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2. Wykaz stosowanych skrétow
adjVBFI — adjusted Vascular Bed Filling Index (skorygowany wskaznik wypetnienia tozyska
naczyniowego)
aVBFI — adjusted Vascular Bed Filling Index (wskaznik napetnienia fozyska naczyniowego
uwzgledniajacy utrate krwi i czas operaciji)
BMI — Body Mass Index (wskaznik masy ciata)
CD - Clavien—Dindo (skala klasyfikacji powiktarn pooperacyjnych)
CEJU — Central European Journal of Urology
cT — clinical Tumor stage (kliniczne zaawansowanie guza)
EAU — European Association of Urology (Europejskie Towarzystwo Urologiczne)
ERAS — Enhanced Recovery After Surgery (protokét przyspieszonego powrotu do zdrowia po
zabiegu)
GDFT — Goal-Directed Fluid Therapy (ptynoterapia celowana)
IC —ileal conduit (odprowadzenie moczu metodg wstawki jelitowej)
IF — Impact Factor (wspdtczynnik wptywu)
KKCz — koncentrat krwinek czerwonych
MIBC — Muscle-Invasive Bladder Cancer (rak pecherza moczowego naciekajgcy miesniowke)
MEIN — Ministerstwo Edukacji i Nauki
NMIBC — Non—Muscle-Invasive Bladder Cancer (rak pecherza moczowego nienaciekajgcy
miesniowki)
OIT — Oddziat Intensywnej Terapii
PSM — Propensity Score Matching (dopasowanie wynikdw na podstawie sktonnosci)
RC — Radical Cystectomy (cystektomia radykalna)
RT — Radiotherapy (radioterapia)
SC — Simple Cystectomy (cystektomia prosta)
TPN — Total Parenteral Nutrition (catkowite zywienie pozajelitowe)
UCS — ureterocutaneostomy (ureterokutanostomia)
VBFI — Vascular Bed Filling Index (wskaznik wypetnienia tozyska naczyniowego)

WI Urol — World Journal of Urology



3. Streszczenie w jezyku polskim

Radykalna cystektomia pozostaje ztotym standardem leczenia raka pecherza
moczowego naciekajgcego btone miesniowa oraz wybranych przypadkéw raka
nienaciekajacego. Mimo postepdéw w technikach chirurgicznych i wdrozenia protokotow
okotozabiegowych, zabieg ten nadal charakteryzuje sie wysokim odsetkiem powiktan,
dochodzacym do 42% dla powiktan ciezkich wedtug klasyfikacji Clavien-Dindo. Jednym z
najwazniejszych, a jednoczesnie modyfikowalnych elementdéw opieki okotooperacyjnej jest
strategia ptynoterapii, ktéra moze wptywaé zaréwno na hemodynamike srodoperacyjna, jak i
na wystepowanie powiktan pooperacyjnych. Réwnoczesnie istotnym problemem klinicznym
sq przypadki wymagajace usuniecia pecherza moczowego po przebytym napromienianiu w
obrebie miednicy. U tej grupy obserwuje sie istotne zaburzenia gojenia tkanek i uszkodzenia
popromienne, co zwieksza ryzyko powiktan pooperacyjnych. Ponadto u czesci chorych z
powodu ciezkiej dysfunkcji pecherza moczowego i/lub obecnosci przetok pecherzowych
konieczne jest wykonanie cystektomii prostej. Dotychczasowa literatura dotyczgca tego
zagadnienia jest ograniczona, a brak badan poréwnawczych utrudnia ocene rzeczywistego
ryzyka chirurgicznego w tej grupie chorych.

Dlatego tez celem niniejszej rozprawy byfa ocena wptywu strategii ptynoterapii i
napetnienia tozyska naczyniowego na ryzyko powiktan po cystektomii radykalnej u pacjentow
z rakiem pecherza moczowego oraz analiza strategii ptynoterapii opisanych w literaturze.
Ponadto oceniono wptyw radioterapii na powiktania pooperacyjne w grupie pacjentow
poddanych cystektomii proste;j.

Realizacje celu przeprowadzono poprzez cykl 3 publikacji stanowigcych trzon
rozprawy. W badaniu pierwszym oceniono zalezno$¢ miedzy podazg ptynow, wskaznikami
hemodynamicznymi VBFI i aVBFI, odprowadzeniem moczu a powiktaniami po cystektomii
radykalnej u 288 chorych, wykazujac wiekszg wartos¢ predykcyjng parametrow
hemodynamicznych niz facznej objetosci przetoczonych ptynédw. W publikacji nr 2 dokonano
systematycznego przegladu literatury obejmujacego 17 badan analizujgcych wptyw strategii
ptynoterapii na wyniki okotooperacyjne, wskazujgc na korzysci ptynoterapii restrykcyjnej
wspomaganej wazopresorami oraz czesciowg skutecznos¢ terapii celowanej (GDFT).
Publikacja nr 3 obejmowata analize dwdch grup skfadajacych sie tagcznie z 257 pacjentow
poddanych cystektomii prostej z powodu uszkodzeA popromiennych oraz cystektomii
radykalnej z przyczyn onkologicznych. Uzyskane wyniki wykazaty istotnie gorsze wyniki
pooperacyjne w grupie cystektomii prostej, w tym wiekszy odsetek powiktan, wyzszg czestosé
reoperacji, czestsze stosowanie zywienia pozajelitowego oraz dtuzsza hospitalizacje w
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poréwnaniu z pacjentami bez radioterapii.

Whioski uzyskane w ramach rozprawy wskazujg, ze sama objeto$é podazy ptyndw nie
przektada sie na powiktania pooperacyjne, a wskazniki VBFI i aVBFI mogg stanowi¢ pomocne
narzedzie do oceny napefnienia tozyska naczyniowego i zarzadzania ptynoterapia w trakcie
zabiegu operacyjnego. Dostepne dane literaturowe sugerujg przewage strategii restrykcyjne;j
z zastosowaniem wazopresoréw, cho¢ brak jest jednoznacznych dowodéw pozwalajgcych na
sformutowanie jednolitych rekomendacji. Wyniki dotyczgce cystektomii prostej potwierdzaja,
ze przebyta radioterapia wigze sie z istotnie wiekszym ryzykiem powiktan, co powinno by¢
uwzgledniane podczas kwalifikacji do zabiegu. Przedstawione badania podkreslaja
konieczno$¢ indywidualizacji  ptynoterapii oraz dalszego doskonalenia strategii
okotooperacyjnych w celu ograniczenia powiktan po zabiegu usuniecia pecherza moczowego
z przyczyn onkologicznych (cystektomia radykalna) lub nieonkologicznych (cystektomia

prosta).



4. Streszczenie w jezyku angielskim

Radical cystectomy remains the gold standard treatment for muscle-invasive bladder
cancer as well as for selected cases of high-risk non-muscle-invasive disease. Despite advances
in surgical techniques and the implementation of perioperative care protocols, the procedure
continues to be associated with a high rate of complications, reaching up to 42% for severe
complications according to the Clavien—Dindo classification. One of the most important yet
modifiable components of perioperative management is fluid therapy strategy, which may
influence both intraoperative haemodynamics and the occurrence of postoperative
complications. At the same time, an important clinical challenge is represented by patients
requiring bladder removal following prior pelvic irradiation. In this population, significant
impairment of tissue healing and radiation-induced damage is observed, leading to an
increased risk of postoperative morbidity. Furthermore, in a subset of patients, severe bladder
dysfunction and/or the presence of vesical fistulas necessitate simple cystectomy. The
available literature addressing this issue remains limited, and the lack of comparative studies
makes it difficult to accurately estimate surgical risk in this patient group.

The aim of the present dissertation was to evaluate the impact of perioperative fluid
management strategies and vascular bed filling on postoperative complications following
radical cystectomy in patients with bladder cancer, and to analyse fluid therapy strategies
described in the literature. In addition, the effect of prior radiotherapy on postoperative
outcomes in patients undergoing simple cystectomy was assessed. The objectives were
achieved through a series of three publications forming the core of the thesis. The first study
evaluated the relationship between fluid administration, haemodynamic indices (VBFI and
aVBFI), urinary diversion type, and postoperative complications in 288 patients undergoing
radical cystectomy, demonstrating a greater predictive value of haemodynamic parameters
compared with the total volume of administered fluids. The second publication presented a
systematic review of 17 studies analysing perioperative fluid strategies, indicating benefits of
restrictive fluid therapy supported by vasopressors and partial effectiveness of goal-directed
fluid therapy (GDFT). The third publication analysed two groups comprising a total of 257
patients undergoing simple cystectomy for radiation-induced bladder injury and radical
cystectomy for oncological indications. The results demonstrated significantly worse
postoperative outcomes in the simple cystectomy group, including a higher complication rate,
increased frequency of reoperations, greater need for total parenteral nutrition, and longer

hospitalization compared with patients without prior radiotherapy.



The findings of the dissertation indicate that the total volume of administered fluids
alone does not directly correlate with postoperative complications, whereas VBFI and aVBFI
may serve as useful tools for assessing vascular bed filling and guiding intraoperative fluid
management. Available evidence suggests an advantage of restrictive strategies supported by
vasopressors, although current data remain insufficient to establish uniform clinical
recommendations. Outcomes following simple cystectomy confirm that prior radiotherapy is
associated with a significantly increased risk of postoperative complications and should be
carefully considered during surgical qualification. The presented studies highlight the need for
individualized fluid management and further optimization of perioperative strategies to
reduce morbidity following bladder removal performed for oncological (radical cystectomy)

or non-oncological (simple cystectomy) indications.
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5. Omadwienie rozprawy doktorskiej

5.1. Wstep

Znaczenie cystektomii radykalnej i jej powiktania

Radykalne usuniecie pecherza moczowego stanowi podstawowg metode leczenia raka
pecherza naciekajgcego btone miesniowa (MIBC) oraz wybranych przypadkéw nowotwordéw
nienaciekajacych o bardzo wysokim ryzyku progresji, zgodnie z obowigzujgcymi wytycznymi
Europejskiego Towarzystwa Urologicznego (EAU). Nowotwér ten cechuje sie agresywnym
przebiegiem klinicznym, czestg progresjg i duzym ryzykiem rozsiewu, co sprawia, ze leczenie
chirurgiczne pozostaje kluczowym elementem postepowania terapeutycznego.

Cystektomia radykalna obejmuje usuniecie pecherza moczowego wraz z regionalnymi
weztami chtonnymi, a u mezczyzn dodatkowo prostaty i pecherzykdw nasiennych, natomiast
u kobiet macicy, jajowodow, jajnikow i przedniej sciany pochwy. Integralng czescig zabiegu
cystektomii jest jednoczesne wytworzenie odprowadzenia moczu. Ten rozlegty zabieg
operacyjny wiaze sie ze znaczacymi wskaznikami $émiertelnosci i powikfan. Smiertelno$¢ w
ciggu 30 dni wynosi do 3,2% i do 8,0% w ciggu 90 dni od zabiegu (1-2). Wskaznik ciezkich
powiktan Grade 2 Il w skali Clavien-Dindo dochodzi do 42% (3-6). Dominujgcymi problemami
s niedroznos¢ porazenna jelit, zakazenia, powiktania septyczne, powiktania nerkowe oraz
krwawienia wymagajgce interwencji. Istotnym elementem postepowania pooperacyjnego
pozostaje rowniez ryzyko powiktan jelitowych zwigzanych z wykorzystaniem fragmentu jelita
do rekonstrukcji drog moczowych (7-8). Rdznice w czestosci powiktan obserwowane miedzy
ureterocutaneostomia a jelitowymi sposobami odprowadzenia moczu dodatkowo podkreslaja

ztozonosc¢ decyzji terapeutycznych w tej grupie chorych (9).

Znaczenie ptynoterapii

Ptynoterapia dozylna stanowi jeden z kluczowych elementéw opieki okotooperacyjnej
u chorych poddawanych duzym zabiegom w obrebie miednicy, takich jak cystektomia
radykalna. Jej gtéwnym celem jest utrzymanie stabilnosci hemodynamicznej oraz prawidtowe;j
rownowagi wodno-elektrolitowej, co przektada sie na wtasciwg perfuzje narzaddéw i sprawne

gojenie tkanek. Nadal nie okreslono jednak jednoznacznie optymalnej objetosci ptyndéw
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podawanych w trakcie i po operacji cystektomii radykalnej. Dotychczasowe badania sugeruja,
ze zarowno niedobdr, jak i nadmierna podaz ptyndw moga zwiekszaé ryzyko powiktan, a
catkowita ilo$¢ ptynéw w dniu zabiegu nie powinna przekraczac 3 litréw (10).

Wykazano, ze spersonalizowana, umiarkowanie restrykcyjna ptynoterapia moze skracac czas
trwania pooperacyjnej niedroznosci porazennej i zmniejsza¢ czesto$¢ powiktan (11).
Szczegblnie korzystne efekty obserwuje sie w ramach protokotéw Enhanced Recovery After
Surgery (ERAS), ktore opierajg sie m.in. na oszczednej ptynoterapii, wczesnej mobilizacji i
redukcji stresu operacyjnego. Zastosowanie ERAS w cystektomii radykalnej prowadzi do
krétszej hospitalizacji, szybszego powrotu funkgji jelit (12-13).

Brak jednak jednoznacznych danych pozwalajgcych wskazaé najlepszg strategie dla
pacjentéw poddawanych cystektomii radykalnej. Ztozonos¢ zabiegu, duze obcigzenie
metaboliczne oraz wysoka czestos¢ powiktan sprawiaja, ze wtasciwa ptynoterapia stanowi
jeden z najwazniejszych, ale wcigz niedostatecznie poznanych aspektéw opieki

okotooperacyjnej.

Znaczenie radioterapii i jej powiktania

Radioterapia miednicy stanowi istotny element leczenia raka prostaty, szyjki macicy,
endometrium oraz nowotwordow odbytnicy i pozostaje jedng z najczesciej stosowanych metod
leczenia radykalnego lub uzupetniajgcego w onkologii. Radioterapia cechuje sie wysokim
profilem bezpieczenstwa (14). Mimo to u czesci pacjentéw dochodzi do wystgpienia péznych
powiktan popromiennych, ktére moga pojawiac sie po wielu miesigcach lub nawet latach od
zakonczenia terapii. Do takich powikfan nalezg popromienna dysfunkcja pecherza moczowego
oraz przetoki pecherzowo-jelitowe, ktére, cho¢ rzadkie, dotyczg okoto 0,2% pacjentéw
leczonych radioterapig z powodu raka prostaty (15-16). Ze wzgledu na ich pogarszajacy
funkcjonowanie i jakos$¢ zycia charakter stanowig one istotny problem kliniczny.

Patofizjologia uszkodzen popromiennych obejmuje przewlekty proces zapalny, stres
oksydacyjny, postepujgce widknienie oraz redukcje gestosci naczyn wtosowatych (17-18)
Zmiany te prowadza do niedokrwienia, zaburzen gojenia i zwiekszonej kruchosci tkanek, a w
konsekwencji do powstawania owrzodzen, krwawien, martwicy oraz perforacji. Uposledzona
angiogeneza i martwicze zmiany w scianie pecherza i jelita znaczaco ograniczajg zdolnos¢
tkanek do regeneracji i stanowig gtdéwng przyczyne ciezkiego przebiegu powiktan

popromiennych (19).
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Z tego wzgledu leczenie operacyjne pacjentéw uprzednio napromienianych stanowi
szczegolne wyzwanie. Zabiegi wykonywane w polu napromienianym obarczone sg wyzszymi
wskaznikami infekcji, rozejscia ran, zaburzen gojenia oraz koniecznoscig rewizji chirurgicznych,
co potwierdzono zaréwno w urologii, jak i w innych dziedzinach chirurgii rekonstrukcyjnej (20-
21). Zmiany popromienne prowadzg do trudniejszych preparacji tkanek, gorszej kontroli
hemostazy oraz wiekszego ryzyka powiktan pooperacyjnych, co czyni te grupe chorych

szczegoblnie narazong na niekorzystny przebieg okotooperacyjny.

Cystektomia prosta po radioterapii

Cystektomia prosta jest stosunkowo rzadkim zabiegiem, wykonywanym przede
wszystkim u pacjentdw z ciezka, oporng na leczenie popromienng dysfunkcjg pecherza,
obejmujgcg nawracajgce krwotoczne zapalenie pecherza moczowego, przewlekty bdl oraz
powiktania takie jak przetoki pecherzowo-jelitowe (22). Mimo mniejszego zakresu
anatomicznego w porownaniu z cystektomia radykalng, zabieg ten nalezy do technicznie
wymagajacych, gtéwnie z uwagi na znaczne widknienie, zmniejszong elastycznos¢ tkanek oraz
zaburzenia ukrwienia wynikajgce z wczesniejszej radioterapii (23). Zmiany te powoduja
utrudnione preparowanie, zwiekszone ryzyko krwawienia, wycieku moczu oraz koniecznosci
rewizji chirurgicznych, co przektada sie na wysoki odsetek powiktain pooperacyjnych (24).
Dodatkowg trudno$é stanowi czesto wspotwystepujgcy stan zapalny oraz deformacja
anatomiczna pecherza, ktére mogg utrudnia¢ zaréwno usuniecie narzadu, jak i wykonanie
odprowadzenia moczu.

Dane dotyczgce wynikdw cystektomii prostej w populacji pacjentéow z popromiennymi
uszkodzeniami pecherza sg skagpe. Wiekszos¢ publikacji dotyczacych cystektomii koncentruje
sie natomiast na populacji onkologicznej, co utrudnia bezposrednie odniesienie wynikéw do
pacjentéw z uszkodzeniem popromiennym. Brak wiekszych badan poréwnawczych oraz
heterogenicznos¢ dostepnych danych sprawiaja, ze rzeczywiste ryzyko okotooperacyjne,
czynniki prognostyczne oraz optymalne podejscie chirurgiczne w tej grupie chorych nadal

pozostajg nie w petni poznane.

13



5.2. Cel badan

Gtéwnym celem przeprowadzonych badan byta ocena wptywu radioterapii i strategii
ptynoterapii na powiktania pooperacyjne u pacjentéw poddanych cystektomii radykalnej lub
prostej. Przeprowadzono analize wptywu objetosci ptyndw podawanych dozylnie podczas
cystektomii radykalnej na czestos¢ i charakter powikfan pooperacyjnych z uwzglednieniem
typu odprowadzenia moczu. Uzupetnieniem tych badan byt systematyczny przeglad
pismiennictwa dotyczgcego strategii ptynoterapii w cystektomii. Dodatkowo oceniono wptyw
radioterapii na ryzyko powiktan po cystektomii prostej wykonanej u chorych z popromienna

dysfunkcja pecherza moczowego.

Cele szczegotowe

1. Ocena zwigzku pomiedzy objetoscig podanych ($rédzabiegowo) dozylnie ptyndéw i w
potgczeniu ze sposobem odprowadzenia moczu a powiktaniami w 30 i 90 dobie po cystektomii
radykalne;j.

2. Zdefiniowanie nowych parametréow klinicznych w aspekcie ptynoterapii srodzabiegowe;j i
dodatkowego narzedzia oceny ryzyka powiktan pooperacyjnych (wskaznik VBFI i aVBFI).

3. Poréwnanie powiktan pooperacyjnych u pacjentow poddanych cystektomii prostej z
powodu popromiennej dysfunkcji pecherza moczowego z wynikami pacjentéw poddanych
cystektomii radykalne;.

4. Okreslenie czy grupa chorych z popromienng dysfunkcjg pecherza moczowego poddanych

cystektomii prostej stanowi grupe szczegdlnie wysokiego ryzyka powiktan.
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5.3. Materiaty i metody
W niniejszym podrozdziale zaprezentowano zarys metodyki przeprowadzonych badan.

Szczegdtowy opis zawarto w zatgczonych publikacjach.

Publikacja 1

Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K.

Impact of Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic
Review. Cancers, 2025; 17(11): 1746.

doi: 10.3390/cancers17111746.

W publikacji 1 wykonano systematyczny przeglad pismiennictwa zgodny z wytycznymi
PRISMA 2020, obejmujgcy badania oceniajgce strategie ptynoterapii okotooperacyjnej w
cystektomii radykalnej. Przeszukano baze PubMed w styczniu 2025 roku, stosujac
predefiniowane stowa kluczowe dotyczace cystektomii radykalnej, ptynoterapii oraz powiktan
pooperacyjnych. Do analizy wigczono 17 badan, w tym 8 randomizowanych i 9
obserwacyjnych, po uprzedniej selekcji tytutdéw, streszczen i petnych tekstow. Z kazdego
badania pozyskano dane dotyczace rodzaju interwencji ptynowych, typu zabiegu, elementow
protokotu ERAS oraz najwazniejszych punktéw koncowych. Przeprowadzono narracyjna
synteze danych z uwagi na heterogeniczno$¢ populacji i metod. Wyniki miaty na celu
okreslenie aktualnego stanu wiedzy oraz identyfikacje luk dotyczacych optymalnej

ptynoterapii podczas cystektomii radykalne;j.

Publikacja 2

Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak K.

Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102

W publikacji 2 przeprowadzono retrospektywng analize 288 pacjentéw poddanych
laparoskopowej cystektomii radykalnej z odprowadzeniem moczu w postaci
ureterocutaneostomii lub wstawki jelitowej. Analizie poddano ilos¢ ptynédw podanych w
okresie okotooperacyjnym oraz wskazniki hemodynamiczne okreslajgce napetnienie tozyska

naczyniowego, takie jak VBFI i aVBFI uwzgledniajgce utrate krwi oraz czas zabiegu
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operacyjnego. Zbierano dane demograficzne, kliniczne oraz dotyczagce powiktan
pooperacyjnych w okresie 30 i 90 dni wedtug klasyfikacji Clavien—Dindo. Uwzgledniono
rowniez wptyw czasu operacji, BMI i rodzaju odprowadzenia moczu na czestos$¢ powiktan.
Analizy statystyczne obejmowaty testy nieparametryczne, modele regresji oraz analize
porownawczg miedzy grupami. Wyniki postuzyty do oceny wptywu ptynoterapii na wyniki

pooperacyjne u chorych poddawanych radykalnej cystektomii.

Publikacja 3

Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Postoperative complications following simple cystectomy for radiation-induced bladder
dysfunction

compared to radical cystectomy: A matched cohort study. Cent European J Urol. 2026;

Issue: Ahead of print Published on-line:Feb 22, 2026

doi: 10.5173/ceju.2025.0163

W publikacji 3 przeanalizowano retrospektywna kohorte 257 pacjentéow, w tym 25
operowanych z powodu popromiennej dysfunkcji pecherza (cystektomia prosta) oraz 232
poddanych cystektomii radykalnej z powodu raka pecherza moczowego. Wszystkie operacje
wykonano laparoskopowo, u wszystkich chorych zastosowano jednolity sposéb
odprowadzenia moczu w postaci ureterocutaneostomii. Zastosowano zaawansowang metode
propensity score matching w celu dopasowania pacjentow wg istotnych zmiennych
klinicznych, w trzech niezaleznych analizach: 1) z RC ¢T1-T2, 2) z RC cT3-T4 oraz 3) z podgrupa
pacjentéw z przetoka pecherzowa. Zbierano dane dotyczgce powikfan pooperacyjnych w 30 i
90 dni, reoperacji, czasu hospitalizacji, transfuzji i przyje¢ na OIT. Analizy obejmowaty testy

nieparametryczne, modele logistyczne oraz ocene réwnowagi zmiennych po dopasowaniu.
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5.4. Podsumowanie wynikow

Publikacja 1

Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K.

Impact of Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic
Review. Cancers, 2025; 17(11): 1746.

doi: 10.3390/cancers17111746.

W publikacji 1 przeprowadzono systematyczny przeglad literatury obejmujgcy 17 badan
oceniajgcych wptyw réznych strategii ptynoterapii okotooperacyjnej na wyniki leczenia
pacjentéw poddawanych cystektomii radykalnej. Analiza wykazata, ze strategie restrykcyjne,
zwlaszcza w pofgczeniu z zastosowaniem wazopresordw, mogg przyczyniaé sie do
zmniejszenia czestosci powiktan, ograniczenia utraty krwi oraz skrécenia hospitalizacji. W
badaniach opartych na ptynoterapii celowanej (GDFT) odnotowano redukcje powiktan
jelitowych, takich jak niedroznos¢ porazenna, jednak efekty dotyczace czasu hospitalizacji czy
funkcji nerek pozostawaty niejednoznaczne. Autorzy zwrdcili uwage na znaczng
heterogenicznos¢ uwzglednionych protokotéw, metod monitorowania hemodynamiki oraz
populacji chorych, co uniemozliwito przeprowadzenie metaanalizy ilosciowej. Uzyskane wyniki
podkreslajg kliniczne znaczenie optymalizacji ptynoterapii, jednoczesnie wskazujgc na

potrzebe dalszych badan poréwnawczych.

Publikacja 2.

Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak K.

Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102

W publikacji 2 oceniono wptyw podazy ptynédw dozylnych na wyniki okotooperacyjne u
288 chorych, ktorzy przeszli laparoskopowa cystektomie radykalng. Analiza danych wykazata,
ze catkowita objetosc¢ ptyndw podawanych w trakcie zabiegu korelowata z liczbg powiktan,
jednak zaleznos¢ ta nie osiggafa istotnosci statystycznej po uwzglednieniu czasu trwania
operacji czy BMI.

W analizie zaproponowano dwa autorskie wskazniki stuzgce do bardziej precyzyjnej oceny
ptynoterapii Srédoperacyjnej: aVBFI (absolute Vascular Bed Filling Index) oraz adjVBFI
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(adjusted Vascular Bed Filling Index). Zostaty one opracowane, poniewaz sama catkowita
objetos¢ podanych ptynéw nie uwzglednia réznic w utracie krwi ani w czasie trwania operacji,
co utrudnia porownywanie pacjentéw miedzy soba.

Wskaznik aVBFI okresla relacje miedzy iloscia podanych ptynéw a utratg krwi
Srodoperacyjnej. Innymi stowy, pokazuje, w jakim stopniu podaz ptynéw kompensowata
krwawienie podczas zabiegu. Wyzsza warto$¢ aVBFI oznacza, ze w stosunku do utraty krwi
podano relatywnie wiecej ptyndw, natomiast nizsza wartos¢ moze wskazywaé na mniejszg
kompensacje objetosciowg. Dzieki temu wskaznik ten lepiej odzwierciedla rzeczywiste
wypetnienie tozyska naczyniowego niz sama suma przetoczonych ptynéw.

Z kolei adjVFBI stanowi rozwiniecie aVBFI i dodatkowo uwzglednia czas trwania operacji.
W praktyce pozwala to odroéznic sytuacje, w ktorych podobna relacja ptynéw do utraty krwi
wystepowata w krétkim lub bardzo dtugim zabiegu. Uwzglednienie czasu operacji ma istotne
znaczenie, poniewaz dtuzszy zabieg wigze sie z wiekszym obcigzeniem hemodynamicznym i
metabolicznym organizmu. W ten sposéb adjVFBI stanowi bardziej znormalizowang miare
ptynoterapii Srédoperacyjne;.

Kluczowym wynikiem byfa obecnos¢ istotnej interakcji miedzy wartoscig aVBFI a typem
odprowadzenia moczu (UCS vs IC) (B = 0,07; p = 0,011). W zakresie wartosci aVBFl od 0 do 8
metoda ureterocutaneostomii wigzafa sie z mniejszym ryzykiem powiktan niz odprowadzenie
jelitowe, natomiast przy aVBFI rownym 8 rdzinice miedzy obiema metodami praktycznie
zanikaty. Wartosci aVBFI powyzej 8 odwracaty te relacje — w tej sytuacji odprowadzenie
jelitowe byto zwigzane z mniejszg liczbg powiktan w ciggu 30 dni po zabiegu niz
ureterocutaneostomia.

Podobny charakter zaleznosci uzyskano dla skorygowanego wskaznika adjVBFI, ktory
réwniez wykazywat istotng korelacje zaréwno z ciezkoscig powiktan (B =-0.27; 95% Cl: -0,45
do -0,08; p = 0,005), jak i z rodzajem odprowadzenia moczu (B = 0,24; 95% CI: 0,06 do 0,43; p
=0,011).

Wyniki pracy podkreslajg, ze tradycyjna analiza sumarycznejilosci podanych ptynéw moze
by¢ niewystarczajgca, a ztozone parametry hemodynamiczne majg potencjat, aby stac sie
bardziej wiarygodnymi narzedziami klinicznymi w opiece okofooperacyjnej nad pacjentami

poddawanymi cystektomii radykalnej.
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Publikacja 3.

Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Postoperative complications following simple cystectomy for radiation-induced bladder
dysfunction compared to radical cystectomy: A matched cohort study. Cent European J Urol.
2026;

Issue: Ahead of print Published on-line:Feb 22, 2026

doi: 10.5173/ceju.2025.0163

W publikacji 3 poréwnano wyniki pooperacyjne cystektomii prostej (SC) wykonywanej z
powodu popromiennej dysfunkcji pecherza z wynikami cystektomii radykalnej (RC), analizujac
257 pacjentow w trzech etapach: przed dopasowaniem, po propensity score matching (PSM)
dla guzéw cT1-T2, cT3-T4 oraz w podgrupie chorych z przetokg pecherzowa. Przed
dopasowaniem pacjenci po cystektomii prostej istotnie cze$ciej doswiadczali ciezkich
powiktan stopie 3 wg skali Clavien-Dindo (44% vs. 22,4%, p < 0,001), czesciej wymagali
reoperacji (47,8% vs. 11,6%, p < 0,001), zywienia pozajelitowego (36% vs. 9,9%, p = 0,001) oraz
masywnych transfuzji > 3j. KKCz (36% vs. 6,1%, p < 0,001), mimo ze RC czes$ciej wymagata
transfuzji ogétem (77,5% vs. 52%, p < 0,001). Po dopasowaniu dla cT1-T2 stwierdzono
tendencje do czestszych powiktan ciezkich w grupie SC (47,1% vs. 11,8%, p = 0,057),
jednoznacznie wyzsze ryzyko reoperacji (56,2% vs. 5,9%, p = 0,002), czestsze stosowanie
zywienia pozajelitowego (41,2% vs. 5,9%, p = 0,039) oraz czestsze masywne transfuzje (41,2%
vs. 5,9%, p = 0,039), przy jednoczesnie czestszej potrzebie transfuzji KKCz w grupie cystektomii
radykalnej (88,2% vs. 44,1%, p = 0,026); pacjenci po SC wymagali réwniez znacznie dtuzszej
hospitalizacji (18 vs. 8 dni, p < 0,001). W analizie cT3-T4 nie obserwowano istotnych réznic w
powiktaniach pooperacyjnych w okresie 30 dni (p = 0,06) ani 90 dni (p = 0,773). W podgrupie
pacjentéw z przetokg, po dopasowaniu kardynalnym (15 par), SC wigzata sie z wyzszym
odsetkiem powikfan w stopniu 3 wg skali C-D (53,3% vs. 40,0%), cho¢ ogdlna réznica w skali
CD nie osiggneta istotnosci statystycznej (p = 0,130). Jednoczesnie odsetek reoperacji byt
istotnie wyzszy w grupie SC (61,5% vs. 6,7%; p = 0,004), a wieksze zapotrzebowanie na TPN
(40,0% vs. 13,3%; p=0,215) i czestsze przyjecia na OIT (30,8% vs. 6,7%; p = 0,153) potwierdzaty

ciezszy przebieg pooperacyjny.
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5.5. Wnioski

Sama objetos¢ przetoczonych ptyndw nie stanowi niezaleznego predyktora powiktan po
cystektomii radykalnej. Wiekszg wartos¢ kliniczng maja nowo opracowane wskazniki
hemodynamiczne takie jak VBFI i aVBFI.

Zaleznos$¢ miedzy parametrami napetnienia tozyska naczyniowego a ryzykiem powikfan rézni
sie w zaleznosci od typu odprowadzenia moczu i ma wiekszy wptyw na nasilenie powiktan
pooperacyjnych przy uzyciu wstawki jelitowe;j.

Dostepne dane literaturowe potwierdzajg korzysci restrykcyjnej ptynoterapii wspomaganej
wazopresorami w redukcji powiktan po cystektomii radykalne;.

Cystektomia prosta wykonywana z powodu popromiennej dysfunkcji pecherza wiaze sie z
istotnie wyzszym odsetkiem powiktan i czestszg koniecznoscig reoperacji niz cystektomia
radykalna.

Przebyta radioterapia jest kluczowym czynnikiem zwiekszajagcym ryzyko powiktan
pooperacyjnych i powinna by¢ uwzgledniana przy kwalifikacji do zabiegu usuniecia pecherza
moczowego.

U chorych poddawanych cystektomii prostej z powodu popromiennej dysfunkcji pecherza
nalezy rozwazy¢ wykonanie prostego odprowadzenia moczu (ureterokutaneostomii) w celu

zmniejszenia ryzyka powiktan.
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Simple Summary: Fluid management during bladder cancer surgery can affect how much
blood a patient loses, how quickly they recover, and whether complications occur. In this
review, we looked at different ways of giving fluids during radical cystectomy, including
limited (restrictive) fluids, personalized fluid therapy, and using warmed fluids. Some
approaches, like limiting fluids and adjusting them based on the patient’s condition, may
help reduce blood loss and complications. However, the studies used different surgical
techniques and protocols, which makes it hard to say which method works best. Some
patients had robotic surgery, others had open surgery, and some had different ways of
reconnecting the urinary system. More high-quality research is needed to better understand
which fluid therapy is safest and most effective for patients having this major surgery.

Abstract: Background: Perioperative fluid management plays a critical role in optimizing
recovery after radical cystectomy. Various strategies, such as restrictive fluid therapy, goal-
directed fluid therapy (GDFT), and warmed fluids, have been studied for their impact on
complications and outcomes. However, the optimal approach remains uncertain. Methods: We
conducted a systematic review in accordance with PRISMA 2020 guidelines. A PubMed search
was performed in January 2025. Eligible studies included randomized controlled trials
(RCTs) and observational studies published in English that assessed perioperative fluid
strategies in radical cystectomy. Two reviewers independently selected studies, with a third
resolving discrepancies. Data were extracted on study characteristics, interventions, and
outcomes. Risk of bias was assessed using the Cochrane Risk of Bias Tool. Due to
heterogeneity, narrative synthesis was used. Results: Seventeen studies (eight RCTs, nine
observational; total n = 3519) were included. Three publications based on a single RCT (n
= 167) showed that restrictive fluid therapy with norepinephrine significantly reduced
blood loss (p < 0.0001), transfusions (p = 0.0006), complications (p = 0.006), and hospital
stay (p = 0.02), with a trend toward fewer 90-day complications (p = 0.12). Six studies
(four RCTs, two observational) evaluated GDFT. Doppler- and SVV-based GDFT reduced
ileus, nausea, wound infections, and blood loss, although findings on renal function and
length of stay were mixed. One RCT showed that warmed fluids reduced transfusion needs
(p = 0.028) and hospital stay (p = 0.05). VBFI (Vascular Bed Filling Index)- and aVBFI (adjusted
Vascular Bed Filling Index)-guided strategies may lower complications in ileal conduit
patients, but evidence remains limited. Conclusions: Restrictive fluid therapy with
norepinephrine appears to improve outcomes after radical cystectomy. GDFT and warmed
fluids show potential benefits, but findings are inconsistent. Further high-quality trials are
needed to define the optimal strategy.
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1. Introduction

Radical cystectomy with urinary diversion remains the standard treatment for muscle-
invasive bladder cancer. Despite advancements in surgical techniques and perioperative
care, the procedure continues to be associated with significant morbidity and complica-
tions [1-4].

Multiple factors influence postoperative complications following radical cystectomy.
Even inflammatory and hematological parameters appear to have an impact on surgical
outcomes [5]. Perioperative fluid management plays a crucial role in optimizing postop-
erative recovery and minimizing complications, including postoperative ileus [6]. Some
reports suggest that the total perioperative fluid administration should not exceed 3 L
within the perioperative period [7]. While various perioperative fluid management ap-
proaches during radical cystectomy have been described in the literature, the optimal
strategy remains undefined.

Restrictive fluid therapy is a key component of the Enhanced Recovery After Surgery
(ERAS) protocol, which was originally developed for general surgery and has since been
successfully implemented in urological oncology, including radical cystectomy (RC). In-
corporating ERAS elements such as fluid restriction, early mobilization, and minimized
surgical stress has been shown to reduce hospital length of stay and improve recovery
outcomes [8-10]. Meta-analyses further support its benefits in RC, demonstrating lower
complication rates and faster return of bowel function [11].

This systematic review aims to evaluate the impact of different perioperative fluid
management strategies on surgical outcomes in patients undergoing radical cystectomy. It
focuses on key postoperative complications, including ileus, acute kidney injury, and blood
transfusion rates. The review follows the PRISMA guidelines to ensure a comprehensive and
unbiased synthesis of the available evidence (Supplementary Materials).

2. Materials and Methods

The methodology used in this study adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

A literature search was conducted in January 2025 using the PubMed database with
the following search query:

(“Cystectomy”[Mesh] OR cystectomy OR “RARC” OR “radical cystectomy”) AND
(“Perioperative Care”[Mesh] OR “Perioperative Period” OR “ERAS” OR “enhanced re-
covery after surgery” OR “fluid management” OR “fluid restriction” OR “fluid therapy”)
AND (“Postoperative Complications”[Mesh] OR complications OR “acute kidney injury”
OR “acute kidney failure” OR “hospital stay” OR “bowel function” OR “analgesic use”
OR pain OR readmission OR mortality OR “quality of life” OR “QoL” OR “life quality”
OR “surgical site infection” OR “SSI” OR ileus OR “blood transfusion” OR “electrolyte
imbalance”) AND (“Urinary Bladder Neoplasms”[Mesh] OR “bladder cancer” OR “bladder
neoplasm”). The retrieved studies were subsequently analyzed.

Randomized controlled trials (RCTs) and observational studies published in English,
evaluating the impact of different perioperative fluid therapy strategies during radical
cystectomy on postoperative outcomes and complications, were included in the review.

The selection process was conducted by two independent reviewers and verified by a
third researcher who resolved any discrepancies. Studies without full-text availability were
excluded. The selection process is illustrated in the PRISMA flowchart (Figure 1).
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Figure 1. PRISMA flowchart of the study selection process.

Data were extracted regarding authors, year of publication, study type, study popula-
tion, intervention type, and key outcomes. Study quality was assessed using the Cochrane
Risk of Bias Tool (version RoB2). Risk of bias was assessed using the Cochrane Risk of Bias
Tool, evaluating domains such as sequence generation, allocation concealment, blinding,
completeness of outcome data, and selective reporting. Each domain was classified as hav- ing
low, high, or unclear risk of bias based on the criteria outlined in the Cochrane Handbook. A
narrative synthesis was performed to evaluate significant differences in study designs.

Reporting bias (e.g., publication bias or selective outcome reporting) was not formally
assessed due to the narrative nature of the synthesis and the limited number of studies
per outcome. Effect measures included mean differences for continuous outcomes (e.g.,
blood loss and length of stay) and proportions or risk differences for binary outcomes (e.g.,
complications, transfusions, and AKI). Where available, p-values were reported. Other
effect measures, such as odds ratios or confidence intervals, were not consistently provided
across studies.

The certainty of evidence for selected key outcomes (acute kidney injury, blood loss and
transfusions, postoperative ileus, length of hospital stay, and chronic kidney disease) was
assessed using an adapted GRADE approach, taking into account risk of bias, consistency,
precision, and directness across studies.

This review was not prospectively registered.
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3. Results
3.1. Study Selection and Characteristics

Atotal of 538 articles were identified in the initial search. After screening, 31 articles
were subjected to full-text evaluation. Following a rigorous selection process, 17 articles
were included in the systematic review.

These 17 studies focused on comparing perioperative fluid therapy strategies in
patients undergoing radical cystectomy with lymphadenectomy and urinary diversion for
bladder cancer. Among them, 8 studies were randomized controlled trials (RCTs) with a

double-blind design, including 3 articles analyzing the same population, with 1 being a
follow-up study. The remaining 9 studies were observational, including 6 retrospective
studies, 1 prospective study, and 2 studies comparing retrospective and prospective cohorts.
Regarding the surgical approach, 8 studies analyzed patients undergoing open radical
cystectomy (ORC), 1 study assessed patients treated with robot-assisted laparoscopic radical
cystectomy (RARC), and 1 study included both RARC and ORC. In 5 studies, the surgical
approach was not explicitly defined. Additionally, 8 of the included studies incorporated
the ERAS (Enhanced Recovery After Surgery) protocol.

The total patient population analyzed across all included studies comprised 3519 patients.
The characteristics of the included studies are presented in Table 1. The risk of bias
for the included trials was assessed and is summarized in Table 2, where variability in
methodological quality is highlighted as a factor potentially influencing the strength of the
evidence. Potential reporting bias was not evaluated.
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Table 1. Characteristics of included studies.

Participants
No. Author (Year) Study Design (Study Group vs. Intervention Outcomes
Control Group)
1 Luo]. (2020) [12] RCT 53vs. 55 Pre-warm fluid infusion use | transfusion, | LOS
Fluid 1nfus.10.n based on strok: | transfusion, | blood loss. <> complications,
2 Kong Y. (2016) [13] RCT 23vs. 23 volume variation (SVV) 10-20% < AKL <> LOS
vs. <10%
3 Arslan-Carlon V. RCT 142 vs. 141 Goal-directed stroke volume (SV) t 30-daykc-(()jmpllc-a'Flons,
(2020) [14] ' vs. standard fluid therapy f aCUt? taney mjury
< ileus, &LOS
4 Pillai P. (2011) [15] RCT 32 vs. 34 Doppler-gu-lded vs. standard lileus, | naus-ea, l Yomltlng.
fluid therapy lwound infection.
1 cardiac output index,
5 Liu T. (2016) RCT 38 vs. 38 Goal-directed SVV vs. routine 1 MAP, 1 central venous pressure. Better
16 ' fluid thera metabolic index. | nausea, | vomiting,
[16] py g
| hypotension.
Goal-directed SVV vs. > kidney function, ]
6 Ghoreifi A. (2021) [17] Retrospective cohort 119 vs. 192 . . > LOS, & blood loss, «» transfusions,
convectional fluid therapy T
and readmissions.
| blood loss, | transfusions, | readmissions,
7 WeiC. (2018) [18] Retrospective cohort 91vs. 101 ERAS (less fluids) vs. no ERAS and | complications.
| bowel complications.
8 Bazargani T. p i hort 180 Total intraoperative fluid volume, 30 - 90-d licati in LOS
(2018) [19] rospective cohor type of fluid impact <> 30 -, 90-day complications, <> in .
9 Dobe T. (2022) [20] Prospective vs. retrospective 29 vs. 50 ERAS (less fluids + vasopressive <> blood loss, < transfusions, < ileus,
control group drugs) vs. no ERAS <> complications rate. | LOS.
1 AKI if restrictive intraoperative vascular
10 Marques M. (2024) [21] Retrospective cohort 51vs. 71 No AKI vs. AKI

filling, female sex, postoperative sepsis, day
1 SOFA score, creatinin D1.
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Table 1. Cont.

Participants
No. Author (Year) Study Design (Study Group vs. Intervention Outcomes
Control Group)
1 AKI if surgery time >400 min, male,
11 Furrer M. (2018) [22] Retrospective cohort 100 vs. 812 AKI vs. no AKI obesity, high blood loss, blood transfusion,
more crystalloids.
Ileal conduit (IC) vs. VBFL aVBFI:
12 Lipowski P. (2024) [23] Retrospective cohort ureterocutaneostomy (UCS),
48 vs. 240 Vascular Bed Filling Index (VBFI), <8-UCS | complications;
adjusted Vascular Bed Filling =8-1C=UCS;
Index (aVBFI) >8-1C 1 complications.

13 Wuethrich P. (2013) [24] RCT 83 vs. 84 Low volume + noradrenaline vs. | hospital complications, | gastrointestinal,

balanced Ringer’s solution | cardiac, | 90 days complications. | LOS.
14 Wuethrich P. (2013) [25] RCT 83 vs. 84 Low volume + noradrenaline vs. | blood loss, | transfusions.

balanced Ringer’s solution
15 Mei Wen Wu F. (2013) [26] RCT 83 vs. 84 Low volume + noradrenaline vs. < in renal function

balanced Ringer’s solution 7 days, 3, 6, and 12 months after surgery.
16 Jubber L. (2019) [27] Retrospective cohort 430 High-volume anesthetist vs. | LOS, | blood loss,

low-volume anesthetist | transfusion rate.
Multidisciplinary ERAS | intraoperative transfusions, | nausea. < in

17 Patel S. (2018) [28] Retrospective cohort 116 vs. 143 (goal-directed fluid therapy) vs. = bowel function, <> LOS, < 30 and 90 days

surgical ERAS

complications, <> readmissions.

Abbreviations: LOS—Ilength of stay; AKI—acute kidney injury; VBFI—Vascular Bed Filling Index; aVBFI—adjusted Vascular Bed Filling Index; ERAS—Enhanced Recovery After
Surgery; | —significant reduction (favorable effect); 1 —significant increase (unfavorable effect); «<>—no significant difference.
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Table 2. Cochrane Risk of Bias (risk (high/low/unclear).

andom Allocation Bl}r}dmg of Blinding of Incomplete Selective Main Limitations/Quality
Author (Year) Sequence Participants and Outcome . . .
. Concealment Data Reporting Considerations
Generation Personnel Assessment
Randomization and blinding
1 Luo]. (2020) [12] Unclear Unclear Unclear Unclear Low Low procedures poorly described,
potential risk of bias.
Good methodology but small
2 KongY. (2016) [13] Low Low Low Low Low Low sample size (risk of
imprecise estimates).
Arslan-Carlon V. Good methodology, large
3 (2020) [14] Low Low Low Low Low Low sample size, low risk of bias.
. Small sample size, unclear,
4 Pillai P. (2011) High Unclear Unclear Unclear Low Low randomization and blinding
[15] S :
procedures, high risk of bias.
. Small sample size, unclear
5 Liu ?1£f 016) High Unclear Unclear Unclear Low Low randomization details,
moderate risk of bias.
o Retrospective observational
6 Ghorel[fi%. (2021) High High High High Low Low design, possible selection and
confounding biases.
. Retrospective, observational
7 Wei [(:1'8(]2018) High High High High Low Unclear study design, risk of selection
and confounding biases.
Bazareani T Observational design without
8 § ' High High High High Low Low clear control group, potential
(2018) [19] ) '
confounding bias.
Small sample size, mixed
9 DobeT.(2022) [20] High High High High Low Low prospective-retrospective

groups, risk of confounding
and selection bias
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Table 2. Cont.

andom Allocation Bl-lr'ldmg of Blinding of Incomplete Selective Main Limitations/Quality
Author (Year) Sequence Participants and Outcome . . .
. Concealment Data Reporting Considerations
Generation Personnel Assessment
Retrospective design, limited to
10 Marque[;ll\;[. (2024) High High High High Low Low AKlrisk factors, potential
confounding bias.
Retrospective design, large
11 Furrer[zl\;.] (2018) High High High High Low Low population but significant
confounding risks.
. . Single-center, retrospective,
12 Llpowsél;]’. (2024) High High High High Low Low exploratory and
hypothesis generating.
. Strong methodology, single
13 Wuethrl[(éi]l)' (2013) Low Low Low Low Low Low population, limited
external validity.
. Strong methodology, single
14 Wuethrl[(;é]P. (2013) Low Low Low Low Low Low population, limited
external validity
Mei Wen Wu F. Strong meth-odol.og}./, single
15 Low Low Low Low Low Low population, limited
(2013) [26] o
external validity
Retrospective design,
Jubber 1. (2019) . . . . L high-volume anesthetist group
16 [27] High High High High Unclear ow limited to few providers, risk
of bias
17 Patel S. (2018) High High High High Low Low Retrospective design, historical

[28]

control group, significant
selection and
confounding biases.




3.2. Restrictive Fluid Therapy with Norepinephrine Use

The use of norepinephrine infusion combined with restrictive fluid therapy is de-
scribed in three publications based on a single randomized clinical trial [20-22].

A total of 83 patients were included in the study group, and 84 in the control group. The
results indicate that the application of restrictive fluid therapy combined with nore-
pinephrine infusion significantly reduces blood loss (800 mL vs. 1200 mL; p < 0.0001)
and decreases the need for blood product transfusion (33% vs. 60%; p = 0.0006). This ap-
proach also lowers the risk of complications during hospitalization (52% vs. 73%; p = 0.006),
including gastrointestinal complications (6% vs. 31%; p < 0.0001) and cardiovascular com-
plications (20% vs. 48% p = 0.0003). Moreover, it shortens the length of hospital stay
(15 days vs. 17 days; p = 0.02) and reduces mortality within 90 days postoperatively (0% vs.
4.8%; p = 0.12).

3.3. Goal-Directed Fluid Therapy (GDFT)

Goal-directed fluid therapy refers to individualized fluid administration guided by
dynamic hemodynamic parameters to optimize tissue perfusion and avoid fluid overload.
The use of GDFT is described in six studies, including four randomized trials [9-11,13] and
two observational studies [17,28]. The total number of patients in the study groups was
470, while 551 patients were assigned to the control groups. Both observational studies
incorporated the ERAS protocol.

Ghoreifi et al. [17] found no significant differences between GDFT and conventional
fluid therapy in terms of blood loss (567 mL vs. 580 mL; p = 0.6), eGFR trend (p = 0.85),
length of stay (4 days in both groups; p = 0.85), 90-day high-grade complication rate (17.6%
vs. 17.2%; p = 0.5), or 90-day readmissions (28.6% vs. 29.7%; p = 0.9). Patel et al. [28]
reported a lower intraoperative blood transfusion rate (0.58 vs. 0.97; p < 0.001) and a lower
incidence of nausea (3.1% vs. 8.1%; p < 0.05) in the GDFT group. However, no significant
differences were observed in length of stay (LOS) (6 days in both groups; p = 0.89), peak
pain levels (4.4 vs. 4.4; p = 0.89), or 30- and 90-day readmissions (p = 0.34 and p = 0.14,
respectively). The authors noted no differences in time to first flatus or 30- and 90-day
complication rates, but p-values were not provided for these variables.

Randomized trials assessing GDFT using Doppler ultrasound demonstrated a lower risk
of ileus (22% vs. 53%; p < 0.001), nausea (9% vs. 32% p < 0.01), or time to flatus (3.55
days vs. 5.36 days; p < 0.01 [15]. Wound infection rates were reduced in the study group (1
vs. 8;p <0.01). Liu et al. [16] demonstrated a lower risk of nausea, vomiting, and hypotension
(all p < 0.05). Patients in the intervention groups experienced a faster return of bowel function
(2.1 days vs. 3.0 days; p < 0.05); however, the length of hospital stay was shorter in the control
group (11.5 days vs. 13.7 days; p < 0.05).

GDFT based on stroke volume variation (SVV) was associated with reduced blood
loss (734.3 mL vs. 1096.5 mL; p = 0.019) and a lower transfusion rate (0.5 units vs. 1.9 units;
p = 0.005). However, this did not significantly affect gastrointestinal function (p = 0.326,
p = 0.4) or length of hospital stay (p = 0.23,p = 0.9) [13].

The data regarding acute kidney injury (AKI) are conflicting. A study with a larger

sample size reported a higher risk of AKI in the GDFT group (56% vs. 40%; p = 0.005) [14].

Given the variation in study designs, populations, interventions, and outcome mea-
sures, a quantitative synthesis was deemed inappropriate.

3.4. Warming Fluid Transfusion

A randomized clinical trial by Luo et al. indicates that perioperative fluid therapy
using warmed fluids at 38-42 °C in patients undergoing robot-assisted radical cystectomy
(RARC) reduces fluid transfusions (1903 mL vs. 2153 mL; p = 0.028) and shortens the length
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of hospital stay (16 days vs. 20 days; p = 0.05). However, it does not affect blood loss, the need
for reoperation, or bowel function [12].

3.5. Vascular Bed Filling Index

In another study of ours, we proposed the use of the Vascular Bed Filling Index
(VBFI) and the adjusted Vascular Bed Filling Index (aVBFI) to determine the optimal
volume of perioperatively administered fluids [23]. These indices are based on blood
loss, the volume of perioperatively administered fluids, and the duration of the surgical
procedure. The results suggest that fluid therapy guided by these indices may reduce the
severity of complications after radical cystectomy, particularly in patients undergoing
urinary diversion using an ileal conduit (VBFI = between 0 and 8; p = 0.011 for VBFI;
p = 0.005 for aVBFI). Although the VBFI/aVBFI-guided approach showed a reduction
in complications in patients undergoing ileal conduit diversion, it should be considered
exploratory and hypothesis-generating, as it is based on a single retrospective study from
the authors’ institution.

3.6. Anesthetist Impact

A retrospective study evaluated the impact of anesthesiologist experience on the
outcomes of radical cystectomy. The study indicates that greater anesthesiologist experience
(>10 cases) is associated with reduced blood loss (600 mL vs. 800 mL, p < 0.001) and a lower
transfusion rate (7.2% vs. 22%, p = 0.001). However, it does not affect mortality or the need
for rehospitalization [27].

3.7. Impact on Specific Complications
3.7.1. Acute Kidney Injury

Based on assessments of four studies (included two randomized trials and two retro-
spective observational studies), the relationship between perioperative fluid therapy and
acute kidney injury (AKI) was analyzed. Both randomized trials compared the effects of
goal-directed fluid therapy (GDFT) with control groups.

In the randomized studies, a total of 165 patients were included in the intervention
groups, and 164 patients in the control groups. In both studies, the risk of AKI was higher
in the intervention group. In a study by Kong et al. [13], 8 patients (34%) in the GDFT
group and 6 patients (26%) in the control group developed AKI (p = 0.522). However,
these numbers did not reach statistical significance, likely due to the small sample size.
In contrast, Arslan-Carlon et al. [14] analyzed a larger cohort, where the risk of AKI was
significantly higher in the restrictive fluid therapy group (56% vs. 40%, p = 0.005).

The results of observational studies are inconsistent. One observational study also
indicates a higher risk of AKI in patients who received <5 mL/kg/h of perioperative fluids (p
= (0.043, Citation 15). Conversely, Furrer et al. suggests that the administration of >2527 mL
of crystalloids intraoperatively is associated with an increased risk of AKI (p = 0.3) [22].

3.7.2. Blood Loss and Transfusions

The results of four randomized clinical trials assessed perioperative blood loss and
transfusion rates. Two studies investigated goal-directed fluid therapy (GDFT), one ex-
amined warming fluid transfusion, and one evaluated norepinephrine-assisted restrictive
fluid therapy.

Restrictive fluid therapy with norepinephrine significantly reduced intraoperative
transfusion rates (8% vs. 31%; p < 0.001) and postoperative transfusion requirements (28%
vs. 48%, p = 0.0006) [25].

The findings regarding GDFT were inconsistent. Kong et al. [15] demonstrated that
stroke volume variation (SVV) monitoring for fluid optimization significantly reduced
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blood loss (734 mL vs. 1096 mL; p < 0.001) and the number of transfusions (0.5-0.8 units vs.
1.9-2.2 units; p = 0.005) [13]. Conversely, Pillai et al. [15] found that Doppler ultrasound-
based fluid therapy had no significant impact on blood loss (p = 0.6) or red blood cell
transfusion requirements (p = 0.82). However, both of these studies had small sample sizes,
with 23 vs. 23 and 32 vs. 34 patients in the study and control groups, respectively.

Additionally, warming fluid transfusion at 43 °C during cystectomy did not signifi-
cantly affect blood loss (p = 0.19) [12].

3.7.3. Postoperative Ileus

Postoperative ileus is a significant concern in patients undergoing radical cystec-
tomy. This issue was addressed in four clinical studies, with a total of 334 patients in the
intervention groups and 337 patients in the control groups.

The use of low-dose norepinephrine was associated with a significant reduction in
the risk of ileus (6% vs. 37%; p = 0.007) and gastrointestinal complications (6% vs. 31%;
p <0.0001) [24].

The remaining findings regarding various GDFT strategies were inconsistent. Most
data indicate no significant effect of GDFT on the incidence of postoperative ileus (p
=0.4-(14); p = 0.3-(13)).

Only Pillai et al. [15] demonstrated a positive impact of GDFT on postoperative ileus
(p < 0.001), bowel motility (p = 0.01), and time to first bowel movement (p = 0.02); however,
this study had a small sample size.

3.8. Length of Stay

The findings regarding hospital length of stay (LOS) are as follows: Restrictive fluid
therapy combined with norepinephrine infusion significantly reduced hospital stay (15
days vs. 17 days; p = 0.01) [24]. In contrast, GDFT did not impact LOS (7 days vs. 7 days;
p = 0.9) [14], while warming fluid transfusion at 38-42 °C was associated with a shorter
hospital stay (16 days vs. 20 days; p = 0.05) [12].

All of the above findings are derived from randomized clinical trials; however, it is
noteworthy that significant differences were observed only in studies where the average
hospital stay exceeded several days.

Additionally, an observational study using SVV-based GDFT found no difference in
LOS between groups (4 days vs. 4 days; p = 0.85) [17].

3.9. Chronic Kidney Disease

A randomized clinical trial comparing conventional fluid therapy with restrictive fluid
therapy combined with norepinephrine infusion found no significant differences in kidney
function between groups after 7 days (p = 0.37) and at 3, 6, and 12 months after discharge (p
=0.49; p = 0.197; and p = 0.78, respectively) [26].

However, the study identified independent risk factors for kidney function deteriora-
tion, including diabetes (p = 0.002), preoperative eGFR (p = 0.007), and age (p = 0.038).

3.10. Certainty of Evidence (GRADE Assessment)

The overall certainty of evidence for outcomes was low to moderate. Certainty ratings
were based on study design, consistency of results, precision of estimates, and risk of bias,
following the GRADE framework. According to the GRADE assessment, the evidence was
rated as low for acute kidney injury, postoperative ileus, and length of stay due to
inconsistency and imprecision across studies. Moderate certainty was assigned to outcomes
such as blood loss and transfusions and chronic kidney disease based on consistent findings
and lower risk of bias. Detailed ratings are presented in Table 3.
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Table 3. Grade summary table.

Outcome No. of Studies Consistency Precision Risk of Bias (Ccflﬁgg
. . Moderate to high
Alflulﬁi KET;S’ 4 (2 RCTs, 2 obs.) Inconsistent Imprecise (small (obs. studies, Low
ury limited blinding)
N, some p > 0.05)
Blood Loss and Partially Moderate (some Low to moderate Moderate
Transfusions 4RCTs consistent large effects) (RCTs well reported)
Postoperative 4 studies (mixed) Mixed results Low (smau N in Highin _some Low
Ileus key studies) studies
Length of Low
Ho:ni%al S(ia 4 RCTs + obs. Inconsistent (heterogeneity of Moderate Low
p y LOS reporting)
ChI‘OI’I-IC Kidney 1RCT Consistent Moderate Low Moderate
Disease

Reporting bias was not formally evaluated, and no results related to publication bias are available.

4, Discussion

This systematic review assessed the impact of various perioperative fluid therapy
strategies in patients undergoing radical cystectomy with lymphadenectomy and urinary
diversion due to bladder cancer. The analyzed studies exhibit significant heterogeneity,
and some contain methodological limitations, making direct comparisons between studies
challenging. It is important to note that radical cystectomy and its postoperative complica-
tions vary significantly depending on the type of urinary diversion used [29]. This factor
further complicates direct comparisons between studies.

The results of the current systematic review suggest that the most optimal approach
involves restrictive fluid therapy combined with low-dose norepinephrine infusion or goal-
directed fluid therapy (GDFT) using stroke volume variation (SVV) for fluid administration.
The administration of pre-warmed fluids also appears to be a noteworthy strategy.

However, it is essential to consider that the Enhanced Recovery After Surgery (ERAS)
protocol is actively implemented during radical cystectomy, contributing to reduced post-
operative complications and faster recovery [26-30]. Since all components of the ERAS
protocol work synergistically, evaluating fluid therapy in isolation from the protocol may
be controversial. In this review, the ERAS protocol was applied in eight studies, but the
methodologies of these studies do not allow for direct comparisons.

Restrictive fluid therapy with norepinephrine during radical cystectomy appears to
be a promising strategy; however, ERAS was not implemented in these studies [20-22].
This approach has also been investigated in other surgical fields, including liver
surgery [31], thoracic surgery [32], and head and neck oncological surgery [33], show-
ing favorable outcomes.

The GDFT strategy, based on stroke volume variation or transesophageal Doppler
monitoring, also appears to be a beneficial approach. However, randomized controlled trials
evaluating these techniques included small sample sizes and did not involve concurrent
ERAS protocol implementation [9,11,12].

Fluid therapy with pre-warmed fluids at approximately 41 °C may also be a valuable
strategy. Although the total population of studies investigating this method during radical
cystectomy is relatively small, this approach has demonstrated efficacy in other surgical
procedures, including in elderly patients [33-36].
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Differences in surgical approach (robotic vs. open) and urinary diversion technique
(intracorporeal vs. extracorporeal) may influence key perioperative outcomes such as.
Bleeding, postoperative ileus, and length of stay, and should therefore be taken into account
when evaluating the effects of fluid management strategies [37,38].

The studies included in this review also differ in terms of surgical technique. It
is important to emphasize that a significant proportion of radical cystectomies are now
performed using laparoscopic or robot-assisted techniques. Robot-assisted surgery is
associated with a longer operative time but a lower need for blood transfusion [37,38].
Based on these findings, the optimal fluid therapy strategy should also be considered in
conjunction with the surgical approach.

The use of the Vascular Bed Filling Index and adjusted Vascular Bed Filling In-
dex is based on a single retrospective study and requires further research to draw
definitive conclusions.

This review was not prospectively registered, and only one database (PubMed) was
searched, which may have led to selection bias. Only English-language publications were
included, potentially omitting relevant evidence. Although study selection was conducted
by two independent reviewers, data extraction and bias assessment were not independently
duplicated. Reporting bias was not assessed, and certainty of evidence was evaluated only for
selected outcomes. The included studies exhibited substantial heterogeneity in terms of
design, population, surgical approach, and outcome reporting. A significant proportion
of studies were observational and retrospective, with potential confounding and variable
implementation of ERAS protocols. Additionally, the lack of standardized definitions for
key outcomes, such as postoperative ileus or complications, limits comparability across
studies. The presence of high or unclear risk of bias in multiple studies highlights the need for
cautious interpretation of the findings and underlines the importance of high-quality
randomized trials in this field.

Based on current evidence, restrictive fluid therapy with norepinephrine may reduce
perioperative complications and blood loss, and could be considered as part of perioperative
strategies in radical cystectomy, especially where ERAS protocols are not fully implemented.
GDFT shows potential for reducing gastrointestinal complications and improving recovery,
although findings on renal outcomes are inconsistent and warrant caution.

Future research should focus on direct comparisons of fluid therapy strategies in
conjunction with the ERAS protocol and modern surgical techniques, with particular
emphasis on the type of urinary diversion used.

5. Conclusions

Restrictive therapy with norepinephrine reduces blood loss and complications, while
goal-directed fluid therapy improves hemodynamics but has mixed effects on complications
and hospital stay. Warming fluids lower transfusions, and Vascular Bed Filling Index-based
management may reduce complications, though evidence is limited. Further research is
needed to determine the optimal approach.
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Simple Summary: Intravenous fluid management plays a key role in perioperative care,
particularly in patients undergoing radical cystectomy (RC) within enhanced recovery after
surgery (ERAS) protocols. This study analyzed 288 patients who underwent laparoscopic RC
with urinary diversion to evaluate the impact of fluid administration on postoperative
complications assessed 30 days after surgery. Patients were categorized based on the type of
urinary diversion (ureterocutaneostomy or ileal conduit) and the volume of intraoperative
fluids administered (less than or more than 1000 mL). The results showed that administering
more than 1000 mL of fluids was initially associated with an increased risk of complications,
but this association lost statistical significance after adjusting for surgery duration and BML
Indices such as the absolute Vascular Bed Filling Index (aVBFI) and the adjusted Vascular Bed
Filling Index (adjVFBI) revealed differences in complication severity 30 days after surgery
depending on the type of urinary diversion and fluid management strategy.

Abstract: Introduction: Intravenous fluid management is integral to perioperative care,
particularly under enhanced recovery after surgery (ERAS) protocols. In radical cystectomy
(RC), which carries high risks of complications and mortality, optimizing fluid manage-
ment poses a significant challenge due to the absence of definitive guidelines. Aim: the
purpose of this study was to investigate the effects of intravenous fluid administration on
postoperative complications in patients undergoing RC. Material and methods: This study
involved 288 patients who underwent laparoscopic RC and urinary diversion from 2018 to
2022. ERAS protocols were implemented for all patients. Participants were divided into four
groups based on the type of urinary diversion (ureterocutaneostomy vs. ileal conduit) and the
intraoperative fluid volume input (less than 1000 mL vs. more than 1000 mL). Postoperative
complications were evaluated at 30 and 90 days post-surgery using the Clavien-Dindo scale.
The fluid management effectiveness was measured using the absolute Vascular Bed Filling
Index (aVBFI) and the adjusted Vascular Bed Filling Index (adjVFBI). Results: The UCS is
associated with a lower risk of increased severity of postoperative com-plications. The
administration of more than 1000 mL of fluids was associated with a higher risk of
complications (p = 0.035). However, after adjusting for the duration of the surgery and BMI,
this association did not hold statistical significance, indicating that fluid volume alone is not
a direct predictor of postoperative complications. At aVBFI values between
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zero and eight, urinary diversion using the UCS method is associated with a lower risk of
complications compared to the IC. When aVBFI equals eight, the differences in the severity of
complications between the UCS and the IC are minimal. However, when aVBFI exceeds
eight, the IC is associated with fewer complications during the 30 days post-operation
compared to the UCS. The correlation between the adjVFBI (B = —0.27; 95% CI: —0.45 to
—0.08; p = 0.005) and the severity of complications up to 30 days postoperatively is similar
to that seen with the aVBFI. Similarly, the correlation of the adjVFBI with the method of
urinary diversion (B = 0.24; 95% CI: 0.06 to 0.43; p = 0.011) resembles that of the aVBFI. The
volume of fluids administered and the indices aVBFI and adjVFBI did not influence the
occurrence of complications 90 days postoperatively. Conclusions: The volume of fluids
administered is not a factor directly affecting the occurrence of complications following RC
when the ERAS protocol is used. The amount of intraoperative fluid administration should be
adjusted according to the intraoperative blood loss. Our findings endorse the utility of
aVBFI and adjVFBI as valuable tools in guiding fluid therapy within the framework of
ERAS protocols. However, further multicenter randomized trials are needed to definitively
determine the best fluid therapy regimen for patients undergoing RC.

Keywords: radical cystectomy; bladder cancer; ERAS protocol; fluid therapy

1. Introduction

Intravenous fluid restoration is an essential part of perioperative and postoperative
care. Adequate intravenous fluid administration maintains proper water and electrolyte
balance. The optimal amount of intravenous fluids during and after general surgery still
remains undefined [1]. Previous studies have revealed that personalized perioperative fluid
management has improved the duration of postoperative ileus (with a lower complication
rate) [1,2]. According to some surgical guidelines, fluid intake should be restricted to a
maximum of 3 L on the day of surgery [3].

[t is worth noting that a restricted postoperative fluid regime reduces complications and
postoperative hospital stay after surgery, especially when using the ERAS (Enhanced
Recovery After Surgery) protocol [4,5]. Upon achieving promising results in general surgery,
the ERAS protocol also began to be implemented in patients undergoing urological pro-
cedures. Radical cystectomy (RC) remains the gold standard for treating muscle-invasive
urinary bladder cancer, but it is associated with a significant risk of complications and
mortality [6-8]. It is worth noting that LND is associated with higher perioperative mor-
bidity and mortality in patients with muscle-invasive bladder cancer undergoing radical
cystectomy. Moreover, extended LND did not result in improved disease-free or overall
survival in comparison with standard LND [9]. Moreover, Pfail et al. [10] showed that
patients with muscle-invasive bladder cancer and with clinically positive lymph nodes,
especially in N2-N3 disease, require a tailored approach. While neoadjuvant chemotherapy
followed by radical cystectomy is standard for N1 disease, the role of surgery in advanced
nodal stages is growing because of better patient selection and treatment strategies [10].
Neoadjuvant chemotherapy improves cancer-specific mortality (CSM) compared to RC
alone, both in organ- and non-organ-confined urinary bladder cancer [11]. Additionally, de
Angelis et al.’s [12] study showed that neoadjuvant chemotherapy before RC does not result
in a statistically significant CSM benefit relative to RC followed by adjuvant chemotherapy.
The implementation of the ERAS protocol for patients undergoing RC can reduce the
hospitalization time and may improve the cancer-specific survival (CCS) and the 5-year
overall survival (OS) [13-16]. Moreover, meta-analyses demonstrate that applying the ERAS
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protocol in patients undergoing RC reduces the complication rate and accelerates the return
of bowel function [17]. The introduction of less invasive modern surgical techniques allows
for a reduction in hospitalization time and a decrease in the number of complications [18].
While working on the study, we hypothesized that excessive fluid administration during
cystectomy could lead to edema of the intestinal-to-intestinal or uretero-intestinal
anastomoses, particularly in patients from the ileal conduit group. Additionally, the ERAS
protocol and its components are implemented differently across various centers. With this
study, we aimed to emphasize the importance of restrictive fluid management and the
necessity of considering vascular bed filling.

From a pathophysiological point of view, proper water, electrolyte, protein and acid-
base balance is crucial for the quick recovery of patients undergoing major surgery. Thus,
restrictive fluid therapy remains an important component of the ERAS protocol.

Currently, knowledge regarding the influence of fluid supply during RC is scarce.
Several studies on the optimal method of fluid therapy in patients undergoing RC have been
conducted by both anesthesiologists and urologists. Previous randomized clinical trials
evaluating various fluid therapy regimens did not conclusively determine the management of
fluid therapy in patients undergoing RC for urinary bladder cancer [19-22].

Previous knowledge regarding the effect of fluid therapy during and after RCis still
inconclusive.

Therefore, the main purpose of this study was to investigate the effects of intravenous
fluid administration on postoperative complications in patients undergoing RC.

2. Materials and Methods
2.1. Study Protocol

Two hundred eighty-eight consecutive patients with muscle-invasive urinary bladder
cancer who underwent laparoscopic RC with lymphadenectomy and urinary diversion
(ureterocutaneostomy or ileal conduit) from 2018 to 2022 were enrolled in a retrospective
cohort study. The same surgeon performed all RCs. In each patient of our cohort who
underwent radical cystectomy, lymph node dissection (LND) was performed. The standard
LND in muscle-invasive bladder cancer involves the removal of nodal tissue cranially up
to the common iliac bifurcation, with the ureter being the medial border, and includes the
internal iliac, presacral, obturator fossa and external iliac nodes. The lateral borders are
the genitofemoral nerves, caudally the circumflex iliac vein, the lacunar ligament and the
lymph node of Cloquet [11]. The cohort included patients of various cancer stages, ages
and comorbidities.

Patients after RC were divided into four groups based on the urinary diversion tech-
nique [ureterocutaneostomy (UCS) and ileal conduit (IC)] and the amount of intravenous fluid
(crystalloids) administration [< or >1000 mL], as follows: (1) group 1 [UCS + fluid intake <
1000 mL], (2) group 2 [UCS + fluid intake > 1000 mL], (3) group 3 [IC + fluid intake <
1000 mL] and (4) group 4 [IC + fluid intake > 1000 mL].

ERAS protocols were implemented in each patient who underwent RC, incorporating
both preoperative and postoperative measures.

Preoperative measures included promoting increased physical activity and a high-
protein diet approximately four weeks prior to RC. No bowel preparation or enemas were
used. Carbohydrate- and electrolyte-rich fluids were administered the day before and the
morning of the surgery to mitigate insulin resistance. Perioperatively, gabapentin was
employed as a co-analgesic. Postoperative management allowed fluid intake on the day of
surgery, with oral nutrition initiated on the first postoperative day. Gastric tubes were not
used postoperatively, and the route of drug administration was switched to the oral route
as tolerated. Low-molecular-weight heparin was administered for thromboprophylaxis.
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The collected data included gender, age, body mass index (BMI), Charlson comor-
bidity index (CCI), nutrition scale (nutrition risk screening, NRS), anesthesiological risk
using the ASA (American Society of Anesthesiologists) score, baseline hemoglobin levels
and the presence of comorbidities such as hypertension, type 2 diabetes, heart failure,
where patients with heart failure were classified as those diagnosed with a reduced left
ventricular ejection fraction (LVEF) of <50% during cardiological evaluation, and chronic
kidney disease.

Several parameters closely related to the surgical procedure, such as the operation time,
blood loss and the method of urinary diversion (UCS or IC) were also taken into account.

These groups were compared in terms of complications at 30 and 90 days post-surgery,
and 30- and 90-day post-surgery complications and their relationships were assessed in all
experimental groups. Complications were assessed using the Clavien-Dindo scale.

In assessing complications, the ratio of the volume of fluids administered relative to
body weight (mL/kg), BMI (mL/kg/m?), duration of the procedure and combined ratio,
taking into account procedure time and body weight (mL/hour/kg), were used.
Additionally, two novel clinical parameters were introduced (see Section 2.2).

Propensity score matching (PSM) was conducted to balance baseline characteristics
between the UCS group (n = 240) and the ileal conduit diversion group (n = 48). To
achieve covariate balance between the groups, the validity of subsequent comparisons
was enhanced. PSM was implemented using a nearest-neighbor matching algorithm with
a 1:1 matching ratio, ensuring that each patient in the IC group was matched with one patient
from the UCS group based on similar propensity scores. The propensity scores were
estimated using a logistic regression model, with patient age, CCI (Charlson Comorbidity
Index) and clinical tumor stage as predictors.

2.2. Novel Clinical Parameters

Due to the high heterogeneity of patients undergoing RC related to different patient

weights and operation time (which is influenced, among others, by the type of urinary diver-

sion), we have defined two novel clinical parameters (aVBFI and adjVFBI), which allow for

the unification of experimental groups, allowing for a reliable comparison between groups.

The absolute Vascular Bed Filling Index (aVBFI) assesses vascular bed filling during

the procedure. The aVBFI is calculated as the ratio of fluids administered during the
procedure due to blood loss.

The adjusted Vascular Bed Filling Index (adjVFBI) is a more accurate parameter than
aVBFI because it also considers the procedure’s duration. The adjVFBI is calculated as the
ratio of the aVBFI to the duration of the procedure in minutes.

Moreover, in further analysis, we assumed that fluid loss through evaporation, respi-
ration and convection remains constant, and that in laparoscopic interventions, it is not as
significant as in open surgeries.

2.3. Statistical Analysis

Data analysis was conducted, adhering to rigorous methodological and statistical
standards, with a significance level set at a = 0.05, which is standard in biomedical sciences,
minimizing the risk of Type I error. Descriptive statistics tailored to the type of data were
utilized. For quantitative variables, the median was used as it is less sensitive to outliers
than the arithmetic mean, and the first and third quartiles were presented, allowing for a
fuller understanding of the data distribution.

For categorical variables, the number of observations and percentages were used,
facilitating the interpretation of the distribution. To assess the significance of differences
between groups, the Wilcoxon rank-sum test was used for quantitative variables and the
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Pearson Chi-square test, Fisher’s exact test or a proportions test for categorical variables,
depending on the sample size and data characteristics.

A multivariate analysis was conducted using a multiple regression model to identify
factors affecting the severity of postoperative complications, enabling the assessment of
relationships between multiple independent and dependent variables. A robust estimator
(M-Huber) that is less sensitive to outliers was used in the analysis, ensuring greater
reliability of the results.

The analysis provides information on the risk profile and enables the identification
of high-risk groups as well as risk factors that can be targeted for intervention to improve
treatment outcomes. The statistical analysis results are presented with 95% confidence
intervals and p-values, allowing for the precise interpretation of the strength and direction of
the statistical relationships.

Propensity score matching analyses were conducted using the R Statistical language
(version 4.3.3; R Core Team, 2024) on Windows 11 pro 64 bit (build 22631), using the
packages cobalt (version 4.5.5; Greifer N, 2024), Matchlt (version 4.5.5) [23].

3. Results
3.1. Characteristics of Experimental Groups

The median age of the patients was 68.5 years (63 to 74 years). The gender distribution
in the study group showed a significant predominance of males, who comprised 78.1% (225
patients), compared to females, who accounted for 21.9% (63 patients). The median body
weight of the patients was 80 kg (70 to 89 kg). The median BMI was 26.95 kg/m? (24.30 to
30.05 kg/m?). Ureterocutaneostomy and ileal conduit were conducted in 240 and 48 patients,
respectively.

The hospitalization stay was 10 days (8 to 13 days). The duration of hospitalization
did not differ significantly between all experimental groups (p = 0.153).

Hypertension (HT) was the most common comorbidity, which affected 65.3% of all
patients. In patients with IC, the incidence of HT was lower at 54.1% compared to the
group with UCS, which had a prevalence of 67.5%. However, this difference did not reach
statistical significance (p = 0.077). Diabetes mellitus (DM) was present in 24.7% of the
participants, with a slightly higher frequency in the patients with IC (29.2%) compared to the
patients with UCS (23.8%), although this difference was also not statistically significant (p =
0.427). Similarly, the incidence of heart failure (HF) did not differ significantly between
groups, with 14.6% in the IC and 19.1% in the UCS patients (p = 0.454). In our cohort, a
statistically significant difference was observed in the case of chronic kidney disease (CKD).
In the group of patients after IC, the percentage of patients with CKD was significantly
lower (8.3%) compared to the patients with UCS (30%), with ap-value of 0.002. (Table 1)

Patients in the IC group were statistically younger than those in the USC group. The
median age for the IC group was 64 years, compared to 69 years for the USC group (p <
0.001).

According to the Charlson comorbidity index (CCI) results, the majority of patients
(59.7%) had a score greater than four, suggesting the presence of comorbid conditions that
worsen the prognosis. A statistically significant difference (p < 0.001) between urinary
diversion techniques indicates that a higher percentage of patients with ileal conduit had a
better CCI outcome (<4) (64.6%) compared to the patients with UCS (35.4%).

For older and comorbid patients, the uretero-ureterocutaneous fistula (UCN) without
the use of intestinal interposition devices is an alternative and safe procedure [24]. In
our population of 417 patients, the operation time (incision-suture time: median 82 min;
range 63-121 min) and mortality (2.1%) are low despite a pronounced negative selection of
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comorbid in elderly patients (mean age 79 years). A potential disadvantage compared to
the ileum conduit is the obligatory ureteral splinting.

Table 1. Characteristics of the study group.

Urinary Diversion

Characteristic N=288 Overall in sample® 1Cq, ucse,

pb
n=48 n =240
Hipertension 188 (65.28%) 26 (54.2%) 162 (67.5%) 0.077
Diabetes 0 0 0
Mellitus 71(24.65%) 14(29.2%) 57 (23.8%) 0.427
Heart Failure 53(18.40%) 7 (14.6%) 46 (19.2%) 0.454
Chronic
Kidney 76(26.39%) 4(8.3%) 72 (30.0%) 0.002
Disease
Neoadjuvant 44 (15.3%) 5 (10.4%) 39(16.3%)  0.305b
chemotherapy
cTNM:
cT2 101 (35.1%) 25 (52.1%) 76 (31.7%)  0.007¢
cT3 118 (41.0%) 20 (41.7%) 98 (40.8%)  0.915¢
cT4 68 (23.6%) 2 (4.2%) 66 (27.5%)  0.001c

21 (%); b pearson Chi-square test; ¢ Fisher’s exact test; d proportions test.

The assessment of the ASA scale score revealed significant differences between the
groups (p = 0.004). In the patients with IC, a larger percentage of patients had a lower risk
class, ASA2 (41.7%), compared to the UCS patients (19.2%), while the higher risk class,
ASA3, was more common in the UCS patients (79.2%) than in the IC patients (58.3%). The
NRS (nutritional risk score) also showed a statistically significant difference (p = 0.022),
with the median score in the IC patients being lower than that in the UCS patients.

The study observed a statistically significant difference in preoperative hemoglobin
(HGB) levels between the groups, where patients with IC creation had a higher median HGB
(13.80 g/dL) compared to the patients with UCS (12.30 g/dL). The differences remained
significant postoperatively, with higher HGB in the IC patients (11.95 g/dL) compared to
the UCS patients (10.65 g/dL). The loss of hemoglobin did not differ significantly between
the groups.

The use of neoadjuvant chemotherapy (CHTx) in this cohort was relatively low, at
15.3% (44 individuals)—>5 patients from the IC group (10.4%) and 39 patients from the UCS
group (16.3%). The neoadjuvant CHTx used for our patients was based on cisplatin agents.

The low percentage of patients receiving neoadjuvant chemotherapy results from
the significant comorbidity of the Polish population compared to other European popula-
tions [25]. Scientific reports indicate that the risk of malnutrition in the Polish population
over 65 years old can reach 44.2% [26] and 39.2% in the oncological patient group [27]. The
prevalence of overweight is 63% in men and 43% in women [28]. This also explains why
the simplest form of urinary diversion is often chosen after cystectomy (CR).

The results indicate statistically significant differences (p < 0.05) in terms of clinical
tumor stage (cT). In the UCS group, individuals with advanced cT4 tumors constituted
27.5%, while the patients with IC constituted only 4.17% (p = 0.001). (Table 1) A higher
proportion of patients in the UCS group was suspected of having lymph node metastases
compared to the IC group (13.3% vs. 2.1%, p = 0.025). Patients in the IC group more
frequently had organ-confined disease (cT2)—52.1%, compared to 31.7% in the UCS group
(p = 0.007). The percentage of patients with cT3 advancement did not differ significantly
between the groups, wit 41.6% in the IC group and 40.1% in the UCS group (p = 0.915).

47



However, the presence of hydronephrosis was significantly less common in the IC group
(10.4%) compared to the UCS group (34.2%) [p = 0.001].

Preventing infections, including wound infections, appears to play a crucial role
during radical cystectomy and in the perioperative period. Infectious complications can
account for up to 25% of complications following radical cystectomy procedures during
RARC [29]. If open access is used during radical cystectomy (ORC), the use of Alexis
wound protectors has been shown to effectively reduce the rate of postoperative wound
infections [30]. In our study, all procedures were performed laparoscopically, and we
used standard extraction bags. We observed only incidental cases of wound infections or
pneumonia after laparoscopy.

The median operation time was 200 min (from 175 to 241 min.). The duration of the
procedure was significantly longer in the group of patients using the IC creation (average
260 min.) compared to the UCS creation (average 190 min.; p < 0.001). The median blood
loss was 250 mL (ranging from 150 to 350 mL). Concurrently, there was no significant
difference in blood loss between the UCS and IC groups (p = 0.962). (Table 2).

Table 2. Parameters of perioperative factors in the sample, stratified by urinary diversion technique
after cystectomy.

Urinary Diversion

Charactreristic = N=288 0veralII lan pe
sampie ICo,n = 48 UCSa,n = 240
- 200 260 190
Surgery time (175-241) (242 -285) (165 - 220) <0.001
250 250 250
mL
Blood loss (150-350) (200 - 350) (150 - 350) 0.962
Fluids
1000 1350 1000
Administrated 0.011
During Surgery i (500-1900) (800 -1900) (500 - 1 900)
Fluids
Administrated/ ~ 3.69 (2.55 - 4.41(3.58 -
Surgery time 4.28 (3.34 - 541) 4.60) 5.79) <0.001
/Welght mL/hr/kg
Fluids/BMI 1405 (12133"3 140.0 0,993
ml/kg/m2 - ) - )
/xg/ (124.0 - 158.0) 152.25) (124:0-159.25)
aVBFI 4.80 (3.18 - 7.04) 500 (35'360383 433(3.0-7.0) 0.107

a Mdn (Q1, Q3); ® n (%); ¢ Wilcoxon rank-sum test

The ratio of fluids administered per hour of surgery per kilogram of body weight
(mL/hour/kg) was significantly lower in the IC group (3.69) compared to the UCS group
(4.41;p <0.001).

This may be due to the fact that patients in the IC group statistically weighed more
than those in the USC group—84 kg vs. 79 kg (p = 0.011). However, no differences between
the groups were noted after calculating the BMI.

The rate of blood product transfusions was higher in the UCS group (34.2%) than in the
IC group (14.6%; p = 0.007). No statistically significant differences were observed in the
percentage of patients requiring intensive care unit support (p = 0.228).

There was a statistically significant difference in the incidence of ileus (p = 0.001), with
a higher frequency of cases in the IC group (27.1%) compared to the UCS group (9.6%).
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3.2. Postoperative Complications According to the Clavien-Dindo Classification Within 30 Days

The frequency of complications, as measured by the Clavien-Dindo scale, did not
differ significantly, regardless of the method of urinary diversion or the amount of fluids
administered. The distribution of complications in each group is attached in Table 3.

Table 3. Complications depending on the type of urinary diversion type.

Overall in Urinary Diversion
Characteristic N Sample 2 IC 3, UCS 3, p b
n=48 n=240
Clavien-Dindo 30 288 0.354
days

1 126 (43.8%) 19 (39.6%) 107 (44.6%)

2 70 (24.3%) 19 (20.8%) 60 (25.0%)

3a 37 (12.9%) 8 (16.7%) 29 (12.1%)

3b 32 (11.1%) 9 (18.8%) 23 (9.6%)

4 6(2.1%) 0 (0.0%) 6 (2.5%)

5 8 (2.8%) 0 (0.0%) 8 (3.:3%)
Clavien-Dindo 90 280 0176
days

1 46 (16.4%) 4 (8.3%) 42 (18.1%)

2 71 (25.4%) 11 (22.9%) 60 (25.9%)

3a 29 (10.4%) 8 (16.7%) 21 (9.0%)

3b 4(1.4%) 1(2.1%) 3(1.3%)

4 1(0.4%) 0 (0.0%) 1 (0.4%)

5 11 (3.9%) 0 (0.0%) 11 (4.7%)

211 (%); P Fisher’s exact test.

However, several factors that influence the severity of complications were identified
(Table 4).

Table 4. Factors determining the complications 30 days after RC.

Severity of Complications

Explanatory Variables (Clavien-Dindo)
B CI 95% 4
Age years 0.01 —0.01-0.03 0.283
BMI kg/m? —0.03 —0.06-—0.00 0.045
Fluids administrated (>1000 mL) 0.28 0.02-0.54 0.035
Fluids to surgery time to patient _ —01_
weicht ratio ml/hll:(kg 0.04 0.11-0.04 0.337
eoadjuvant CHTx —0.00 —0.30-0.30 0.999
Hypertension 0.11 —0.14-0.36 0.396
Diabetes mellitus 0.08 —0.19-0.35 0.572
Heart failure —0.07 —0.37-0.24 0.669
Chronic kidney disease 0.11 —0.19-0.41 0.467
Hydronephrosis 0.09 —0.17-0.36 0.476
Acute kidney injury 0.11 —0.13-0.36 0.358
Urinary diversion (IC) * - - -
Urinary diversion (UCS) —-0.53 —0.99-—-0.07 0.024
aVBFI —0.07 —0.12-—-0.03 0.002
adjVBFI —0.27 —0.45-—0.08 0.005
Transfusion 0.24 —0.04-0.51 0.092
Hospitalization days 0.02 0.00-0.03 0.011
Reoperation 211 1.78-2.44 <0.001
aVBFI X Urinary diversion (UCS) 0.07 0.02-0.12 0.011
adjVBFI X Urinary diversion (UCS) 0.24 0.06-0.43 0.011

Annotations: B—regression model coefficient; CI 95%—confidence interval 95%); p—p-value of the statistical

test. *—No value is given for the urinary diversion (IC) variable because urinary diversions were compared to
each other.
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)

Clavien - Dindo

The administration of fluid volumes above 1000 mL is associated with a higher severity
of complications (p = 0.035) within 30 days post-surgery when not accounting for additional
factors such as the duration of the operation and patient weight. However, the lack of

statistical significance in this area after adjusting the volume of administered fluids for the

duration of the operation and patient BMI indicates that fluid volume alone is not a reliable
predictor of the severity of complications after RC. Using the UCS after RC is associated
with less severe complications according to the Clavien-Dindo scale, suggesting its potential
benefits in a postoperative context (B = —0.53, p = 0.024). However, the significance of
this variable becomes more complex when considering its interaction with the absolute
Vascular Bed Filling Index (aVBFI). A direct comparison of the four experimental groups,
based solely on the number of fluids administered (< or >1000 mL), showed no differences.

However, after applying the aVBF], it was found that there was a significant interaction
between aVBFI and the type of urinary diversion (UCS/IC) (B = 0.07, p = 0.011).

At aVBFI values between zero and eight, urinary diversion using the UCS is associated
with a lower risk of complications compared to the IC. When aVBFI equals eight, the
differences in the severity of complications between the UCS and the IC are minimal. However,
when aVBFI exceeds eight, the IC creation is associated with fewer complications within 30
days postoperatively compared to UCS (Figure 1) .

The correlation between the adjusted Vascular Bed Filling Index (adjVFBI) (B = —0.27;
95% CI: —0.45 to —0.08; p = 0.005) and the severity of complications up to 30 days post-
operatively is similar to that seen with aVBFI. Similarly, the correlation of adjVFBI with
the method of urinary diversion (B = 0.24; 95% CI: 0.06 to 0.43; p = 0.011) resembles that
of aVBFL

Urinary Diversion

lieal Conduit

ucs

a VSFI

Figure 1. The interaction effect between aVBFI and the urinary diversion on the severity of complica-

tions using the Clavien-Dindo scale one month after RC.
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3.3. Complications According to the Clavien-Dindo Classification After 90 Days

The different amounts of intravenous fluid administration did not influence the sever-
ity of complications in 90 days postoperatively.

The statistical analysis based on two hundred and eighty observations (eight patients
died before reaching 90 days post-surgery) indicated that the occurrence of acute kidney
injury in the postoperative period was associated with a higher degree of complication
severity (B = 0.40; 95% CI: 0.04-0.75; p = 0.028). A longer hospitalization time was also
significantly associated with a higher degree of complication severity (B = 0.04; 95% CI:
0.02-0.06; p < 0.001). No significant associations were observed between other factors and
complications after 90 days from the procedure.

3.4. Propensity Score Matching

The propensity score matching procedure was successful in balancing covariates
between the UCS group and the ileal conduit diversion group. Prior to matching, significant
imbalances were observed across several covariates. For instance, the standardized mean
differences (SMD) indicated substantial differences in age (SMD = —0.80), CCI scale (“good”
vs. “burdened” SMD = 0.61 and —0.61, respectively) and tumor stage, particularly for cT4
(SMD = —1.17). These imbalances suggest that patients in the UCS group were older, had
a higher burden of comorbidities and were more likely to present with advanced tumor
stages compared to the ileal conduit group.

After matching, covariate balance improved considerably. The standardized mean
differences for all covariates were reduced to within acceptable thresholds, with SMD
values for age (—0.08), CCI categories (0.00 for both (“good” vs. “burdened”) and tumor
stages (e.g., cT1-cT2: SMD =0.13,cT3: SMD = —0.17, cT4: SMD = 0.10) indicating minimal
residual imbalance. The mean difference in propensity scores between the groups was
also reduced (SMD = 0.05), reflecting the successful alignment of treatment probabilities
between the matched groups. The variance ratios for continuous variables, such as age
(0.72), and eCDF differences for categorical variables (all <0.13) further confirm improved
balance post-matching (see Figure 2 for visualized covariate balance).

Covariate Balance

distance 4 B
age 1 { ¢
CCl scale 1 2 Sample
Unadjusted
cT1-cT2 A ) ® Adjusted
cT3 4 o
cT4 °

40 05 00 05
Standardized Mean Differences

Figure 2. Standardized mean differences for covariate balance before and after propensity score matching.
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The matching process retained all 48 patients in the ileal conduit group and matched
them to 48 patients in the UCS group, reducing the control group from 240 to 48 for direct
comparisons. This ratio ensured equal representation of both groups in the matched dataset,
minimizing bias in subsequent analyses. Importantly, no patients were discarded or ex-
cluded due to extreme propensity scores, indicating that overlap in treatment probabilities
was sufficient for reliable matching.

These results imply that the matched dataset provides a robust basis for comparing
outcomes between the UCS and IC groups, free from the confounding influences of age,
comorbidities and tumor stage. The improved balance after matching allows for more
accurate estimation of the effect of urinary diversion type on patient outcomes, without the
bias introduced by baseline differences between the groups.

The assessment of the impact of the urinary diversion method using the covariate
balance sample (N =96, n IC = n UCS = 48) reproduced the results of the previously reported
regression models. The UCS diversion was associated with a significantly lower severity
of complications one month after surgery (B = —0.51, 95% CI: —0.99-—0.03, p = 0.036)
compared to the IC diversion. However, the urinary diversion method did not have a
significant effect on the Clavien-Dindo parameter at three months post-surgery (p = 0.415).

4. Discussion

The results of this study indicate that the amount of intravenous fluids administration as
an isolated parameter does not correlate with the severity of early and late postopera-tive
complications after RC. The significant effects observed with newly defined clinical
parameters such as absolute and adjusted Vascular Bet Filling Index (aVBFI and adjVBFI)
suggest that the appropriate ratios of fluid resuscitation relative to blood loss are crucial for
improving postoperative outcomes and can effectively reduce the severity of complications.
Our findings also suggest that simpler methods of urinary diversion should be considered
during procedures associated with significant blood loss.

In various single-center studies of radical cystectomy, the incidence of complications
remains high even when tumors are slightly less advanced. Additionally, the rate of blood
transfusions has been reported to be as high as 54.8%, as detailed in the study by Anil
Erdik et al. [31].

Bazargani et al. [19] found no correlation between the amount of perioperative fluids
input (including crystalloids, colloids, and blood products) and complications at 30 and
90 days post-surgery in 180 patients after open RC. Additionally, fluid administration did not
affect the length of hospital stay.

On the other hand, Wuetrich et al. [32] randomized 166 patients into two groups
and demonstrated that reduced fluid administration at a rate of 3 mL/kg/hour during surgery,
combined with intraoperative noradrenaline infusion, reduced complications by 21% (52%
vs. 73%) compared to administering 6 mL/kg/hour without noradrenaline. This approach
also decreased the risk of death within 90 days after RC by 4.8% (0% vs. 4.8%). However,
their study did not utilize the ERAS protocol, whose components may positively influence the
frequency of complications and postoperative stress. This might be the reason for conflicting
results regarding fluid therapy alone in these patients.

Similarly, Furrer etal.’s [33] study, in a group of 775 patients undergoing RC without
the ERAS protocol, demonstrated that a reduced crystalloid administration of
3.5 vs. 4.2 mL/kg body weight during the procedure may contribute to developing post-
operative renal failure. However, no effect of colloids on postoperative renal failure was
demonstrated.

Studies emphasize that fluid administration should be individualized and based on
objective measurements of flow rates to achieve optimal preload values. This involves
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adjusting fluid delivery according to the filling of the vascular bed, which can be monitored
using tools like an esophageal Doppler probe placed in the patient. Goal-directed fluid
therapy (GDFT) has been particularly studied in terms of the recovery of gastrointestinal (GI)
function after surgical procedures, and several meta-analyses have been conducted on this
topic.

Giglio and colleagues analyzed 16 studies and demonstrated that GDFT reduces the
frequency of severe GI complications compared to the control groups [34]. Additionally,
Gomez-Isquierdo et al. [1] concluded that GDFT decreases the incidence of postoperative
nausea and vomiting, allows patients to tolerate a diet sooner and shortens the time to
the first bowel movement. These benefits did not extend to patients who were managed
under the ERAS protocol. Also, Srinivasa et al. [35] analyzed 691 patients where GDFT
was combined with the ERAS protocol in colorectal surgery and found no differences in
complications or length of hospital stay among the patients.

The impact of GDFT has also been studied in patients with urinary bladder cancer
undergoing RC. After analyzing two fairly large groups of patients who underwent open
RC, where GDFT was applied in the experimental group without the ERAS protocol, Arslan-
Carlon et al. [22] did not demonstrate a positive impact of this fluid therapy approach on
either intestinal function or the number of high-grade postoperative complications. They
observed a higher risk of acute kidney injury (AKI) in patients from the GDFT group. On
the other hand, Pillai and colleagues demonstrated that using GDFT in patients undergoing
RC reduces GI complications and improves wound healing [2]. However, the experimental
and control groups were small; the procedure duration significantly differed between
groups, and the ERAS protocol was not implemented in this study.

Ghoreifi et al. [20] studied the application of GDFT in patients undergoing RC and
the ERAS protocol implementation. They evaluated kidney function, the length of stay,
complications and rehospitalization 90 days post-surgery. No significant differences were
found between the experimental and control groups. Additionally, stroke volume variation
(SVV) was studied by Kong et al. [21] in patients undergoing RC. SVV is gaining increasing
attention as a reliable index for protocolized fluid management (specifically maintaining SVV
within the 10-20% range) to minimize vascular congestion in surgical areas and
intraoperative blood loss during procedures such as living-donor hepatectomy. However, this
study did not show the impact of this method of fluid transfusion on postoperative outcomes.
Nevertheless, it did help to reduce blood loss and the number of transfusions of blood
products.

The results of the studies presented above are conflicting, yet they suggest that intra-
operative fluid administration based on the filling of the vascular bed or blood loss may
influence the complications following RC.

We would also like to mention that a limitation of our study is the retrospective nature
of the data analysis. We also did not exclude patients with advanced cancer or those
undergoing palliative cystectomy from the analysis. The group of patients in whom urinary
diversion was performed using the IC is significantly smaller, and these patients had lower
CCI scores and initial cancer staging. Patients in the UCS group also had a higher risk
of malnutrition, which is an independent risk factor for the occurrence of complications
30 days after the procedure [36]. However, comparing the results of our study with those
of other researchers suggests that optimizing fluid administration based on the filling of
the vascular bed could have a positive impact on complications in patients undergoing RC
together with the application of the ERAS protocol.

Additionally, it seems that newly defined clinical parameters, such as absolute and ad-
justed Vascular Bed Filling Index (aVBFI and adjVBFI), seem useful in everyday urological
practice in assessing the risk of postoperative complications after RC.
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5. Conclusions

The volume of fluids administered does not directly affect the severity of complica-
tions following RC when the ERAS protocol is used. The amount of intraoperative fluid
administration should be adjusted according to the intraoperative blood loss. In procedures
with significant blood loss, simpler methods of urinary diversion should be considered.

The findings endorse the utility of novel clinical parameters such as aVBFI and adjVBFI
as valuable clinical tools in guiding fluid therapy within the framework of ERAS protocols.
However, further multicenter randomized trials are needed to definitively determine the best
fluid therapy regimen for patients undergoing RC.
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Introduction Simple cystectomy (SC) for radiation-induced bladder dysfunction (RIBD) is occasionally
performed, yet data regarding perioperative outcomes are limited. This study aimed to compare periop-
erative complications following SC for RIBD with radical cystectomy (RC) for bladder cancer.

Material and methods We conducted a retrospective single-center analysis of patients who underwent
laparoscopic cystectomy with ureterocutaneostomy between 2016 and 2024. Propensity score
matching (PSM) was applied separately for cT1-cT2 stage tumors, cT3—cT4 stage tumors, and for SC
group vesicoenteric fistula patients. Outcomes were assessed using the Clavien-Dindo (CD) classification
at 30 and 90 days.

Results In total, 257 patients were included in the study: 25 SC for RIBD and 232 RC for BC. Prior to
matching, SC patients had significantly higher rates of CD grade >3 complications at 30 days (44% vs 22.4%,
p <0.001), higher reoperation rates (47.8% vs 11.6%, p <0.001), and prolonged hospital stays (15 vs 9 days,
p =0.002). After matching, SC patients continued to demonstrate more severe complications, especially
compared to cT1-T2 RC patients (CD >3 complications: 47.1% vs 11.8%, p = 0.057; reoperations:
56.2% vs 5.9%, p = 0.002). In patients with vesicoenteric fistula after matching, CD complication rates
at 30 days did not differ significantly between groups (p = 0.130), 90-day complication rates were com-
parable (p = 0.968), and reoperations occurred significantly more often in the SC group (61.5% vs 6.7%;
p = 0.004). Study limitations include the retrospective single-center design, small SC group size and
urinary diversion type.

Conclusions Due to high morbidity, non-oncological cystectomy for RIBD should be limited to selected
cases and managed in experienced, multidisciplinary centers. Urinary diversion without cystectomy may
be a safer alternative.

Key Words: simple cystectomy ¢ radical cystectomy © radiotherapy ¢ vesicoenteric fistula

«> bladder dysfunction

INTRODUCTION

Radiation-induced bladder dysfunction is a rare
complication observed in patients who have un-
dergone pelvic radiotherapy [1]. Although often
delayed, long-term complications following pelvic
radiotherapy can be severe and commonly necessi-

Cent European J Urol. 2026
doi: 10.5173/ceju.2025.0163

tate surgical management, accounting for a notable
share of emergency urological admissions in high-
volume centers [2]. For instance, radiation-induced
hemorrhagic cystitis may affect more than 5% of
patients at a median of 43.9 months following
radiotherapy, with up to half of those cases requir- ing
invasive treatment [3]. Fistulas represent one

This is an Open Access article distributed under the terms of the Creative Commons
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of the most severe and uncommon toxicities of ra-
diotherapy, occurring in approximately 0.2% of pa-
tients undergoing pelvic irradiation due to prostate
cancer [4]. It constitutes a strong indication for de-
finitive surgical management [5].

lonizing radiation initiates a cascade of biological
responses including oxidative stress, endothelial
dysfunction, and dysregulation of fibroblast activ- ity.
This results in persistent inflammation, vascu- lar
rarefaction, and excessive extracellular matrix
deposition, which collectively impair tissue regen-
eration and contribute to late-onset complications such
as fibrosis, impaired wound healing and tissue fragility
[6].

Bladder cancer is managed according to tumor stage
and risk stratification. Non-muscle-invasive bladder
cancer (NMIBC) is typically treated with transurethral
resection followed by intravesical immunotherapy such
as Bacillus Calmette-Guérin (BCG) instillations, whereas
muscle-invasive blad- der cancer (MIBC) often requires
radical cystec- tomy or bladder-sparing approaches [5,
6]. While cystectomy is most commonly performed for
onco- logical indications, it may also be necessary in se-
lected cases of severe non-malignant bladder dys-
function, such as bladder fistulas, perforations, or
treatment-resistant hematuria, which is the fo- cus of
the present study [9].

There is evidence that cystectomy performed for non-
oncological reasons carries significant peri- operative
risks [10]. Additionally, procedures per- formed in a
previously irradiated surgical field may be associated
with significant difficulties in wound healing and
infections [9, 10].

Although simple cystectomy due to radiation- induced
changes is performed in clinical practice, available data
on outcomes and complication risks of this procedure
are limited. Most publications fo- cus on radical
cystectomies performed for oncologi- cal indications or
salvage procedures due to blad- der cancer recurrence
following prior radiotherapy [11-13].

The aim of this study was to compare postoperative
complications between patients undergoing simple
cystectomy for radiation-induced bladder dysfunc- tion

and patients undergoing radical cystectomy for
bladder cancer.
MATERIAL AND METHODS

Population

A retrospective analysis was conducted on 257 pa-
tients who underwent laparoscopic cystectomy at a
single center between 2016 and 2024. The study

group included 25 patients who underwent simple
cystectomy (SC) due to radiation-induced bladder
dysfunction and 232 patients who underwent radi- cal
cystectomy (RC) for bladder cancer. In the SC group,
radiotherapy had been performed for prior oncological
indications such as prostate cancer, cer- vical cancer,
endometrial cancer, or rectal cancer.

All procedures were performed laparoscopically by
one experienced surgeon. In the SC group, uni- lateral
right-side ureterocutaneostomy (UCS) was the standard
method of urinary diversion; there- fore, to ensure
consistency and reduce selection bias, only patients
from the RC group with UCS urinary diversion were
included in the analysis. Patients who underwent
salvage cystectomy were excluded from the study.
Because many patients were treated in external
institutions, radiothera- py documentation was
incomplete or unavailable in several cases. Therefore,
standardized extraction of RT dose, field, and modality
was not feasible.

Study design

The primary aim was to evaluate complications us- ing
the Clavien-Dindo (CD) scale at 30 and 90 days
postoperatively. Additionally, demographic, clinical, and
perioperative parameters, blood transfusions, and
length of hospital stay were analyzed.

To minimize differences between groups, propen- sity
score matching was applied. Three separate analyses
were conducted. Patients in the SC group were matched
with RC patients with clinical tumor stage cT1-cT2 to
form the organ-confined disease group (17 vs 17
patients), and separately with RC patients with clinical
tumor stage cT3-cT4 for form the advanced disease
group (19 vs 19 patients). Ad- ditionally, patients with
vesicoenteric fistula from the SC group were matched
with RC patients re- gardless of tumor stage.

Statistical analysis

Statistical significance was set at a two-sided al- pha
level of 0.05. Propensity score matching was conducted
using the cardinality matching method to optimize the
matched sample size while ensur- ing covariate balance.
The Average Treatment Ef- fect on the Control (ATC)
estimand was employed to evaluate the effect of SC
compared to RC in pa- tients. Propensity scores were
estimated via logistic regression, incorporating ten
covariates selected for their clinical relevance as
confounders influenc- ing both cystectomy type and
postoperative compli- cations: sex, age, BM]I,
chemotherapy, hypertension, diabetes mellitus, chronic
heart failure, chronic kid-
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ney disease, American Society of Anesthesiologists
(ASA) Physical Status, and Charlson Comorbidity Index
(CCI). The rationale and suitability of each covariate are
detailed in Suppl. Table A.1. Covari- ate balance was
assessed using standardized mean differences (SMD),
with SMD <0.1 indicating good balance, and empirical
cumulative distribution function (eCDF) metrics.

The matching procedure was performed separately for
two RC subgroups based on clinical tumor stag- es:
cT1-cT2 (n=73) and cT3-cT4 (n = 159), com- pared
to SC (n = 25).

Continuous variables of matching were summarized
using medians and interquartile ranges (IQR) due to
non-normal distributions, as assessed by Shap- iro-
Wilk tests. Categorical variables were reported as
counts and percentages. Descriptive statistics were
calculated for the overall matched cohort and
separately for SC and RC groups within each tumor
stage subgroup (cT1-cT2 and cT3-cT4) to charac-
terize baseline, treatment, and outcome variables.
Group differences in clinical characteristics and CD
grades were assessed using appropriate statis- tical
tests based on variable type and distribution. For
continuous variables (e.g., age, BMI, operation time),
the Wilcoxon rank-sum test was used due to non-
normality. For categorical variables (e.g., sex, CD
grades), Pearson’s y? test or Fisher’s exact test was
applied, with the latter used when expected cell counts
were less than 5 (e.g., for specific CD grades). Logistic
regression with a logit link function was employed to
estimate the effect of group (SC vs RC as reference)

on CD 3+ incidence at 1-month and 3-month follow-
ups. The model effects were re- ported as odds
ratios (ORs) with 95% confidence intervals (ClIs) and
p-values. Model fit was evalu- ated using Tjur’s R? to
measure explained variation in binary outcomes.

The statistical analysis adheres to the STROBE
(Strengthening the Reporting of Observational Studies
in Epidemiology) guidelines for observa- tional studies
(von Elm et al. 2007 [16]) and the RECORD (Reporting
of Studies Conducted Using Observational Routinely-

Collected Data) guidelines for studies  using
observational data (Benchimol et al. 2015 [17]),
ensuring transparency, reproduc- ibility, and

methodological rigor.

Analyses were conducted using R (v4.3.3) with pack-
ages for matching, regression, balance diagnostics, and
visualization (details in Appendix F).

Bioethical standards

The study protocol was approved by the institution- al
review board at Nicolas Copernicus University

in Torun Collegium Medicum in Bydgoszcz (num- ber
approval: KEWL 2/2025).

RESULTS

A total of 257 patients were included in the analysis,
comprising 25 patients undergoing simple cystec- tomy
(SC) for radiation-induced bladder dysfunc- tion and
232 patients undergoing radical cystec- tomy (RC) for
bladder cancer. Demographic and clinical characteristics
of both groups are presented in Table 1.

The SC group had a significantly higher proportion of
females compared to the RC group (48% vs 22%, p =
0.004). There were no significant differences between
groups in terms of age (p = 0.35) or body mass index
(BMI). Both groups were comparable regarding
comorbidities, including hypertension, diabetes
mellitus, chronic kidney disease (defined as eGFR < 60
ml/min calculated using the Cock- croft-Gault formula),
and chronic heart failure (diagnosed by a cardiologist).
The Charlson Comorbidity Index was significantly
higher in the RC group (median: 5 vs 3; p < 0.001),
primarily due to the inclusion of malignancy in the
scoring system. Patients in the RC group were also more
frequently classified as malnourished accord- ing to the
Nutritional Risk Screening (NRS) scale (median: 3 vs 2;
p < 0.001). Neoadjuvant chemo- therapy was
administered to 37 patients (15.9%) in the RC group.
In the SC group, the median time from completion of
radiotherapy to cystectomy was 6 years. A vesi- co-
intestinal fistula was diagnosed in 17 patients (68%), 20
patients (75%) had bilateral nephrosto- mies, and 11
patients (44%) had previously under- gone creation of a
single-barrel intestinal stoma. The most common
indications for radiotherapy were prostate cancer
(48%) and cervical cancer (36%). In the remaining
patients, radiotherapy was admin- istered due to
endometrial cancer and rectal can- cer (8% each). In
the SC group, 11 patients (44%) received chemotherapy
during primary cancer treatment.

Perioperative outcomes and complications before
matching

Operation time, blood loss, and intraoperative blood
transfusions did not differ significantly between
groups (p = 0.075; p = 0.165; p = 0.175, respec-
tively).

The incidence of complications according to the Clavien-
Dindo (CD) scale within 30 days reached statistical
significance. Patients in the RC group
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more frequently experienced mild Grade 1 compli-
cations (46.1% vs 12%, p <0.001), whereas severe Grade
3 complications occurred more frequently in the SC
group (44% vs 22.4%, p <0.001). No differ- ences were
observed in complication rates between 30 and 90 days
after cystectomy. However, notably, three patients
(12%) from the SC group died within 90 days after
surgery compared to eleven patients from RC group
(4.7%).

Among patients in the SC group who experienced
Clavien-Dindo grade 3 complications, gastrointes-
tinal complications were the most prevalent, re-
ported in 8 cases: adhesive small bowel obstruction (n
= 3), enteric fistula or small bowel perforation (n = 6),
and small bowel necrosis (n = 1). Addi- tional
complications included evisceration (n = 3),

Table 1. Demographics and patient characteristics before
matching

pelvic abscess (n = 4), and ureteral necrosis at the site of
ureterocutaneostomy (n = 2). Some patients
experienced a combination of those complications. In 7
cases, two or more reoperations were required to
manage postoperative morbidity.

Patients in the RC group more often required post-
operative transfusions of packed red blood cells (77.5%
vs 52%, p <0.001). Nonetheless, a higher percentage of
SC patients required massive trans- fusions (>3 units
RBC: 36% vs 6.1%, p <0.001). SC patients were more
likely to require total paren- teral nutrition (TPN)
during hospitalization (36% vs 9.9%, p = 0.001). SC
patients more frequently underwent reoperation
defined as any subse- quent surgical procedure
performed in the operat- ing room to address
complications within 30 days (47.8% vs 11.6%, p
<0.001). SC group patients more

Table 2. Clavien-Dindo complications and perioperative out-
comes before propensity score matching

Characteristic ¢ N R§32 p
(N=25) (N =232) Characteristic ¢ RC b
) (N =25) (N=232)
Demographics
%) Surgical details
Sex, n (%
' 12 (48) 51(22) 0 fon ti ;
Female 0.004 peration time, minutes, 215 (180 190 (165. 220)  0.075
Male 13(52) 181(78) »45y median (IQR) (180, (165, 220) 0.
Blood loss, ml, median (IQR) 220 (100, 300) 250 (150,350) 0.165
i Intraoperative RBC
Age, years, median (IQR) 67 (62,72) 69 (64,74) 0.354 P 0(0 17(7.3) 0175
) ) 253 26.7 - transfusion (%)
BM], kg/m#, median (IQR) (22.7,29.7) (24.2,30.1) 0.219
Medical history Postoperative outcomes
CCI, median (IQR) 3.0(2,5) 5.0(4,6) <0.001 Postoperative red blood cell
Hypertension, n (%) 20 (80) 156 (67.2)  0.192 transfusion, units, n (%)°
0 13 (52) 179(77.5) 5001
Diabetes mellitus, n (%) 3(12) 56 (24,1) 0.170 1 2(8) 10 (4.3) :
Heart failure, n (%) 4(16) 45(194) 0795 2 1(4) 28(12.1)
>3 9 (36) 14 (6.1)
L . o
Chronic kidney disease, n (%) 7 (28) 68 (29.3) 0.891 TPN, n (%) 9 (36) 23 (9.9) 0.001
ASA score, median (IQR) 3(3,3) 3(3,3) 0531 Reoperation, n (%) 11 (47.8) 27 (11.6)  <0.001
NRS score, median (IQR) 2(2,3) 3(2.8,3) <0.001 . .
Intensive care unit 7 (30.4) 10 (4.3) <0.001
Treatment and clinical history admission, n (%) ) ) )
0 .
Chemotherapy, n (%) 11(44) ~ 37(159)  0.002 frf:(ighn‘)(flg‘%p“al stay, days, 45 (9, 27) 9(8,13)  0.002
Radiotherapy, n (%) 25 (100) - -
Ti f dioth Clavien-Dindo complications
ime from radiotherapy . 6 (3,16) _ _ at 30 days, n (%)
to cystectomy, years, median (IQR) Grade 1 3(12) 107 (46.1) 0001
Presence of stoma, n (%) 11 (44) - - Grade 2 5 (20) 60 (25.9)
: o Grade 3 11 (44) 52 (22.4)
Vesicoenteric fistula, n (%) 17 (68) 4(1.7) <0.001 Grade 4 0 (0) 6 (2.6)
Primary diagnosis, n (%) Clavien-Dindo complications
Rect:.al cancer 2(8) 0(0) at 90 days, n (%)
Cervical cancer 9 (36) 0(0) <0.001 Grade 1 3(12) 42 (18.1)
Uterine cancer 2(8) 0(0) Grade 2 2(8) 60 (25.9) 0.119
Prostate cancer 12 (48) 0(0) Grade 3 2(8) 24 (10.3)
Bladder cancer 0(0) 232 (100) Grade 4 0 (0) 1(0.4)
Grade 5 3(12) 4.7

P-values were calculated using Pearson’s x? test, Wilcoxon rank-sum test,
or Fisher’s exact test, as appropriate.

ASA — American Society of Anesthesiologists; BMI — body mass index;
CCl = Charlson Comorbidity Index; NRS — Nutritional Risk Screening

p-values were calculated using Pearson’s x? test, the Wilcoxon rank-sum test,
or Fisher’s exact test, as appropriate.

RBC — red blood cell; TPN — total parenteral nutrition
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often required admission to the Intensive Care Unit
(30.4% vs 4.3%, p <0.001). Hospital length of stay was
significantly longer in the SC group (median: 15 days
vs 9 days, p = 0.002). A detailed comparison of
perioperative outcomes and complication rates
between SC and RC groups is presented in Table 2.
Between 90 and 180 days of follow-up in the RC group,
no new complications were observed in 86% of patients.
Clavien-Dindo grade II complications occurred in 8.4%
of cases, and no grade III or IV events were recorded.
Ten patients died during this period (4.3%). In the SC
group, no new complica- tions were observed in 57.9%
of patients. Three pa- tients experienced grade II
complications (13.6%), and two patients experienced
grade III compli- cations (9%). One patient died
between 90 and 180 days of follow-up.

Table 3. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching (SC vs RC, cT1—cT2
cohort)

Characteristic SC(N=17) RC (N =17) p

Surgical details

Operation time, median
(IQR), minutes 220 (180, 245) 180(170,220) 0.105

Blood loss, median (IQR), ml 250 (100, 300) 200 (150, 350) 0.626

Intraoperative RBC

transfusion, n (%) 000 3(18.6) 0.227
Postoperative outcomes
Postoperative RBC
transfusion, n (%) 0.020
0 units 8(47.1) 15 (88.2) 0.026
1 unit 1(5.9) 1(5.9) 1.000
2 units 1(5.9) 0(0) 1.000
23 units 7 (41.2) 1(5.9) 0.039
TPN, n (%) 7 (41.2) 1(5.9) 0.039
Reoperation, n (%) 9 (56.2) 1(5.9) 0.002
lgi%sive care unit admission, 5(333) 1(5.9) 0.076
Length of hospital stay, 18 (12.33) 8.0 (7,9) <0.001
median (IQR), days
Clavien-Dindo complications
at 30 days, n (%) <0.001
Grade 1 0(0,0) 9 (52,9) 0.001
Grade 2 4 (23.5) 6 (35.3) 0.708
Grade 3 8(47.1) 2(11.8) 0.057
Clavien-Dindo
complications at 90 days, n
(%)
Grade 1 2(11.8) 3(17.6) 0.805
Grade 2 2(11.8) 2(11.8)
Grade 3 2(11.8) 2(11.8)

Grade 5 2(11.8 0(0
pfva{ues were calculated using Pearson’s )((Z test,)the Wilcoxon ;ar}k—sum test,
or Fisher’s exact test, as appropriate.
RBC —red blood cell; TPN — total parenteral nutrition

Outcomes after propensity score matching for
c¢T1-cT2 tumors

Cardinality matching resulted in 17 matched pairs. The
groups were well balanced in all clinical vari- ables (SMD
<0.05). Suppl. Table B1 and Suppl. Figure B1 in the
Supplementary Materials section summarize balance
before and after matching.

The primary outcome, Clavien-Dindo grades, re- vealed
significant differences in postoperative complication
severity between SC and RC patients at 30 days (p
<0.001). Patients from the SC group more often
experienced severe Grade 3 compli- cations (47.1% vs
11.8%, p = 0.057). Differences in complications at 90
days were not statistically significant (p = 0.805).
Patients from the SC group more frequently re- quired
reoperation (56.2% vs 5.9%, p = 0.002) and more
commonly received total parenteral nutri- tion (TPN)
(41.2% vs 5.9%, p = 0.039). RC patients more frequently
required packed red blood cell transfusions (88.2% vs
44.1%, p = 0.026), although SC patients received
massive transfusions (>3 units RBC) more frequently
(41.2% vs 5.9%, p = 0.039). Patients in the SC group
required significantly lon- ger hospitalization (18 days
vs 8 days, p <0.001). Detailed data are presented in
Table 3. Figure 1 illustrates transitions in Clavien-Dindo
categories (0-5) at 1-month and 3-month follow-ups.

Outcomes after propensity score matching for
c¢T3-cT4 tumors

Cardinality matching resulted in 19 matched pairs. The
groups were well balanced for all clinical vari- ables
(SMD <0.05). Suppl. Table C1 and Suppl. Figure
C1 in the Supplementary Materials section
summarize the balance before and after matching. No
statistically significant differences in complica-

sC RC

Number of Pasients

Follow-Up Period
Clavien-Dindo Grade D o E] 1 D 2 D ] D s
Figure 1. Transitions in Clavien-Dindo categories (0-5)

at 1-month and 3-month follow-ups in SC and RC patients
(cT1—cT2) after propensity score matching.
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tions between groups were noted at either 30 days (p
= 0.06) or 90 days (p = 0.773) postoperatively.
However, operation time was significantly longer in
the SC group (220 min vs 180 min, p = 0.039). Patients
in the SC group underwent reopera- tion more
frequently (50% vs 10.5%, p = 0.009), and hospital
length of stay was significantly lon- ger (17 days vs
8 days, p = 0.013). There were no statistically
significant differences regarding the use of TPN (p =
0.141) or blood transfusions (p = 0.592). Detailed data
are presented in Table 4. Figure 2 illustrates transitions
in Clavien-Dindo categories (0-5) at 1-month and 3-
month follow- ups.

Table 4. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching (SC vs RC, cT3—cT4
cohort)

Characteristic SC (N =19) RC (N =19) p
Surgical details
Operation time, median 220(182.5, 180 (167.5,190) 0.039
247 5 (IQR), minutes
Blood lolss, median (IQR), 250 (125, 200 (150,275)  0.667
30m. M
Intraoperative RBC
transfusion, n (%) 00) 4(21.1) 0.105
Postoperative outcomes
Postoperative RBC
transfusion, n (%) 0.203
0 units 10 (52.6) 13 (68.4) 0.508
1 unit 1(5.3) 1(5.3) 1.000
2 units 1(5.3) 3(15.8) 0.340
23 units 7 (36.8) 2 (10.5) 0055
TPN, n (%) 7 (36.8) 3(15.8) 0.141
Reoperation, n (%) 9 (50.0) 2 (10.5) 0.009
Intensive care unit
. 1(5.3) 0.081
(29.4) admission, n (%)
Length of hospital stay, 17 (11, 28) 8(8,11) -.0.013
mealan (1YK), aays !
Postoperative outcomes
Clavien-Dindo grade
at 30 days, n (%)
1 2 (10.5) 8 (42.1)
2 4(21.1) 5(26.3) 0060
3 8 (42.1) 4(21.1)
4 0(0) 1(5.3)
Clavien-Dindo grade
at 90 days, n (%)
1 2 (10.5) 4(21.1)
2 2 (10.5) 3(15.8) 0772
3 2 (10.5) 2 (10.5)
5 2 (10.5) 3(15.8)

p-values were calculated using Pearson’s x? test, the Wilcoxon rank-sum test,
or Fisher’s exact test, as appropriate.
RBC — red blood cell; TPN — total parenteral nutrition

Outcomes after propensity score matching for
patients with vesicoenteric fistula

Cardinality matching resulted in 15 matched pairs. The
groups were well balanced in all clinical vari- ables (SMD
range: -0.04 to 0.01). Suppl. Table D1 and Suppl. Figure
D1 in the Supplementary Mate- rials section summarize
balance before and after matching.

The primary outcome, Clavien-Dindo grades at
30 days, showed no significant overall differ- ence (p
= 0.130). However, the SC group had a higher
proportion of Grade 3 complications (53.3% vs 40.0%).
Differences in complications at 90 days were not
statistically significant (p = 0.968).

Reoperation rates were significantly higherin
the SC group (61.5% vs 6.7%; p = 0.004), and intensive
care unit (ICU) admission rates were higher but not
significantly (30.8% vs 6.7%;p = 0.153). Total
parenteral nutrition (TPN) use was higher in the SC
group (40.0% vs 13.3%; p = 0.215), though not
statistically significant. Post- operative RBC transfusion
rates were significantly higher in the SC group (60%
vs 20% p = 0.027). The median length of hospital
stay was longerin the SC group (18.0 days vs 10.0
days), though

this difference was not significant (p = 0.244).
DISCUSSION

Radical cystectomy remains the gold standard of
muscle invasive bladder cancer treatment. De- spite the
development of minimally invasive tech- niques
(laparoscopic, robotic-assisted), RC is as- sociated with
many complications (18). The most common
complications were gastrointestinal com- plications
(20%), infectious complications (17%),

and ileus (14%). The majority of complications oc-
curring were Clavien-Dindo I-1I (45%) [19].

SC RC
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Caveon-Dindo l;/uJoD D D

Figure 2. Transitions in Clavien-Dindo categories (0-5)
at 1-month and 3-month follow-ups in SC and RC patients
(cT3—cT4) after propensity score matching.
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Non-surgical therapies remain the first-line man-
agement for radiation-induced bladder dysfunction
(RIBD), particularly in cases of chronic radiation cystitis.
Available interventions such as bladder ir- rigation,
intravesical instillations, hyperbaric oxy- gen therapy,
and arterial embolization have demon- strated varying
degrees of efficacy and safety [20]. However, when
conservative measures fail, surgical intervention in the
form of simple cystectomy (SC) may be required.

The results of this study demonstrate that sim- ple
cystectomy performed for radiation-induced bladder
dysfunction is associated with a higher risk of severe
postoperative complications within 30 days compared
to radical cystectomy performed for bladder cancer.
This observation is likely at- tributable to the profound
tissue damage caused by prior radiotherapy — namely
fibrosis, vascular rarefaction, and impaired regenerative
capacity [6]. Patients in the SC group more frequently
required reoperation and experienced longer hospital
stays.

Table 5. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching for patients with
viesocenteric fistula

SC RC
(N =15) (N=15)

Characteristic

Intraoperative parameters

Operation time, median (IQR),

- 230 (200,250) 185(165,195) 0.017
minutes
Blood loss, median (IQR), ml 200 (100, 300) 200 (100,300) 0.949
Intraoperative RBC transfusion, 0 (0%) 4(27.7%) 0.100
n (%)
Postoperative outcomes
Postoperative RBC transfusion, 3 (20% 0.027

0, .

units 9 (60%) (20%)
TPN, n (%) 6 (40%) 2 (13.3%) 0.215
Reoperation, n (%) 8 (61.5%) 1(6.7%) 0.004
Intensive care unit admission, 4 (30.8%) 1(6.7%) 0.153
n (%) .
Length.of hospital stay, days 18.(8,.33) 10.(8,.17).........0.244
Clavien-Dindo grade
at 30 days, n (%)

1 1 (6.7%) 6 (40%)

2 4 (26.7%) 1 (6.7%) 0.130

3 8 (53.3%) 6 (40%) '

4 0 (0.0%) 1 (6.7%)
Clavien-Dindo grade
at 90 days, n (%)

1 2 (13.3%) 2 (13.3%)

2 2 (13.3%) 4 (26.7%) 0968

3 2 (13.3%) 2 (13.3%)

5 1 (6.7%) 1(6.7%)

® p-values were calculated using Pearson’s chi-squared test or Fisher’s exact test
for categorical variables and the Wilcoxon rank-sum test for continuous variables.
RBC —red blood cell; TPN — total parenteral nutrition

This difference remained evident after apply- ing
propensity score matching, particularly when compared
with patients diagnosed with cT1-cT2 bladder cancer.
Although the difference in Cla- vien-Dindo grade >3
complications for this group did not reach statistical
significance (p = 0.057), the markedly higher
reoperation rate in the SC group (p = 0.002) suggests
that the lack of sig- nificance was likely due to the limited
sample size rather than the absence of a true clinical
difference. The vesicoenteric fistula subgroup showed
similar 30- and 90-day Clavien-Dindo distributions and
markedly higher reoperation rates (p = 0.0004).
Available literature presents conflicting findings;
however, direct comparisons with our results are
limited due to differences in study populations.

Ramani et al. [14] did not observe differencesin
complication rates between patients undergoing radical
cystectomy and those undergoing salvage cystectomy
after radiotherapy. However, all pa- tients in that study
underwent surgery for oncologi- cal indications.
Moreover, the median time from ra- diotherapy to
cystectomy was significantly shorter (483 days), which
may have influenced the degree of tissue fibrosis and
healing capacity.

Nguyen et al. [21] analyzed patients who under- went
radical cystectomy for bladder cancer follow- ing prior
radiotherapy. The median interval be- tween
radiotherapy and cystectomy was 8.6 years. This study
found no difference in 30-day complica- tions compared
to patients who had not received ra- diotherapy. As in
the previous study, it is important to note that the
indication for surgery was oncologi- cal, rather than
functional damage caused by radia- tion, which may
imply a lesser degree of radiation-

related tissue injury in that population.

In a large ACS-NSQIP database analysis using pro-
pensity score matching, Titus et al. [13] found that
patients with a history of radiotherapy undergoing

radical cystectomy had an increased risk of intraop-
erative rectal injury, 30-day readmissions, and infec-
tious complications. While this study included over
5,000 patients and is methodologically comparable, the
procedures were likewise performed for oncolog- ical
rather than functional indications.

Similar observations have also been confirmed in
other surgical disciplines. For example, Onoda et al.
[11] found that radiation-induced changes increased
complication rates and impaired wound healing in head
and neck reconstructive procedures, while Potkrajcic et
al. [12] reported that prior radio- therapy was
associated with higher rates of wound infections after
soft tissue carcinoma resection.

According to meta-analytic data, surgery for vesicoen-
teric fistulas is associated with a 22.2% complication
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rate and a 4.9% mortality rate [22]. However, evi- dence
on bladder resection for radiation-induced fistulas
remains very limited. Some reports suggest that prior
radiotherapy does not significantly affect surgical
outcomes of cystectomy with urinary diver- sion
compared to urinary diversion alone in a high- volume
center [23]. It should be noted, however, that data on
reoperation rates in this subgroup may be biased due to
the small sample sizes of available cohorts.

Our cohort did not include patients treated with urinary
diversion alone, as this procedure was not performed
in our center during the study pe- riod. Therefore, direct
comparison was not feasible. However, published data
suggest that diversion alone may carry lower morbidity
in selected benign conditions, which supports
considering it as an al- ternative in RIBD [23].

Our findings suggest that patients with radiation-
induced bladder dysfunction should be carefully se-
lected for non-oncological cystectomy. They should be
explicitly informed about the high risk of postop- erative
complications. If surgery is deemed neces- sary, it
should be performed in a high-volume center with
access to multidisciplinary support, including an
experienced clinical nutrition team. Whenever feasible,
isolated urinary diversion without the ab- Ilative
component should be considered.

It must be acknowledged that this is a single-center,
retrospective study, which introduces the potential for
systematic bias. Secondly, the small number of
patients in the SC group, further reduced by
propensity score matching, raises the risk of type II
error. Consequently, some clinically relevant differences
may not have reached statistical sig-

nificance. A power calculation was not performed
because the study included all available SC and RIBD
patients treated during the study period. De- tailed
radiotherapy parameters (dose, field, modal- ity) were
inconsistently documented in historical records and
therefore could not be analyzed. Fur- thermore, we
included only patients undergoing a single type of
urinary diversion and a single sur- gical approach,
which limits the generalizability of our findings.

CONCLUSIONS

Despite its limitations, this study clearly demon- strates
that simple cystectomy performed for radia- tion-
induced bladder dysfunction carries a substan- tial risk
of perioperative complications, including severe
adverse events. This riskis either greater than or atleast
comparable to that observed in pa- tients undergoing
radical cystectomy for bladder cancer. The findings
highlight the need for careful patient selection and
comprehensive multidisci- plinary perioperative care.
Multicenter studies are needed to generate higher-
quality evidence.
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SUPPLEMENTARY MATERIALS
Appendix A. List and justification of covariate selection for matching procedure

Suppl. Table A.1. Rationale and suitability of covariates for matching

Covariate Rationale Suitability

Influences surgical choice (e.g., anatomical differences) and complication

Sex risk (e.g, infection) Appropriate; baseline demographic confounder
Age Affects surgical candidacy and complication risk due to physiological reserve Highly appropriate; strong confounder

BMI Impacts surgical complexity and complication risk (e.g.,, wound infections) Appropriate; surgical risk indicator
Chemotherapy Pre-treatment history affects tissue healing and complication risk Appropriate; pre-exposure oncologic factor
HT Common comorbidity increasing cardiovascular and surgical risks Appropriate; baseline comorbidity

DM Increases infection and healing complications Appropriate; baseline comorbidity

HF Elevates perioperative morbidity and mortality risk Appropriate; baseline comorbidity

CKD Common in urological patients, affecting surgical outcomes Appropriate; baseline comorbidity

ASA Standardized measure of preoperative health, predicting complications Highly appropriate; surgical risk indicator
CCI Quantifies comorbidity burden, influencing surgical choice and outcomes Highly appropriate; comprehensive confounder

ASA — American Society of Anesthesiologists; BMI — body mass index; CCl — Charlson Comorbidity Index; CKD — chronic kidney disease; DM — diabetes mellitus; HF — heart
failure; HT — hypertension

Appendix B. Results of propensity score matching procedure for SC and RC in patients with
clinical stages cT1-cT2

Suppl. Table B.1. Balance of covariates before and after cardinality matching for SC vs RC (cT1-cT2)

Covariate Type Means Treated (SC) Means Control (RC) SMD (Unmatched) SMD (Matched) eCDF Max (Matched)
Sex (Female) Binary 0.48 0.27 0.54 0 0
Sex (Male) Binary 0.52 0.75 -0.54 0 0
Age Continuous 67.52 69.21 -0.22 0.02 0.18
BMI Continuous 25.71 28.12 -0.51 -0.02 0.18
Chemotherapy (yes) » Binary ‘ 0.44 0.12 0.96 0 0
Chemotherapy (no) » Binary 0.56 0.88 -0.96 » 0 0
HT (yes) v Binary 0.80 0.71 0.19 0 0
HT (no) ' Binary ' 0.20 0.29 -0.19 0 0
DM (yes) Binary 0.12 0.22 -0.21 0 0
DM (no) Binary 0.88 0.79 0.21 0 0
HF (yes) Binary 0.16 0.22 -0.14 0 0
HF (no) Binary 0.84 0.78 0.14 0 0
CKD (yes) Binary 0.28 0.23 0.11 0 0
CKD (no) Binary 0.72 0.77 -0.11 0 0
ASA Continuous 2.76 2.78 -0.05 0 0
CCI Continuous 3.64 5.07 -1.00 -0.04 0.18

ASA — American Society of Anesthesiologists; BMI — body mass index; CCl — Charlson Comorbidity Index; CKD — chronic kidney disease; DM — diabetes mellitus;
HF — heart failure; HT — hypertension
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Suppl. Figure B.1. Covariate balance for unadjusted (SC, n = 25 vs RC, n = 73)
and adjusted (SC, n =17 vs RC, n = 17) samples.

Appendix C. Results of propensity score matching procedure for SC and RC in patients with
clinical stages cT3-cT4

Suppl. Table C.1. Balance of covariates before and after cardinality matching for SC vs RC (cT3—cT4)

Covariate Type Means Treated (SC) Means Control (RC)  SMD (Unmatched) SMD (Matched) eCDF Max (Matched)

Sex (Female) Binary 0.48 0.21 0.55 0 0

Sex (Male) Binary ' 0.52 0.79 055 0 0

Age Continuous 67.52 68.44 ~0.12 ' 0.04 ' 0.26

BMI " Continuous 25.71 26.65 -021 ' 0.01 ' 0.16
Chemotherapy (yes) Binary 0.44 0.18 0.53 0 0
Chemotherapy (no) Binary 0.56 0.82 -0.53 0 0
HT (yes) Binary 0.8 0.65 0.36 0 0
HT (no) Binary 0.2 0.35 -0.36 0 0
DM (yes) Binary 0.12 0.26 -0.42 0 0
DM (no) » Binary 0.88 0.74 0.42 0 0

‘ HF (yes) » Binary 0.16 0.18 -0.06 0 0

" HF (no) Binary ’ 0.84 082 0.06 0 0
CKD (yes) Binary ' 0.28 032 -0.09 0 0

" CKD (no) Binary ' 0.72 0.68 0.09 0 0

ASA Continuous 2.76 2.84 -0.18 0 0

cal " Continuous 3.64 5.13 -0.86 ' -0.03 0.16

ASA — American Society of Anesthesiologists; BMI —body mass index; CCl — Charlson Comorbidity Index; CKD — chronic kidney disease; DM — diabetes mellitus; HF — heart
failure; HT — hypertension
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Suppl. Figure C.1. Covariate balance for unadjusted (SC, n = 25 vs RC, n = 140)
and adjusted (SC, n = 19 vs RC, n = 19) samples.

Appendix D. Results of propensity score matching procedure for SC group patients with vesico-
enteric fistula and RC group

Suppl. Table D1. Covariate balance in unmatched and matched cohorts

Unmatched Matched

Covariate Means  Means SMD Va'r. eCDF eCDF Means  Means SMD Var. eCDF eCDF Adj.
Treated  Control Ratio Mean Max Treated  Control Ratio Mean Max Diff.

Sex (male) 0.41 0.78 -0.89 . 0.37 0.37 0.47 0.47 0.00 . 0.00 0.00 0.00
Age 65.35 68.68 -0.38 0.55 0.09 . 0.26 66.13 66.07 0.01 0.28 0.09 0.20 ‘ 0.01
BMI 24.84 27.11 -0.51 1.19 0.13 . 0.25 2491 25.06 -0.03 1.97 0.12 0.27 ‘ -0.03
Chemotherapy (yes) 053 016 101 . 037 037 047 047 000 . 000 000 000
HT (yes) 0.76 0.67 0.20 . 0.09 0.09 0.80 0.80 0.00 . ' 0.00 0.00 0.00
DM (yes) 0.12 0.24 -0.29 . 0.12 0.12 0.13 0.13 0.00 . 0.00 0.00 0.00
HF (yes) 0.18 0.19 -0.04 . 0.02 0.02 0.20 0.20 0.00 . 0.00 0.00 0.00
CKD (yes) 0.24 0.29 -0.13 . 0.06 0.06 0.27 0.27 0.00 . 0.00 0.00 0.00
ASA 2.82 2.82 0.01 0.84 0.01 0.02 2.80 2.80 0.00 1.00 0.00 0.00 0.00
CCI 3.65 5.11 -0.90 1.39 0.15 0.39 3.93 4.00 -0.04 2.13 0.06 0.13 -0.04

Adj. Diff. — adjusted difference (Treated — Control); ASA — American Society of Anesthesiologists; BMI —body mass index; CCl — Charlson Comorbidity Index; CKD — chronic
kidney disease; DM — diabetes mellitus; eCDF — empirical cumulative distribution function (mean and maximum differences; lower values indicate better distributional
balance); HF — heart failure; HT — hypertension; SMD — standardized mean difference (values below 0.1 indicate adequate balance); Var. Ratio — variance ratio (values
close to 1 indicate similar variability)
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Suppl. Figure D1. Covariate balance for unadjusted (SC, n = 17 vs RC, n = 232,
red color) and adjusted (SC, n = 15 vs RC, n = 15, blue color) samples.

Appendix F. Statistical software and packages used

Analyses were conducted using the R statistical programming language (version 4.3.3) on Windows 11 Pro 64 (build
26100), using the packages ggalluvial (version 0.12.5), rio (version 1.2.1), cobalt (version 4.5.5), Matchlt (version

4.5.5), sjPlot (version 2.8.15), report (version 0.5.8), gtsummary (version 1.7.2), glmtoolbox (version
0.1.12), ggplot2 (version 3.5.0), Rglpk (version 0.6.5.1), Rsymphony (version 0.1.33), and dplyr (version 1.1.4).
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8.3 Autorstwo w podrecznikach medycznych:
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Juszczak.

tacznie 11 przypadkdéw klinicznych z wariantami odpowiedzi na zadane pytanie oraz

omowieniem:

- Zatrzymanie moczu.

- Uchytek cewki moczowej,

- Dootrzewnowa perforacja pecherza moczowego,

- Zaotrzewnowa perforacja pecherza moczowego,

- Tamponada pecherza moczowego,

- NMIBC. Rak pecherza moczowego nienaciekajgcy miesnidwki wiasciwej pecherza
moczowego,

- MIBC. Rak pecherza moczowego naciekajgcy miesnidwke wtasciwg pecherza moczowego,
- Rak gérnych drég moczowych,

- Rak stercza ograniczony do narzadu,

- Rak stercza z przerzutami do uktadu kostnego,

- Przetoka pecherzowo-jelitowa.
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9. Zataczniki
9.1 Zgody komisji Bioetycznej
1. Zgoda Komisji Bioetycznej Nr 2/2025
2. Zgoda Komisji Bioetycznej Nr 55/2025
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszczy
KOMISJA ETYKI BADAN NAUKOWYCH WYDZIALU LEKARSKIEGO
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz

KEWL 2/2025 Bydgoszcz, 30.07.2025 r.

Komisja Etyki Badan Naukowych Wydzialu Nauk o Zdrowiu
przy UMK w Toruniu, Collegium Medicum w Bydgoszezy

na posiedzeniu w dniu 30.07.2025 r. przeanalizowala wniosek, ktory ztozyt kierownik badania:

prof. dr hab. n. med. Tomasz Drewa
Katedra Urologii i Andrologii
Collegium Medicum w Bydgoszczy UMK w Toruniu

z zespolem w skladzie:

- lek. Pawel Lipowski, prof. dr hab. n. med. Tomasz Drewa FEBU, dr hab. n. med.
Kajetan Juszczak, prof. UMK FEBU, dr hab. n. med. Jan Adamowicz, prof. UMK FEBU,
dr n. med. Adam Ostrowski FEBU, dr n. med. Filip Kowalski FEBU, lek. Anastazja
Zaigrajewa,

w sprawie badania:

»Retrospektywna ocena powiklan pooperacyjnych u pacjentéw poddanych
cystektomii prostej z powodu popromiennej dysfunkcji pecherza moczowego
W poréwnaniu do pacjentéw poddanych cystectomii radykalnej z powodu nowotworu
pecherza moczowego.”

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 uzyskania zgody oséb
badanych na przetwarzanie danych osobowych w celach naukowych, a w przypadku braku takiej zgody,
analizowania jedynie danych zanonimizowanych, pozbawionych danych personalnych (zgodnie zRODO). Opinia
obejmuje tylko dane z dokumentacji uczestnikow badania z okresu od 01.01.2016 r. do 31.12.2024 r.

Opinia obowiqzuje od daty podjecia uchwaly (30.07.2025 r.) do korica 2025 r.

Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego projektu; kazda zmiana i
modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca zobowigzany jest do informowania o wszelkich poprawkach,
ktdre moglyby mie¢ wplyw na opinig Komisji.

Od niniejszej uchwaty podmiot zamierzajqcy przeprowadzié badanie, kierownik placéwki, w ktérej badanie ma byé
przeprowadzone, mogq wniesé¢ odwolanie do Komisji Bioetycznej przy Collegium Medicum im. L. Rydygiera w Bydgoszczy, za
posrednictwem Komisji Etyki Badah Naukowych Wydziatu Lekarskiego przy Col[egil(m Medicum im. L. Rydygiera w
Bydgoszczy, w terminie 14 dni od daty otrzymania niniejszej Uchwaly. \

mgr Jacek SWotmdzihsl\i

Przewodniczacy Komisji
5 “_7 & /
Otrzymuje:
prof. dr hab. n. med. Tomasz Drewa
Katedra Urologii i Andrologii e
Collegium Medicum w Bydgoszezy UMK w Toruniu
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszczy
KOMISJA ETYKI BADAN NAUKOWYCH WYDZIALU LEKARSKIEGO
Ul M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz

KEWL 55/2025 Bydgoszcz, 17.12.2025 r.

Komisja Etyki Badan Naukowych Wydzialu Nauk o Zdrowiu
przy UMK w Toruniu, Collegium Medicum w Bydgoszczy

na posiedzeniu w dniu 17.12.2025 r. przeanalizowala wniosek, ktéry zlozyl kierownik badania:

prof. dr hab, n. med. Tomasz Drewa
Katedra Urologii i Andrologii
Collegium Medicum w Bydgoszezy UMK w Toruniu

z zespolem w skladzie:

- lek. Pawel Lipowski, prof. dr hab. n. med. Tomasz Drewa FEBU, dr hab. n. med.
Kajetan Juszezak, prof. UMK FEBU, dr hab. n. med. Jan Adamowicz, prof. UMK FEBU,
dr n. med. Adam Ostrowski FEBU, dr n. med. Filip Kowalski FEBU, dr n. med. Jacek
Wilamowski FEBU, dr n. med. Patryk Warsinski FEBU

w sprawie badania:

»Retrospektywna ocena powiklan pooperacyjnych w zaleznosci od prowadzonej
plynoterapii okolooperacyjnej u pacjentéw poddanych laparoskopowej cystektomii
radykalnej z powodu nowotworu z pecherza moczowego.”

Po zapoznaniu si¢ ze zlozonym 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 os6b
badanych na przetwarzanie danych osobowych w celach naukowych, a w przypadku braku takiej zgody,
analizowania jedynie danych zanonimizowanych, pozbawionych danych personalnych (zgodnie z RODO). Opinia
obejmuje tylko dane z dokumentacji uczestnikéw badania z okresu od 01 .01.2018 r.do 31.12.2022 r.

Opinia obowiqzuje od daty podjecia uchwaly (17.12.2025 r.) do korica 2026 r.

Wydana opinia dotyczy tylko rozpatrywanego wniosku = uwzglednieniem przedstawionego projektu; kazda zmiana i
modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca zobowigzany jest do informowania o wszelkich poprawkach,
ktore moglyby mie¢ wplyw na opinig Komisji

Od niniejszej uchwaly podmiot zamierzajqcy przeprowadzi¢ badanie, kierownik placéwki, w ktdrej badanie ma byé
przeprowadzone, mogq wniesé odwotanie do Komisji Bioetycznej przy Collegium Medicum im. L. Rydygiera w Bydgoszczy, za
posrednictwem Komisji Etyki Badai Naukowych Wydziatu Lekarskiego przy C ollegium Medicum im. L. Rydygiera w
Bydgoszezy, w terminie 14 dni od daty otrzymania niniejszej Uchwaly.

mgr Jacek SWebodzinski -

Otrzymuje:

prof. dr hab. n. med. Tomasz Drewa

Katedra Urologii i Andrologii

Collegium Medicum w Bydgoszczy UMK w Toruniu
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9.2 Oswiadczenia wspétautorow

Zalgcznik nr S do uchwaly Nr 38 Senatu UMK = dnia 26 wrzesnia 2023
r W sprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Bydgoszez, dnia .....ccsncenone
Lek. Pawel Lipowski v

Klinika Urologii Ogolnej i Onkologicznej SU nr.1 im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspoélautorstwie

Niniejszym o$wiadczam, Ze:

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T,
Juszczak K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.

https://doi.org/10.3390/cancers1 7010102 méj udzial polegal projektowaniu, koncepcji,
metodologii i analizie danych, pisaniu artykufu oraz wspotkoordynacji projektu.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact
of Perioperative Fluid Strategics on Outcomes in Radical Cystectomy: A Systematic Review.
Cancers (Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 moj udzial polegat na
koncepciji, metodologii, analizie danych, realizacji badania, pisaniu artykutu i wizualizacji.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent
European J Urol. 2026; doi: 10.5 173/ceju.2025.0163 méj udzial polegal na metodologii, koncepcji i

planowaniu badania, analizie danych, pisaniu artykulu, oraz wizualizacji.
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Zalgeznik nr 5 do uchwaly Nr 38 Senatu UMK =z dnia 26 wrzesnia 2023
1w sprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikotaja Kopernika w Toruniu

Bydgoszcz, dnia 25.02.2026

Dr hab. n. med. Kajetan Juszczak, prof. UMK

Katedra Urologii i Andrologii Collegium Medicum im. Ludwika Rydygiera w Bydgoszczy
Uniwersytet Mikotaja Kopernika w Toruniu

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspotautorstwie

Niniejszym oswiadczam, ze:

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative =~ Complications  After Radical Cystectomy? Cancers. 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102) moj udziat polegat na opracowaniu metodyki, walidacji,
recenzji i redakeji manuskryptu, nadzorze oraz administracji projektu,

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact
of Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic Review.
Cancers (Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 mdj udzial polegat na
analizie formalnej, recenzji i edycji, nadzorze, administracji projektu,

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent
European J Urol. 2026; doi: 10.5173/ceju.2025.0163 moj udziat polegal na recenzji i edycji pracy.
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(podpis)
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Zalgeznik nr 5 do uchwaly Nr 38 Senatu UMK = dnia 26 wrzednia 2023
rw sprawle post¢powania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Bydgoszcz, dnia 3.‘/ 002{1% ......

Dr hab. n. med Jan Adamowicz prof. UMK

Klinika Urologii Ogélnej i Onkologicznej SU nr.1 im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspolautorstwie

Niniejszym o$wiadczam, ze
W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102 méj udzial polegal na walidacji, recenzji i edycji
manuskryptu.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact of
Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic Review. Cancers
(Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 méj udziat polegat na walidacji,
recenzji i edycji manuskryptu.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent European
J Urol. 2026; doi: 10.5173/ceju.2025.0163 moj udzial polegal na oprogramowaniu oraz analizie

danych.
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Zalgeznik nr 5 do uchwaly Nr 38 Senatu UMK z dnia 26 wrze$nla 2023
r.w sprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

LG.O? )%

Bydgoszez, diitl s vivesviusreevossoisoniionssds

Prof. dr hab. n. med. Tomasz Drewa

Klinika Urologii OgéInej i Onkologicznej SU nr.1 im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspolautorstwie

Niniejszym oswiadczam, ze

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102 mdj udziat polegal na konceptualizacji, walidacji, recenzji i
edycji manuskryptu oraz nadzorze.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact of
Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic Review. Cancers
(Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 mdj udziat polegat na walidacji i
nadzorze.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent European
J Urol. 2026; doi: 10.5173/ceju.2025.0163 mdj udziat polegal na walidacji i nadzorze.

(podpis)
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Zalgeznik nr § do uchwaly Nr 38 Senatu UMK z dnia 26 wrzesnia 2023
. w sprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Bydgoszcz, dnia ... 18 ZZQ(( .....

Lek. Anastazja Zaigrajewa

Klinika Urologii Ogélnej i Onkologicznej SU nr.1 im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, ze w pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A,
Jasiewicz P, Kowalski F, Drewa T, Juszczak K. Postoperative complications following simple
cystectomy for radiation-induced bladder dysfunction compared to radical cystectomy: A matched

cohort study. Cent European J Urol. 2026; doi: 10.5173/ceju.2025.0163 mdj udziat polegal na analizie

danych.

(podpis)
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Zalgeznik nr 5 do uchwaly Nr 38 Senatu UMK z dnia 26 wrzesnia 2023
y w sprawie postepowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Bydgoszez, dnia ... .70, T T
Dr n. med. Przemysiaw Jasiewicz

Klinika Anesteziologii i Intensywnej Terapii SU nr.| im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspélautorstwie

Niniejszym o$wiadczam, ze:

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.
https:/doi.org/10.3390/cancers17010102 méj udzial polegat na zdobywaniu zasob6éw i wizualizacji.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,

Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent European
J Urol. 2026; doi: 10.5173/ceju.2025.0163 méj udzial polegat na analizie danych i wizualizacji.
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Zalgeznik nr 5 do uclwaly Nr 38 Senatu UMK z dnia 26 wrzesnia 2023
rwsprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Bydgoszcz, dnia . 7 ( OZZD 2

Dr n med. Adam Ostrowski

Klinika Urologii Ogolne;j i Onkologicznej SU nr 1 im. dr A. Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Oswiadczenie o wspolautorstwie

Niniejszym os$wiadczam, ze:

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.

https://doi.org/10.3390/cancers17010102 méj udziat polegal na metodologii, oprogramowaniu,
analizie formalnej, przegladzie, redakcji i wizualizacji.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact of
Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic Review. Cancers
(Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 méj udzial polegal na kocepcji,
metodologii, redakcji i wizualizacji.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent European
J Urol. 2026; doi: 10.5173/ceju.2025.0163 moj udzial polegal na metodologii, przegladzie oraz
redakcii. i ‘

(podpis)
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Zatgeznik nr 5 do uchwaly Nr 38 Senatu UMK = dnia 26 wrzesnia 2023
r. W sprawie postgpowania o nadanie stopnia doktora na
Uniwersytecie Mikolaja Kopernika w Toruniu

Q(,/ol 26

Bydgoszez, dnia ..o oo
Dr n. med. Filip Kowalski

Klinika Urologii Ogélnej i Onkologicznej SU nr.1 im. dr A, Jurasza w Bydgoszczy

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Os$wiadczenie o wspolautorstwie

Niniejszym o$wiadczam, Ze:

W pracy Lipowski P, Ostrowski A, Adamowicz J, Jasiewicz P, Kowalski F, Drewa T, Juszczak
K. Does the Administration of Intravenous Fluid Matter in the Context of the Incidence of
Postoperative Complications After Radical Cystectomy? Cancers. 2025; 17(1):102.
https://doi.org/10.3390/cancers17010102 m¢j udzial polegal na oprogramowaniu i wizualizacji.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Kowalski F, Drewa T, Juszczak K. Impact of
Perioperative Fluid Strategies on Outcomes in Radical Cystectomy: A Systematic Review. Cancers
(Basel). 2025 May 22;17(11):1746. doi:10.3390/cancers17111746 moj udziat polegal na
oprogramowaniu oraz analizie danych.

W pracy Lipowski P, Ostrowski A, Adamowicz J, Zaigrajewa A, Jasiewicz P, Kowalski F,
Drewa T, Juszczak K. Postoperative complications following simple cystectomy for radiation-
induced bladder dysfunction compared to radical cystectomy: A matched cohort study. Cent European
J Urol. 2026: doi: 10.5173/ceju.2025.0163 moj udzial polegal na oprogramowaniu oraz analizie

danych.

(podpis)
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