images of patients
after postprostatectomy rehabilitation (a) and without rehabili-
tation (b). The yellow arrows indicate the areas that in most
patients corresponded to tissues with stiffness >50 kPa; in the
postprostatectomy rehabilitation group those areas were more
extensive than in the group without rehabilitation.

surgical procedure, might impede the recovery of conti-
nence. It may be related to a loss of elasticity of the
external sphincter, but on the other hand, continence was

(b)

Fig. 10. Distribution of the areas of stiffness >40 kPa in the

region of interest based on elastography images of patients

after postprostatectomy rehabilitation (a) and without rehabili-

tation (b). The yellow arrows indicate the areas that in most

patients corresponded to tissues with stiffness >40 kPa; these

areas are more extensive in the postprostatectomy rehabilita-
tion group than in the group without rehabilitation.

not significantly associated with the grade of post-opera-
tive fibrosis of the urethral wall. Leaving the membra-
nous urethra as long as possible and using methods that
allow better visualization of anatomic structures may
significantly improve urinary continence
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(Schlomm et al. 2011; Tunc et al. 2016). In our study, we
also considered the length of the USC after radical pros-
tatectomy and its effect on urinary continence. We found
no statistically significant difference between length of
the USC and degree of urinary incontinence. In our sub-
jective assessment, it may be owing to different degrees
of fullness of the bladder. Patients with a higher degree
of urinary incontinence had a less filled bladder, which
could affect assessment of the length of the urethra, lead-
ing to an overstatement of length. In a slightly filled
bladder, the neck of the bladder becomes narrow and it
is difficult to distinguish it from the urethra.

Kreutzkamp et al. (2017), in a study of 99
women, used strain elastography (using a vaginal
transducer) to assess pelvic floor biomechanics. The
authors found this method useful for evaluation of tis-
sue elasticity and pelvic floor biomechanics. Correla-
tion between urethral mobility and elasticity of the
para-urethral tissue was observed. On the other hand,
no correlation between urinary incontinence and ure-
thral elasticity was seen. In contrast, in our study, we
observed a correlation between USC stiffness and
postprostatectomy urinary continence.

Aljuraifani et al. (2018), in study of 10 healthy
women, supported the potential for use of ultrasound
SWE to study striated urogenital sphincter function
non-invasively, using a linear transducer placed on
the perineum. The authors reported that stiffness
increased within the anatomic region of the striated
urogenital sphincter during voluntary pelvic floor
muscle contractions. Its stiffness change has a pre-
dictable response to change in contraction intensity.
Moreover, it was concluded that the use of SWE
might be helpful in urethral sphincter evaluation,
especially to assess the effectiveness of pelvic floor
muscle rehabilitation.

Stafford et al. (2017), in a study on 10 men
using a linear transducer placed on the perineum,
noted a correlation of pelvic floor muscle (with the
expected location of the striated urethral sphincter)
stiffness, measured using SWE, with an increase in
perineal surface electromyographic activity, in other
words, stiffness amplitude related to general pelvic
floor muscle contraction intensity. The authors draw
attention to the potential of this examination in the
assessment of the effects of pelvic floor muscle reha-
bilitation. In contrast to both aforementioned studies,
in our study we evaluated passive stiffness of the
USC in postprostatectomy patients and we also used
a transrectal transducer. Furthermore, we revealed the
relationship between the stiffness of the USC and the
degree of urinary continence. In other words, the
elastography image of the USC and pelvic floor
muscles was related to its function (tension).

Volume 47, Number 7, 2021

Limitations

Both the technique used in our study and the inter-
pretation of TRUS elastography images are operator
dependent. Even though our study group was small and
heterogeneous (patients of different ages, different times
elapsed from surgery and different access to professional
rehabilitation), it is intended to be an introduction and an
attempt to direct further research using SWE in the diag-
nosis and evaluation of treatment effective in postprosta-
tectomy patients with urinary incontinence. The research
methodology and results described, as well as the
broader discussion of the topic, may be an important
starting point for other researchers.

CONCLUSIONS

We found that transrectal ultrasound with SWE is a
valuable method in evaluation of the USC. A relationship
between the stiffness of the USC and the degree of urinary
continence after radical prostatectomy and pelvic floor
muscle rehabilitation course completion was observed.
Future research based on a larger study group, in order to
assess SWE imaging properties of the USC, depending on
urinary incontinence and a completed pelvic floor muscle
rehabilitation course with function evaluation (urodynam-
ics, myography), is needed.
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Abstract

Aim: Peyronie’s disease (PD) or plastic induration of the penis, require complete evaluation of plaques in order to decide
the best therapeutic option for patient. The purpose of this study is to compare the findings of three-dimensional ultrasound
(3D US) and two-dimensional ultrasound (2D US) in patients with PD. Materials and methods: Twenty patients with PD
aged 30 to 72 years were included in study. The examination was performed with a 12 MHz linear probe, using 2D US and
3D US. Localization and size of plaques were determined and time needed for imagine acquisition was determined in every
case. Results: 3D ultrasound permits the visualization of the entire plaque in the coronal plane of plaque with its precise
measurements. No statistical difference in plaque dimensions and its surface area assessment using 3D US and 2D US was
found (127.72 mm? vs. 128.74 mm?, p>0.05). The possibility to perform detailed analysis of the acquired images using gener-
ated digital cube reduced the average duration of the acquisition to 69.8 seconds (median 64 seconds) for 3D US vs. 151.25
seconds (median 145.5 seconds) for 2D US (p<0.05). A supplementary plaque was detected using 3D US. Conclusions: 3D
US seems to be a valuable complement of 2D US for patients with PD. The acquisition time is significantly reduced using 3D
US comparing to 2D US and thus it is more comfortable for the patient.

Keywords: Peyronie’s disease; two-dimensional ultrasound; three-dimensional ultrasound

Introduction

Plastic induration of the penis (induratio penis plas-
tica) was described for the first time by de La Peyronie in
1743. This condition is characterized by the occurrence
of cicatrical and fibrous sclerotic areas within the tunica
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albuginea, septum or tissues of the cavernous body re-
sulting in a painful bend during erection, which impedes
sexual intercourse [1-3]. The induration develops slowly
into the form of plaque or hard “string” palpable in the
dorsal part of the penis and near the urethra. The epi-
demiological data on Peyronie’s disease (PD) are incon-
sistent. PD affects males of all ages, from teenagers to
elders. It was established that tunical mechanical stress
and microvascular trauma were major contributory fac-
tors to the pathophysiology of PD. The role of genetics as
a causative factor for PD is still unknown [4].
Evaluation of the plaque localization and size deter-
mines the therapeutic strategy and provides a basis for
determining progress in the course of medical treatment.
Imaging techniques used to evaluate the size of the plaque
were X-ray examinations, ultrasound (US) and magnetic
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resonance imaging (MRI) [5-7]. The US examination is
most cost-effective and most accessible of the mentioned
methods and thus seems to be an excellent diagnostic
modality [8]. It provides the opportunity to assess dis-
ease progress and response to treatment during follow up
in an outpatient clinic [9]. In addition, current US de-
vices permitted three-dimensional ultrasound (3D US)
images.

According to our knowledge, no data regarding 3D US
in PD have been published. For this reason, the purpose of
the study was to compare 3D US and 2D US findings in PD.

Materials and method

Patients

Twenty patients with PD were included in this pro-
spective study. The study was conducted between 2007-
2018 in the Department of General and Oncological
Urology, Collegium Medicum in Bydgoszcz, Nicolaus
Copernicus University in Torun. The average patient age
was 55.4 years (30-72, mediana 56.5 years). The diagno-
sis criteria for inclusion was a palpable plaque in the tu-
nica albuginea and acute symptoms of active disease, e.g.
pain. The angle of curvature in patients ranged from 15
to 35°. The exclusion criteria was prior treatment for PD.
The study was approved by the local Ethics Committee.
All patients gave their signature on the written informed
consent before joining the study.

Ultrasound examination

All US examinations were performed by one experi-
enced urologist using B&K Medical Pro Focus 2202 de-
vice with 12 MHz linear probe. The first step of evalua-
tion included a regular grey-scale US scan of the penis in
order to visualize PD plaque. Both axial and sagittal scans
were obtained with dimension assessment. In the second
step the 3D ultrasound images were obtained. The probe
was set transversely to the longer axis of the penis and it
was moved one time at the dorsal surface from the root of
the penis toward the glans with the 3D option on (fig 1).
During the probe movement, the device acquired single
US images (fig 2) which were encoded as voxels or “vol-
ume units” and processed into a 3D shape (cube) (fig 3).
After the examination, the obtained cube was processed
using computer software. The cavernous and spongy
bodies were evaluated, the plaque was identified, located
and measured (length, width and thickness). By rotat-
ing the cube in any direction, non-standard cross-section
views may be acquired. Thus, it was possible to obtain
a coronal view, apart from traditional axial and sagittal
views (fig 4). A detailed analysis of the images including
measurements of the plaque, evaluation of its location
and number of plaques were conducted on the obtained

3D cube. All patients were included in the conservative
treatment. The time necessary for 3D US acquisition
and 2D US examination were measured in every case.

Fig 1. 3D ultrasound acquisition process. (A, B) The probe was
set transversely to the longer axis of the penis and it was moved
once at the dorsal surface from the root of the penis toward the
glans with the 3D option on. (C) During the probe movement
the device acquires single ultrasound images and converts them
into a three-dimensional shape (cube)

a) | D)

Fig 2. 2D ultrasound a) axial (transverse) cross-section of the
penis. Visualization of cavernous bodies (A, B) and hyperecho-
genic plaque (arrow) above the right cavernous body; b) sagittal
(longitudinal) cross-section of the penis with hyperechogenic
plaque (arrow).

Fig 3. 3D ultrasound: visualization of the cube consisting of
voxels acquired after 2D image processing. This cube may be
rotated in any direction, the walls may be relocated and 3D im-
ages may be generated. It depicts transverse cross-section of the
penis with hyperechogenic plaque within the tunica albigunea
(front wall of the cube). Cavernous bodies (A,B) and hyper-
echogenic plaque (arrow)
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Statistical analysis

Nonparametric data are presented by mean or median
and range The Mann—Whitney U test was used to com-
pare 2D US and 3D US examinations. A p value <0.05
was chosen for statistical significance.

Results

No statistical difference in plaque dimensions and its
surface area assessment using 3D US and 2D US was
found (127.72 mm? vs. 128.74 mm?, p>0.05) (fig 5). The
possibility to perform detailed analysis of the acquired

Fig 5. 3D ultrasound: a) coronal cross-section that depicts the
entire plaque; b) visualization of the cube of voxels with cross-
section planes which may be relocated. This is the active part
of the image where the user may select cross-section plane il-
lustrated in a, b, ¢; ¢) axial cross section with axial view of the
plaque; d) sagittal cross-section, depicts the cavernous bodies
and the plaque above them.

\ A i ': e ; g‘i a‘--_.‘

Fig 4. 3D ultrasound. The cube made of voxels provides three-dimensional ultrasound image. In successive illustrations (a to e)
the cube is being rotated. The superior wall of the cube is relocated in order to visualize the whole plaque in coronal cross-section.
Visualization of the whole plaque allows the specialist to estimate the extent of lesion, which in turn facilitates the planning of the
surgical procedure. Cavernous bodies (A, B) and hyperechogenic plaque (arrows).

images using generated digital cube reduced the average
duration of the acquisition to 69.8 seconds (median 64
seconds) for 3D US vs. 151.25 seconds (median 145.5
seconds) for 2D US (p<0.05). One new plaque was iden-
tified during 3D image processing which was not rec-
ognized earlier using 2D US (fig 6). Seventeen patients
had a single plaque and three patients had two plaques.
Eighteen plaques were located in the dorsal part of the
cavernous body, three in the lateral part of the cavernous
body and two in the ventral part of the penis, near the
spongy body of the urethra. Two examinations had to be
repeated due to an error during the acquisition (the first

Fig 6. 3D ultrasound cube, transverse cross-section of the pe-
nis. Depicts one plaque in dorsal part of the cavernous bodies.
Another smaller plaque overlooked during prior 2D examina-
tion is visible in the ventral part of the left cavernous body.
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examination was repeated due to the patient’s sneezing
and the second due to the inappropriate movement of the
probe by the physician). Both errors were noted directly
on acquisition; therefore, the procedure was repeated im-
mediately, without the need to recall the patient.

Discussion

Visualization of the plaques permits the estimate of
the extent of the lesion, and the measurement of its size
and impact on penis behavior during erection. This infor-
mation is crucial for interventional treatment modalities
and planning the procedure itself.

The first imaging method of PD was an X-ray exami-
nation. For the penis examination a mammography-like
technique is used [10]. The effect depends on the amount
of calcification in the lesion, only the calcified lesions be-
ing visible. Moreover, lesions located proximally to the
root of the penis in some cases may be not visualized due
to impaired imaging by overlapping surrounding tissues.
The disadvantage of this method is the need to expose the
body to radiation in the vicinity of the testicles.

MRI, a non-radiant imaging technique, is an accurate
method for PD lesions assessment, especially for plan-
ning the surgery procedure, but is expensive and devices
are still not widely available [11,12]. MRI should be
considered especially in cases with suspicion of malig-
nant disease and prior penile surgery [13,14]. Calcified
plaques are better visualized with the use of US. Moreo-
ver, color Doppler US was proved to be superior to MRI
in evaluating vascular causes of erectile dysfunction [15].

US examination is a largely available and repeatable
imaging technique, reasonably cost and without radia-
tion exposure, being the method of choice in the initial
urological evaluation. Pioneering reports describing the
application of US in PD assessment were published in
1980 [16-18]. The major advantages as painless, free of
risk, easy to perform examination, yielding precise mor-
phologic images ideal for documentation and assessment
of the anatomic alterations, as well as the follow up, were
underlined [19]. Kumar et al showed that US was more
accurate than the clinical examination in the assessment
of the extent lesions. In 30% of patients included in his
study, US demonstrated that fibrotic plaques were in fact
more extensive than primarily described after palpation
[20].

In the last 40 years, the image quality was improved
due to development of higher frequency probes and US
devices equipped with additional properties as color Dop-
pler, power Doppler and elastography [21-24]. The most
commonly used method was 2D examination visualizing
the axial and sagittal view of the plaque. US provides

identification of small and non-palpable lesions and ena-
bles to assess the extent of fibrosis. All patients with erec-
tile dysfunction and penile rigidity, length loss, chronic
pain with erection should be suspected of PD manifested
with nonpalpable isolated septal scars [25]. Chung et al
showed, with 1120 patients, a strong correlation between
the plaque size and the development of erectile dysfunc-
tion. Moreover, authors concluded that large plaque size
is a strong predictor of surgical intervention [26]. The
association of vascular abnormalities with PD has been
proven. Kadioglu et al indicated that penile vascular
abnormalities could be observed in 76.5% of PD cases
with a tendency to increase to 87.5% among patients with
erectile dysfunction [27].

Devices with 3D software option allowed to visualize
the coronal view of the penis. This was a breakthrough,
which facilitated visualization of the whole plaque in its
actual size, shape and location. To our knowledge, it is
the first study that has used 3D US in the assessment of
plaques in PD. In addition, the US examination of penis
is quite an intimate procedure, so it is crucial to limit the
examination time to minimum. Our study showed that
3D US examination lasts for the patient only as long as
the data acquisition requires. All measurements, evalua-
tion of the quantity and size of plaques may be performed
after the image acquisition, similarly to computed to-
mography and MRI, without the patient’s participa-
tion. Furthermore, 3D US seems to be a great tool for
the evaluation of treatment outcomes. It allows to assess
the effect of treatment on the plaque size, echogenicity
and plaque shape. Imaging of the entire plaque gives a
unique opportunity to compare images during treatment.
3D ultrasound examination in those cases ceases to be a
subjective assessment, but becomes an objective exami-
nation that can be fully appraised in the future by another
physician during follow up, which is difficult in 2D ul-
trasound.

The limitations of the US technique are related to the
individual skills of the examiner, which affect the length
and quality of the 2D US and 3D US examinations. Each
case can vary in severity and may require a different ex-
amination time. Assessing the quality of examinations,
the attention should be paid to the appropriate speed for
the movement of the ultrasound probe along the exam-
ined tissue maintaining a constant direction and angle of
displacement. Even slight irregularities during the acqui-
sition process disturb the final image (cube) and make
impossible to assess the correct dimensions of plaque in
the coronal view. In our study, all examinations were per-
formed by one experienced 3D ultrasound urologist.

The limitations of the study are the lack of inter- and
intraobserver comparisons. Also, US results were not
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compared with other imaging technique, e.g. MRI. The
lack of follow-up makes it impossible to assess the value
of 3D US in treatment results assessment.

In our opinion a prospective study comparing the his-
tological, MRI and US with elastography and Doppler
findings should be performed to improve the knowledge
regarding the pathology of PD.

Conclusions

3D US seems to be a valuable complement of 2D US
for patients suffering from PD. The final evaluation of
disease using 3D US is performed after the acquisition
of images and does not require patient participation. It
reduces significantly the acquisition time and thus it is
more comfortable for the patient.

Conflict of interest: none
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5. Omadwienie cyklu spdjnych tematycznie publikacji
Pracanrl

Tyloch DJ, Tyloch JF, Adamowicz J, Juszczak K, Ostrowski A, Warsinski P, Wilamowski J,

Ludwikowska J, Drewa T.
,Elastography in prostate gland imaging and prostate cancer detection”

[,,Elastografia w obrazowaniu gruczotu krokowego oraz w rozpoznawaniu raka gruczotu

krokowego”]
Med Ultrason. 2018;20:515-23.
IF=1,674

Rak gruczotu krokowego jest najczesciej wystepujgcym nowotworem wsréd mezczyzn.
Wczesne rozpoznanie raka gruczotu krokowego opiera sie na podstawie badania palpacyjnego
gruczotu krokowego (per rectum), oceny poziomu swoistego antygenu sterczowego (PSA) oraz
na podstawie wieloparametrycznego rezonansu magnetycznego, ktéry w ostatnim czasie
zyskuje coraz wieksze znaczenie w diagnostyce raka gruczotu krokowego. Odchylenie
w przynajmniej jednym z powyzszych badan jest wskazaniem do biopsji gruczotu krokowego.
Ztotym standardem jest wykonywanie systemowej biopsji gruczotu krokowego, w czasie ktorej
pobiera sie 12 wycinkéw wedtug standardowego schematu tak, aby pobra¢ wycinki z mozliwie

kazdego obszaru gruczotu krokowego.

Rozwdj obrazowania gruczotu krokowego z wykorzystaniem wieloparametrycznego
rezonansu magnetycznego umozliwit precyzyjng lokalizacje zmian ogniskowych podejrzanych
o rozwdj choroby nowotworowej. Fuzja obrazu mpMRI z TRUS daje mozliwo$¢ wykonania
biopsji celowanej z miejsc podejrzanych o rozwdéj choroby nowotworowej. Postep techniki
obrazowania stat sie podstawg do wprowadzenia przez Europejskie Towarzystwo Urologiczne
(EAU) zalecen w zakresie wykonywania wieloparametrycznego rezonansu magnetycznego
gruczotu krokowego poczatkowo przed drugg biopsjg, a obecnie juz przed pierwszg. Fuzja
kognitywna oraz sprzetowa sg waznym elementem w procesie diagnostyki raka gruczotu
krokowego, natomiast wieloparametryczny rezonans magnetyczny jest obecnie

podstawowym badaniem obrazowym gruczotu krokowego w diagnostyce raka.
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Zmiany o wzmozonej spoistosci (guzki) gruczotu krokowego wyczuwalne w czasie
badania palpacyjnego interpretowane sg jako ogniska podejrzane o chorobe nowotworows.
Badanie palpacyjne ma jednak ograniczony zasieg w ocenie gruczotu krokowego jedynie do
strefy obwodowe] sgsiadujgcej bezposrednio z odbytnicg. Ograniczony zakres badania
palpacyjnego oraz niska czutos$¢ i swoistos¢ badania ultrasonograficznego transrektalnego
w skali szarosci w rozpoznawaniu ognisk nowotworowych staty sie bodzcem do poszukiwania
metod mogacych uwidoczni¢ zmiany o wzmozonej spoistosci (interpretowanych jako ogniska
podejrzane o nowotworowe) w obrebie catego gruczotu krokowego. Metodami obrazowania
ultrasonograficznego, ktére opisane zostaty jako zwiekszajgce czutosé i swoistos¢ badania
w rozpoznawaniu ognisk nowotworowych sg: badania przeptywu krwi w tkankach oceniane za
pomocg metody Dopplera oraz z uzyciem srodka kontrastowego. Potgczenie obrazu w skali
szarosci z kilkoma innymi funkcjami zyskato nazwe multiparametrycznego badania

ultrasonograficznego.

Elastografia to narzedzie, ktére daje mozliwos¢ ukazania na ekranie aparatu
ultrasonograficznego charakterystyki spoistosci badanych tkanek w formie mapy
elastograficznej kodowanej kolorem. Lokalizacja ognisk nowotworowych daje realng szanse
wptywu na proces diagnostyki raka gruczotu krokowego, w postaci mozliwosci wykonywania
biopsji celowanej na podstawie tak przygotowanej mapy. W pracy przeanalizowatem sze$¢
metaanaliz oceniajgcych warto$¢ elastografii w diagnostyce raka gruczotu krokowego.
Oceniajgc grupy wtaczonych pacjentéw oraz metody badan stwierdzitem istnienie
podstawowych réznic. Badania wykorzystujg rézne metody obrazowania elastograficznego tj.:
cze$é¢ badan wykorzystuje elastografie uciskowa, natomiast pozostate elastografie fali
poprzecznej (shear wave elastography). Zauwazy¢ mozna réwniez réznice w odniesieniu do
wyniku badania histopatologicznego. Cze$¢ prac ocenia czutos¢ i swoisto$é elastografii
odnoszac wynik badania elastograficznego do wyniku badania histopatologicznego biopsji
gruczotu krokowego (u pacjentéw poddanych biopsji gruczotu krokowego w procesie
diagnostyki w kierunku raka gruczotu krokowego). Pozostate badania odnoszg wynik badania
elastograficznego do wyniku badania histopatologicznego usunietego gruczotu krokowego,
ktéry oceniony zostat po zabiegu prostatektomii radykalnej u pacjentéw z rozpoznanym
wczesniej rakiem gruczotu krokowego. Biorgc pod uwage wigczone metaanalizy czutosc¢

i swoistos¢ elastografii gruczotu krokowego w rozpoznawaniu raka wynosi odpowiednio 0,26-
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0,927 oraz 0,17-0,95. Stwierdzitem, iz wnioski ptyngce z omdéwionych metaanaliz $wiadczg
o tym, ze obie metody obrazowania elastograficznego mogg poprawié rozpoznawanie raka
gruczotu krokowego dzieki wykonywaniu biopsji celowanej z obszaréw o wzmozonej
spoistosci. Ponadto wykorzystanie elastografii moze zmniejszy¢ liczbe niezbednych bioptatéw
uzyskiwanych w czasie biopsji koniecznych do rozpoznania raka gruczotu krokowego. Z drugiej
strony obecnie nie ma wystarczajagcych dowoddéw na mozliwos¢ rezygnacji z biopsji
systemowej wykonujac biopsje celowang. Kombinacja biopsji systemowej z celowang jest

w chwili obecnej najbardziej racjonalnym postepowaniem.

Biorgc pod uwage znaczng heterogennosé badan oraz subiektywnos¢ oceny samego
badania elastograficznego przez osobe wykonujacg, nalezy z ostroznoscig interpretowad
wyniki dotychczasowych badan. Standaryzacja prowadzenia badan oraz interpretacji wynikow
elastografii ultrasonograficznej moga poprawi¢ wyniki badan, a zatem jej czutos¢ i swoistosé
w rozpoznawaniu raka gruczotu krokowego. Waznym aspektem jest rowniez wyzsza czutos¢ i
swoisto$é elastografii w rozpoznawaniu zmian o wyzszym Gleason score. Takie wtasciwosci
wydajg sie byé szczegdlnie istotne w rozpoznawaniu raka gruczotu krokowego istotnego
klinicznie. Zmniejszenie rozpoznawania raka gruczotu krokowego bez znaczenia klinicznego
pozwolitoby na unikniecie wykonywania inwazyjnych procedur u pacjentéw, ktérzy nie
odniesliby znaczgcych korzysci z wtgczonego leczenia, a mieliby ryzyko wystgpienia istotnych

powiktan.

Biorgc pod uwage wysoka czutos¢ i swoistos¢ wieloparametrycznego rezonansu
magnetycznego w diagnostyce ognisk raka gruczotu krokowego, ktdre wptywajg na wysokga
jako$¢ biopsji celowanej z wykorzystaniem fuzji mpMRI z TRUS (ktéra obecnie jest standardem
postepowania w diagnostyce raka gruczotu krokowego), wydaje sie ze elastografia moze by¢

uzupetnieniem biopsji celowanej w kontekscie poprawy lokalizacji ognisk nowotworowych.
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Pracanr 2
Tyloch DJ, Tyloch JF, Adamowicz J, Drewa T.

»,Shear wave elastography in the evaluation of the urethral sphincter complex after radical

prostatectomy”

[“Elastografia shear wave w ocenie kompleksu zwieracza cewki moczowej u pacjentow po

prostatektomii radykalnej”]
Ultrasound Med Biol. 2021;47:1681-91.
IF=2,998

Prostatektomia radykalna jest leczeniem z wyboru pacjentéw z ograniczonym do
narzadu i lokalnie zaawansowanym rakiem gruczotu krokowego. Zabieg sktada sie z dwdch
czesci: usuniecia gruczotu krokowego oraz wytworzenia zespolenia pecherzowo-cewkowego.
Mimo coraz czesciej wykorzystywanych i doskonalonych minimalnie inwazyjnych technik,
powikfania pooperacyjne, takie jak nietrzymanie moczu oraz zaburzenia erekcji, sg wciaz
istotne. Prawidtowo funkcjonujacy zwieracz cewki moczowej jest kluczowym warunkiem
prawidtowego trzymania moczu po zabiegu prostatektomii radykalnej. Udowodniono, ze
istnieje zalezno$¢ miedzy dtugoscig miesnidwki zwieracza cewki moczowe] pozostajgcej po
zabiegu, a trzymaniem moczu. Wczesne wigczenie rehabilitacji mie$ni dna miednicy
bezposrednio po leczeniu operacyjnym przyspiesza powrdét trzymania moczu po

prostatektomii radykalnej, a tym samym wptywa na poprawe jakosci zycia.

Celem pracy byta ocena zwieracza cewki moczowej z wykorzystaniem elastografii fali

poprzecznej (shear wave elastography) u pacjentéw po prostatektomii radykalne;j.

Do badania wtgczono 33 pacjentéw w wieku od 53 do 78 lat od 8 tygodni do 38
miesiecy po prostatektomii radykalnej, w tym: 16 pacjentéw ukonczyto kurs pooperacyjnej
rehabilitacji miesni dna miednicy pod kontrolg fizjoterapeuty specjalizujgcego sie w
rehabilitacji pacjentéw z nietrzymaniem moczu, 17 pacjentdéw nie rozpoczeto kursu
rehabilitacji miesni dna miednicy. U kazdego pacjenta ocenione zostato trzymanie moczu
biorgc pod uwage skale: ICIQ-UI SF, test wktadkowy oraz subiektywng skale 0-10 trzymania
moczu. Wykorzystujgc witasng metodyke badania u kazdego pacjenta oceniono zwieracz cewki

moczowej i miesnie dna miednicy wykorzystujac elastografie fali poprzecznej (shear wave
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elastography) oraz oceniono dtugos¢ kompleksu zwieracza cewki moczowej (w badaniu uzyto
sondy SE12-3 z aparatem Aixplorer Ultimate firmy Supersonic Imagine). U kazdego pacjenta
wiaczonego do badania wykonano badanie ultrasonograficzne transrektalne w pozycji na
lewym boku z nogami przygietymi do brzucha. Spoistos¢ zwieracza cewki moczowej zostata
oceniona w przekroju podtuznym biorgc pod uwage trzy segmenty: proksymalny (sgsiadujgcy
z szyjg pecherza moczowego), srodkowy oraz dystalny (przechodzacy w czes¢ gagbczastg cewki
moczowej). Mapy elastograficzne uzyskane w czasie badania zostaty natozone na siebie bioragc
pod uwage wartosci odciecia 240kPa oraz >50 kPa uzyskujgc rozktad tkanek kompleksu
zwieracza oraz tkanek otaczajgcych o danej spoistosci. Wykorzystujgc wspoétczynnik korelacji
Spearmana, test Mann-Whitney U oraz Kruskal-Wallis test dokonano analizy statystycznej

badanej grupy pacjentéw.

W badanej grupie srednia dtugo$¢ kompleksu zwieracza cewki moczowej wynosita 1,28
cm (od 0,75cm do 1,9 cm). Srednia spoistoé¢ poszczegdinych odcinkéw kompleksu zwieracza
cewki moczowej wynosita: 48,79kPa czesci proksymalnej, 51,18 kPa czesci srodkowej oraz
55,94 kPa czesci dystalnej. Biorgc pod uwage natozone mapy elastograficzne obszaréow
0 spoistosci > 50kPa mozna stwierdzi¢ liniowy rozktad obszaréw od zwieracza zewnetrznego
odbytu do dystalnego segmentu kompleksu zwieracza cewki moczowej pokrywajacy sie
z potozeniem miesni dna miednicy. Tkanki o spoistosci > 40 kPa obejmujg obszar o szerszej
powierzchni, w tym miesnie dna miednicy oraz catg diugos¢ kompleksu zwieracza cewki

moczowej.

Oceniajgc trzymanie moczu po prostatektomii radykalnej srednie wartosci uzyskane
u badanych pacjentéw wynosity: 2,45 wktadki/dziennie, 6,33 na podstawie subiektywnej skali
(0-10) oraz 9,39 na podstawie skali ICIQ-Ul SF. W badanej grupie stwierdzono poprawe
trzymania moczu (na podstawie wszystkich powyzszych skal) w stosunku do czasu, ktéry
uptynat od zabiegu operacyjnego. Ukonczenie kursu rehabilitacji miesni dna miednicy miato
znaczacy statystycznie efekt na trzymanie moczu w poréwnaniu do grupy, ktéra nie rozpoczeta
rehabilitacji miesni dna miednicy (opierajac sie na skali ICIQ-UI SF, subiektywnej skali 0-10 oraz
ilosci zuzytych wktadek w ciggu doby). Oceniajgc Srednig spoistos¢ kompleksu zwieracza cewki
moczowej stwierdzono, ze jego wartos¢ koreluje z lepszym trzymaniem moczu: mniejsza
iloscig zuzywanych wktadek w ciggu doby, lepszym trzymaniem moczu na podstawie skali

subiektywnej 0-10 oraz ICIQ-Ul SF. W badaniu stwierdzono réwniez, ze twardos¢ tkanek
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pojedynczych segmentéw kompleksu zwieracza cewki moczowej byta znaczgco wyzsza
w grupie pacjentow, ktorzy ukoniczyli kurs rehabilitacji po prostatektomii radykalnej
w porownaniu do pacjentéw, ktdrzy nie rozpoczeli rehabilitacji miesni dna miednicy. Biorgc
pod uwage pojedyncze segmenty zauwazono statystycznie istotng korelacje miedzy
twardoscig wszystkich segmentow z oceng trzymania moczu na postawie skali ICIQ-UI SF.
Natomiast biorgc pod uwage liczbe wktadek zuzywanych na dobe oraz subiektywng ocene w
skali 0-10 stwierdzono korelacje z twardoscig jedynie segmentu srodkowego i dystalnego.
Grupa pacjentéw, ktdra ukonczyta kurs rehabilitacji miesni dna miednicy charakteryzowata sie

widoczng szerszg dystrybucjg obszarow o twardosci > 50 kPa oraz > 40 kPa.

W badaniu stwierdzono, ze elastografia fali poprzecznej (shear wave elastography) jest
wartosciowg metody obrazowania kompleksu zwieracza cewki moczowej u pacjentéw po
prostatektomii radykalnej. Zaobserwowano zaleznos$¢ statystyczng spoistosci tkanek
kompleksu zwieracza cewki moczowej w stosunku do trzymania moczu oraz przebytego kursu
rehabilitacji miesni dna miednicy. Praca moze wyznacza¢ nowe kierunki przysztych badan nad
powigzaniem spoisto$ci kompleksu zwieracza cewki moczowej, a jego funkcjg

z wykorzystaniem badan dodatkowych takich jak urodynamika oraz miografia.
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Praca nr 3

Tyloch JF, Tyloch DJ, Adamowicz J, Warsinski P, Ostrowski A, Nowikiewicz M, Drewa T.
,Application of three-dimensional ultrasonography (3D ultrasound) to pretreatment

evaluation of plastic induration of the penis (Peyronie’s disease).

[“Zastosowanie trojwymiarowej ultrasonografii do oceny stwardnienia plastycznego pracia

(choroba Peyroniego)”]
Med Ultrason. 2020;22:159-63.
IF=1,611

Stwardnienie plastyczne pracia jest chorobg pierwszy raz opisang przez francuskiego
chirurga de La Peyroniego w 1743 roku, charakteryzujgca sie powstawaniem w obrebie ostonki
biatawej pracia twardych tgcznotkankowych ptytek. Choroba ta dotyka osoby w kazdym wieku
i prowadzi do skrzywienia pracia. Jako przyczyne powstawania zwtdknienia btony biatawej
upatruje sie uszkodzenia mechaniczne oraz zaburzenia mikrokrazenia. Narzedziami, ktdre
umozliwiajg zobrazowanie zwitdkniatych ptytek s3: zdjecie RTG, ultrasonografia oraz rezonans

magnetyczny.

Celem badania byto poréwnanie obrazowania ultrasonograficznego tréjwymiarowego

(3D USG) z obrazowaniem dwuwymiarowym (2D USG).

Do badania wtgczono 20 pacjentéw w wieku 30-72 lat z wyczuwalng w badaniu
palpacyjnym zwtdkniatg ptytkg oraz z objawami aktywnej choroby —tj.: bél w czasie wzwodu.
Skrzywienie pracia u pacjentow wtgczonych do badania wynosito od 15 do 35 stopni. Z badania
wyfaczono pacjentow, ktorzy wczesniej mieli juz wiaczone leczenie z powodu choroby
Peyroniego. U kazdego pacjenta wykonano badanie 2D USG oraz 3D USG wykorzystujgc sonde
liniowg ultrasonograficzng o czestotliwosci 12MHz. Badanie ultrasonograficzne
dwuwymiarowe wykonane zostato w dwéch przekrojach (podtuznym oraz poprzecznym) w
celu oceny ptytki tgcznie z uzyskaniem jej wymiarow. W kolejnym etapie wykonano badanie
ultrasonograficzne tréjwymiarowe (3D USG). Badanie to sktada sie z akwizycji obrazow
dwuwymiarowych rejestrowanych przez sonde liniowg, w czasie kiedy jest ona przesuwana
wzdtuz grzbietowej powierzchni pracia od podstawy do zotedzi. Piksele zapisanych obrazéw

zostaty nastepnie przeksztatcone w tréjwymiarowe szeSciany (voxele). Zapisane
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tréjwymiarowe obrazy zostaty poddane analizie bez udziatu pacjenta. Uzyskujac
niestandardowe przekroje ptytek oceniono ich ksztatt oraz wymiary. W czasie poszczegdlnych
badan mierzony byt czas potrzebny do wykonania obrazowania 2D USG oraz czas akwizycji
badania 3D USG. W celu poréwnania statystycznego dwdéch metod obrazowania wykorzystano

Mann-Whitney U test.

W badaniu udowodniono, ze wymiary uzyskane w czasie badania 2D USG oraz 3D USG
nie réznig sie statystycznie. Akwizycja badania 3D USG byta statystycznie krdtsza i trwata
srednio 69,8 sekund w poréwnaniu do badania 2D USG, ktére trwato $rednio 151,25 sekund
(p<0,05). Badanie ultrasonograficzne tréjwymiarowe umozliwito uzyskanie przekroju
czotowego ptytek, co byto niemozliwe do uzyskania wykonujgc badanie dwuwymiarowe. W
badanej grupie pacjentéw badanie ultrasonograficzne tréjwymiarowe dato mozliwosc
uwidocznienia jednej dodatkowej ptytki, ktora nie byta wczesniej wyczuwalna palpacyjnie oraz
nie zostata uwidoczniona w czasie badania 2D USG. Dwa badania ultrasonograficzne
tréjwymiarowe musiaty by¢ powtdrzone ze wzgledu na btad w czasie akwizycji. Jeden wynikat
z powodu poruszenia sie pacjenta, drugi ze wzgledu na niewfasciwe przesuwanie sondy w

czasie badania przez osobe badajaca.

Badanie ultrasonograficzne tréjwymiarowe jest bardziej efektywnym sposobem
obrazowania w poréwnaniu do badania ultrasonograficznego dwuwymiarowego u pacjentow
z chorobg Peyroniego. Krotszy czas akwizycji 3D USG w pordwnaniu do badania 2D USG skraca
czas ktopotliwego i niekomfortowego badania dla pacjenta. Analiza zapisanego obrazu
tréjwymiarowego daje mozliwo$é oceny badanego obszaru w dowolnych przekrojach, bez
obecnosci pacjenta, co nie jest mozliwe wykonujgc jedynie obrazowanie dwuwymiarowe.
Pozwala to na lepsze poréwnanie zmian zachodzgcych w badanym obszarze w procesie
kontroli czy leczenia. Interpretujgc wyniki badania nalezy zauwazy¢ jednak, ze doswiadczenie
osoby wykonujacej ultrasonograficzng akwizycje tréjwymiarowa jest niezbedne do otrzymania

obrazéw dobrej jakosci.
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6. Podsumowanie

W pracach przedstawiono zastosowanie dwdch zaawansowanych technik badania

ultrasonograficznego tj.: elastografie i ultrasonografie tréjwymiarows.

Elastografie wykorzystano do diagnostyki raka gruczotu krokowego oraz do oceny
stanu zwieracza cewki moczowej po usunieciu gruczotu krokowego z powodu raka gruczotu
krokowego. Elastografia zwieksza czuto$¢ i swoistos¢ detekcji zmian nowotworowych

w obrebie gruczotu krokowego, co w istotny sposdb wptywa na wyniki biopsji stercza.

Ocena elastograficzna zwieracza cewki moczowej po prostatektomii radykalnej

pozwala na prognozowanie trzymania moczu u pacjentdéw po zabiegu.

Druga z zaawansowanych metod — ultrasonografia trojwymiarowa (badanie z wolnej
reki) umozliwia uwidocznienie zmian w obrebie btony biatawe] pracia w sposéb do tej pory

nieopisany.
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7. Whioski

Elastografia gruczotu krokowego jest obiecujgcg metodg obrazowania ognisk
podejrzanych o rozrost nowotworowy w obrebie gruczotu krokowego.

Stosowanie biopsji celowanej na podstawie mapy elastograficznej moze poprawic
skutecznos¢ biopsji gruczotu krokowego w rozpoznawaniu raka gruczotu krokowego,
a w konsekwencji zmniejszyc¢ ilos¢ potrzebnych wycinkéw do postawienia rozpoznania.
Obecnie nie posiadamy wystarczajgcych danych, aby méc wykonywaé jedynie biopsje
celowang rezygnujac z biopsji systemowej. Konieczne jest przeprowadzenie wiekszej
liczby dobrze zaprojektowanych badan, ktére mogtyby da¢ odpowiedz czy biopsja
celowana z wykorzystaniem elastografii jest wystarczajgca lub czy powinna by¢
uzupetnieniem biopsji fuzyjnej mpMRI z TRUS.

Elastografia shear wave jest wartoSciowg metodg w ocenie kompleksu zwieracza cewki
moczowej. Spoistos¢ tkanek kompleksu zwieracza cewki moczowej koreluje ze
stopniem trzymania moczu u pacjentéw po prostatektomii radykalnej oraz jest wyzsza
w grupie, ktdora ukoniczyta kurs rehabilitacji miesni dna miednicy.

Ultrasonografia tréjwymiarowa umozliwia ocene ptytek w btonie biatawej ciat
jamistych pracia u pacjentéw z chorobg Peyroniego w wielu ptaszczyznach, co jest
niemozliwe wykorzystujgc ultrasonografie dwuwymiarowa.

Zapisanie obrazu tréjwymiarowego umozliwia jego ocene w wielu przekrojach bez
obecnosci pacjenta w przeciwienstwie do badania dwuwymiarowego.

Akwizycja obrazu tréjwymiarowego zajmuje mniej czasu w poréwnaniu do badania
dwuwymiarowego - skraca to czas wstydliwego i niekomfortowego dla pacjenta

badania pracia.
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8. Streszczenie

Ultrasonografia to nieinwazyjna metoda obrazowania narzgddéw i tkanek stosowana w
medycynie od lat 50. XX wieku. Klasyczne badanie w skali szaro$ci zostato z czasem
uzupetnione o zaawansowane metody obrazowania, takie jak: badanie ultrasonograficzne z
wykorzystaniem zjawiska Dopplera (do oceny przeptywu naczyniowego), elastografia (do
oceny spoistosci tkanek), obrazowanie z uzyciem Srodkéw kontrastowych (do oceny
przeptywu naczyniowego i ukrwienia tkanek), a takze tréjwymiarowa ultrasonografia (3D
USG), ktéra zapisuje obraz 3D podczas jego akwizycji i umozliwia pdZniejszg analize obrazu na

ekranie aparatu ultrasonograficznego juz bez obecnosci pacjenta.
Celem pracy doktorskiej sa:

e QOcena przydatnosci elastografii ultrasonograficznej w celu zwiekszenia czutosci i
swoistosci obrazowania ognisk raka gruczotu krokowego.

e Ocena przydatnosci elastografii fali poprzecznej (SWE) w badaniu kompleksu zwieracza
cewki moczowej jako wartosci prognostycznej trzymania moczu u pacjentéw po
prostatektomii radykalne;.

e QOcena przydatnosci ultrasonografii trojwymiarowej (3D USG) w diagnostyce choroby

Peyroniego i jej poréwnanie z ultrasonografig dwuwymiarowg (2D USG).

Realizujgc pierwszy cel pracy na podstawie dostepnych publikacji przeanalizowano
zalety elastografii w badaniu ultrasonograficznym transrektalnym gruczotu krokowego w
diagnostyce raka. W drugim badaniu sztywnos¢ kompleksu zwieracza cewki moczowej zostata
oceniona za pomocg elastografii fali poprzecznej, a nastepnie korelowana z nasileniem
nietrzymania moczu po prostatektomii radykalnej. W trzecim badaniu wyniki badania
ultrasonograficznego tréjwymiarowego (3D USG) pordéwnano z wynikami badania

dwuwymiarowego (2D USG) u pacjentow z chorobg Peyroniego.

Na podstawie przeanalizowanych wynikdw badan stwierdzono, ze elastografia
ultrasonograficzna moze poprawi¢ diagnostyke raka prostaty poprzez wykonanie biopsji
celowanej z obszaréw o zwiekszonej spoistosci, co moze zmniejszy¢ liczbe bioptatéw
potrzebnych do zdiagnozowania raka prostaty. W drugim badaniu analiza statystyczna

wykazata, ze wyzsza od przecietnej spoistos¢ kompleksu zwieracza cewki moczowej koreluje z
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lepszym trzymaniem moczu. Grupa poddana rehabilitacji miesni dna miednicy po
prostatektomii radykalnej miata statystycznie istotnie wiekszg spoistosé kompleksu zwieracza
cewki moczowej w pordwnaniu z grupg bez rehabilitacji. W trzecim badaniu ultrasonografia
3D umozliwita wizualizacje catej zwitdkniatej ptytki w ptaszczyinie czotowej, ukazujac jej
doktadny rozmiar i ksztatt. Mozliwos¢ wykonania szczegétowej analizy pozyskanych obrazéow
za pomocg wygenerowanego cyfrowego szescianu skrécita $redni czas akwizycji. Krétszy czas
akwizycji 3D USG w pordwnaniu z badaniem 2D USG skraca czas ucigzliwego i nieprzyjemnego

dla pacjenta badania.

Badania wykazaty, ze elastografia jest cenng metodg w diagnostyce raka prostaty,
umozliwiajgc tym samym biopsje celowang. Elastografia fali poprzecznej jest cenng metoda
oceny kompleksu zwieracza cewki moczowej po prostatektomii radykalnej. 3D USG wydaje sie
by¢ cennym uzupetnieniem 2D USG w diagnostyce choroby Peyroniego, poniewaz umozliwia

ocene ksztattu zwtdkniatej ptytki w ptaszczyznie czotowej i oferuje krotszy czas akwizycji.
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9. Summary of PhD thesis: “The use of advanced techniques of ultrasound

examination in the diagnosis of some urological diseases”

Ultrasonography is a non-invasive method of imaging organs and tissues. It has been
used in medicine since 1950s. The classic grayscale examination has, over time, been
supplemented with advanced imaging methods such as: ultrasound examinations utilizing the
Doppler effect (for the assessment of vascular flow), elastography (for the assessment of
tissue stiffness), imaging with the use of contrast agents (for the assessment of vascular flow
and tissue blood supply) and also three-dimensional ultrasound (3D USG) imaging which saves
a 3D images during its acquisition and which enables later analysis on the screen and does not

required the patient’s presence.
The aim of my dissertation was:

- firstly, to evaluate the use of ultrasound elastography to increase the sensitivity and
specificity of imaging of prostate cancer foci (the review article),

- secondly, to evaluate the use of shear wave elastography (SWE) in the study of the urethral
sphincter complex as a prognostic value of urinary incontinence in patients after radical
prostatectomy (the original article),

- thirdly, to assess the use of three-dimensional ultrasound (3D USG) in the diagnosis of
Peyronie's disease including its comparison with two-dimensional ultrasound (2D USG) (the

original article).

In the first study, the advantages of transrectal elastography were analyzed in the
diagnosis of prostate cancer based on available publications. In the second study, the stiffness
of the urethral sphincter complex using shear wave elastography was evaluated and
correlated with the severity of urinary incontinence after radical prostatectomy. In the third
study, the findings of three-dimensional ultrasound (3D USG) were compared with the two-

dimensional ultrasound (2D USG) findings in patients with Peyronie’s disease.

The ultrasound elastography can improve the diagnosis of prostate cancer by
performing targeted biopsy from areas of increased stiffness. Moreover, it can reduce the
number of biopsy cores needed to diagnose prostate cancer. In the second study, statistical
analysis revealed that higher than average urethral sphincter complex stiffness correlates with
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a better urinary continence. The group which underwent the post-prostatectomy pelvic floor
muscle rehabilitation had statistically significant higher stiffness of the urethral sphincter
complex compared with the group without rehabilitation. In the third study, the 3D ultrasound
enabled the visualization of the entire plaque in the coronal plane of plaque showing its
precise size and shape. The opportunity to perform a detailed analysis of the acquired images
using a generated digital cube reduced the average duration of the acquisition. Shorter time
of 3D USG acquisition when compared with 2D USG examination reduces the time of

troublesome and uncomfortable examination for the patient.

The studies have showed that elastography is a valuable method in the diagnosis of
the prostate cancer, thus enabling targeted biopsy. The shear wave elastography is a valuable
method in the evaluation of the urethral sphincter complex after prostatectomy. The 3D USG
seems to be a valuable complement to 2D USG for patients with Peyronie’s disease because
it enables the assessment of the shape of the plaque in the coronal plane and offers shorter

time of acquisition.
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszezy
KOMISJA BIOETYCZNA
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 44/2018 Bydgoszcez, 16.01.2018 r.

Dzialajac na podstawie art.29 Ustawy z dnia 5 grudnia 1996 roku o zawodzic lekarza (Dz.U. z 1997 r. Nr
28 poz. 152 (wraz z pézniejszymi zmianami), zarzadzenia Ministra Zdrowia i Opieki Spotecznej z dnia 11 maja
1999 r. w sprawie szczegotowych zasad powolywania i finansowania oraz trybu dziatania komisji bioetycznych
(Dz.U.Nr 47 poz.480) oraz Zarzadzeniem Nr 21 Rektora UMK z dnia 4 marca 2009 r. 7 pozn. zm. w sprawie
powolania oraz zasad dzialania Komisji Bioetycznej Uniwersytetu Mikolaja Kopernika w Toruniu przy
Collegium Medicum im Ludwika Rydygicra w Bydgoszczy oraz zgodnie z zasadami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszczy

(sklad podano w zalaczeniu), na posiedzeniu w dniu 16.01.2018 r. przeanalizowala wniosck.
ktory zlozyt kierownik badania:

lek. med. Dominik Tyloch
Klinika Urologii Ogoélnej i Onkologicznej
Szpital Uniwersytecki nr 1 w Bydgoszczy

z zespolem w skladzie:
- dr n. med. Jan Adamowicz, dr n. med. Janusz Tyloch, lek. med. Dominik Tyloch,

w sprawic badania:

»Ocena zespolenia pecherzowo-cewkowego u pacjentéw po  prostatektomii
z wykorzystaniem elastografii.”

Po zapoznaniu si¢ ze zlozonym wnioskiem i w wyniku przeprowadzonej dyskusji oraz glosowania
Komisja podjeta
Uchwale¢ o pozytywnym zaopiniowaniu wniosku

w sprawie przeprowadzenia badan, w zakresie okreslonym we wniosku pod warunkiem:
f ) f

* poinformowania uczestnikow badania o celu oraz zakresie badan i uzyskania od kazdego z nich osobnej.
pisemnej, swiadomej zgody na udzial w badaniu, zgodnie z obowiazujacymi przepisami, datowang]
najpozniej na moment rozpoczgcia badania a nie weze$niej niz data uzyskania z Komisji Bioetycznej zgody
na takie badanie:

* zachowania tajemnicy wszystkich danych, w tym danych osobowych pacjentow, umozliwiajacych ich
identyfikacje w ewentualnych publikacjach;

* zapewnienia, ze osoby uczestniczace w eksperymencie badawczym nie sa ubezwlasnowolnione. nic sa
zolnierzami sluzby zasadniczej, nie sa osobami pozbawionymi wolnosci, nic pozostaja w zaleznosci
stuzbowej, dydaktycznej lub innej z prowadzacym badanie;

* sugerujemy uzyskanie podpisu uczestnika badania pod informacja o badaniu, lub sporzadzenie formularza
informacji i $wiadomej zgody na udzial w badaniu na jednej kartce.

Jednoczesnie informujemy, iz ,,Zgoda na udziat w badaniu™ winna zawiera¢ m.in.: imie i nazwisko badanc]

osoby: Nr historii choroby pacjenta (L.ks.gl. Oddziatu/Poradni) oraz date i podpis badanej osoby, a takze




2
klauzule, ze uczestnik badania wyraza zgode na przetwarzanie danych osobowych dotyczacych realizacji tematu

badawczego, z wyjatkiem publikacji danych osobowych.

Kierownik badania zobowigzany jest do przechowywania wszystkich dokumentow dotyczacych badania przez

okres dwudziestu lat.

Zgoda obowiqzuje od daty posiedzenia (16.01.2018 r.) do korica 2020 r.

Wydana opinia dotyezy tylko rozpatrywanego wniosku z wwz, lednieniem przedstawionego projektu;
kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii. Wnioskodawca zobowigzany jest do
informowania o wszelkich poprawkach, ktére moglyby mieé¢ wplyw na pinie Komisji oraz poinformowania o
zakonczeniu badania.

Od niniejszej uchwaly podmiot zamierzajqcy przeprowadzié ek: reryment medvezny, kierownik zakladu
opieki zdrowotnej, w ktdrej eksperyment medyczny ma byé przepron adzony, mogqg wnies¢ odwolanie do
QOdwolawcezej Komisji Bioetycznej przy Ministrze Zdrowia, za posrednictwem Komisji Bioetycznej przy
Collegium Medicum im. L. Rydygiera w Bydgoszczy, w terminie 14 dni od daty otrzyvmania niniejszej Uchwaly..

Prof, dr hab. med| Karol Sliwka

Przewo

iczacy Komisji Bioetycznej

Otrzymuje:

lek. med. Dominik Tyloch,

Klinika Urologii Ogélnej i Onkologicznej
Szpital Uniwersytecki nr 1 w Bydgoszczy
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Uniwersytet Mikolaja Kopernika w Toruniu D /(gA "IN Z/

Collegium Medicum im L. Rydygiera w Bydgoszczpy R
KOMISJA BIOETYCZNA :
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax 052) 585-

KB 217/2019 Bydgoszcz, 26.02.2019 .

Dziatajac na podstawie art.29 Ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz.U. z 1997 r. Nr
28 poz. 152 (wraz z pézniejszymi zmianami), zarzadzenia Ministra Zdrowia i Opieki Spotecznej z dnia 11 maja
1999 r. w sprawie szczegdtowych zasad powotywania i finansowania oraz trybu dzialania komisji bioetycznych
(Dz.U.Nr 47 poz.480) oraz Zarzadzeniem Nr 21 Rektora UMK z dnia 4 marca 2009 r. z pézn. zm. w sprawie
powolania oraz zasad dziatania Komisji Bioetycznej Uniwersytetu Mikotaja Kopernika w Toruniu przy
Collegium Medicum im Ludwika Rydygiera w Bydgoszczy oraz zgodnie z zasadami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszczy

(sktad podano w zalaczeniu), na posiedzeniu w dniu 26.02.2019 r. przeanalizowala whniosek,
ktory ztozyt kierownik badania:

dr n. med. Janusz Tyloch
Klinika Urologii Ogélne;j i Onkologicznej
Szpital Uniwersytecki nr 1 w Bydgoszczy

z zespotem w skiadzie

- dr n. med. Jan Adamowicz, dr n. med. Janusz Tyloch, lek. med. Dominik Tyloch,

W sprawie badania:

» Wykorzystanie ultrasonografu trojwymiarowej (3D USG) do oceny pacjentow
z chorobg Peyronie ( badanie retrospektywne ).” '

Po zapoznaniu si¢ ze ztozonym wnioskiem i w wyniku przeprowadzonej dyskusji oraz glosowania
Komisja podjeta:

Uchwalg o pozytywnym zaopiniowaniu wniosku

W sprawie przeprowadzenia badan w zakresie okreslonym we wniosku pod warunkiem uzyskania zgody 0s6b
badanych na przetwarzanie danych osobowych w celach naukowych, a w przypadku barku takiej zgody,
analizowania jedynie danych zanonimizowanych, pozbawionych danych personalnych (zgodnie z RODO).
Zgoda obejmuje tylko dane z dokumentacji pacjentéw z okresu od 01.01.2000 r. do 31.01.2019 r.

Zgoda obowiqzuje od daty posiedzenia (26.02.2019 r.) do korica 2019 r.

Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego projektu;
kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii

( yﬁ Prof. dr hab. med.\Karol $liwka
~ |

S Przewodniczacy Komisji Bioetycznej

Otrzymuje:

dr n. med. Janusz Tyloch

Klinika Urologii Ogélnej i Onkologicznej
Szpital Uniwersytecki nr 1 w Bydgoszczy
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