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II. BEVEZETES

A gyermekkori részleges vagy teljes vizelettarolasi, -tartasi és/vagy -liritési elégtelenség
(incontinentia urinae — i.u.) egyike azoknak az egész €letre hatd fogyatékossagoknak, melyek a
beteg ¢letmindségét, a tarsadalomba vald beilleszkedését (iskolai tanulméanyok végzése,
szakma elsajatitasa, anyagi ¢s fizikai Onellatds) sulyosan megnehezitik, vagy lehetetlenné
teszik. A gyermekkori i.u. mintegy 80%-aért a huigyhdlyag velesziiletett beidegzési zavara
(neuropathias holyag) felelds, melynek leggyakoribb oka a meningomyelocele (MMC), a
rendellenességek (extrophia vesicae urinariae, epispadiasis totalis) és a gerincveldbdl kilépd
idegek és/vagy a hugyhodlyag beidegzését érd szerzett karosodasok (trauma, gyulladés, tumor,
anorectalis agenesia, cloaca malformatio és hats6 hugycsd billentyti stilyos formai miatt végzett
miitétek és iatrogen sériilések) alkotjak.

Az 1. pathofiziologiaja gyermekkorban hdrom egymadstol jol elkiiloniilod, klinikai
megjelenésében azonban szorosan 0sszefliggd 0sszetevobol all. Ezek:

- a vizelettarolasi elégtelenség: a hugyhdlyag az ¢lettani mennyiségl

folyadékbevitel és vesemiikddés esetén termelt vizeletmennyiséget sem képes 3-
4 6raig tarolni (csokkent kapacitas),

- avizeletiiritési elégtelenség: a holyag kapacitasa normalis, a beteg képes tartani a

vizeletet, de nem tudja kiiiriteni, vagy ha képes erre, azt csak részlegesen tudja
megvalodsitani, igy vizelést kovetden jelentds mennyiségli vizelet (reziduum)
marad vissza a holyagban,

- és a vizelettartasi elégtelenség: a holyag kapacitasa normalis, a beteg ki is tudna

iiriteni vizeletét, azonban a beteg inkontinens, mivel az elégtelen mitkodésu
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holyagnyak-zard izomzat miatt a vizelet folyamatosan, vagy gyakran kis
frakcidkban tirtil.

A klinikai gyakorlatban az i.u. fenti harom tényezdéje gyakran tarsul, egy vagy két
Osszetevd dominancidjaval. Példaul az MMC-s betegnek kicsi a hdlyag kapacitdsa €s a beteg
nem tudja spontan vagy akaratlagosan kitiriteni holyagjat. Extrophia vesicae urinariae esetén
kicsi a holyag vizelettarolasi képessége €s elégtelen a holyagnyak zaré mitkodése.

Az i.u. pathomechanizmusanak megértéséhez, valamint a sikeres kezeléséhez
elengedhetetlentil sziikséges a holyagon beliili (intravesicalis) nyomasviszonyok ismerete. Ha
a holyag a vizeletet magas nyomason (40 vizem felett) tarolja és csak e nyomas felett képes
kitiriteni, akkor a megndvekedett intravesicalis nyomas eredményeként a holyag feletti
hugyutak €s a ves€k sulyos, akar irreverzibilis morfoldgiai €s funkcionalis karosodasa
kovetkezhet be. Ezek az alapvetd patologiai ismeretek hatarozzadk meg az i.u. kezelésének fO

iranyvonalait, melyek a kovetkezok:

megfelelo holyagkapacitas kialakitdsa,
- 3-4 orankent torteno reziduum-mentes vizeletiirités biztositasa,
- szarazsagot biztosito vizelettarto-képesség kialakitasa,
- olyan intravesicalis holyagnyomas biztositasa, ami nem karositjia sem a veséket,
sem a supravesicalis hugyutakat.

A holyagkapacitdas névelése (augmentatio) torténhet konzervativ (gyogyszeres) vagy
sebészi uton. Csak konzervativ terapiaval, azaz gyogyszeres hugyholyag-megnagyobbitassal
(oxybutynin) €s un. tiszta, intermittalo (6n)katéterezéssel (Clean Intermittent Catheterisation —
CIC), a betegek tobb mint felében tartds sikert érhetiink el (1). A hugyholyag kapacités
konzervativ, gyogyszeres uton torténd megnovelésére (gyogyszeres holyagaugmentacio) a
muszkarin receptor antagonistak (oxybutinin €s szarmazékai) az els6 valasztando gyogyszerek

(2,3). Ezek kompetitiv antagonistdk, melyek leginkdbb a higyhodlyag telddési szakaszaban
6
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hatnak. A vizelés megkezdésekor a massziv acetil-kolin kibocsatas miatt mukodésiik
visszaszorul, és a vizelés spontan, konnyen megtorténik. A legtobb hatéanyag tercier amin
(oxybutinin, tolteridin, propiverin), ami a bélfalon keresztiil jol felszivodik és a citokrom p-450
enzimrendszer bontja el. A negyedleges aminok koz¢ azokat a hatdanyagokat soroljak amiket
a citokrom enzimrendszer kevésbé bont el (pl. trospium), ezek 80%-a a vizelettel {iriil (4, 5).
Ujabban a hosszabb kibocsatast (extended release) és az azonnali kibocsatast (instant release)
tolteridinnel végzett kezelésnél is j6 eredményekrdl szamolnak be, a cisztometrias eredmények
kedvezObbek (6). Az antikolinerg szerek hasznalata, bedllitasa mindig egyénileg, betegre
szabottan torténik, az adagolést a holyagnyomas mérésekkel kell a beteghez igazitani. Ezen
szerek alkalmazasa soran meg kell emliteni, hogy a vizelet spontan kiiiritése a holyagbol nem
mindig teljes, Un. vizelet reziduum maradhat vissza, illetve mellékhatasként figyelem- és
gondolkodasi zavarok is kialakulhatnak (7). Léteznek ugyanakkor olyan randomizalt, kettésen
vak vizsgalatok, melyek szerint az antikolinerg szerek nem befolyasoljak karosan a memoriat
¢s a figyelmet (8).

Tovabbi konzervativ kezelési alternativaknak, igy koztilk a medencefenék tornanak
csak megtartott beidegzés esetén van értelme. Ezzel a mddszerrel a stressz inkontinencia és a
holyag hiperaktivitas tiinetei enyhithetdk jol (4,5,7).

Elektromos stimuldciot tobb mint 40 ¢éve haszndlnak inkontinencia kezelésére
felndttekben (4,9,10). Kivitelezhetd transurethralisan (9,10), de beszdmolnak a n. tibialis
ingerlésével elért pozitiv eredményekrol is (11,12). Gyermekekben errdl a kezelési eljarasrol
kevés informacio all rendelkezésre. A kozolt eredmények szerint a nem-neurogén holyag
jobban reagal erre a kezelésre, mint a neurogén hugyhodlyag (3). Néhany éve sacralis és
pudendalis neuromodulaciot is alkalmaznak a holyag funkcidézavarainak kezelésére. Az Sz €s

crer

modszer alkalmazésaval j6 eredményekrdl szdmoltak be (14,15,16).
7



dc_1620 18

A hugyholyag kapacitdsanak novelésére tovabbi nem mitéti, hanem un. szemi-
konzervativ modszer az ugynevezett ,teljes endoszkopos kezelés” (total endoscopic
management) melyet Neel és mtsai vezettek be (17). Ennek sordn cisztoszkopos uton
Botulinum toxin A-t injektalnak a detrusor izomzatba és hyaluronsavat (vagy mas szovetbarat
anyagot) az ureterszdjadékok ald. A szerzok féléves nyomonkovetés utan a holyagkapacitas és
a kontinencia szignifikans javuldsarol, valamint a vesico-ureteralis reflux (VUR)
megszinésérdl szamoltak be. A mddszer azonban szdmos kérdést nyitva hagy, mint pl. a felsé
hugyutak hossz tdva védelme és az ismételt, gyermekkorban csak altatdsban végezhetd,
holyagtiikrozések sziikségessége. Ez a kezelési forma csak révidtavon (3-9 honap) eredményes
(17), mert a toxin néhany honap alatt elveszti hatasat, a blokkolt receptorok ujratermelddnek.

A hugyholyag sebészi augmentatiojara napjainkban is a legkézenfekvobb megoldas a
tapcsatorna egy szakaszdnak (gyomor-szegmentum, vékony- vagy vastagbélszakasz)
felhasznalasa. A vilagon napjainkban a huigyhdlyag augmentatiojara leggyakrabban az ileumot
(ileocystoplastica) hasznaljak (18). A csokkent vesefunkcidju vagy rovid vékonybélszakasszal
rendelkezd betegekben a gyomor-szegmentummal (gastrocystoplastica), esetleg vastagbéllel
(colocystoplastica) torténd holyagmegnagyobbitas is mind a mai napig ajanlhatdé modszerek
(19). A hugyholyag megnagyobbitidsa torténhet tovabba ureter felhasznalasaval (uretero-
cystoplastica) (20,21), a hdlyag izomzatdnak behasitdsaval (autoaugmentatio) (22) vagy
nyalkahartyajatol megfosztott (seromuscularis) tapcsatorna-szakasszal (23) 1is. A
holyagmegnagyobbitas sz€élsdséges forméja a hugyholyag teljes potlasa (substitutio), melyre
akkor van sziikség, ha a hélyag kapacitasa nagyon kicsi (példaul az extrophia vesicae urinae ¢és
totalis epispadiasis bizonyos eseteiben), vagy ha a betegnek nincs hugyholyagja (malignus
folyamat — rhabdomyosarcoma, leiomyosarcoma — miatt végzett holyag-exstirpatio utan). A
hugyholyag poétlasara vékonybél (ileum conduit, pl. Kock-pouch (24)), vastagbél (colon conduit

(25)) vagy ileocoecalis szegmentum (Mainz I. (26) és Indiana pouch (27)) egyarant alkalmas
8
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lehet. Hugyholyagpotlast ,,szévetbarat anyagbol” késziilt un. ,,miihdlyag” beiiltetésével eddig
csak allatkisérletben végeztek (28), de ismert a szovettenyésztést (tissue engineering) kovetden

betiltetett hugyholyagpotlas — sajnos mindezidaig hosszabb tavon sikertelen — mddszere is (29).

A reziduum-mentes vizeletiirités biztositasa: kielégité holyagkapacitas, de spontan
(akaratlagosan) nem iirithetd holyag esetén a vizelet lebocsatdsa a holyagbol két modon
torténhet. Ha jo a holyagnyak zdromechanizmusa, ¢és a szenzéruim nem ¢€p, akkor az eredeti
hugycsovon keresztiil torténd CIC a valasztando kezelési mod. Ha a holyag kitiritése az eredeti
urethran at torténd CIC-vel nem biztosithatd (nem sikeriilt vizelettartd, katéterezhetd
holyagnyak-zard funkciot kialakitani, az ismételt katéterezés fajdalmas, vagy a gyakran elhizott
¢s kerekes székes beteg iil6 helyzetben nem tudja magat katéterezni az eredeti urethran at),
akkor a vizelet lebocsatasat a holyag €s a hasfal kozott kialakitott kontinens sztoman keresztiil
CIC-vel kell biztositani. A hugyhdlyag és a hasfal kozotti dsszekottetés (kontinens hasfali
stoma) az esetek nagyobb részében az appendix felhasznalasaval Mitrofanoft-szerint (30), vagy
a Mitrofanoff-elv alapjan vékonybélbdl készitett Monti sztomaval (31) alakithaté ki. Esetleg
defunkcionalizalt ureterbdl képzett, kontinens sztdbman keresztiil végezhetd a katéterezés. A
gyermekkorban torténd hugyholyag-megnagyobbitast €s —potlast kovetden az esetek tilnyomo
tobbségében a holyag kitiritése CIC-vel torténik.

A vizelettarto-képesség kialakitasa: akifolyasi ellenallas kivant szintre torténd novelése
holyagnyak-plasztikaval (Young-Dees-Leadbetter- (32), Young-Dees- (33), Kroop és Pippi
Salle médszerek (34, 35)), a holyagnyak megemelésével (példaul fascia-csikkal (36)), vagy a
holyagnyak endoscopos uton torténd besziikitésével (periurethralis injektalasaval (37)) érhetd
el.

Intravesicalis nyomas: A hugyhoélyagban uralkodd nyomasviszonyokrdl miszeres

(urodindmids) vizsgalattal kaphatunk informaciot. Ez a vizsgalat a konzervativ €s/vagy sebészi
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kezelés nyomonkdvetésében is nélkiilozhetetlen. Az urodindmids vizsgalat soran mérhetd a
hugyholyagban uralkodd6 nyomads (intravesicalis nyomds) ¢és a holyag tagulékonysag
(compliance) is, mely a mért térfogat- és nyomasvaltozas hanyadosa (AV/Ap ml/vizcm). A
hugyholyagban normalisan 40 vizcm alatti nyomas uralkodik. A normalis compliance
20-25 ml/vizem vagy e feletti érték.

A hugyhoélyag-megnagyobbitd (és -potlo) miitétek akkor tekinthetdk eredményesnek,
ha a 3-4 6ra alatt termel0do vizelet alacsony nyomason tarolodik az 0j hdlyagban (a huigyholyag
kell6 tagulékonysagun), valamint a holyag CIC-vel konnyen ¢€s reziduum-mentesre kiiiritheto és
a beteg két katéterezés kozott teljesen kontinens (,,szaraz’). Ezaltal a pelenka elhagyhato és a
beteg teljes tarsadalmi beilleszkedésének a lehetdsége megteremtddik. Kiemelkedd fontossagu
szempont, hogy az 0j huagyholyagban a vizelet alacsony nyomason tarolodjon. Ennek
eredményeképpen — amennyiben a mutétet megeldzéen VUR éallt fenn — megszlinik a hélyag
feldl a vesék irdnyaba torténd vizelet visszaaramlas, valamint a vesékbdl a vizelet is alacsony
nyomassal iiriil a hugyholyagba. Igy csokken a supravesicalis hiigyutak és a vesék morfologiai
¢s funkcionalis karosodasanak veszélye.

A huagyholyag-megnagyobbitas (és -potlas) kedvezd eredményei mellett szamos, a
holyagmegnagyobbitassal oki Osszefliggésbe hozhatdé szovodmény valt ismertté az utobbi
évtizedekben, melyek az alkalmazott tdpcsatorna szakasz tipusatol és annak hosszatol fiiggnek
(19,20,38,39,40). Az egyes beavatkozasoktol varhatod elényoket és hatranyokat az /. tabldzat

mutatja be.

10
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MUTETI TiPUS

Vékonybél felhasznalasa:

Ileocystoplastica
illetve
Holyagpotlas ileummal
/Kock-pouch/

ELONYOK

Tagulékonysaga a legnagyobb
(ileum>>colon)

Konnyen, kell6 hosszisagban
nyerhetd

Jo vérellatasa

Mucin képzddés kisebb mértekii
(colon>>ileum)

Alacsonyabb, ritmikus
kontraktilitas

HATRANYOK / SZOVODMENYEK

Heterotopias nyalkahartya
Infekci6 hajlam magas
Koképzddésre hajlamosit
Metabolikus acidozis
Hypochloraemia, hyponatraemia
Bélobstrukciora hajlamosit
BI2-vitamin hiany (terminalis ileum)
Epesav felszivodas csokken
Vékonyabb izomréteg

Csont demineralisatio
Szovettani elvaltozasok

Nem alkalmazhato:
Rovid bél sy.-ban, IBD-ben, hasi irradiatio utan,
veseérintettség esetén

Vastagbél felhasznalasa:

Colocystoplastica
illetve
Holyagpotlas ileocoecalis szegmetummal
/Mainz L.-, Indiana-pouch/

Konnyen, kell6 hosszisagban
nyerhetd

Jo vérellatasa

Nagyobb kaliber miatt révidebb
szakasz is elegendd

Konnyen detubularisalhato
Konnyebb ureter neoimplantatio
(colon>ileum)

Heterotopias nyalkahartya

Mucin képzddés (colon>>ileum)

Infekcié hajlam magas

Koképzddésre hajlamosit

Metabolikus acidozis

Hyperchloraemia, hypernatraemia

Hasmenés

BI2-vitamin hiany

(ileocoecalis szegmentum)

o Kifejezettebb kontraktilitas
(colon>>ileum)

e Vékonyabb izomréteg

e Csont demineralisatio

e Szovettani elvaltozasok

Nem alkalmazhaté:
Ro6vid bél sy.-ban, IBD-ben, hasi irradiatio utan,
veseérintettség esetén

Gyomor felhasznalasa:

Gastrocystoplastica

Minimalis mucin termelédés
Nincs kéképzédés

Kissebb infekcid hajlam
Vastagabb izomréteg
(gyomor>vastagbél>vékonybél)
Konnyt ureter neoimplantatio
Veseérintettség, rovid bél sy.
esetén is hasznalhato

Heterotopias nyalkahartya

HDS

Hypergastrinaemia
Metabolikus alkalozis
Hypochloraemia, hypokalaemia
Spontan perforatio / ruptura
Helicobacter pylori infectio
Szovettani elvaltozasok

Uretero-cystoplastica

Eredeti uropithelium

— nincs metabolikus eltérés
Intakt bélrendszer
Vastagabb izomréteg

e Kevés betegben, ritkan alkalmazhato
(Egyoldali, tagult ureter + u.a. oldalon
végstadiumban 1év6 vese pl. VUR miatt
nephrectomia tortént)

o Kevésbé tagulékony szovet

Autoaugmentatio

Eredeti uropithelium

— nincs metabolikus eltérés
Intakt bélrendszer
Extraperitonealis beavatkozas
Tovabbi enterocystoplastica
végezhetd ha nem eredményes

o A holyagkapacitas megnovelésének mértéke és
sikeressége bizonytalan
e Spontan perforatio / ruptura

Seromuscularis enterocystoplastica

Urothelium jraképzdése
— nincs metabolikus eltérés

e Technikailag nehezen kivitelezhetd
e Zsugorodasi hajlam

1. tdblazat: A hugyholyag-augmentatio és -potlas lehetséges elonyei és hatranyai a kiilonb6z6 mtitéti eljarasok esetén

11
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A béllel és gyomorral torténd holyagmegnagyobbitas és -potlas metabolikus és egyéb

klinikai szovodményeiért a kovetkezo tényezok tehetdk feleldssé (40):

- A tapcsatorna egy szakaszanak, a holyagképzés céljabol torténd funkcionalis
kiiktatasa kiilonbozo szovodmények (pl. felszivodasi zavar, vitaminhiany) forrdasa
lehet.

- A hdlyagmegnagyobbitas utin a vizelettel dallandoan érintkezé heterotopias
gvomor, vékonybél, vastagbel aktiv felszivo és kivalaszto tulajdonsaga miatt is
szamos szovodménnyel (pH- és ioneltérések, nydktermelés, savtermelés,
kokeépzodés) szamolhatunk.

A gyomor egy részének eltavolitasat (resectio) kovetden csokkenhet a szénhidrat
felszivodas, a gyomornyalkahartya altal termelt intrinsic faktor hianya Biz-vitamin hidnyhoz
vezethet. Az antrum G sejtjeinek gastrin termelése fokozodhat (hypergastrinaemia),
hypokalaemia, hypochloraemia, metabolikus alkalosis johet létre. A vékonybél hosszabb
szakaszanak resectiojat kovetden bélboholy-hypertrophia alakul ki. Az ileum 60, 100 cm-es
vagy annal hosszabb szakaszanak eltavolitdsa az epesavak felszivodasanak elmaradasa miatt a
lipid anyagcsere sulyos zavardhoz, zsirszéklethez, hasmenéshez, vizvesztéshez, a zsirban
oldodo vitaminok hianydhoz vezethet. A vékonybél resectioja fokozott epekd-képzddést is
eredményezhet. A termindlis ileum resectiojat kovetden 3-4 évvel Biz-vitamin hidny, anaemia
Iéphet fel, mert a majban 1évo tartalékok ekkorra iiriilnek ki. A Bauhin-billentyl eltavolitasa
utan a vékonybélben a vastagbél bakteridlis flordja kolonizalhat. A vastagbél egy részének
eltavolitasat kovetd csokkent so- €s vizvisszaszivas, hasmenést eredményezhet, azonban ezzel
a szovodménnyel ritkan taldlkozunk, mivel a megmaradé vastagbél szakasz jelentds mértékben
kompenzal. A jobb colonfél ebbdl a szempontbdl fontosabb szereppel bir, mint a vastagbél

egyéb szakaszai.
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valo tartos érintkezése is szamos metabolikus kovetkezményhez vezethet. Gyomornyalkahartya
alkalmazasakor (gastro-cystoplastica) a nyalkahartya hidrogénion, kéaliumion ¢és kloridion
szekrécioja miatt a vizelet savasodik (41). A savas vizelet miatt haematuria-dysuria szindroma
(HDS) (42,43,44), holyagperforacié alakulhat ki
hypochloraemias metabolikus alkal6zis johet 1étre. Gyomor-szegmentum felhasznalasakor
esetleg Helicobacter pylori fert6zéssel (47,48) is szamolhatunk. Vékonybéllel torténd
holyagmegnagyobbitas és -potlas esetén hyponatraemia, hypochloraemias metabolikus acidosis

fejlédhet ki (49). A kiilonb6z6 ionok és molekulak vérbdl vizeletbe, illetve vizeletbdl vérbe

A hugyholyag képzésére felhasznalt tapcsatorna-szakasz nyalkahartyajanak vizelettel

jutésat ileo-cystoplastica esetén az /. dbra demonstralja.

|

Vet K' HCO3
l A
Vékonybél - ~ )
,///’ /”/ » B \\\\

Vizelet Na Cl J
\ H NH; /

N (NH,") /////»

L T it e

1. dbra: A hyponatraemia, hypochloraemia és metabolikus aciddzis kialakuldsanak mechanizmusa

vékonybéllel torténd hiigyholyag-augmentatio és -substitutio esetén (40)
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Vastagbél felhaszndldsa  hypernatraemiahoz, hyperchloraemias  metabolikus
acidézishoz vezethet (50). Az ion- és a molekula-cserélddés folyamatat vastagbél felhasznalasa

esetén a 2. dbra mutatja be.

| Na® H* Cl-

Vér NH;
l A
Vastagbél |

2. abra: A hypernatraemia, hyperchloraemia és metabolikus acidozis kialakulasanak mechanizmusa

vastagbéllel torténd hiigyholyag-augmentatio és -substitutio esetén (40)

A fent vazolt koros metabolikus elvaltozasok esetenként véltozo stlyossagu, tovabbi
kovetkezményeket eredményezhetnek. Az idiilt metabolikus aciddzis csont demineralisatiot,
osteomalatiat okozhat (49,50,51). A vizelettel {iriil6 gyodgyszerek, metabolitok és a gliikoz
visszaszivodasa miatt bizonyos gyogyszerek toxicitdsa megndhet, a cukorbetegség sulyossaga
fokozddhat (52,53). Azonban a kialakuld metabolikus valtozasok jo vese- és méjfunkcio mellett
kompenzalodhatnak. Tovabbi fontos és gyakori probléma a bél nyalkahartydjanak nyak (mucin)
termelése, mely vastagbél esetén a legkifejezettebb. Ez katéterezési nehézséget (nehezen
kitirithetd nyakos vizelet) és hugyholyagkd-képzodést eredményezhet (54,55). A gyakori

koképzodés masik fontos forrasa a megnagyobbitott hdlyagban tarolt vizelet alacsony

14
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csiraszamu, klinikailag altaldban tiinetmentes, bakterialis fert6zottsége, mely kialakulasaért a
CIC is felelds lehet.

A felnéttkorban végzett holyag-augmentatioval €s -potlassal foglalkozo kozlemények
mindig megemlitik a vastagbéllel és a gyomor-szegmentummal torténd holyagmegnagyobbitas
utdni malignus folyamatok kialakuldsanak lehetdségét (18,56,57,58,59). E 1ényeges
problémakor gyermekkori vonatkozésait targyald, prospektiven atfogd tanulmanyt keveset
talalni a nemzetkozi irodalomban (60,61,62,63,64). A gyermek ¢és serdiild korban végzett
hugyhodlyag-megnagyobbitds és -pdtlas esetén a malignitds kialakulasdnak, valamint a
metabolikus eltérések elemzésének jelentdsége kiemelkedd fontossagu, mert a mitétek még
novekedésben 1évo szervezetben torténnek €s ezek a beavatkozasok egy egész €letre kihato (sok
¢vtizedre sz6l0) allapotot hoznak Ilétre. Ezért a kiilonb6z6 tipusi hoélyag augmentatiok
szovodményeinek korai felismerése, ezek sulyossaganak értékelése és kezelése, sziikség esetén
a jelenleg alkalmazott terapias modozatok megvaltoztatasa, 01j terapids eljarasok keresése, az
1.u. Osszetett kezelésének sziikséges €s fontos feladata.

A Pécsi Gyermekgyodgyaszati Klinika hugyholyag-megnagyobbitason és —potlason
atesett betegeit 2000-6ta prospektiven, elére meghatarozott protokoll szerint kovetjiik nyomon.
A betegekben a mutéteket kovetden 3, 6 €s 12 honappal, majd a miitétet koveto 4. évig évente,
ezt kovetden kétévente laboratériumi (vér- és vizeletvizsgalat) ¢és eszkozos vizsgalatok
(ultrahang, MCU, izotdpvizsgalat — DMSA, uromanometria és DEXA vizsgalatok) torténnek.
A mutétet kovetd 4. évtdl az éves vizsgalatok kapcsan holyagtiikrozEs (cystoscopia) is torténik,
mely soran az eredeti holyagrészbdl és a hugyholyag-megnagyobbitasra vagy -poOtlasra
felhasznalt bél- vagy gyomorrészbdl szOvettani mintakat vesziink, a protokollunknak

megfelelden (2. tablazat).
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L Vizsgalatok

A.) Preoperativ vizsgalatok:
- Uh, cystographia, DMSA/DTPA/MAGS3, cystometria, DEXA, stly- és hosszpercentil
- Labor + 24 oras vizeletgyijtés (katéteres)
- Eletmindségi kérdiv
B.) 3. hénapos kontroll:
- Uh, cystometria, 24" vizelet pH monitor (gastrocystopl.)
- Labor + 24" vizeletgytijtés
C.) 6. hénapos kontroll:
- Uh, cystographia (ha preop. VUR/neoimpl.), cystometria, 24" vizelet pH monitor (gastrocystopl.)
- Labor + 24" vizeletgytijtés
D.) 1.2, 3. éves kontroll:
- Uh, nativ has, cystographia (mindig), DMSA/DTPA/MAGS3, cystometria, DEXA, stly- és
hosszpercentil, 24" vizelet pH monitor (gastrocystopl.)
- Labor + 24" vizeletgytijtés
- Eletmindségi kérdsiv
E.) 4, 6. 8, 10. éves kontroll:
- Uh, nativ has, cystographia (mindig), DMSA/DTPA/MAGS3, cystometria, DEXA, stly- és
hosszpercentil, 24" vizelet pH monitor (gastrocystopl.)
- Labor + 24" vizeletgytijtés
- Szovettani vizsgalat (cystoscopia/nyilt miitét)
- Eletmindségi kérdiv

1.  Szempontok

A.) Preoperativ szempontok:
A miitét indikacidja, a megel6zo konzervativ th. hossza (honap, CIC:  éranként.
Gyogysz. th., egyéb konzerv. th.: (hélyag training, konductor stb.), vizelet/széklet kontinencia
Hydrocephalus, shunt, ,,mentalis st.", milyen iskolaba jar (norm, kisegitd, stb.)?
Onéllé mozgasképesség: jaras onalldan / segédeszkozzel / kerekesszékhez kotott
Orth. mozgast javité miitét: + / - ELETMINOSEGI (QoL) KERDOIV
B.) 3. hénapos kontroll:
GI panaszok megjelentek-e ?: Sulyvesztés, diarrhoea, obstipatio, dyscomfort, teltségérzés,
hanyinger, hanyas, GI vérzés (jellege), dumping, Gyodgyszerei: Ditropan / Zantac:  /die
C.) 6. honapos és késébbi kontroll:
Kontinencia: Javulas / Romlas / Valtozatlan. Spontan vizelés?, CIC: __ oranként.
Katéterezhet6ség: Konnyti / Nehéz. Katéter tipusa:__ Ch.
Szovodmények: Haematuria, dysuria, vizelet infekcio, pyelonephritis, nyakiirités, GI panaszok
megjelentek-e ?, Gyogyszerei, ELETMINOSEGI (QoL) KERDOIV

1II. Laborvizsgadlatok (minden kontroll esetén)

/+Testmagassag, Testsuly (percentil gorbék) RR/

Vér: Vérkép (Hgb; Htk; Fvs; Vvt; MCH; MCV; MCHC), We, Na, K, Ca, Cl, Mg, P, Fe,
Transferrin, Ferritin, UN, Hagysav, Kreatinin, Osszfehérje, Albumin, pH (astrup), Vércukor,
Parathormon (SePTH), Alkalikus foszfataz (SeALP), CRP, Gastrin (ha gastrocystoplastica —
fagyasztoba tenni centrifugalas utan)

Vizelet: Vizelet rutin, Uledék, Bakt. + Rezisztencia, Mennyiség (ml/246), Fajstly, pH, Na, K,
Ca, Cl, Mg, P, Hugysav, Vizelet kreatinin (PD, EKC, TPR).

2. tablazat: A hugyholyag-megnagyobbitdson €s-potlason atesett betegek nyomon kovetési protokollja
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A 1987 ¢és 2000 kozott vastagbéllel torténd hiigyhdlyag megnagyobbitas utan 28 beteg
metabolikus eltéréseit retrospetiven vizsgalatuk (65). Szignifikdns Ca, P, ALP ¢€s parathormon
valtozasokat észleltiink, az eltérések azonban csak a miitétet kovetd els6 néhany évben voltak
kifejezettek. A mitét utani elsé két évben novekedésbeli elmaradast is tapasztaltunk, mely
hatterében metabolikus adaptacidos mechanizmusokat tételeznek fel a mitétet kovetden. Ennek
egyik magyarazata a nyalkahartydnak szovettani vizsgalattal igazolt kronikus gyulladéasa és
atrofidja lehet, mely feltehetéen csokkenti az augmentatiora hasznalt tdpcsatorna szakasz
reabsorptios képességét. A vastagbéllel végzett miitét esetén a csontanyagcsere zavar oka
minden bizonnyal a kronikus acidézisra vezethetd vissza. A szérum kalcium-szint csokkenés
¢s az alkalikus foszfataz aktivitds emelkedése a csont demineralizacidjara hivhatja fel a
figyelmet az évek eldre haladtaval. A fentiek miatt nyomonkdvetési protokollunkba a DEXA

vizsgalatok regularis elvégzését is beillesztettiik.
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III. CELKITUZESEK

Az 1987 és 2000 kozott higyholyag-megnagyobbito €s —potld miitéten atesett betegeket
retrospektiven vizsgaltuk, mely vizsgélatok eredményeirél hazai folyoiratokban
szamoltunk be (1,66).

Ezen eredmények ismeretében a tovabbi célunk mar a gyermekkorban torténd
hugyholyag-megnagyobbitas és -potlas sikerességének €s szovodményeinek prospektiv
klinikai vizsgalata lett. Ehhez a vizsgélathoz, a korabbi tanulmanyaink alapjan létrehozott
protokollt hasznaltuk.

Az 1987 ¢és 2000 kozott hugyhodlyag megnagyobbitd miitéten atesett betegeinek
szovettani elvaltozasait vizsgald tanulmanyunkban 20 vastagbéllel- és 15 gyomor-
szegmentummal augmentalt beteg szovettani eredményeit dolgoztuk fel (67). A
mintavételeket kovetden a mintakat rutin hisztoldgiai (HE és PAS festéssel) és immun-
hisztokémiai modszerekkel értékeltiik, a carcionembionalis antigen (CEA), a mib-1 ¢és a
p53 fehérjéket vizsgaltuk. A vizsgadlat dontdéen gyulladasos, metaplasticus és prae-
malignus elvaltozasokat (metaplasia, dysplasia) igazolt. Ezen megfigyelések a betegek
rendszeres, évente vagy kétévente torténd endoscopos ¢€s sziikség szerint szdvettani
vizsgalatait indokoljak, melyeket a nyomonkdvetési protokollunkba beillesztettiink.

A muc gének termékei, a mucinok (MUC), a sejtek differencidlodasanak jellemzo fehérjéi
(markerei). Napjainkban tobb mint 20 féle mucin fehérje és az ezeket kodolo muc gén
ismert. A legtobb nyalkahartyanak jol meghatarozott un. mucin mintézata (pattern)
l1étezik. A hugyholyag f6 mucinja a MUC 1, a vékony- és vastagbélben altalaban MUC 2
fehérje észlelhetd, de kis mértékben a MUC 1 is megtalalhaté a nyadkahartyajan. A

gyomorban dontéen MUC 1 és MUC 5a talalhaté (68). Ha az adott nyalkahartyan
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malignus elvaltozas 1ép fel, a nyalkahartya mucin mintdzata megvaltozhat. Ezt a
jelenséget eldszor a colon karcindmaja esetén irtak le (69). A mucinok exszpresszidjanak
megvaltozasa a tumorképzddés folyamataban igen koran végbemegy, a makroszkoposan
¢szlelhetd elvaltozasokat akar meg is eldzheti (70).

A fentiek miatt fontos célkitlizésiink a béllel és/vagy gyomor-szegmentummal végzett
hugyholyag-megnagyobbitast és -potlast kdvetden kialakuld hisztologiai €s sub-
mikroszkopikus elvaltozasok klinikai és allatkisérletes vizsgalata volt.

Betegekben ¢s allatkisérletesen is vizsgaltuk a sikertelen hugyholyag-megnagyobbitas
korismézésének és kezelésének lehetdségeit.

A vizeletinkontinencia velesziiletett ¢és szerzett formai is hatdsosan kezelhetdk
gyermekkorban. Napjainkban éppen ezért keriilt a figyelem eldterébe a betegek hosszu
tava €letmindségének kérdése. A WHO definicidja szerint az életmindséget egészségi,
szomatikus indikatorok alkotjak, a pszichés és fizikai jolét 6sszetevdibdl allnak (HRQoL
— Health-Reality Quality of Life), kérddivekkel vizsgalhatok. A gyermekkori
vizeletinkontinencidra alkalmazott, a HRQoL-t érintd, az egészséget mutatod
¢letmindséget vizsgalo kérddivekkel azonban csak elvétve talalkozunk az irodalomban.
Javarészt inkabb csak az egyes betegségeket érintd kérddivek léteznek, példaul a
gerincveld1  sériilést  kovetd gyermekre is adaptalhato HRQoL-kérdéiv (71).
Vizsgalatainkat megel6zden a hdlyagmegnagyobbitd és —pdtld mitéten atesett betegek
¢letmindségi kérddivére felallitott, validalt kérddivet nem talaltunk.

Ezért a gyermek- ¢és serdiilokorban végzett huigyhdlyag-megnagyobbitast és -potlast
kovetden — vizsgalva a betegek ¢Eletmindségét — kezelés-specifikus életmindségi
kérddivet kivantunk létrehozni és validalni.

A mikrobiommal, mikrobiotaval kapcsolatos kutatasok szintén az elmult években

keriiltek a figyelem kézéppontjaba. Ismertté valt, hogy az emberi test egy szimbionta €s
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patogén mikroorganizmusok 4altal alkotott okoldgiai rendszer. A mikrobiom olyan
mikrobak (mikrobiotak) Osszessége, amely az emberi testben, benniink vagy rajtunk,
¢lnek. Ezek a mikroorganizmusok részben téplalnak, védenek, de idonként karosan is
hathatnak szervezetiinkre. Az emberi mikrobiomba minden olyan baktérium, virus vagy
gomba is beletartozik, amelyek az emberi szervezet integritdsat biztositjak,
nélkiilozhetetlen anyagokat allithatnak el6 az emberi test szédmadra, illetve
megakadalyozhatjadk bizonyos karos, betegséget hordozd mikroorganizmusok tartos
megtelepedését a szervezetben. Erthetd, hogy ezen &sszetett Okologiai rendszer
megvaltozdsa bizonyos, az immunrendszerrel is szorosan Osszefiiggd korképek
kialakulasdhoz vezethet (72). A hugyholyag-megnagyobbité ¢és -potldé miitéteket
kovetden a vizeletelvezetd rendszerben teljes értéki, életképes bél- vagy gyomorszovet
keriil, melynek a sajat mikrobiom rendszere megvaltozhat. A miitéteket kovetden fellépd
szovodmények; a koképzodés és malignitas kialakuldsaban a mikrobiom megvaltozasa is
szerepet jatszhat.

Ezért a gyermekkorban tortént hugyholyag-megnagyobbitast kovetéen a mikrobidta

vizsgalatat is célul tiztik ki.
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IV. A GYERMEKKORIHUGYHOLYAG-MEGNAGYOBBITAS
ES -POTLAS SIKERESSEGE ES SZOVODMENYEI

Célkitiizés

A gyermekkorban torténd hugyhdlyag-megnagyobbitas és -potlas sikerességének és

szovodményeinek prospektiv klinikai vizsgalata (Suppl. 1, 2, 3).

Modszerek

A Pécsi Gyermekgyogyaszati Klinika Sebészeti Osztalyan 1987 ¢és 2018 kozott
105 betegben tortént hugyholyag-megnagyobbitds (94/105) vagy -poétlas (11/105). A
hugyholyag potlasa 18 esetben gyomorral, 30 esetben vastag-, 46 esetben vékonybéllel tortént;
a hugyholyag potlasara 8 betegben csak vastag-, 3 betegben pedig csak vékonybél-
szegmentumot hasznaltunk. A fenti miitétek sikertelensége miatt négy betegben ismételt
holyagmegnagyobbitas (re-augmentatio) tortént. Munkacsoportunk tébb tanulmanyban
(1987-2000) retrospektiven (66) €s (2000-tdl) prospektiven vizsgalta a fenti miitétek sebészi
eredményeit, szovodményeit (Suppl. 1, 2). A leggyakoribb sebészi szovodményt, a koképzddést
kiilon tanulményban is vizsgaltuk (Suppl. 3).

A fejezetben a betegek miutéteket kovetd sebészi szovodmények prospektiv
nyomonkovetésének eredményeit (Suppl. 1) és a mitétek utani koképzdodés vizsgalatait (Suppl.
3) kivanom részletezni.

Nyolcvanhat betegben torténd holyagmegnagyobbitast €s 6 betegben torténd
hugyholyag-potlast kovetden torténd prospektiv vizsgalat soran a betegek atlagos életkora a
miitétkor 12,5 (4,3-20,9) év volt, az atlagos nyomonkdvetési id6 8,6 (1-20) évnek adodott. A

vizsgalatban a hugyhoélyag megnagyobbitasa vékonybéllel 32, vastagbéllel 30, gyomorral 18
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betegben tortént. A hugyholyag poétlasara vastagbél-szegmentumot hasznaltunk mind a 6
holyagpdtolt betegben.

A miitéteket kovetden minden beteg intermittdlé Onkatéterezést végez, 35%-ban az
eredeti urethran keresztiil. A betegek masik 2/3-dban (65%) un. kontinens katéterezhetd hasfali
stoman keresztiil torténik a CIC. A hasfali katéterezhetd stoma kialakitasa 46 esetben appendix
felhasznalasaval, 4 esetben vékonybél felhasznalasaval (Monti fistula), mig 6 esetben az eredeti
ureter felhasznalasaval késziilt. A 86 betegbdl 14 esetben holyagnyak-lezarasra kényszeriiltiink.
Ot betegnél a hugyholyag-megnagyobbitd miitéttel egyidejiileg, mig 9 betegnél, egy ujabb

mutét soran keriilt a hdlyagnyak lezarasra.

Eredmények

A mitéteket kdvetden észlelt szovddményeket és a szovoddmények miatti beavatkozéasok
szamat a Suppl. 1, 3. tablazata részletezi.

A fenti beavatkozasokat kovetéen 56/86 betegben (65%) 105 szovédményt észleltiink.
Az 56 betegbdl 25-ben kettd vagy tobb szovédmény is jelentkezett. Osszesen 81 beteg igényelt
valamilyen tovabbi, 6sszesen 91 sebészi beavatkozast. Tizenhét betegben egy, 7 betegben ketto,
14 betegben harom vagy tobb sebészi beavatkozas tortént a hugyholyag-megnagyobbitast vagy

—potlast kdvetden.

Koképzodeés

A mitéttel Osszefliggésbe hozhato, leggyakrabban eléforduld szovodményt, a
koéképzodést, a gyomorral vagy béllel megnagyobbitott, és/vagy -potolt huigyhdlyagokban
20/86 betegben észleltiink (23%). Tizenkilenc augmentalt betegbdl, tizenhatban vastagbéllel,

kettében vékonybéllel, mig egyben gyomor-szegmentummal tortént a hagyholyag
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megnagyobbitasa. Tovabbi egy betegben, a hugyholyag vastagbéllel torténd potlasat kovetden
¢szleltiink kovességet. A kovek a miitétet kovetden atlagosan 3,9 évvel (5 honap — 13 év)
jelentek meg. Hét betegben 2 alkalommal, egy betegben 3 alkalommal, tovabbi harom
betegben, haromnal tobb alkalommal észleltiink kovességet a megnagyobbitott hugyhdlyagban.
Osszességében 34 beavatkozas tortént a kdképzodés miatt. Statisztikailag igazolast nyert, hogy
azon betegek, akik a holyagjukat rendszeresen oblitik, illetve a katéterezést ,,alulrol”, az eredeti
hugycsovon keresztiil végzik, kevésbé hajlamosak a koéképzddésre. A visszatérd hugyuti
infekciok és a koképzodés kozott nem taldltunk statisztikailag szignifikdns Osszefiiggést.
Gyomorral végzett hugyholyag-megnagyobbitas esetén a koképzddés eldfordulasi esélye joval
kisebb, mint vastagbéllel, illetve vékonybéllel torténd hligyhdlyag-megnagyobbitast kdvetden.
A koanalizisek alapjan el6forduléd kdalkotokat a Suppl. 3, 2. tabldzata mutatja be. Az analizis
alapjan majdnem minden kéalkotoban struvit is szerepelt, Ca-oxalat és Ca-foszfat csak kisebb

aranyban volt kimutathato (Suppl. 3).

A hasfali (katéterezhetd) sztoma szovodmeényei

A hugyhodlyag-megnagyobbitassal egyidejiileg 48 betegben katéterezhetd, kontinens
hasfali sztoma kialakitasa is tortént, 40 esetben appendixbdl, 2 esetben vékonybéllel (Monti
fistula), 6 esetben ureter felhasznaldsaval. A mutéteket kovetden 6 betegben a megjelené HDS
miatt, az addig eredeti hugycsévon keresztil katéterezé gyermeknél késébb hasfali sztdéma
kialakitas tortént. A betegeink kozel 2/3-a (65%), kontinens katéterezhetd hasfali sztoman at
végez CIC-t. A hasfali jaraton at torténd katéterezési nehézség, a sztoma kialakitasa utan
atlagosan 6,6 évvel (1 honap -16 év) jelent meg. A szovodmények — a katéterezhetd jarat
sziikiilete (4 beteg), a jaraton at torténd vizeletcsorgas (inkontinencia) (4 beteg), nehéz
katéterez€s a sztoma jarat borszintii beesése (4 beteg) vagy eldesése, azaz prolapsusa (6 beteg),

illetve vérzés (2 beteg) — miatt 6sszesen 20 beteg, 22 alkalommal igényelt sztoma-reviziot.
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Bélelzarodas

A mitéteket kdvetden 8 betegben (9%) alakult ki bélelzarddas (ileus), mely miatt
11 alkalommal tortént sebészi beavatkozas. A bélelzarodas a mitétet kovetd 6. nap és 7 év
kozott jelentkezett (a betegek felében a miitétet kovetd elsd honapban). A re-operacid soran

leggyakrabban bélosszenovéseket, adhaesiokat észleliink, melyek oldasra kertiltek.

A vizelet rezervoar perforacioja

A hugyholyag-megnagyobbitast kovetden Osszesen 5 betegben észleltiik a rezervoar
nappal, illetve 11 évvel a beavatkozasokat kovetéen) egyarant eléfordult. Két esetben
kényszeriiltiink urin-peritonitis miatt miitétre. A tobbi esetben a rezervoar tartos, katéteres

drainage-a ¢és a konzervativ kezelés (széles spektrumu antibiotikumok) mellett a perforacio

gyogyult.

A vesico-ureteralis reflux fennallasa a hugyholyag-megnagyobbitassal egyidejiileg tortént

neoimplantatiot kovetoen

A hugyholyag-megnagyobbitas vagy —potlas elvégzésekor 33 betegnél allt fenn VUR.
A fenti mutéttel egyidejliileg 19/33 betegnél egyidejiileg ureter neoimplantatio is tortént. A
nyomonkovetés soran 5 betegnél a tovabbra is fennalld6 VUR-t suburetericus Teflon- vagy
Deflux-injektalassal kezeltiik. A neoimplantatiot kovetden 7/33 esetben a neoimplantatio utan
sziikiilet kialakulasat lattuk, mely egy esetben ismételt beavatkozast, re-neoimplantatiot

igényelt. A szo6vodmény részletesebb tanulmanyozasat a VI. fejezetben ismertetem.
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A holyagnyak-lezarast kovetd szovodmeények

A hugyholyag-megnagyobbitdson atesett 86 betegbdl 14-ben hugyholyagnyak lezaras
tortént, 5 betegnél a mitéttel egyidejiileg, 9 betegnél masodik 1épcsében. A hugyholyagnyak-
lezarasat kovetden 2 betegnél tovabbi vizelet elcsepegés, fisztula kialakulasa, 4 betegnél
kovetkezményes orchido-epidydimitis klinikai képe alakult ki. A diagnosztikus nehézség miatt

(herecsavarodas gyanuja) 4-bol egy esetben sebészi feltarasra is kényszeriiltiink.

Haematuria-dysuria szindroma (HDS)

A gyomorral torténd hugyholyag-megnagyobbitast kovetden 4/18 betegben észleltiink
HDS-t. Két betegben a tiinetek H-blokkold adéasa mellett megsziintek, mig a masik két
betegben a holyagnyak lezards és a kontinens hasfali sztoma kialakitasa oldotta meg a

panaszokat.

Csokkent  hugyvholyag-kapacitas/-tagulékonysag  miatt  torténd  ismételt  hugyholyag-

megnagyobbitas (re-augmentatio) sziikségessége

Héarom betegben a hiugyholyag-megnagyobbitast kovetden ismételten csokkent
hugyholyag-kapacitast és megnovekedett holyagnyomadst (alacsony compliance-t) észleltiink.
Két betegben ezt a jelenséget colocysto-plasticat, egy betegben gastro-cystoplasticat kovetden
figyeltilk meg. Harom, négy ¢és nyolc évvel a fenti mitéteket kovetden a htigyhdlyag ismételt
megnagyobbitasara kényszeriiltiink. A sikertelen holyagmegnagyobbitast kovetd diagnosztikai

¢s kezelési lehetdségeket a V1. fejezetben kivanom bemutatni.
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Pre-malignus szovettani elvaltozasok kialakulasa

Nyomonkdvetésiink soran egy betegben észleltiink prae-malignus szdvettani elvaltozast
(carcinoma in situ), mely miatt a hugyholyagban levé novedék, polyp eltavolitasra kertilt. A

miutéteket kovetd szovettani elvaltozasokat az V. fejezetben ismertetem.

A vékonybél flora tulnovekedése, a vékonybél colonizdcioja

E ritka szovodményt egy beteglinkben, vastagbéllel tortént holyag-megnagyobbitas

kovetden 8 évvel, profliz hasmenés klinikai tiinetei mellett lattunk.

Egyeb sebészi komplikaciok

Szamos tovabbi sebészi szovodménnyel taldlkoztunk (hasfali sérv, arteria iliaca
thrombosis, decubitus kialakulas, sebgydgyulasi zavarok), amiket dontéen konzervativan

kezeltink.

Osszefoglalas

Colocystoplasticat, illetve colonnal torténd hugyholyag-pétlast kovetden az irodalmi
adatoknal szignifikansan magasabb szamban észleltiink sebészi szovéidményeket. Ugyanakkor
szamottevoen kevesebb sebészi szovodményt lattunk a vékonybéllel- és a gyomor-
szegmentummal torténd hugyholyag-megnagyobbitast kovetden.

A leggyakoribb sebészi szovodmény a colocystoplasticat kovetden kialakulo
hélyagkdképzédés volt. Osszesen a betegeink tobb mint 50%-aban alakult ki holyagkdvesség,
ami némileg meghaladja az irodalomban ko6zolt 33-44%-os eléfordulast. Betegeink kozott
sokkal nagyobb ardnyban jelentkeztek recidiv kovek is, ugyancsak a vastagbéllel torténd

hugyholyag-megnagyobbités utan.
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A koéképzodés szempontjabol fontos tényezd, hogy a beteg kontinens hasfali sztoman
(mert a hugyholyagnyak lezarasra keriilt), vagy eredeti hugycsovén keresztiil bocsatja le
vizeletét. A hasfali jaraton keresztiil a vizelet rezervoart szinte lehetetlen maradéktalanul
kitiriteni, igy a katéterezést kovetden gyakran marad vizelet a rezervoarban, a vizeletpangas
pedig kedvezden hat a kdalkotok kicsapodasara. A rendszeres hugyholyagdblités elmaradasa is
hozzajarulhat a holyagkdképzéshez. Az irodalomban mind a mai napig egymasnak ellentmondé
adatokat talalunk a vizeletfertdzések és a hugyholyagkovek kapcsolatarol a fenti mitéteket
kovetden. A sulyos vizeletinfekciok kezelése is eltérd megitélés ala esik. Ha urea-bonto
baktériumok telepszenek meg, az urea bontdsa soran magasabb pH keletkezik a hugyholyagban,
ami kedvez a kéképzodésnek.

A fenti mitéteket kdvetd szignifikdns morbiditasnak szamit, hogy a betegek 65%-aban
valamilyen sebészi szovOdmény alakult ki, valamint, hogy a miitéteket kdvetden a betegek
43%-aban tovabbi sebészi beavatkozasra kényszeriltiink. Ugyanakkor a vizelet biztonsagos
nyomason torténd tarolasa és kiiiritése (,,lekatéterezése™) a betegek 95%-aban a fenti miitéttel,
vagy mitétekkel elérhetd, azaz hosszutavon az addig a vizeletiikre nézve inkontinens betegek
»szarazza” tehetok (csak 4/86 betegben nem sikeriilt javitani a vizelet kontinenciat). Tovabbi
romlas, vagy a mutétekkel osszefliggésbe hozhatdé maradandé karosodas a mitétek utan nem
volt észlelhetd. A hugyholyag-megnagyobbitas €és -potlas alkalmas arra, hogy a gyermekek, a
serdiilokoruak vizelettarolasat és -liritését hosszutavon is megbizhatéan biztositsa. Azonban a
hosszutavon 1étrejove szovodmények kockazata miatt a betegek egész ¢leten at tartd

gondozasra szorulnak.

27



dc_1620 18

V. ABELLELES/VAGY GYOMORRAL TORTENO HUGYHOLYAG-
MEGNAGYOBBITAST KOVETOEN FELLEPO SZOVETTANI
ELVALTOZASOK VIZSGALATA

Célkitiizés

A béllel és/vagy gyomor-szegmentummal végzett hiugyholyag-megnagyobbitast
és -potlast kovetden kialakulo hisztologiai és sub-mikroszkopikus elvaltozasok klinikai (Suppl.

4) ¢és allatkisérletes (Suppl. 5, 6, 7, 8, 9) vizsgélata.

Moédszer

A Pécsi Gyermekklinika Sebészeti Osztalyan 1987-t61 napjainkig 102 betegben tortént
hugyhodlyag-megnagyobbité vagy potlo miitét. A betegek prospektiv nyomonkdvetése soran a
miutéteket kovetden a 4. évtdl kétévente, szlird jellegli cystoscopids vizsgalat €s szdvettani
mintavétel torténik a hagyholyag-megnagyobbitasara felhasznalt gyomor- vagy bél-
szegmentumbol, az anastomosis-vonalbdl és az eredeti holyagrészbdl. Holyagpotlas esetében a
mintakat a holyagpotlasra hasznalt vastagbélbdl vessziik.

Az endoszkopos vizsgalat, bar minimalisan invaziv, a betegek szamara mégis
megterheld. Ezért a human kutatdssal parhuzamosan, olyan egyre kisebb méretli, akar
molekuléris kisérletekre is alkalmas allatkisérletes modellek kialakitasan dolgoztunk, ami
hozzasegithet minket a tumorok kialakuldsanak jobb megértéséhez és a kevésbé invaziv, sziird

jellegli vizsgalatok kifejlesztéséhez.
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A.) Human vizsgalat

A prospektiven nyomonkovetett 54 betegben a MUC 1 és a MUC 2
glikoproteinek nyalkahartyan torténd expressiojanak valtozasait vizsgaltuk (Suppl. 4.).
Huszonkét vastagbéllel, 17 vékonybéllel ¢és 8 gyomor-szegmentummal torténd
holyagmegnagyobbitason atesett betegnél torténtek vizsgalatok. Tovabbi 7 betegben
vastagbéllel tortént a hugyhodlyag poétlasa. A MUC 1 és MUC 2 glikoproteinek
expressziojanak kvalitativ vizsgalatahoz kett6s immunfestést hasznaltunk. A megfestett
mintakat fluoreszcens mikroszkopia sordn zold (MUC 1), piros (MUC 2) és kék
(sejtmagok) fénnyel vilagitottuk at. A megfestett mintakrol késziilt képeket CCD-
kameraval nyertiik. A mikroszképhoz csatlakoztatott szoftver segitségével a
meghatarozott reprezentativ teriileteken a MUC 1 és a MUC 2 jelintenzitasat a
sejtmagok jelintenzitdsaval normalizadltuk. A MUC 2 / MUC 1 aranyt is kiilon
meghataroztuk.

A neoplasias mintakon, illetve ahol szignifikans valtozas volt észlelheté a MUC
1 és MUC 2 tekintetében tovabbi vizsgalatokat végeztiink, dsszesen 14 beteg mintaja
keriilt ebbe a csoportba. Laser capture (LC) microdisszekcido segitségével a
nyalkahartyat szeparaltuk, majd az igy kapott sejteket Osszegyiijtottiik és RNS-t
izolaltunk beldliikk. Real-time PCR modszerrel a MUC 1 ¢és MUC 2 gének

Az adatokat statisztikus segitségével analizaltuk, az ANOVA-tesztet és a

legkisebb négyzetek mddszerét alkalmaztuk.
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B.) Allatkisérletek

Az allatkisérletek a Pécsi Tudomanyegyetem Altalanos Orvosi Kar Sebészeti és
Oktatdo Kutatointézetében, az Egyetemi Etikai Bizottsag eldzetes engedélyeivel
torténtek.

A szovettani vizsgalatokat nyulakban B/I. (Suppl. 5), kutydkban B/2. (Suppl. 6,
7, 8) valamint patkanyokban B/3. (Suppl. 9) végeztik.

B/1.

Tizenharom nyulban gastrocystoplasticat kvetden 3, 6 €s 12 honappal torténtek
szovettani vizsgalatok. A mintdkat rutin hisztologiai médszerekkel (HE és PAS-festés)
értékeltiik, valamint a CEA ¢és p53 fehérjék expressios mintazatat is vizsgaltuk (Suppl.
5).

B/2.

Tizenkét fiatal ndstény beagle kutyaban hugyholyag-megnagyobbitast kdvetden
végeztliink szovettani vizsgalatokat. A mutét technikai részletei a Suppl. 6-ban
talalhatok. Két-két allatban csak gyomorral vagy csak vastagbéllel, 8 kutyaban
gyomorral ¢€s vastagbéllel egyszerre ¢&s egyidejileg torténd hugyholyag-
megnagyobbitast kovetden. A miitétkor, majd a mitétek elvégzése utan 4-8 honappal és
a nyomonkdvetési id6 végén 12 honappal torténtek mintavételek, majd rutin szévettani
vizsgélatok (HE, PAS festés) ¢s a PCNA fehérje expressios mintazat vizsgalat tortént
(Suppl. 7). Ugyanezen allatokban a humén anyagban részletezett moédon a MUC 1,
vizsgaltuk (Suppl. 8).

B/3.
Negyvenot fiatal (3 és 6 honapos) him, Wistar patkdnyban torténtek miitétek (30

ileocystoplastica €s 15 almutét). A patkdnyokat 12, 18 ¢és 24 honapig kovettiik nyomon.
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A nyomonkdvetési id0 végén az augmentalt holyag-preparatumokat HE festett

metszeteken vizsgaltuk (Suppl. 9).

Eredmények

A.) Humdan vizsgalat

Egy betegben in situ adenocarcinomat észleltlink, 11 évvel a vastagbéllel tortént
hugyholyag-megnagyobbitas utdn. Az anastomosis vonalban, polyp forméjaban
felismert elvaltozast in toto eltavolitottuk. Egy esetben a vastagbél-szegmentumban, egy
esetben az anastomosis-vonalban, egy esetben pedig az eredeti holyagrészben
metaplasias elvaltozasokat talaltunk 8, 10 és 14 évvel a colocystoplasticat kdvetden
(Suppl. 4, 1. tablazat). A MUC 1 és MUC 2 glikoproteinek expresszids mintazataban
nem volt szignifikdns valtozds sem gyomorral, sem vékonybéllel torténd
holyagmegnagyobbitds, sem pedig a vastagbéllel torténd holyagpotlas utan.
Colocystoplasticat kdvetéen a colon nyalkahartydjan a MUC 1 expresszios szintje
iddvel szignifikdnsan nétt, a MUC 2 pedig ezzel parhuzamosan csokkent. Az in situ
adenocarcinoma mintaban ezzel megegyezden magasabb MUC 1 és alacsonyabb MUC

2 expressziot volt igazolhatd (Suppl. 4, 3. abra).

B.) Allatkisérletek

B/1. Gyomorral tortént holyagmegnagyobbitdas nyulakban

Az eredeti holyagrészben 3 honappal a miitétet kdvetden polypokat, mucosalis
oedemat, submucosalis fibrosist észleltlink, 3 allatban laphamsejtes metaplasia képét
figyeltiik meg. Hat és tizenkét honappal a miitétet kovetden a szdvettani eredmények

mar érdemi valtozast nem mutattak. Négy nyutlban parietalis sejt-hyperplasiat észleltiink
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a fennallo catarrhalis gastritis képe mellett (Suppl. 5, 1. és 2. abra).
Gyomornyalkahartya atrophiat 4 allatban, colon tipusi metaplasiat 2 allat gyomor-
szegmentumaban figyeltink meg (Suppl. 5, 1. és 2. tablazatok). Dysplasiara,
malignitasra utalo jelet a 12 honapos nyomonkovetés soran nem talaltunk. A CEA, mib-

1 és p53 festések normalis mintdzatot mutattak a 12 honap nyomonkdvetési id6 alatt.

B/2. Gyomorral és vastagbéllel egyidejiileg megnagyobbitott hugyholyag kutyakban

Tizenkét honappal a beavatkozdst kovetden a csak gyomorral tortént
hugyholyag-megnagyobbitds utdn inflammatios jeleket, egy esetben dyplasia jeleit
figyeltik meg. A csak vastagbéllel megnagyobbitott hélyagi kutyakban dontéen
gyulladasos jeleket, egy kutyaban dyplasticus jeleket észleltiink. Gyomorral ¢és
vastagbéllel torténd egyidejli hugyhdlyag-megnagyobbitast kovetden dontden
gyulladasos jeleket, 3 kutydban dysplasia jeleit, 1 esetben metaplasia jeleit lattuk, mig
1 kutydban in situ carcinoma volt lathaté a hugyhdlyag-megnagyobbitasra felhasznalt
gyomor-szegmentumban (Suppl. 7, 1. tabldzat és 4. abra).

Ugyanezen allatok MUC 1 ¢s MUC 2 fehérje expressziojanak vizsgalata soran
a vastagbélmintak MUC 1 expresszidjaban szignifikans csokkenést lattunk, mind a csak
vastagbéllel, mind pedig a vastagbéllel €¢s gyomorral megnagyobbitott hligyhdlyaga
allatokban. A bélmintadk MUC 2 expressziojaban szignifikans valtozast nem észleltiink.

A csak gyomorral torténd hugyhodlyag-megnagyobbitds utdn és a kompozit
holyagképzésen atesett allatok gyomorrészében a MUC 2 expresszioja szignifikansan
csokkent, ugyanakkor a MUC 1 expresszidja gastrocystoplasticat kdvetden nem

mutatott szamottevo eltérést (Suppl. 8, 1. tablazat és 2. abra).
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B/3. A patkanyokban végzett kisérletek

Az ileocystoplastican atesett patkdnyok 60%-a (18/30) élte tul a tervezett
nyomonkovetési 1d6t. A patkanyok elhullasdnak okai tobbek kozott az érnyél
elégtelensége, a hugycsd elzarodasa, mechanikus bélelzarodas és anastomosis-
elégtelenség miatti hastiri fertdzes és a kovetkezményes sepszis voltak.

Tizenkét honappal a miitét utan 1 patkanyban laphdm metaplasiat észleltiink.
Huszonnégy honappal a vékonybéllel tortént holyagmegnagyobbitast kovetden 1
allatban polyposus elvaltozast, 2 allatban bélnyalkahartya hypertrophiat figyeltiink meg,
melyek szdvettanilag hyplerplasias urotheliumnak €s urothelialis carcinomanak (Suppl.
9, 6. dbra) bizonyultak. Altalanos megfigyelés volt, hogy az idével aranyosan az ileum

nyalkahartyajat egyre nagyobb mértékben valtotta fel az urothelium.

Osszefoglalas

A human vizsgalatokban a hugyhoélyag-megnagyobbitast és —potlast kovetden végzett
prospektiv nyomonkovetés szovettani eredményei alapjan malignus, prae-malignus
elvaltozasok megjelenése a miitétet kovetden 10 éven beliil nem valdszinii. Ugyanakkor az ezt
kovetéen megjelend, dontden gyulladasos, metaplasticus és prae-malignus elvaltozasok
(dysplasia, in situ carcinoma) a betegek rendszeres, évente vagy kétévente torténd endoscopos
¢s sziikség szerint szovettani vizsgalatait helyezi eldtérbe. A betegek hosszutava
nyomonkovetése ajanlott, mely vizsgalatok soran pl. a MUC 1 és MUC 2 fehérjék expressio
véltozasainak nyomonkdvetésével a prae-malignus ¢és malignus elvaltozadsok kordbban
felismerheték lehetnek, f6leg colocystoplastikat kovetden. A szdvettani vizsgalatok,

betegellatasra is kihat6 jelentdségét jelzi, hogy részben sajat eredményeink alapjan sziiletett az
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europai  gyermekuroldgiai ajanldas 2008-ban a miitéteket kovetd szovodmények
nyomonkovetésére, valamint eredményeinket angol nyelvii urologiai tankonyvekben is idézik.

A human vizsgalataink szdvettani megfigyeléseit az allatkisérleteink is részben
alatdmasztottak; a mutéteket kovetden dontden gyulladasos jelek figyelhetdk meg, melyek
késObb pre-malignus, malignus elvaltozasokka alakulhatnak.

A gyomorral és vastagbéllel egyidejlileg torténd htgyhdlyag-megnagyobbitds nem
csokkenti a praec-malignus elvaltozasok idébeni €s szambeli megjelenését (ezen vizsgalatainkat
molekuléris modszerekkel nem tudtuk aldtamasztani).

Patkdnyokban ileocystoplastikat kovetéen a  vékonybél ham  urothelialis
sorolt konstans vizelet jelenlét, illetve a kozvetlen urothelium kapcsolat transzformalo hatasat.
Ez a morfologiai megfigyeléseken alapuld hipotézis azonban még tovabbi vizsgalatokat

igényel.
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VI. ASIKERTELEN HUGYHOLYAG-MEGNAGYOBBITAS
KORISMEZESE ES KEZELESI LEHETOSEGEI
GYERMEKKORBAN

Célkitiizés

A sikertelen huigyhdlyag-megnagyobbitas korismézésének ¢és kezelési lehetdségeinek

klinikai (Suppl. 10, 11) és allatkisérletes (Suppl. 6) vizsgalata.

Moédszerek

A.) Klinikai vizsgalatok

A/l. A vesico-ureteralis reflux perzisztaldsa holyag-augmentatioval egyidoben tortént
ureter neoimplantatiot kovetéen (Suppl. 11)

1987 ¢és 2004 kozott a holyag-augmentatiok kapcsan 26 betegben 33 ureter
neoimplantatio tortént a hdlyagmegnagyobbitdé mitéttel egyidejlileg.

Az 1. csoportban 10 (6 meningomyeloceles, 4 nem neuropathias) beteget
hoélyagiiriilési zavar miatt kezeltiink augmentacidval €s a miitéttel egyidejiileg a betegek
Osszesen 16 ureterét is neoimplantaltuk. A betegek atlag életkora a miitétkor 11,6 (7-17)
év volt. Ot betegben vastagbéllel, hdrom betegben gyomorral, ketté betegben
vékonybéllel tortént a hugyhdlyag megnagyobbitdsa. Az 1. csoport betegeinek atlagos
nyomonkovetési ideje 5 (1-13) év volt.

A 2. csoportban a betegeknél ugyan a VUR fennallt, de ureter neoimplantatio a
hagyholyag-megnagyobbitassal egyidejiileg nem tortént, ez 16 beteg 17 ureterét jelenti.
Ebben a csoportban 8 meningomyelocele és 8 nem neuropathias holyagiiriilési zavar
miatt tortént hugyholyag-megnagyobbité miitét. Az augmentatiokor a betegek atlag

¢letkor 10,9 (4-17) év volt. Hét betegben vastagbéllel, 6 betegben gyomorral, 3 betegben
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vékonybéllel tortént a higyhdlyag augmentatioja. A nyomonkdvetési id0 ebben a

betegcsoportban 6,2 (1-13) év volt.

A/2. Sajat betegeinkben és kiilfoldi centrummal (Isztambul, Torokorszag) kozosen, nagy
beteganyagon tortént klinikai vizsgalat a sikertelen holyagmegnagyobbitast koveto
ismételt augmentatio (re-augmentatio) sziikségessegerol (Suppl. 10)

1987 ¢és 2004 kozott 136 holyagmegnagyobbitason atesett beteg adatait
tanulmanyoztuk. A 136 betegbdl 2 esetben colocystoplasticat, 3 esetben gastro-
cystoplasticat kdvetden valt sziikségessé az ismételt hdlyagmegnagyobbitas. A fenti
betegekbdl négyben (két colocystoplaticat és két gastrocystoplasticat kovetden),
vékonybéllel tortént a hugyhodlyag ismételt megnagyobbitasa, egy betegben pedig
gastrocystoplasticat kdvetden sigmabéllel tortént re-augmentatio. A 136 betegbdl
azokban, akikben primeren az els6é miitét soran ileocystoplastica tortént, nem kertilt sor
ismételt holyagmegnagyobbité miutétre. A betegek nyomonkdvetése soran végzett
urodindmias vizsgalat szolgaltatott minden esetben diagnézist és indikacidt a re-

augmentatio elvégzéséhez.

B.) Allatkisérlet (Suppl. 6)

Ezen allatkisérlet is a Pécsi Tudomanyegyetem Altalanos Orvostudomanyi Kar
Sebészeti Oktato ¢és Kutatd Intézetében, az Egyetemi Etikai Bizottsag engedélyével
torténtek.

A mitétek 12 ndvekedésben 1évo, hathonapos, atlagosan 10 kg-os, ndstény
beagle kutyakban torténtek. Az allatokat harom csoportra osztottuk:

A csoport — két kutydban csak gyomorral tortént a hugyhoélyag augmentéacid

(gastrocystoplastica); B csoport — két kutydban a hugyhdlyag megnagyobbitas
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kirekesztett, antimezenterialis oldalan felhasitott (detuburalizalt) vastagbél
szegmentummal tortént (colocystoplastica); C csoport — nyolc éallatban gyomorral és
béllel egy iilésben tortént a holyagplasztika (kompozit hélyag). Az 4 és B csoport allatai
kontrollként szolgaltak.

A hugyhodlyag megnagyobbitdo mutétek eldtt az allatok 24 6ran at nem kaptak
taplalékot, folyadékot korlatlanul fogyaszthattak. A mutéteket megeldzden a kutyak
parenteralis (i.m.) testsulyra szamitott antibiotikumot (2,5 mg/ttkg gentamycin és 2
gram penicillin) kaptak. A gyomorral és kompozit holyaggal torténd plasztika esetén
H»-receptor blokkolot (150 mg ranitidin) is adtunk. A mitétek thiopental indukciot
kovetden intratrachedlis narkozisban (halothan, N>O) torténtek. A narkdzis bevezetése
utdn per urethram 10 Ch-es Foley katéter behelyezése tortént a holyagba az
anasztomozis védelmére.

A csoport (gastrocystplastica): a miutéteket hosszi median laparotomiabol
végeztiik. A gyomor corpusabdl egy kb. 7 x 7 cm-es megkdzelitdleg egyenld oldala
haromszdget vagtunk ki, mely vérellatasat az a. gastroepiploica sinistra biztositotta. A
gyomor folytonossagat kétrétegli varratsorral allitottuk helyre. Az érnyeles
gyomorlebenyt intraperitonealisan vittiik le az eredeti hugyholyaghoz. A holyag
cranialis felét rezekaltuk, majd a gyomor-szegmentumot egyrétegli, tovafutd
varratsorral varrtuk a visszamaradé caudalis holyagrészhez.

B csoport (colocystoplastica): a muitéteket also median laparotomiabol végeztiik.
A colon descendesbdl egy kb. 10-12 cm hosszu szakaszt izolaltunk az érellatdsanak
megtartasdval. A vastagbé¢l folytonossagat vég-a-véghez anasztomozissal allitottuk
helyre. Az izolalt érnyeles vastagbél-szegmentumot az anti-mesocolikus oldalan
hosszanti iranyban felhasitottuk, majd az igy keletkezett téglalap alakt vastagbél

szakaszt U alakban, ,sapka-szerlien” Osszevarrtuk (detubularisatio) és azt a
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visszamarado eredeti (1/2) hoélyagrészhez egyrétegli, tovafutd varratsorral varrtuk
hozza.

C csoport (kompozit holyagképzés): a miitéteket hossztt median laparotomiabol
végeztiik. A gyomorbdl az A csoportban, a vastagb¢lbdl a B csoportban részletezett
technikaval izolaltunk gyomor- illetve vastagbél szegmentumokat. A hugyholyag
kranidlis felét reszekaltuk, majd a kirekesztett gyomor- és vastagbél-szegmentumokat
egy rétegben az eredeti fél holyagrészhez és egymashoz anasztomizaltuk. fgy olyan
vizeletrezervoart kaptunk mely egynegyedét gyomor, egynegyedét vastagbél, felét az

eredeti holyag maradéka alkotta.

Eredmények

A.) Klinikai vizsgalatok

A/l. A vesico-ureteralis reflux perzisztaldsa holyag-augmentatioval egyidoben tortént
ureter neoimplantatiot kovetéen (Suppl. 11)

Az I. csoportban 9 beteg 14 ureterét neoimplantaltuk, mig 1 betegben kétoldali
suburetericus Teflon-injektalas tortént antireflux beavatkozasként. Tizenharom
ureterben a miitéteket megel6zden I1I-V. (magas) fokozatu refluxot, mig 3 ureterben II.
(alacsony) fokozatu refluxot észleltiink. Minden betegnél a vesico-ureteralis reflux
eltlinését észleltiik, atlagosan 11 (3-72) honappal a miitéteket kovetden. Nem észleltiink
korrelaciot a reflux megsziinése és annak fokozata kozott. Osszesen 2 betegben
észleltiink 3 évvel a hugyhdlyag-megnagyobbitd miitétet és a re-implantatiot kvetden
recurral6 refluxot, mely refluxok tovabbi 2 év nyomonkovetés és oxybutynin kezelés

mellett eltlintek.
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A 2. csoport 16 betegében a 17 VUR koziil 8 ureterben I1I-V. (magas) fokozatu,
9 ureterben pedig II. (alacsony) fokozati refluxot észleltiink. Mind a 14 holyag-
megnagyobbitd miitéten atesett betegben a reflux atlagosan 13,6 (3-108) honappal a
fenti miitétek utdn, mindenfajta tovabbi antireflux beavatkozas (ureter neomiplantatio
vagy suburetericus injektaldo kezelés) nélkiil eltiint. Ebben a betegcsoportban sem
¢szleltlink korrelaciot a reflux eltiinése €s sulyossagi fokozata kozott.

Mindkét betegcsoport nyomonkdvetése soran a cystographias vizsgalatok
mellett a rendszeres urodinamids vizsgalatok szolgéltattak informaciot a reflux
kezeléséhez, illetve az anticholinerg kezelés sziikségességérol.

A holyagmegnagyobbitd mitéteket kovetd rezervodr kapacitast ¢és
tagulékonysagot az egyidejiileg meglévo vesico-ureteralis reflux egyik csoportban sem
befolyasolta, fiiggetleniil a hugyholyag-megnagyobbitashoz vélasztott szegmentum
tipusatdl. Urodinamikailag a két csoport kozott csak az ileocystoplasticat kovetd

maximalis holyagkapacitasok kozott volt kiilonbség.

A/2. Sajat betegeinkben és kiilfoldi centrummal (Isztambul, Torokorszag) kozosen, nagy
beteganyagon tortént klinikai vizsgalat a sikertelen holyagmegnagyobbitast koveto
ismételt augmentatio (re-augmentatio) sziikségessegerol (Suppl. 10)

A re-augmentaciora keriilt 5 betegbdl kettdben megfeleld hosszusagu vastagbél
keriilt detubularizélasra a primér hugyholyag-megnagyobbitdé miitét kapcsan és
mindhdrom gastrocystoplastica is hagyomanyos modon tortént. A primér augmentatio
¢s a re-augmentatio kozott eltelt id6 atlagosan 4,2 (2-7) év volt. Mind az 5 beteg tiszta
intermittald Onkatéterezéssel bocsatotta le rezervoarjat. A betegek atlagos
nyomonkovetési ideje 6,8 (2-10) év volt. A betegekben a primer augmentatiot kvetden

az inkontinencia 0,5-2 évvel jelent meg. A vizeletelcsepegés a katéterezéseket kovetden
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1-1,5 oraval jelentkezett. Mind az 5 betegben urodinamia igazolta a csokkent rezervoar-
kapacitast ¢és/vagy -tdgulékonysagot. Minden betegben az urodindmia soran
bélkontrakciok voltak mérhetdk.

A tiinetek észlelésekor bevezetett anticholinerg kezelés egyik esetben sem
javitott a kontinencian, annak ellenére sem, hogy az oralis anticholinerg kezelés mellett
két beteg rezervoarjaban helyi, lokalis anticholinerg kezelést is alkalmaztunk (a
rezervoarba adott, lokalisan hatd oxybytininnal).

Mindkét vastagbéllel megnagyobbitott hugyhdlyag esetén szignifikans
bakteriuriat lattunk, a gastrocystoplastican atesett betegekben azonban ez nem volt
kovetkezetes.

Egyéb metabolikus és szovettani eltérést, koképzodést, HDS-t, perforaciot,
Helicobakter pylori fert6zést a re-augmentatiora szoruld 6t betegben nem észleltiink.

A re-augmentatiot kovetéen — mely a két primér colocystoplastica esetén
ileummal, 3 primér gastrocystoplasticat utan két betegben ileummal, egyben pedig
colonnal tortént — a betegek kontinenssé valtak. Az urodinamiai paramétereik a tovabbi
nyomonkovetési 1d6 alatt javultak. A re-augmentatio soran hasznalt bélszakasz eredete

(ileum vagy colon) szignifikansan nem befolyésolta az urodinamias paramétereket.

B.) Allatkisérlet (Suppl. 6)

Mind a tizenkét kutya a nyomonkdvetési id6 végéig tulélt. A nyomonkdvetési
1d6 alatt a kovetkezd szovodményeket figyeltiik meg: 4 csoport — a gyomorral torténd
hugyholyag-megnagyobbitast kovetden makroszkopos haematuria jelentkezett
I 4llatban a mitétet kovetd 5. hoénap végéig; B csoport — vastagbéllel tortént

holyagmegnagyobbitas utan szovodményt nem észleltink, C csoport — kompozit
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holyagképzést kovetden 1 allatban lattunk haematuriat a miitétet kdvetd 3. honap

végéig.

Megbeszélés

Az urodindmia segitségével megallapithatok az inkontinencia okai, fontos adatokat
kapunk a terapia megvalasztasdhoz, nyomon kdvethetd a konzervativ kezelés eredménye is. Az
urodinamids vizsgalat adhat indikacidt a hugyholyag-augmentacio elvégzéséhez, illetve az
elégtelen terdpias effektus esetén ezzel a modszerrel tisztdzhatd a kudarc oka €s az urodinamias
leletek birtokdban donthetiink tovabbi mitét (re-augmentatio) sziikségességérdl, azaz
meghatarozhatjuk a tovabbi kezelés iranyat. A hugyhdlyag-megnagyobbitas idejében fennalld
VUR esetén, a hugyhdlyag-megnagyobbitast kovetden Onmagdban a miitét elvégzésétol
remélhetd, hogy az alacsony, de akéar a magas (II1.-V.) fokozatti VUR is eltlinhet. Amennyiben
a VUR perzisztal, ennek oka a miitét elvégzése ellenére fenndlldo magas intravesicalis nyomas,
mely vizeletfert6zéssel szovOdhet. Ennek kezelésére az antibiotikus és az anticholinerg terapia
onmagaban elégséges lehet. A VUR eltlinését a hugyholyag-megnagyobbitasra felhasznalt
gyomor vagy bél tipusa nem befolydsolja, ugyanakkor az ileummal torténd
holyagmegnagyobbitast kdvetden az urodindmias mérési eredmények joval kedvezdbbek.

Az urodindmias mérések soran a hugyhodlyag-megnagyobbitis ellenére csokkend
kapacitast és/vagy tagulékonysagot észlelhetiink a klinikai tiinetek romlasaval parhuzamosan,
ami a holyag-megnagyobbitds sikertelenségére utal. A hagyholyag-megnagyobbitasra
felhaszndlt gastrointestinalis szegmentum zsugorodhat, a vérellatdsa karosodhat. Ez
onmagaban eldidézheti a vizelet rezervoar kapacitasanak csokkenését. Az ezzel egyidejiileg
bevezetett konzervativ kezelés, anticholinerg szerek szisztémas vagy akar lokalis adasa a

kapacitast atmenetileg javithatja. A detubularizici6 ellenére mind a vastagbéllel, mind a

41



dc_1620 18

gyomor-szegmentummal  torténd  hugyholyag-megnagyobbitdst  kovetden  mérhetd
bélkontrakciokat lathatunk a vizelet rezervoadrokban. Amennyiben ezek az ugynevezett ,,mass-
kontrakciok™ kifejezettek €s a rezervoar nyomasat kritikus mértékben emelik, ez oka lehet a
klinikai kép romlasanak, a vizelet elcsepegésnek. E magas amplituddju kontrakcidk oka
ismeretlen.

A re-augmentatio effektiv kezelési lehetdség olyan esetekben, amikor a primer
hugyholyag-megnagyobbitassal nem sikeriilt megfeleld kapacitast és/vagy tagulékonysagot
elérni. Re-augmentatio esetén, fiiggetleniil a primer miitét soran hasznalt tapcsatorna szakasz
mindségétdl, ileum-szegmentum hasznalata ajanlott. A re-augmentatiot kovetden béllel (ileum
¢s/vagy vastagb¢l), illetve gyomor-szegmentummal egyszerre, vagy kétlépcsében
megnagyobbitott, gynevezett kompozit holyag johet 1étre. A kompozit holyag egyidejii
kialakitasa technikailag két modon, ,,emelet”-szertien vagy ,,szendvics”-modon képzelhetd el
(Suppl. 6, 3. abra). A szendvics-mddon, sapka-szertien kialakitott kompozit holyag esetében a
mutéti idé hosszabb, de az eredeti holyaghoz jobban hasonlitdé vizelet rezervoart sikertil

kialakitani.
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VII. ELETMINOSEG A GYERMEKKORBAN ES SERDULOKORBAN
TORTENO HUGYHOLYAG-MEGNAGYOBBITAST
ES -POTLAST KOVETOEN

Célkitilizés
A Dbetegek ¢életmindségének vizsgalata a gyermek- ¢és serdiilékorban végzett
hugyhodlyag-megnagyobbitast és -potlast kovetden. Kezelés-specifikus €életmindségi kérddiv

felallitasa €s validalasa (Suppl. 12).

Modszer

1988 ¢és 2006 kozott 67 holyag-megnagyobbitason €s 7 —poétlason atesett beteg
¢letmindségét vizsgaltuk, azon betegekét, akiknél a miitét legaldbb 1 éve tortént és legalabb
10 évesek vagy e felettiek voltak (0sszesen 61 beteg). A betegeket a kdvetkezd csoportokra

osztottuk.

A csoport: meningomyeloceles betegek

B csoport: holyag extrophias betegek

C csoport. eredeti hugycsovon keresztiil katéterezd betegek

D csoport: hasfali kontinens stoman at katéterez6 betegek

E csoport: kerekesszékes betegek

F csoport: nem kerekesszékkel kozlekedd, onalldan jard betegek
Harmincnyolc kérdésbdl allo életmindségi kérddivet alakitottunk ki, melyet a miitétet
végzd sebészek, az dpolasban részt vevo novérek, gyermek-pszichologusok, szociologusok €s
statisztikusok segitségével allitottunk Ossze.
A két 6 részbdl allo kérddiveket a betegek és sziileik (vagy gondozo6juk) szamara postai
uton kiildtiik ki. A kérddivekre anonim mddon, otthonukban, azaz nem korhazi koriilmények

43



dc_1620 18

kozott valaszoltak. A kérddivek elso része a miitétet megeldzo allapotra, a méasodik része pedig
a mutétet kovetd ¢életmindségre kérdezett ra. A valaszokat 0-3 skalan kértiik osztalyozni. A
kikiildott kérdoiv a Suppl. 12. fiiggeléké-ben talalhato.

A kérdésekre adott valaszok statisztikai értékelését €s analizisét statisztikus segitségével

végeztik t-teszttel, Wilcoxon-teszt segitségével €s korrelacid analizissel.

Eredmények

Otvennégy holyagmegnagyobbitison atesett és 7 hugyhélyag-potlason atesett beteg és
sziilei szamara kiildtiink kérddivet, melyekbdl 51 (82%) beteg és sziilé vagy gondozo valaszolt
a feltett kérdésekre. Az 51 betegbdl 2 csak részlegesen adott valaszt, igy 0sszesen 49 beteg €s
szl szaméra kikiildott kérddivet tudtunk maradéktalanul értékelni. A 49 kérddivet
visszakiildott betegekbdl, 21-ben vastagbéllel, 14-ben gyomorral és 9-ben vékonybéllel tortént
a hugyholyag megnagyobbitasa, 5 betegben hugyholyagpoétlds tortént. Huasz lany és
huszonkilenc it kérddivét értékeltiik.

Az A csoportba 23 meningomyelocelevel sziiletett beteg, mig a B csoportban 18 holyag
extrophiaval sziiletett beteg keriilt. Huszonegy beteg az eredeti urethran keresztiil katéterezte
magat (C csoport), mig 28 kontinens katéterezhetd hasfali stomat hasznalt a rezervoar
kitiritéséhez (D csoport). Hét beteg (E csoport) volt kerekesszékes, 42 beteg a mozgasahoz,
jarasdhoz nem hasznalt kerekesszéket (F' csoport).

A kérdésekre adott valaszok statisztikai értékelésénél a valaszok fliggetlenek voltak a
miitéttdl eltelt 1d6tdl és a betegek életkoratodl.

A 49 beteg un. szomatikus komponense a miitét elotti (5,22) értékhez képest a miitét
utan (8,31) emelkedett, az ¢letmindség 5,42-r6l 8,02-re emelkedett. Mindkettd szignifikdnsnak

bizonyult (Suppl. 12, 1. dbra).

44



dc_1620 18

Az alabbi kérdéseket kiilon is vizsgaltuk:

A B.1.1.2. kérdésre (,Ismételten (ma is) szeretnéd-e, hogy miitét torténjen az
inkontinencia-javitas céljabol?”’) 44 beteg (90%) pozitiv valaszt adott €s csak 5 beteg valaszolta,
hogy nem kivanna Gjra a mutét elvégzését (Suppl. 12, 2. abra). A 44 beteg Osszességeben a
szomatikus statuszat €és az ¢letmindségét is jobbnak értékelte.

A B.24-es kérdésre (,,Konnyebb lett-e az életed a miitétet kovetden?””) 37 beteg
szamottevo javulasrol, 18 beteg javulasrol szamolt be.

A betegek a miitétet kdvetd nyomonkdvetéssel (munkacsoportunk végzett posztoperativ
vizsgalati protokoll) meg voltak elégedve.

Az A és B csoport 6sszehasonlitdsanal azt észleltiik, hogy az életmindség a miitétet
kovetden mind a meningomyeloceles, mind a holyag extrophias betegeknél szamottevd
mértékben javult, bar a meningomyeloceles csoportban pelenka vagy betét viselésére
gyakrabban volt sziikség a miitétet kovetden (a széklet inkontinencia még komplikalhatta a
klinikai képet).

A C és D csoport Osszehasonlitdsanal a hasfali stoman at katéterezd betegek jobb
¢letmindségrdl szamoltak be, mint azok, akik az eredeti urethran keresztiil bocsatottak le a

vizeletiiket. Ez a kiilonbség szignifikansnak mutatkozott.
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Megbeszélés

Annak ellenére, hogy a gyermekkorban torténd holyagmegnagyobbitd és —potld
miitétek szamos szovédménnyel jarhat, az életmindségi vizsgalatok minden betegcsoportban
bizonyitottdk, hogy a fenti miitétek szignifikdns mértékben javitjak a betegek hosszutavi
szomatikus allapotat és a betegek ¢letmindségét.

Validalt, gyermekkori kérdéiv hidnyaban az irodalmi adatokkal Osszevetést nem
tehettiink, tovabbi hosszatavi  prospektiv  vizsgalatok sziikségesek a  kérdéskor
tanulmanyozéasara. Az altalunk kidolgozott kérdéivet szdmos szerzé idézte, ami annak

validalasat nagymértékben eldsegiti.
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VIII. AMIKROBIOTA HUGYHOLYAG-MEGNAGYOBBITAS UTAN

Célkitiizés

A mikrobiota vizsgalata a gyermekkorban toértént hugyholyag-megnagyobbitas utan

(Suppl. 13).

Modszer

Etikai bizottsagi engedéllyel 12 betegben tanulmanyoztuk mikrobiom mindségét és
esetleges valtozasat. Hat betegben (3 fit és 3 lany) ileocystoplastica, mig 6 betegben (3 lany és
3 fia) colocystoplastica tortént. A betegek a holyag-megnagyobbitd miitét kapcsan,
perioperativan harmas kombinécioju antibiotikus kezelést (metronidazol-cefuroxim-
gentamycin) kaptak. A posztoperativ iddszakban, a vizeletleoltasok alapjan, pedig célzott
antibiotikus kezelés tortént. A vizsgalatok a protokoll szerinti nyomonkovetés soran a miitétet
kovetd 4. évtdl kétévente vett biopszids mintakbodl torténtek. A biopszids mintdk az eredeti
holyagrészt és a holyagmegnagyobbitasra felhasznalt vékony- vagy vastagbél-szegmentumot
reprezentaltdk. A mintdkat a mintavételeket kovetden -80 C°-on taroltuk OCT-be agyazva. A
beagyazast, és a -80 C°-os hdmérsékleten torténd tarolasat kovetden a mintdk teljes DNS-ét
izolaltuk, majd 16 SrRNS-gén konyvtar prepardldsa és szekvenalasa tortént. A mikrobiotak
génalloméanyéanak beazonositdsa standardizalt modszerekkel, a QIIME 2.0 szoftver segitségével

tortént. A modszertan részletes leirasa a Suppl. 13-ban talalhato.
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Eredmények

Atlagosan a holyagmegnagyobbitast kovetéen 11 évvel (az ileocystoplasticat kovetéen
12, a colocystoplasticat kovetden 9 évvel) a kdvetkezé eredményeket kaptuk:

Az eredeti holyagrészben a Corynebacterium, a Pseudoxanthomonas, Flavobacterium
¢s a Micrococcus volt a leggyakoribb mikrobiota. A bélszegmentumokban a Corynebacterium,
a Lactobacillus, a Nocardioidaceae és Leucobacter volt a leggyakoribb mikrobiota. A
Corynebacterium el6forduldsa a mintdkban mind az eredeti, mind a vékony- vagy vastagbél-

szegmentumokban is dominansnak tiint (Suppl. 13, 1. és 2. abra).

Megbeszélés

Hasonlo vizsgalatokkal a holyagmegnagyobbito €s -potld mitéteket kvetden az angol
nyelvii irodalomban nem talalkoztunk.

A mikrobiom jelenlétéért és megvaltozasaért elsdésorban kornyezeti faktorok tehetdk
feleléss¢ (pH, étrend, emésztdé enzimek, fermentaciod), melyek nagyban befolyasoljdk a
mikrobiom diverzitdsat. Minden bélszakasznak megfeleld, sajatos colonisatioja ismert, €s ez a
hugyhodlyag-megnagyobbitas vagy —pdtlas soran megvaltozhat. Az urothelium mikrobiomja a
bél mikrobidtaival ¢érintkezve hosszutdvon a holyagmegnagyobbitd miutétek utani
komplikaciokban, szovodményekben is szerepet jatszhat. A mikrobiom és a szovodmények
(példaul — és kiillonosen — a kdképzddes €s a hisztologiai elvaltozasok) ok-okozati 0sszefiiggése
a mai napig nem ismert. A szovodmények pathomechanizmusa tovabbra is magyarazatot
igényel. A Corynebacterium jelenlétét szamos huagyuti infekcidoban €s hugyuti kdvességben
igazoltak, melyek a hdélyagmegnagyobbitd mitétet kovetden is komplikaciot okozhat.

A kérdéskor szélesebb tanulmanyozasara tovabbi vizsgalatokat terveziink, melyekben

mind az esetszamot, mind pedig a nyomonkovetés hosszat novelni kivanjuk.
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IX. AZEREDMENYEK OSSZEFOGLALASA

A vastagbéllel, illetve a gyomor-szegmentummal végzett hugyholyag megnagyobbitas
és -potlas utan a betegek kétharmadaban valamilyen sebészi szovodmény alakulhat ki,
illetve, a miitéteket kovetoen a betegek kozel felében tovabbi sebészi beavatkozasra
kényszeriilhetiink. Ugyanakkor a vizelet biztonsdgos nyomason torténé tarolasa és
kitiritése a betegek 95%-dban a fenti miitéttel, vagy miitétekkel elérheto, azaz
hosszutavon az addig a vizeletiikre nézve inkontinens betegek kontinensé tehetok. A
hugyhodlyag-megnagyobbitds és -potlas alkalmas arra, hogy a gyermekek,
serdiilékoruak vizelettarolasat ¢s —iiritését hosszitavon is megbizhatoan biztositsa.

A human vizsgalatok és az allatkisérletek soran nyert szévettani mintdk hisztologiai
ertékelése alapjan a vastagbéllel, illetve a gyomor-szegmentummal végzett hugyholyag
megnagyobbitads és -potlas utani elso tiz évben (rovid- és kozéptav) az augmentatioval
osszefliggé malignitas nagy valosziniiséggel nem varhato. Ennek ellenére a holyag-
augmentatiok és -substitutiok utan 5-7 évvel kétévenként, 10 év utan évenként javasolt
szovettani mintavételt végezni a beteg sajat (nativ) holyagjabol, az augmentatiora
hasznalt tapcsatorna szakaszbol valamint a két szovet anasztomdzisanak vonalabdl az
esetleges pre-malignus szdvettani elvaltozasok korai korismézése céljabol.

Az urodinamia segitségével gyermekkorban is megallapithatok a vizelet inkontinencia
okai. A vizsgalat fontos adatokat szolgdltat a terapia megvalasztisahoz, és
nyomonkovetheto vele a konzeravativ és a sebészi kezelés eredménye is. A re-
augmentatio effektiv kezelési lehetoség olyan esetekben, amikor a betegekben a primer

hugyholyag-megnagyobbitassal nem  sikeriil  megfelelo  kapacitast  és/vagy
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tagulékonysagot elérni. Re-augmentatio esetén, fiiggetleniil a primer mitét soran
hasznalt tdpcsatorna szakasz mindségétdl, az ileum-szegmentum hasznalata ajanlott.

4. Annak ellenére, hogy gyermekkorban torténo holyagmegnagyobbito és —potlo miitétek
szamos szovodmeénnyel jarhatnak, szignifikans mértékben javitjak a betegek hosszutdavu
szomatikus dllapotat és a betegek életmindséget.

5. A holyagmegnagyobbito miitétek utin domindansan elofordulo Corynebacterium
jelenlétét szamos hugyuti infekcioban és hugyuti kévességben igazoltak, melyek a
holyagmegnagyobbito miitétet kovetéen is komplikaciot okozhat. A mikrobiom
megvaltozasanak oka és ennek esetleges kovetkezménye(i) a hdlyagmegnagyobbitod

mutétek utan ismeretlen. Ennek tanulmanyozasara tovabbi vizsgalatok sziikségesek.
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X. AZEREDMENYEK GYAKORLATI HASZNOSITASA,

TOVABBI CELKITUZESEK

1. A munkacsoportunk altal operalt betegek hosszutavi nyomonkdvetése ravilagitott arra
a tényre, hogy a béllel- vagy gyomorral térténé hugyholyag-megnagyobbitds és —potlas
szamos szovodménnyel jarhat. A miitét(ek)nek azonban mind a mai napig van
létjogosultsaga. A mitéti indikacio felallitasakor a beteg egészségi dllapotat és szocialis
helyzetét (sziiloi/gondozoi hatterét) is gondosan mérlegelni kell. Olyan miitéti
megoldast kell valasztani, mely nemcsak a beteg egészségi allapotat, hanem a beteg és
a csalad életmindségét is tartosan javitja.

2. A béllel- vagy gyomorral torténé hugyholyag-megnagyobbitason és —potlason dtesett
betegek egy életre sz0lo nyomonkévetést, gondozast igényelnek.

3. A muitétek utan kialakulo, a miitéttel osszefiigésbe hozhato malignitas kialakuldsanak
oka és mechanizmusa mind a mai napig ismeretlen. Ezért munkacsoportunk toviabb

kivanja folytatni ezen szovodmeény tudomanyos igényességii vizsgalatat.

51



dc_1620 18

XI. AZERTEKEZES ALAPJAT KEPEZO KOZLEMENYEK

JEGYZEKE

1.) A Doktori palyazat témdjéban irt kozlemények a Ph.D. fokozat megszerzését
megeldézden (1-11.):

a.) Angol nyelvi kézlemények:
(1) Vajda P, Kaiser L, Magyarlaki T, Farkas A, Vastyan AM, Pinter AB
Histological findings after colocystoplasty and gastrocystoplasty.
JOURNAL OF UROLOGY 168:(2) pp. 698-701. (2002) Q1 CIT:39

(2) Vajda P, Pinter AB, Harangi F, Farkas A, Vastyan A M, Oberritter Zs
Metabolic findings after colocystoplasty in children.
BRITISH JOURNAL OF UROLOGY INTERNATIONAL
89:(Suppl. 2) pp. 25-26. (2002) (Abstract) Q1

(3) Vajda P, Pinter AB, Harangi F, Farkas A, Vastyan AM, Oberritter Zs
Metabolic findings after colocystoplasty in children.
UROLOGY 62:(3) pp. 542-546. (2003) Q1 CIT:14

(4) Vajda P, Pinter AB, Harangi F, Farkas A, Vastyan AM, Oberritter Zs
Metabolic findings after colocystoplasty in children. - Reply
UROLOGY 62:(3) pp. 542-546. (2003) Q1 CIT:2

b.) Magyar nyelvii kézlemények:

(5) Farkas A, Pintér A, Vajda P, Juhasz Zs, Vastyan A, Oberritter Zs
A hugyholyag gyermekkorban végzett sebészi megnagyobbitasanak kozéptavu
eredmeényei.
ORVOSI HETILAP 142:(30) pp. 1617-1621. (2001) Q3

(6) Juhasz Zs, Oberritter Zs, Farkas A, Vajda P, Vastyan A, Pintér A
Az urodinamia helye a gyermekkori vizeletincontinentiak kezelésének

megvdlasztdsaban.
REHABILITACIO 11:(1) pp. 7-9. (2001)

(7) Vajda P, Pintér A, Farkas A, Juhdsz Zs, Vastyan A, Oberritter Zs

A hugyhdlyag ismételt megnagyobbitdsa (re-augmentatio) harom eset kapcsan.
MAGYAR UROLOGIA 14:(3) pp. 207-213. (2002) Q4

52



dc_1620 18

2.) A Doktori palyazat téziseihez kdzvetleniil kapcsolddé kdzlemények a Ph.D. fokozat

megszerzését kovetden (12-28.) — Supplementumok (1-13):

a.) Angol nyelvii kozlemények:

(8) Vajda P, Pinter AB, Magyarlaki T, Vastyan AM, Juhasz Zs, Oberritter Zs, Fathi K
Histologic findings after gastrocystoplasty in rabbits.
JOURNAL OF PEDIATRIC SURGERY 40:(9) pp. 1470-1474. (2005)
Q1 CIT:3

(9) Vajda P, Buyukunal CSN, Soylet Y, Danismed N, Juhasz Zs, Pinter AB
A therapeutic method for failed bladder augmentation in children: re-
augmentation.

BRITISH JOURNAL OF UROLOGY INTERNATIONAL (BJU
INTERNATIONAL) 97:(4) pp. 816-819. (2006) Q1 CIT:6

(10) Juhasz Z, Somogyi R, Vajda P, Oberritter Zs, Fathi K, Pinter AB
Does the type of bladder augmentation influence the resolution of pre-existing
vesicoureteral reflux? Urodynamic studies.
NEUROUROLOGY AND URODYNAMICS 27:(5) pp. 412-416. (2008)

Q1 CIT:7

(11) Pinter AB, Vajda P, Juhasz Zs
Bladder augmentation in childhood: metabolic consequences and surgical
complications - review and own investigations.

JOURNAL OF PEDIATRIC SURGICAL SPECIALTIES 2: pp. 62-67. (2008)

(12) Vajda P, Kispal Z, Lenart I, Pintér A, Farkas A, Vastyan A
Quality of life: urinary bladder augmentation or substitution in children.
PEDIATRIC SURGERY INTERNATIONAL 25:(2) pp. 195-201. (2009)
Q2 CIT:21
(13) Kispal Z, Balogh D, Erdei O, Kehl D, Juhasz Z, Vastyan AM, Farkas A, Pinter
AB, Vajda P
Complications after bladder augmentation or substitution in children: a
prospective study of 86 patients.
BRITISH JOURNAL OF UROLOGY INTERNATIONAL 108:(2) pp. 282-
289. (2011)
Q1 CIT:19
(14) Kispal Z, Vajda P, Kereskai L, Jakab CS, Vastyan AM, Juhasz Z, Pinter AB
Composite urinary reservoir in dogs: histological findings.
JOURNAL OF UROLOGY 187:(3) pp. 1110-1115. (2012)
Q1 CIT:1

(15) Kispal Z, Kardos D, Jilling T, Kereskai L, Isaacs M, Balogh DL, Pinter AB, Till
H, Vajda P
Long-term histological and mucin alterations in the neobladder mucosa following
urinary bladder augmentation or substitution with gastrointestinal segment.
JOURNAL OF PEDIATRIC UROLOGY 11:(6) pp. 349.e1-349.¢6. (2015)
Q2 CIT4

53



dc_1620 18

(16) Kispal Z, Vajda P, Kardos D, Klymiuk I, Moissl-Eichinger C, Castellani C,
Singer G, Till H
The local microbiome following pediatric bladder
augmentation: Intestinal segments and the native urinary

bladder host similar mucosal microbiota.
JOURNAL OF PEDIATRIC UROLOGY 15:(1) pp. 30.e1-30.¢7. (2019) Q1

b.) Magyar nyelvii kézlemények:

(17) Kispal Z, Vajda P, Vastyan A, Juhasz Zs, Pintér A
Uj kisérletes modell kutydkban: a higyhdlyag gyomorral és béllel torténd egyidejii
megnagyobbitisa — kompozit holyag.
MAGYAR UROLOGIA 18:(6) pp. 230-236. (2006) Q4

(18) Vastyan A, Erdei O, Kispal Z, Vajda P, Farkas A, Balogh LD, Juhasz Zs, Pancz¢l
L, Pintér A
Koképzodes hugyholyag-megnagyobbitas vagy potlas utan gyermekkorban.
MAGYAR UROLOGIA 23:(1) pp. 1-6. (2011) Q4

(19) Kispal Z, Jilling T, Vastyan A, Pintér A, Vajda P
MUC - és 2-fehérje expressziojanak valtozasa kutyakban gyomorral és
vastagbéllel egyidejiileg megnagyobbitott hugyholyagban.
GYERMEKGYOGYASZAT 63:(1) pp. 24-28. (2012)

(20) Kardos D, Varadi B, Kispal Z, Kereskai L, Pintér A, Vajda P

Patkanymodell ileocystoplasticat kivetd nydlkahdrtya-valtozasok vizsgalatara.
MAGYAR UROLOGIA 28:(1) pp. 12-17. (2016) Q4

54



dc_1620 18
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vezetdinek, Prof. Soltész Gyulanak, Prof. Molnar Dénesnek ¢s Prof. Decsi Tamasnak a
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OBJECTIVE

® To evaluate complications after urinary
bladder augmentation or substitution in a
prospective study in children.

PATIENTS AND METHODS

® Data of 86 patients who underwent
urinary bladder augmentation (80 patients)
or substitution (6 patients) between 1988
and 2008 at the authors' institute were
analysed.

® |leocystoplasty occurred in 32,
colocystoplasty in 30 and gastrocystoplasty
in 18. Urinary bladder substitution using the
large bowel was performed in six patients.
e All patients empty their bladder by
intermittent clean catheterization (ICC), 30
patients via their native urethra and 56
patients through continent abdominal
stoma. Mean follow-up was 8.6 years.

® Rate of complications and frequency of
surgical interventions were statistically
analysed (two samples t-test for
proportions) according to the type of
gastrointestinal part used.

RESULTS

® Inall, 30 patients had no complications. In
56 patients, there were a total of 105

follow-up.

What's known on the subject? and What does the study add?
A lot of information has been gathered on the subject of complications following urinary
bladder augmentation and/or substitution in the recent years. The present study, based on
the analysis of 86 patients, gives a critical analysis of these complications (stone
formation, bowel obstruction, hematuria-dysuria syndrome, small bowel bacterial
overgrowth, persistent vesico-ureteral reflux, obstruction at the site of ureteral
reimplantation, reservoir perforation, premalignant histological changes, decreased
bladder capacity/compliance requiring reaugmentation, etc.).

The study adds one more new complication (small bowel colonization following
colocystoplasty performed with the cecum and ascending colon) and reports
complications in a fairly big (by European standards) cohort of patients with a long

~

complications (39 bladder stones, 16 stoma
complications, 11 bowel obstructions, 5
reservoir perforations, 7 VUR recurrences, 1
ureteral obstruction, 4 vesico-urethral
fistulae, 4 orchido-epididymitis, 4
haematuria-dysuria syndrome, 3 decreased
bladder capacity/compliance, 3 pre-
malignant histological changes, 1 small
bowel bacterial overgrowth and 7
miscellaneous).

® |n 25 patients, more than one
complication occurred and required

91 subsequent surgical interventions.
Patients with colocystoplasty had
significantly more complications (P < 0.05),
especially more stone formation rate

(P < 0.001) and required more post-
operative interventions (P < 0.05) than
patients with gastrocystoplasty and
ileocystoplasty.

CONCLUSIONS

e Urinary bladder augmentation or
substitution is associated with a large
number of complications, particularly after
colocystoplasty.

e Careful patient selection, adequate
preoperative information and life-long
follow-up are essential for reduction,
early detection and management of
surgical and metabolic complications in
patients with bladder augmentation or
substitution.

KEYWORDS

urinary bladder augmentation,
substitution, complication, children,
adolescents

/

INTRODUCTION
The causes of urinary incontinence in

children are mostly innate diseases, such as
meningomyelocele (MMC), exstrophy of the

282

urinary bladder, epispadias or acquired
diseases, such as tumours or trauma. In the
past decades, surgical treatment of children
and young adolescents with urinary
incontinence has moved from incontinent

urinary diversion to continent diversion with
ICC or artificial sphincters [1]. In 80% of the
cases, especially in the case of a neuropathic
urinary bladder, urinary incontinence can be
managed conservatively by intermittent

© 2010 THE AUTHORS
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TABLE 1 Indications for urinary bladder
augmentation or substitution

~
[N

® Meningomyelocele

® Exstrophia-epispadias complex
* Neurogenic bladder

® Anomalies of the anorectum
® Pelvic trauma

® Spinal cord tumour

® Sacral dysgenesia

® Posterior urethral valves

e Caudal regression syndrome
® Tumour

Total

[N
N

N U B

(o)
(o]

clean catheterization (ICC) and
anticholinergic drugs. The indications for
augmentation in this group of patients are
low bladder compliance and/or capacity
which can not be treated conservatively.
Bladder augmentation or substitution with
continent urinary diversion through an
abdominal wall stoma or ICC per urethram
improves health-related quality of life
(HRQL) in many patients [2,3]. However,
numerous complications can occur after
surgery, which can be divided into two main
categories:

1 Metabolic and histological complications:
® Flectrolyte and acid-base alterations
(alkalosis or acidosis, depending on the
type of the gastrointestinal segment used
for augmentation), disturbances in bone
metabolism, impaired linear growth and/or
vitamin deficiencies are some metabolic
complications.
® Malignant histological alterations of the
native bladder and the gastrointestinal
segment used for augmentation might also
be partially explained through metabolic
causes.

2 Non-metabolic (mainly surgical)

complications:
® Bowel obstruction, stone formation in
the neobladder, perforation of the reservoir,
vesico-urethral fistula, VUR, stoma
complications, haematuria-dysuria
syndrome (HDS), re-augmentation etc.

Of course, there is an overlap between the
two categories. Authors of the present study
have already reported the metabolic and
histological alterations and HRQL issues

of their patients with urinary bladder
augmentation or substitution in their
previous publications [2,4-6]. We now believe

© 2010 THE AUTHORS
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Stone formation

Abdominal wall stoma complications
Bowel obstruction

Reservoir perforation

Complications of bladder neck closure
e \esico-urethral fistula

® Orchidoepididymitis
Haematuria-dysuria syndrome

Pre-malignant histological changes
Small bowel bacterial overgrowth
Miscellaneous complications

it is useful and necessary to analyse the
‘mainly surgical' complications in these
patients in the long term, in order to
answer the question: which part of the
gastrointestinal system is most suitable for
urinary bladder augmentation? Therefore, the
aim of the present study was to evaluate
short- and long-term surgical complications,
and their frequency and occurrence,
depending on the type of gastrointestinal
tissue used for bladder augmentation or
substitution in childhood.

PATIENTS AND METHODS

Between 1988 and 2008, 86 patients
underwent bladder augmentation (80/86) or
substitution (6/86) at the authors' institute.
The distribution of the pathologies included in
the present study is listed in Table 1. Bladder
augmentation was performed using the small
bowel (ileocystoplasty) in 32, the large bowel
(colocystoplasty) in 30 and the stomach
(gastrocystoplasty) in 18 patients. All
augmentations were performed by two senior
surgeons (A.B.P. and A.F). In the six patients
undergoing urinary bladder substitution, only
the large bowel was used. Mean age at the
time of the operation was 12.5 years (4.3-20.9
years). Mean follow-up time was 8.6 years
(1-20 vears).

All patients empty their bladders using ICC.
Thirty patients (35%) use their urethra for
catheterization. Out of the 86 patients, 56
(65%) continent, catheterizable abdominal
wall stomas were created using the
Mitrofanoff principle with augmentation or
substitution simultaneously. The appendix
was used to create an abdominal wall stoma
in 46 cases, the small bowel (Monti fistula) in
4 patients and the ureter in 6 patients.

BJU INTERNATIONAL © 2010 BJU INTERNATIONAL

TABLE 2

Complications after bladder
augmentation or
substitution

Persistency of VUR after re-implantation of the refluxing ureter
Obstruction at the site of ureteral re-implantation

Decreased bladder compliance/capacity requiring reaugmentation

Out of the 86 patients, 14 needed bladder
neck closure, 5 patients simultaneously with
augmentation and 9 patients later, because
of otherwise non-treatable bladder neck
incompetency. In 17 cases, as a result of VUR,
ureteral re-implantation was performed at
the time of bladder augmentation.

The patients took part in long-term follow-
ups using a strict protocol. US scans,
cystography, isotope studies, uromanometry
and laboratory (blood and urine tests) which
were run preoperatively, were repeated at 3, 6,
12 months postoperatively. There were yearly
follow-ups in the first 4 postoperative years,
then, on a biannual basis, even into
adulthood. Tissue samples from the native
urinary bladder and the gastrointestinal
part(s) used for augmentation or substitution
were taken at the time of surgery, first at 4
years postoperatively, then biannually. The
complications related to bladder
augmentation or substitution were
prospectively recorded and analysed (Table 2).

With the help of statisticians (D.K,, D.B.) for
the statistical analysis, Student's t-test,
Wilcoxon's signed rank test and linear
correlation analysis were used with the help
of statistical software SPSS 15.0 (SPSS Inc,
Chicago, IL, USA). If a P-value is not indicated,
conclusions were drawn at a 5% level of
significance.

The study was approved by the University
Ethical Committee.

RESULTS

The rate of complications and number of
interventions after augmentation or
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TABLE 3 Number of patients with the complications (first column) and rate of interventions (second
column) after urinary bladder augmentation or substitution

No. of
patients/ No. of
complications® interventions®
Stone formation 20/39 34
Abdominal wall stoma complications 16/16 22
Bowel obstruction 8/11 "
Reservoir perforation 5/5 2
Persistency of VUR after re-implantation of the refluxing ureter 5/7 7
Obstruction at the site of ureteral re-implantation 11 1
Complications of bladder neck closure:
Vesico-urethral fistula 4/4 2
Orchido-epididymitis 44 1
Haematuria-dysuria Syndrome 4/4 2
Decreased bladder capacity/compliance requiring re-augmentation 3/3 3
Pre-malignant histological changes 3/3 0
Small bowel bacterial overgrowth 11 0
Miscellaneous complications 77 6
Total 81/105 91

*In 25 (29%) patients more than one complication occurred and surgical interventions were needed.

substitution are listed in Table 3. One hundred
and five complications occurred in 56/86
patients (65%). Out of these 56 patients, 25
had two or more complications. Altogether, 81
patients needed 91 surgical interventions
after augmentation/substitution which is 1.05
(91/86) interventions per patient. Sixteen
patients had one, 7 had two and 14 had three
or more surgical interventions.

STONE FORMATION

Stone formation occurred in 20 patients
(23%). Out of these 20 patients, 16 had
colocystoplasty, 2 had ileocystoplasty, 1

had gastrocystoplasty and 1 patient had
bladder substitution. The mean time from
augmentation to the first stone episode was
3.9 years (5 months to 13 years). Stones
formed twice in 7 patients, 3 times in 1
patient, 5 times in 1 patient and 7 times

in 1 patient. Altogether, there were 34
interventions in cases of stone formation.
Open surgery was used 22 times to remove
these stones and cystoscopy was used 11
times. In one patient, the stone was removed
by percutaneous vesicolithotomy after
extracorporal shockwave lithotripsy. The
recurrence rate of stones after open or
endoscopic stone removal was 50% (10/20).
Sixteen of the 30 patients who underwent
colocystoplasty (53%) developed stones.
Some of them were giant (Fig. 1).

284

ABDOMINAL WALL STOMA COMPLICATIONS

At the time of the augmentation, 48 continent
abdominal wall stomas were created. Forty of
them were appendiceal, 2 were Monti and 6
were ureteral fistulae. Because of persistence
of urinary incontinence in 6 patients and HDS
in 2 patients, 8 further abdominal wall stomas
were created using the appendix. Therefore,
presently we have 56 patients (65%) using
continent, catheterizable abdominal wall
stomas. Mean time from augmentation and
stoma creation to the first problems was 6.6
years (1 month to 16 years). Sixteen patients
needed to undergo surgical intervention
because of various stoma problems.
Altogether, there were 22 stoma revisions
performed in 16 patients after
appendicovesicocutaneostomy. Stenosis at
the skin level was observed in 4 patients,
incontinence in 4, difficult catheterization
(redundancy) in 6 and prolapse and bleeding
in 2. In one patient, two interventions were
performed. In the remaining five patients, a
peristomal Deflux injection became necessary
as a result of leakage. No complications were
seen with the ureteral and Monti stomas.

BOWEL OBSTRUCTION
Eight patients (9%) presented with bowel

obstruction and surgery was needed 11
times. Of these 8 patients, 3 underwent

FIG. 1. Giant stone after removal from a neo-
bladder augmented with the large intestine.

colocystoplasty, 3 ileocystoplasty, 1
gastrocystoplasty and 1 substitution. Time
from surgery to obstruction varied from 6
days to 7 years. In four patients, the
obstruction developed in the first
postoperative month. Surgical exploration of
the cases revealed that adhesions were the
aetiologic factor. The site of the obstruction
was the ileum in seven patients and the
large intestine in one. One patient with
gastrocystoplasty had three episodes of bowel
obstruction.

RESERVOIR PERFORATION

We encountered five patients with reservoir
perforation. Two of them had colocystoplasty,
two had ileocystoplasty and one had
gastrocystoplasty. The time elapsed from
operation to perforation ranged from 2 days
to 11 years. Out of these, only two patients
needed surgical intervention: in one patient
the anastomotic suture line leakage led to
urine peritonitis on the 2nd postoperative day
(Fig. 2); in the other, a 14-year-old boy, blunt
abdominal trauma (bicycle handlebar injury)
caused perforation and necessitated surgical
exploration. In the other three patients,
perforation was treated conservatively
(oladder drainage with broad spectrum
antibiotics).

PERSISTENCE OF VUR AFTER RE-
IMPLANTATION OF REFLUXING URETER

At the time of augmentation or substitution,
33 patients had VUR. Out of these 33, 19
underwent ureter neoimplantation
simultaneously with augmentation or
substitution. During follow-up, five patients
needed further surgical intervention(s)
(subureteric Teflon or Deflux injection or
redo- ureteric reimplantation) as a result of

© 2010 THE AUTHORS
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FIG. 2. Cystography performed 2 days after
colocystoplasty: the arrows indicate where the
contrast material escapes the bladder, indicating
the insufficiency of the anastomosis between the
native bladder and the intestinal segment used for
augmentation.

-

persistent reflux, one of them three times.
Two out of these five patients had
ileocystoplasty, one gastrocystoplasty, one
colocystoplasty and one bladder substitution.

OBSTRUCTION AT THE SITE OF URETERAL RE-
IMPLANTATION

Seven patients underwent ureter re-
implantation simultaneously with bladder
augmentation because of pre-existing
ureterovesical obstruction. Re-stenosis at the
site of the re-implantation requiring a second
surgery was noted in one patient 2 years
postoperatively, after gastrocystoplasty.

COMPLICATIONS OF BLADDER NECK CLOSURE

Fourteen out of 80 patients had bladder neck
closure, 5 patients simultaneously with
bladder augmentation and 9 patients later. In
4 patients, a vesico-urethral fistula developed
after colocystoplasty. Two patients had MMC
and two had bladder exstrophy. Two fistulae
closed spontaneously after 3 weeks of bladder
drainage. In one case, Teflon injection resulted
in occlusion of the fistula and in the fourth
patient, surgical closure became necessary.
Four patients developed orchidoepididymitis.
As a result of diagnostic difficulties (suspicion
of torsion of the testis), surgical exploration
was performed in one patient.

HAEMATURIA-DYSURIA SYNDROME
Out of 18 patients with gastrocystoplasty, 4
developed HDS. Two of them could be treated

using H,-blockers, the other two required
surgery wherein the bladder neck was closed

© 2010 THE AUTHORS
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and a continent, catheterizable abdominal
wall stoma was created.

DECREASED BLADDER CAPACITY/
COMPLIANCE REQUIRING RE-
AUGMENTATION

Re-augmentation became necessary in
three patients as a result of decreased
bladder capacity, increased intravesical
pressure and/or deteriorating renal
morphology. Two out of these three
patients had previously undergone
colocystoplasty and one had undergone a
gastrocystoplasty. Time interval from
primary augmentation to reaugmentation
was 3, 4 and 8 years, respectively. Re-
augmentation was performed with the
ileum in two patients and with the large
bowel in one patient.

PREMALIGNANT HISTOLOGICAL CHANGES

No malignancy was found, however,
premalignant histological changes were
detected in one colonic segment, in one
native bladder and in one anastomotic line
during regular tissue sampling from the
augmented bladder in 3 of our patients 9, 10,
and 14 years after augmentation, respectively.
Two of them were squamous cell metaplasia
and the one in the anastomotic-line was a
polyp-like growth.

SMALL BOWEL BACTERIAL OVERGROWTH
(SBBO) (COLONIZATION OF THE SMALL
BOWEL)

We have experienced this rare complication in
only one patient after an otherwise successful
colocystoplasty with a continent appendiceal
abdominal wall stoma. In this 15-year-old
boy, drug-resistant diarrhoea developed 8
years after augmentation with the ascending
colon and coecum which involved the Bauhin
valve and appendix.

MISCELLANEQUS SURGICAL COMPLICATIONS

In all, there were three patients with
abdominal wall hernias, necessitating surgery
afteraugmentation. One patient developed an
iliacal artery thrombosis shortly after surgery.
Decubitus (1 patient) and secondary wound
healing (2 patients) occurred in three patients,
which were successfully treated
conservatively.

BJU INTERNATIONAL © 2010 BJU INTERNATIONAL

The number of patients with complications
(Table 4) and the number of those patients in
whom surgical interventions were performed
because of these complications (Table 5) were
compared, depending on the type of tissue
used for augmentation or substitution.
Patients augmented or substituted with the
colon had significantly higher numbers

of complications than those who were
augmented with the small bowel or a gastric
segment (two-samples proportion test, P <
0.05). Frequency of surgical interventions
depending on the type of tissue used for
augmentation was also significantly higher in
cases of colocystoplasty than in ileo- or
gastrocystoplasty (two-samples proportion
test, P < 0.05). These statements about
complications and surgical interventions
being more frequent following
colocystoplasty than after ileo- or
gastrocystoplasty were also valid even if we
did not take into account the stone-related
complications and the subsequent number of
interventions performed for removal of those
stones. Stones were the most frequent
complication in patients with colocystoplasty
(two-samples t-test assuming equal
proportions, P < 0.001).

DISCUSSION

Despite the prospective nature of the present
study, it is subject to numerous imperfections.
As a result of the large number of variables,
we have tried to maximize simplicity and
minimize inaccuracy in our work. We were
unable to analyse numerous pertinent risk
data, such as surgical technical details,
catheterization frequency and efficacy, the
number of urinary infections and complete
urodynamic and medical management etc..
However, we are confident that we have
captured an accurate representation of
significant surgical complications in the
bladder augmentation population.

In all, 65% of our patients had one or more
surgical complication, and 43% of our
patients needed to undergo various surgical
interventions after augmentation or
substitution. Also, previous series have
demonstrated significant morbidity.
Herschorn et al. [7] presented a reoperation
rate of 36% in patients with bladder
augmentation as a result of a neurogenic
bladder. In Shekarriz's study [8], 39% of
their patients suffered significant surgical
complications, requiring reoperation.
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TABLE 4 Number of patients with surgical complications depending on the type of tissue used for augmentation or substitution of the bladder

Complication

Colocystoplasty

n=230 n=18

Gastrocystoplasty

lleocystoplasty ~ Substitution  Total number
n=32 n=6 of patients

Stone formation

Abdominal wall stoma complications
Bowel obstruction

Reservoir perforation

Persistency/development of VUR after re-implantation

Obstruction at the site of re-implantation
Vesico-urethral fistula
Orchidoepididymitis

Haematuria- dysuria syndrome

Decreased bladder capacity/compliance requiring re-augmentation

Pre-malignant histological changes
Small bowe bacterial overgrowth
Miscellaneous complications

Total

16
6

1
2
3 1
2 1
1 1
1
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TABLE 5 Number of surgical interventions depending on the type of tissue used for augmentation or substitution of the bladder

Intervention

Colocystoplasty
n=30

Gastrocystoplasty
n=18

lleocystoplasty
n=32

Substitution Total number
n==6 of interventions

Stone formation

Abdominal wall stoma complications

Bowel obstruction

Reservoir perforation

Persistency of VUR after re-implantation

Obstruction at the site of re-implantation

Vesico-urethral fistula

Orchidoepididymitis

Haematuria-dysuria syndrome

Decreased bladder capacity/compliance requiring
re-augmentation

Pre-malignant histological changes

Small bowel bacterial overgrowth

Miscellaneous problems

Total

Husmann and Cain reported [9] a reoperation
rate of 48% in 62 patients with ileocecal
bladder augmentation and a cutaneous stoma
for catheterization.

The literature investigating the surgical
complications of bladder augmentation
usually has dealt with bowel obstruction,
stone formation, hematuria dysuria
syndrome, stoma complications, malignancy
and perforation. We have analysed a few
further non-metabolic complications, which
generally are not mentioned in other studies.
These include complications of the bladder
neck closure (orchido-epididymitis and
vesico-urethral fistula), necessity for
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secondary augmentation, obstruction at the
site of ureteral neoimplantation, persistence
of VUR after re-implantation of the refluxing
ureter, small bowel bacterial overgrowth
(colonization of the small bowel) and other
complications unrelated to entero-
cystoplasties (abdominal wall hernia, etc.).

Discussion of the investigated complications
follows below.

STONE FORMATION
Stone formation because of mucus

production and bacteriuria is the most
common problem after urinary bladder

1 34
3 22
1 1

I
W N =N = NN

[
o o

augmentation or substitution, especially

in those patients who do not perform
reqgular bladder irrigation. The choice of
gastrointestinal segment influenced the

risk of stone formation in our patients, as

is reported in the literature [10-14].
Gastrocystoplasty and ileocystoplasty did not
seem to promote stone formation in our
patients, which correlates with the literature
[10-13]. We detected stones in 23% of our
patients, which is the same rate that has been
reported earlier by other authors [12,13]. The
rate of recurrence has been reported to be as
high as 44% (13), which is higher than in our
recent study, where only 11.6% of our
patients had repeated stone episodes.

© 2010 THE AUTHORS
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In the present study, stone formation was
higher in patients with continent
catheterisable abdominal wall stoma than in
patients who catheterized themselves per
urethra. This finding is in accordance with the
literature [12] but we cannot prove it
statistically as 18 out of our 20 stone patients
catheterise themselves via continent
abdominal wall stoma and there are only 2
who perform catheterization through

their urethra. Most probably, urethral
catheterization provides a far better emptying
of the augmented bladder. There are a number
of other reasons why stone formation after
colocystoplasty is more frequent than after
other kinds of bladder augmentation. The
colonic segment retains its ability to produce
mucus which can act as a nucleating matrix
for stones. This segment is rich in bacteria
which is also a promoting factor. The

choice of treatment of stones should be
individualized, based on the size and number
of stones. We do not remove all stones, only
those which cause problems. Hensle et al. [12]
documented that regular daily prophylactic
irrigation significantly decreased the rate

of stone formation from 43% to 7% in
enterocystoplasty patients. We also strongly
recommend a regular, daily, irrigation
protocol of the neobladder using saline
solution or diluted iodine solution and/or
antibacterial chemoprophilaxis [11,12,14].

ABDOMINAL WALL STOMA COMPLICATIONS

The number of stoma complications was
lower, in contradiction with Castellan’s
findings, as we only encountered problems
with the appendicocutaneostomas. The Monti
fistulae and vesico-uretero-cutaneostomas
developed no problems [15]. The frequency of
stoma revision was somewhat lower than that
which is mentioned by Novak et al. [16].

BOWEL OBSTRUCTION

The frequency of bowel obstruction in the
present study is higher (10.5%) than what is
expected after major abdominal operations
(3-59%). Defoor etal. [17] estimate the
frequency of obstruction to be 5% after
gastrocystoplasty during a 10-year follow-up.
On the other hand, Metcalfe et al. [18]
mention that obstruction is more frequent
after augmentation with the stomach. This is
in contrast with the present study where we
experienced bowel obstruction after
gastrocystoplasty only in one patient but
three times.

© 2010 THE AUTHORS
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RESERVOIR PERFORATION

According to the literature, the frequency of
perforation of the neobladder was 6-13%
[19,20]. The aetiologic factors of late
perforation include ischaemia secondary to
high intravesical pressure, abdominal and
catheter trauma, chronic transmural infection
and overdistension secondary to delayed
catheterization. In the present study, one
perforation appeared as the insufficiency

of the anastomosis between the native
bladder and the gastric segment used for
augmentation. Another perforation occurred
in a 14-year-old patient who suffered blunt
abdominal trauma. Both patients required
surgical intervention. The three remaining
cases of perforation were treated
conservatively.

PERSISTENCE OF VUR AFTER RE-
IMPLANTATION OF REFLUXING URETER AND
OBSTRUCTION AT THE SITE OF THE
NEOIMPLANTATION

To date, re-implantation of the refluxing
ureters at the time of augmentation is
usually not recommended, because VUR

as a result of the decreased intravesical
pressure after augmentation will resolve
[21-23]. In the present study, refluxing
ureteral re-implantation was only
performed in patients whose VUR was
deemed more severe than what would resolve
from augmentation, or if the upper urinary
tracts were endangered.

COMPLICATIONS RELATED TO BLADDER
NECK CLOSURE

The fact that we regarded vesico-urethral
fistulae after bladder neck closure as an
augmentation-related complication, also adds
to our high complication rate. Our fistula
rate after bladder neck closure is somewhat
higher (28%) than what Novak et al. [16]
experienced. For repair, they mainly used the
Gracilis flap and open surgery [16], whereas
only two of our vesico-urethral fistulae
needed surgical intervention. One repair used
a perifistular Teflon injection and one needed
open surgery.

HAEMATURIA-DYSURIA SYNDROME

Secretion of gastric acid can irritate the
bladder and urethra, leading to painful
voiding and haematuria which might be
present in one-third of patients with

BJU INTERNATIONAL © 2010 BJU INTERNATIONAL

otherwise normal bladder and urethral
sensation. According to the literature, the
frequency of HDS after gastrocystoplasty is
between 9% and 36% [24,25). Most cases
of HDS are minor and can be treated
pharmacologically with H,-blockers or proton
pump inhibitors. In certain cases when drug
therapy is insufficient, the gastric patch can
be removed [24]. The the present study, our
patients were routinely given H,-blockers
after gastrocystoplasty for at least 1-2 years
after surgery. In two of our patients,
conservative treatments sufficed. In another
two patients, because of the conservatively
untreatable painful urination and haematuria,
bladder neck closure and creation of a
continent, catheterizable abdominal wall
stoma were necessary.

DECREASED BLADDER COMPLIANCE/
CAPACITY REQUIRING RE-AUGMENTATION

Despite the many complications encountered
in patients with augmentation cystoplasty,
only a few studies deal with the reasons for its
failure and subsequent treatment in children
[26,27]. Decreased bladder compliance and
capacity, increased intravesical pressure,
worsening of the kidney morphology and
function and anticholinergic drug intolerance
are the main indications for secondary
augmentation. The reaugmentation rate in
large paediatric series is reported to be around
2-13%. Our rate is 3-4%, which is lower than
Pope's and McLaughlin's results [24,25]. Our
findings are in accord with other authors, as
we had to perform secondary augmentation
only after colo- or gastrocystoplasty, but not
after ileocystoplasty.

PRE-MALIGNANT HISTOLOGICAL CHANGES

The literature estimates the formation of
malignancy to be 5-7% [14]. The average
presentation time for tumours is between
15 and 25 years after augmentation
cystoplasty. The incidence is reported to be
higher after gastrocystoplasty than after
colocystoplasty. Patients with spina bifida
tend to present with advanced stage, invasive
bladder cancer [14]. We only observed signs
of pre-malignant histological changes, not
malignancy, in 3.4% of our patients which is
lower than the rate mentioned above. We
recommend cystoscopy and biopsy of the
reservoir first at 4 years after augmentation or
substitution and then biannually thereafter, in
order to detect pre-malignant histological
changes [6].
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SMALL BOWEL BACTERIAL OVERGROWTH
(COLONIZATION OF SMALL BOWEL)

Small bowel bacterial overgrowth (SBBO) is
characterized by excessive proliferation of
colonic bacterial species in the small bowel.
Symptoms are weight loss, watery diarrhoea,
meteorism, flatulence and abdominal pain,
mimicking acute flare. This state is usually
observed in Crohn's disease or in short bowel
syndrome and can lead to malabsorption. To
our knowledge, there is no recorded event of
small bowel bacterial overgrowth after the
resection of the Bauhin valve in connection
with augmentation cystoplasty. We have 13
patients whose Bauhin valves were removed
during augmentation. Only one of these
patients has experienced SBBO. He is under
reqular gastroenterological follow-up and is
still having problems with this complication.
To our knowledge, this is the first reported
case of SBBO in the literature after
augmentation cystoplasty where the
colonization of the small bowel occurred after
using the coecum with the Bauhin valve for
augmentation.

MISCELLANEOUS COMPLICATIONS

The miscellaneous complications (abdominal
wall hernia, decubitus and secondary wound
healing) encountered are not directly related
complications of the augmentation or
substitution, however, they are also
considered as complications of the
augmentation cystoplasties.

Not only the metabolic complications but also
the high number of surgical complications
presented in the present study and in the
literature confirm the view that many of these
are associated with intestinal mucosa in the
neobladder. Therefore, it is essential to look
for alternative methods such as tissue
engineering to replace the intestinal mucosa
used for bladder augmentation or
substitution.

Because of the number of patients and the
length of follow-up, the present does not
provide evidence-based data about which
type of gastrointestinal part has the lowest
number of complications, but in accordance
with the literature and general practice,
the ileocystoplasty is the most promising
[1]. The least promising seems to be the
colocystoplasty because of the intensive
mucus production and the subsequent
significant high stone formation rate.
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A large and increasing number of patients
with augmentation cystoplasty require that
not only should paediatric and adult
urologists be familiar with the large variety of
mainly surgical complications, but also other
specialists, such as paediatric and general
surgeons. Moreover, patients and their
caretakers must be informed in detail about
the possibility of the large number of surgical
and non-surgical complications. Better
understanding of these complications will
lead us to the earlier recognition and better
treatment of early and late complications
associated with gastrointestinal cystoplasties
and their prevention.

Augmentation or substitution of the bladder
provides an acceptable HRQL choice,
although it is associated with a large number
of surgical and metabolic complications. Up
to date, there is still no evidence-based
agreement about which type of
gastrointestinal segment has the lowest
rate of complications after augmentation
cystoplasty; however, ileocystoplasty is

the most promising. Because of the high
number of complications arising from the
gastrointestinal mucosa in the neobladder, it
is essential to replace the intestinal mucosa in
the neobladder with alternative tissues.

A better understanding and awareness of
these complications will lead us to prompt
identification, prevention and better
treatment both in the early and in the late
postoperative period. Therefore a life-long
follow-up is mandatory.
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BLADDER AUGMENTATION IN CHILDHOOD:
METABOLIC CONSEQUENCES AND SURGICAL
COMPLICATIONS — REVIEW AND OWN INVESTIGATIONS

Andrew B. Pinter, Peter Vajda, Zsolt Juhasz
Department of Paediatrics, Medical Faculty of Pécs University
Pécs, Hungary

ABSTRACT

Bladder augmentation is an invaluable tool for paediatric surgeons interested in paediatric urology, and paediatric urolo-
gists for both the protection of upper urinary tract and achievement of urinary continence. However, it remains a major
surgical undertaking with significant morbidity. This paper reviews the pathophysiology of some of the most common
metabolic consequences and the most frequent surgical complications of bladder augmentation. Furthermore, it sum-

marizes the authors’ investigations regarding this topic.

Key words: bladder augmentation, metabolic consequences, surgical complications, animal experiments

Historical background

The use of other than urinary tissue to create a reservoir
for urine is not a new concept. Uretero-sigmoidostomy
was used to a child with bladder extrophy over 150 years
ago (1), however, most of children with bladder extrophy,
severe posterior urethral valves, cloacal malformations
and/or myelodysplasia were primary treated with urinary
diversion (2,3).

A new area of management of children previously di-
verted was initiated by Hendren [4). He found that these
children could be undiverted if the primary pathology
could be corrected (e.g. fulguration of urethral valves,
correction of severe reflux, tapering of megaureters) (5). In
some of these cases bladder augmentation with bowel is
also described (6).

The application of augmentation cystoplasty in chil-
dren could not be realized until Lapides et al (7) showed
the effectiveness of Clean Intermittent Catheterization
(CIC) to empty the augmented bladder. Application
of CIC totally changed the management of child with
abnormal bladder function with or without augmenta-
tion.

Review of literature

In the first part of this study we briefly discuss the most fre-
quent metabolic changes following bladder augmentation.

Andrew B. Pinter

Metabolic consequences

Incorporation of bowel segments in the genitourinary
tract is associated with several metabolic consequences
and late surgical complications (8, 9). The gastrointesti-
nal tract is a relatively poor substitute for urothelium and
its semipermeability permits non-physiological fluid and
electrolyte abnormalities (secretion and absorption).

Material used for bladder
augmentation
a.parts of the alimentary tract
X stomach
X large bowel
X small bowel
b. urothelial segments
X ureter
X auto-augmentation
X auto-augmentation combined with seromuscular flap

Augmentation using gastrointestinal
segment

Gastrocystoplasty

The use of gastric segment for augmentation cystoplasty is
not common, however in certain specific instances stomach
can be valuable. Surgically, the stomach is relatively thick
and easy to work with it.
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The metabolic advantages of gastric cystoplasty are in-
testinal sparing and prevention of short bowel syndrome,
decreased occurrence of hyperchloremic metabolic acido-
sis and decreased mucous production, lower rates of urine
infection and stone formation.

Patients with renal insufficiency and chronic acidosis may
benefit from gastrocystoplasty because of the ability of the
stomach to secrete acid (10). However, the use of stomach
for bladder augmentation is not without consequences.
Fluid, potassium and chloride loses may develop, resulting
in hypochloremic, hypokalemic metabolic alkalosis. When
patients present with symptoms (lethargy, mental status
changes, compensatory (respiratory acidosis that develops
in response to metabolic alkalosis (11), electrolyte and fluid
repletion are the primary treatment.

A potentially painful complication of gastrocystoplasty is
haematuria-dysuria syndrome, a complex that includes dysuria,
genital skin irritation and excoration, bladder spasms, suprapu-
bic and/or urethral pain and gross haematuria. The aetiology
is likely related to chemical irritation of the urothelium when
exposed to gastric acid. Treatment includes increased fluid
intake, correction of potassium abnormalities, use of histamine-2
blockers, anticholinergic agents and omeprazole, and at times
removal of the gastric segment (12).

Use of small and large bowel

The major function of intact small and large bowel is to
absorb food, fluid, and electrolytes. When urine is stored in
the bowel for prolonged periods there is increased absorp-
tion of urinary solutes, which increases the risk of metabolic
derangement. In patients with normal renal function, serum
electrolytes are usually unaffected by enterocystoplasty.
However, in patients with impaired renal function metabolic
acidosis can be profound.

lleocystoplasty

Advantage of use of ileum for augmentation is the abun-
dant mesenteric blood supply of the small bowel, moderate
mucous production compared to the colon and less severe
associated metabolic complications compared to stomach
and colon. Contraindications of use of ileum are short gut
syndrome, inflammatory bowel disease, pelvic and abdomi-
nal irradiation and renal insufficiency. lleal segments are
associated with some disadvantages, like occasional hyper-
chloremic, hypokalemic metabolic acidosis, vitamin B12
deficiency, sometimes diarrhea and steatorrhea. Creation of
submucosal tunnels for ureteral implantation is more difficult
into the wall of ileum than in case of large bowel (tenia).

Colocystoplasty

Enterocystoplasty using colon is complicated by several
functional and anatomical characteristics unique to the large
bowel. Shorter mesenteries can make the mobilisation and
detubularisation of the large bowel more difficult. More than
50% of patients with a colonic reservoir have some degree
of measurable hyperchloremic metabolic acidosis. The
problem is the ammonium chloride resorption and resultant
hyperchloremic metabolic acidosis. The intensive mucus
production predispose to a higher potential for infection and

stone formation. A higher potential for bladder rupture in pa-
tients with sigmoid augmentation has been noted (13).

There is some evidence that the absorptive properties of
the intestinal segment used for augmentation may decrease
with time (14). Certainly histological changes in the intestinal
mucosa occur, including mucosal atrophy and decreased vil-
lous height. Primary treatment of metabolic acidosis should
be alkalization with oral sodium bicarbonate.

Continent colon urinary diversion carries an increased risk
of hypokalemia compared to ileal neobladder (15). Severe
depletion may result in flaccid paralysis. Treatment for hypo-
kalemia is replacement of potassium in addition to correct-
ing acidosis with bicarbonate.

Although hypocalcaemia and hypomagnesaemia can oc-
cur with urinary diversion, they are uncommon. Chronic
metabolic acidosis results in the loss of calcium stores from
bone as phosphates and sulphates are used to buffer the ac-
ids. Clinically significant hypocalcaemia can result in symp-
toms, including tetany, tremors, irritability and in extremely
severe cases death. Treatment is based on calcium repletion.
Symptoms of hypomagnesaemia are similar to those that oc-
cur with low calcium levels and treatment consists of exog-
enous replacement.

Augmentation using urothelial segment

Ureterocystoplasty

The main disadvantage of ureterocystoplasty is that it is
applicable only in a minority of patients. Ureterocystoplasty
has been reported to be effective in some patients with di-
lated ureter associated with posterior urethral valves, or with
a duplex system in which either the upper or lower pole is
non-functioning. The distal or entire ureter can be opened to
form a flap for bladder augmentation (16). The end result will
be a bladder diverticulum which improves bladder compli-
ance. However, the ureteric segment may have significant
scaring and will provide an adynamic patch. No metabolic
consequences are associated with use of ureter.

Auto-augmentation

Bladder myomectomy to achieve bladder expansion,
called auto-augmentation, was firs reported by Cartwright
and Snow (17). The principle of surgery is to resect a part of
bladder muscle with preservation of bladder mucosa. The
resultant bladder diverticulum might give a significant im-
provement in compliance and capacity, but in some cases
a scar formation can occur. Achievement of better compli-
ance after auto-augmentation procedures seems to be less
pronounced and of shorter duration than that of convention-
al enterocystoplasty. On the other hand, the low morbidity
and lack of side effects of bowel integration into the urinary
tract are the definite advantages of this technique. A possible
solution to the problem might be the replacement of blad-
der muscle with a seromuscular flap (intestine or stomach).
The stripping of the mucosa from the intestine, which is a
technically demanding procedure. seems to be the key factor
for success in this procedure, as retained intestinal mucosa
would negate any advantage (18).
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Bowel dysfunction, vitamin B12 deficiency and steator-
rhea

Bowel dysfunction is known to occur occasionally after
enterocystoplasty. Diarrhoea can develop after resection of
large segments of ileum, removel of the ileocecal valve , and
extensive colonic resections.

Therefore, approximately 15 cm of ileum proximal to the
ileocoecal junction should be spared using ileum for aug-
mentation. Vitamin B12 (cyanocobalamin) deficiency is a
well recognized abnormality that may arise with resection of
the terminal ileum.

Deficiency causes megaloblastic anemia and varying neu-
rological consequences, including peripheral neuropathies,
optic atrophy, degenerative changes in the spinal cord in-
volving the dorsolateral columns and dementia.

Surgical resection of the terminal ileum can also result in
fat malabsorption, altered bile salt reabsorption and resultant
decreased fat-soluble vitamin absorption.

Bone disease: rickets and osteomalacia

Chronic acidosis can result in bone demineralization af-
ter enterocystoplasty, resulting in rickets in children and os-
teomalacia in adults. In response to chronic acidosis bone
releases carbonate and phosphate into circulation to buffer
excess hydrogen ions. Skeletal calcium content is decreased
(19). Because the acid-base changes in patients with entero-
cystoplasty are often subtle with only slightly decreased cal-
cium, magnesium and bicarbonate, the extent of the impact
on bone mineralization is often difficult to assess. In patients
who present with rickets or osteomalacia initial treatment
should be aimed at the correction of acidosis (20).

Growth retardation

One of the most concerning areas of the use of bowel in
the urinary tract in children has been the potential impact
on growth. Mingin et al reviewed the literature to critically
examined linear growth in children who have had bladder
augmentation with a particular emphasis on the correlation
between acid-base status, bone mineralization and growth
(21). The majority of studies suggest that linear growth is not
affected by bladder augmentation. In the short-term, chil-
dren post-augmentation have varying degrees of metabolic
acidosis which, overtime, appears to resolve with no affect
on linear growth. No alterations in bone density levels were
seen with short-term follow-up. Data with long-term follow-
up suggesting that urinary intestinal diversion may negatively
impact growth and development. However, these older stud-
ies were largely in patients with myelodysplasia and while
such patients have growth retardation, it is unclear if that
growth retardation was the result of primary disease or uri-
nary diversion.

Surgical complications

Bladder augmentation has revolutionized the care of chil-
dren with a neuropathic bladder but it remains a major surgi-
cal procedure. Metcalfe et al retrospectively reviewed the re-
cords of the first 500 bladder augmentations performed from
1978 to 2003 at their institution (22). Charts were reviewed
for complications requiring additional surgery, includ-

ing malignancy, bladder perforation, repeat augmentation,
bowel obstruction and bladder calculi. Mean and median
follow-up was 13.3 years. Complications occurred in 169
patients (34%) resulting in a total of 254 surgeries. Three pa-
tients (0.6%) had transitional cell carcinoma, of whom all
presented with metastatic disease and died. Bladder perfora-
tion occurred in 43 patients (8.6%) with a total of 53 events.
Of the patients 16 (3.2%) required laparotomy for bowel ob-
struction and 47 (9.4%) required repeat augmentation. Blad-
der stones were treated in 75 patients (15%), who required a
total of 125 surgeries.

Mucus production, infection and stone formation

Mucus production and bladder stone formation both com-
plications related to the use of the gastrointestinal tract for
urinary reconstruction. All segments of bowel produce mu-
cus. However, mucus production from the ileum is less than
from the colon. Clinically mucus production appears to de-
crease over time following ileocystoplasty. This is probably
because of villous atrophy that occurs in the ileum. Colonic
epithelium does not appear to undergo this type of change.
Significant mucus production in colonic augmentations con-
tinues throughout the life of the patient.

Bacteriuria and colonization of the urinary tract following
urinary diversion or augmentation with bowel is common.
Several studies show that patients with continent urinary di-
version are at increased risk for upper and lower urinary tract
calculous disease (23). Calculous rates have been reported to
be between 18% and 30%. Several factors may be contribu-
tory: urinary stasis, mucous production from the intestinal
segment and frequent colonization. Acidosis can also result
in the increased mobilization of calcium from bone stores
and impaired reabsorption in the distal renal tubule, causing
hypercalciuria (24).

The management of calculous disease in urinary diver-
sion and augmentation cases is largely preventive. Patients
should receive postoperative instructions to remain hydrated
and undergo routine catheterization to prevent urinary stasis.
Excess mucus production should be managed by regular ir-
rigation. Recently Hensle et al reported that the use of a stan-
dard prophylactic irrigation protocol significantly decreased
the rate of reservoir calculous formation from 43% to 7% in
patients undergoing augmentation cystoplasty or continent
urinary diversion (25).

Malignant transformation

The risk of carcinogenesis in isolated intestinal segment
following urinary diversion with a lack of faeces and urine
mixture is not well defined. To date there have been 56 such
tumours reported, including 31 involving ileal segments and
25 in colonic segments (26). Most tumours reported were ad-
enomas or adenocarcinomas, although transitional cell carci-
noma, carcinoid and sarcoma have also been described. Re-
cently a group from Indiana University reported on 3 patients
treated with augmentation cystoplasty who subsequently has
transitional cell carcinoma (27). The interval between aug-
mentation and cancer diagnosis was 21, 17 and 20 years,
respectively. All patients died of metastatic disease. This re-
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port highlights the need for long-term follow-up in patients
with enterocystoplasty and raises the question of considering
routine surveillance cystoscopy in this population (28).

Spontaneous bladder perforation

Spontaneous bladder perforation is a potentially life-
threatening complication of augmentation cystoplasty with
a reported incidence of up to 13%. A retrospective review of
medical records from 1988 to 2001 identified 107 children
(57 males and 50 females) who underwent augmentation
cystoplasty at Cincinnati Children’s Hospital Medical Centre
(29). The overall incidence of bladder perforation was 5%,
with one traumatic (1%) and four spontaneous (4%) perfora-
tions. All patients recovered uneventfully after exploratory
laparotomy.

Patients presented with abdominal pain, distension and
occasionally fever, need for prompt diagnosis and treatment.
To our knowledge the cause of spontaneous perforation is
unknown, although several aetiologies have been suggested.
Traumatic catheterization, bladder outlet obstruction and
urinary retention, chronic infection and chronic bowel wall
ischemia secondary to chronic over distension are possible
mechanisms. There is a significant association between a de-
creased risk of perforation and the use of a strict, incremental
catheterization schedule.

Own investigations

In the second part of the paper we would like to briefly
introduce the research which has been done in our institute
to investigate some metabolic, histological and urodynamic
aspects of augmentation in those children who underwent
bladder augmentation or substitution (80 patients) over the
last 18 years (1988-2006).

Metabolic findings after colocystoplasty in children (30)

This study investigated whether colocystoplasty has result-
ed in metabolic changes in the growing child during long-
term follow-up according to wich part was used: ascending
coecum or sigmoid colon.

In order to answer this question twenty-eight patients
(mean age at surgery 11 years) were included in the study
and divided into two groups: group 1, cystoplasty with coe-
cum and ascending colon (12 patients) and group 2, sigmoid
cystoplasty (16 patients). Patients’ linear growth, body mass
index, and the following parameters were estimated before
surgery and at 3, 6, and 12 months, and then yearly after
surgery: blood and urine electrolytes (sodium, potassium,
chloride, calcium, phosphorus, magnesium), creatinine,
urea, blood gases, blood pH, urine pH, and blood alkaline
phosphatase (ALP). All the data were statistically analyzed.

We found that in group 1, the blood ALP increased sig-
nificantly (P = 0.026) during follow-up. Severe metabolic
acidosis with or without hyperchloremia was found in 7
patients. In group 2, the serum sodium and serum calcium
levels decreased significantly (P = 0.014 and P = 0.003,
respectively); however, the blood ALP, urine sodium, and
urine phosphorus levels increased significantly (P = 0.033,
P =0.027, and P = 0.026, respectively) during follow-up. A
statistically significant decrease in blood pH (P = 0.022) was

found after surgery. Severe metabolic acidosis with or with-
out hyperchloremia was detected in 5 patients. The average
linear growth decreased significantly (P = 0.00 1 and P = 0.0
16, respectively) 1 and 2 years postoperatively.

We concluded that the statistically significant increase in
blood ALP and decrease in serum calcium indicate bone
demineralization after colocystoplasty. Our investigations in
children suggest that bone demineralization is more frequent
after sigmoid cystoplasty than after the use of coecum and
ascending colon.

Histological findings after colocystoplasty and gastrocys-
toplasty (28)

In this study we conducted a prospective, long-term as-
sessment of the histological changes that can occur follow-
ing bladder augmentation with colon or stomach.

In order to approach this problem histological evalua-
tions of biopsies from 44 consecutive patients undergoing
augmentation (colocystoplasty in 26, gastrocystoplasty in 18)
were performed. Patients underwent endoscopic assessment
and tissue sampling at 2 or 4-year intervals following the ini-
tial augmentation procedure. Patients with less than 2 years
of follow-up were excluded from the analysis. Specimens
were taken from the native bladder, the augment segment
(large bowel or stomach) and the anastomotic line. Sec-
tions (4 micron) were examined using standard histological
staining methods (hematoxylin and eosin and periodic acid-
Schiff) and immunohistochemistry was performed for differ-
ent markers of neoplasia, cellular proliferation and blood
group antigens. Histological findings were correlated with
the incidence of stone formation and urinary tract infection.

Group 1 consisted of 20 patients undergoing colocysto-
plasty who met the criteria for study inclusion. Of the pa-
tients 10 (50%) had stones, 19 (95%) had a positive urine
culture and 6 had no histological changes. While no cases
of malignancy were identified, other forms of pathological
change were noted in 14 of the 20 patients (70%). Group 2
included 15 patients undergoing gastrocystoplasty who met
the criteria for study inclusion. No stones or malignancy were
identified in this group. Positive urine cultures were recorded
in 2 patients (13%), no histological changes were found in 6
and 9 (60%) had pathological changes.

We concluded that periodic prospective biopsy evaluation
of children who have undergone either colocystoplasty or
gastrocystoplasty failed to reveal any histological evidence
of malignancy after 10 year follow-up. However, histological
evidence of a premalignant lesion 13 years after follow-up
suggests that screening for premalignant lesions should be
initiated no later than 6 to 10 years following enterocysto-
plasty.

Therapeutic method for failed bladder augmentation in
children: re-augmentation (31)

In collaboration with Turkish paediatric surgeons we
looked for a therapeutic method for failed bladder augmen-
tation.

Between 1988 and 2004, 136 bladder augmentations were
performed in two paediatric urological units in Hungary and
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Turkey. Re-augmentation was necessary in two patients after
colocystoplasty and in three after gastrocystoplasty. A sec-
ondary augmentation was not required in any patients after
ileocystoplasty. The clinical data of these five patients were
evaluated.

On the basis of the clinical signs and urodynamic stud-
ies, re-augmentation was performed 2-7 years after the initial
augmentation cystoplasties. Anticholinergic therapy given
before re-augmentation did not improve bladder capacity,
intravesical pressure and/or bladder compliance. An ileal or
sigmoid segment was used for the secondary augmentation.
After re-augmentation, all five patients became continent,
and showed marked improvement in their urodynamic pa-
rameters at a mean follow-up of 6.8 (2-10) years.

Our opinion is that a decreased bladder capacity and/or
compliance and increased bladder pressure after successful
augmentation cystoplasty might be the result of: (i) impair-
ment of the blood supply to the large bowel or gastric seg-
ment used for augmentation; or (ii) bowel mass contractions.
lleocystoplasty seems to be the ‘first-line” of choice for pri-
mary augmentation. Re-augmentation with a bowel segment
is a suitable treatment if conservative treatment fails. Regular
urodynamic investigations are needed for early detection of
malfunction of the augmented bladder, and advising thera-
py-

Does the type of bladder augmentation influence the res-
olution of pre-existing vesicoureteral reflux? Urodynamic
studies (32)

In the literature there are only scanty data how to deal with
a pre-existing reflux if bladder augmentation is necessary.
The other important topic — not investigated yet — is whether
the type of bladder augmentation will influence the resolu-
tion of reflux?

The type of bladder augmentation on pre-existing
vesicoureteral reflux (VUR) was assessed. The effects of
urodynamic changes on the resolution of VUR follow-
ing augmentation cystoplasty performed with various
gastrointestinal segments were examined. It was queried
whether elimination of high-pressure bladder is sufficient
to resolve pre-existing reflux.

A retrospective record review of patients who under-
went bladder augmentation between 1987 and 2004 was
done. Patients were divided into two groups. Group | in-
cluded patients who had a simultaneous augmentation
and ureteral reimplantation. Group Il included patients
with reflux in whom only a bladder augmentation was
performed. Pre-and post-augmentation urodynamic re-
sults were compared in both groups. The outcome of VUR
and the role of various gastrointestinal (Gl) segments on
the resolution of VUR were studied.

Sixty-three patients underwent bladder augmentation
during the study period. Twenty-six of them had VUR be-
fore augmentation. There were 10 patients in Group | and
16 patients in Group Il. In Group I, VUR ceased in all
patients, while in group II, VUR resolved in 14 patients
and persisted in two patients. Small and large bowel seg-

ments used for augmentation had no effect on the reso-
lution of VUR but the results of gastrocystoplasties were
less favourable. Urodynamically there was no significant
difference between the various augmentation cystoplas-
ties. Our conclusion is that bladder augmentation alone
without simultaneous antireflux repair is usually sufficient
for the resolution of pre-existing reflux. The various Gl
segments used for augmentation have no effect on urody-
namic results and the resolution of VUR.

Seromuscular gastrocystoplasty in dogs (33)

Some complex and complicated aspects of bladder aug-
mentation can not be investigated in human material. In these
cases we used animal model to approach the problem.

The aim of this study was to investigate the feasibility of se-
romuscular gastrocystoplasty (SGCP) in an animal model and
to compare it to conventional gastrocystoplasty (CGCP).

CGCP and SGCP (using gastric segments without mu-
cosa) were each performed in 6 dogs. In both procedures,
two-thirds of the dome of the bladder was excised and
the gastric segment anastomosed to the bladder remnant.
Cystography, cystomanometry, measurements of urine
pH, and gross and microscopic pathological studies were
carried out preoperatively, and postoperatively, at 6 and
12 weeks.

All seromuscular gastric segments proved viable,
and 6 weeks after the operation they were covered
by a thin layer of transitional epithelium, which had
gradually thickened by the end of the 12-week fol-
low-up. There was no difference in bladder capacity
and compliance between the two groups, however,
fasting urinary pH values were higher (less acidic) in
the SGCP group.

Stripping off the mucosa of the gastric segment appears
to stop hydrochloric acid secretion, thereby lessening the
possible risk of ulceration, perforation, dysuria-haematu-
ria, metaplasia and malignancy. The uroepithelium over-
growth of the seromuscular gastric segments might pro-
vide a more physiological neobladder than when using
full-thickness gastrocystoplasty.

Histological findings after gastrocystoplasty in rabbits (34)

Malignant transformation in the augmented bladder is fre-
quently mentioned, only single cases are reported, however,
the potential carcinogenesis is hardly investigated in animal
model.

We investigated the long-term histological changes after
bladder augmentation with gastric segment in an animal sub-
ject.

Gastrocystoplasty was performed in 13 young, 3-
month-old male rabbits. Open biopsies were taken from
the native bladder and the gastric segment preoperatively
and at 3, 6, and 12 months postoperatively. Sections were
examined with H&E and periodic acid-Schiff (PAS) stain-
ing. Indirect immune peroxidase method was additionally
applied to detect the carcinoembrionic antigen, the prolif-
erative activity, and the gene for the tumour protein p53
in the epithelium.
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On the native bladder, at the 3-month follow-up,
polyps, mucosal oedema, submucosal fibrosis, and squa-
mous cell metaplasia were detected, which did not change
during the follow-up. On the gastric segment, at the 3-month
follow-up, parietal cell hyperplasia and inflammatory mu-
cosal overgrowth were detected; at the 6-month follow-up,
inflammation or atrophy of the gastric mucosa and colonic-
type metaplasia was found. These alterations remained un-
changed during later course of follow-up. Neither dysplasia
nor malignancy was observed during the 12-month follow-
up. Our investigations supported the clinical observations of
low cancer risk after gastrocystoplasty and may indicate dif-
ferent effect of gastric secretion on uroepithelium and that of
urine on gastric mucosa.

Conclusions

Augmenting the bladder is a widely used method in
children with developmental abnormalities and it has
become a standard part of armamentarium for manage-
ment of neurogenic and myogenic bladder over the last
few decades. However, augmentation is often associ-
ated with metabolic consequences and surgical com-
plications. Therefore, besides the improvement of the
present complex therapeutic management, the future
goal in treating children with abnormal bladders is not
catheterization and/or augmentation, but reach normal
voiding by avoiding incorporation of gastrointestinal
segment in the genitourinary tract and intermittent cath-
eterisation.
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OSSZEFOGLALAS: A Pécsi Tudomdnyegyetem Gyermekklinikdjdin 1988 6ta végeznek hiigy-
hélyag-megnagyobbitd vagy -potle miitéteket. Jelen kozleményben a szerzék dttekintik a megna-
gyobbitott vagy pétolt hiigyhdlyagokban eldfordulo kéképzddés lehetséges okait és a kezelést
lehetéségeket. A holyagkdvek képzOdésében jelentOs szerepet jdtszik a miitét sordn felhaszndlt bél-
szakasz tipusa, annak nydkszekrécidja és a kontinens hasfali sztomdn keresztiili, nem teljes ho-
Iyagtirtilést biztosito (6n)katéterezés. Betegeikben a gyakori vizeletfertdzések és a kivek megjelené-
se kozdtti kapesolat statisztikailag nem volt szignifikdns, ugyanaklkor a kéanalizis eredménye
alapjdn feltételezhetd a litogenezisben betdltétt szerep. Nélkiilozhetetlen a betegek rendszeres
kontrollvizsgdlata, amelynek sordn a hdlyagkovek kordn felfedezhetéek és endoszkopos miitéitel
viszonylag kdnnyen eltdvolithatok. A megelézés szempontjdbol kiemelkedd fontossdgii a holyag-
katéterezések sordn a vizelet teljes lebocsdtdsra és a rendszeres holyagdblités.

STONE FORMATION IN PATIENTS FOLLOWING URINARY BLADDER AUGMENTA-
TION OR SUBSTITUTION IN CHILDHOOD

SUMMARY: Urinary bladder augmentation or substitution has been carried out in the
author’s institute since 1988. The purpose of this retrospective review was to evaluate the
stone formation in the augmented bladder and the treatment strategies. The mucous pro-
duction of the segment of the gastrointestinal tract, used for the augmentation, the mode of
the emptying of the bladder (continent abdominal stoma, bladder neck closure) and the role
of regular bladder washout were found as significant factors in stone formation. Recurrent
urinary infections were statistically not significant, although the result of the stone analysis
suggest their possible role. Life long follow-up is essential for prevention, early detection and
management of stone formation in patients with bladder augmentation or substitution.

KEY WORDS: bladder augmentation, bladder stones, stone analysis

Az inkontinencia urinae (i.u.) hatterében a vizelet részleges, vagy teljes tarolasi,
tartdsi és/vagy uritési elégtelensége all (1, 2). Patogenezisében velesziiletett vagy
szerzett okok szerepelnek. Gyermekkorban leggyakoribb a hiigyholyag velesziiletett
beidegzési zavara, amelynek oka legtobbszor meningomyelokele (MMC), epispa-
diasis totalis, extrophia vesicae urinariae (3). A konzervativ terdpia a holyag inter-
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mittalo, tiszta (6n)katéterezésébdl, gyogyszeres augmentdciobol (antikolinerg
gyogyszerek szedése) és antibiotikus profilaxisbol all (3, 4, 5). Ha a konzervativ ke-
zelés hatastalan, az i.u. sebészi kezelése valhat szitkségessé, ami hélyag-megnagyob-
bitasbél (augmenticio) vagy -p6tlasbol (szubsztiticio), vagy egyeb alternativ megol-
dasokbél allhat (4, 5). A mitéti kezelésnek szamos hosszi tavi sz6v6dménye lehet,
mint példaul a hélyagké-képzddés, spontdn hélyagperforicié, metabolikus aciddzis,
vagy alkaldzis, hematuria-dizdria szindroma, malignitds és vizeletretencio (6, 7, 8,
9). Jelen kozleményben az egyik leggyakoribb szovédménnyel, az augmentalt ho-
lyagban keletkezd kovekkel foglalkozunk.

Betegek és modszer

A PTE-KK Gyermekklinika Sebészeti osztalydn 1988 6ta végeznek holyag-meg-
nagyobbitd vagy -potlé mitéteket. 1988 és 2008 kozott 86 betegben tortént ilyen
miitét.

A htigyhélyag augmentdcidjahoz 32 esetben vékonybélszakaszt, 30 esetben vastag-
bélszakaszt és 18 esetben gyomor-szegmentumot hasznéltunk. A 6 hélyagp6tlo
mitét vastagbéllel tortént. Reaugmentaciora 3 esetben keriilt sor. Miitétkor az atla-
gos életkor 12,5 év (4,3-20,9 év) volt. A nyomonkdvetési idS atlagosan 8,6 év (1-20
év) volt.

Az bsszes beteg tiszta intermittald (on)katéterezéssel iiriti a holyagjat. Koziilik 30
beteg (35%) az uretrdn keresztill végzi a vizelet lebocsitasat, mig 56 (68,1%) eset-
ben kontinens hasfali sztomat hasznélnak a katéterezéshez. Negyvenhat betegben
az appendixet, 4 betegben vékonybélbdl képzett tin. Monti-fisztuldt, mig 6 betegben
nefrekromia utdn visszamaradt urétert hasznaltuk a katéterezhetd kontinens hasfali
sztoma kialakitdsara. Tizennégy betegben valt sziikségessé a holyagnyak zdrasa.

Munkénk sordn azon betegek anyagét elemeztiik, akikben a protokoll szerinti
nyomonkdvetés sordn hélyagkd kialakuldsat észleltiik. Ezen gyermekek korlapjaibol
tovabbi adatokat gytjtottink a vizeletfertézésekrdl, a katéterezések és holyagoblité-
sek gyakorisagarol, a lebocsatott frakeiokrél, a holyagkd/kovek augmentéciotél sza-
mitott megjelenésének idejérdl, a kdvek szdmar6l és a kéeltavolitds modjarol.

A statisztikai értékelést Excel: Mac Analysis ToolPak (2004), Gretl 1.8.4 (Open-
source) programok és statisztikai képletgytjtemény segitségével végeztiik.

Eredmények

A 86 betegbdl 20-ban (23%) észleltiink koveket. A 20 betegben Osszesen 37 alka-
lommal keletkeztek hélyagkovek. Kilenc betegben egyszer fordult el holyagko, 7

1. tabldzat: A hiigyhdlyag-megnagyobbitds miitéti indikédcioi a hélyagkoves betegek esetcben,
valamint az ezen indikicidk mellett szitkséges tovabbi sebészi beavatkozdsok

Miitéti indikaciok Betegszam Hasfali stoma Holyagnyak zardsa
Extrofia vesicea urinariae 8 7 2
MMC 7 6 1
Epispadiasis totdlis 1 i -
Neurogén holyag 4 4 =
Osszesen 20 18 3
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1. dbra: Egy nagyméretd elta-
volitott holyagkd

betegben kétszer, 1 betegben
3-szor, 1 betegben 5-szor és
egy betegben 6 alkalommal
észleltiink kovet. A 20 beteg-
bél 7 (35%) leany és 13
(65%) fiti volt.

A hugyholyag-megnagyobbitas vagy -pdtlas mitéti indikacidit és a kontinencia el-
éréséhez sziikséges tovabbi miitéti beavatkozdsokat az I. tdbldzat foglalja Gssze.

A 20 holyagkdves betegbdl 16-ban (80%) vastagbéllel tortént az augmentdcio, 2
esetben (10%) vékonybéllel, 1 esetben (5%) gyomorral nagyobbitottuk meg a hdlya-
got és 1 alkalommal (5%) tortént holyagpdtlas.

A holyagkovek altalaban nem okoztak panaszt, csak a rendszeres ellenérzd vizs-
galatokon keriiltek felfedezésre. Minddssze egy esetben fordult el§ hematiria.

A hdlyagmegnagyobbitd vagy -potld miitét és az elsé kd megjelenése kozott dtla-
gosan 3,9 év (0,5-13) telt el.

A kovek nagy részét a rendszeresen nyomonkdvetés sordn végzett nativ hasi ront-
genvizsgalat, ultrahang és cisztografias vizsgilat diagnosztizalta, mig néhany eset-
ben cisztoszkopia vagy CT-vizsgalat sordn kertiltek felismerésre.

A kovek mérete igen valtozatos eloszldst mutatott. FEl centiméterestdl, egészen a
gyermekokol nagysagig (8 cm) terjedt (1. dbra).

A hdlyagkovek szama is valtozo volt, atlagosan 3 darab kovet talaltunk. A 20 ho-
lyagkdves beteg koziil 14-nek (70%) gyakori vizeletinfekci6i voltak. Ot beteg (25%)
egyaltaldn nem végezte a hdlyagoblitéseket.

Osszesen 34 beavatkozds tortént a kovek eltavolitdsara. Endoszképos miitéti be-
avatkozds 11 esetben (32%) volt sikeres, egy betegben (4%) perkutdn vesico-
lithotomia tortént.

Huszonkét esetben (64%) a kovek mérete, szama, elhelyezkedése, illetve az endo-
szképos beavatkozas sikertelensége miatt nyilt mitétre volt sziikség.

Statisztikai szdmitdsokkal vizsgédltuk, hogy a hélyagkovek képzésében szerepet jat-
szik-e az augmentaciohoz felhasznalt gasztrointesztindlis szegment tipusa, a konti-
nens hasfali sztoma, a rendszeres hélyagoblitések és a vizeletfertGzés.

Kismintds ardnyproba 90%-os megbizhatosaggal igazolta, hogy akik a
neohdlyagot rendszeresen oblitik, azokban kisebb ardnyban fordul eld hélyagkd-
képzddés.

Nem taldltunk statisztikailag szignifikdns Osszefiiggést a visszatérd hugyti
infekciok és a kdképzddés kozott.

Nagy bizonyossaggal (p=0,029) allithatd, hogy az uretrdn keresztiil (6n)katétere-
zGk kozott kisebb ardnyban fordul el§ k6képzGdés mint a hasfali kontinens sztomd-
val rendelkezd betegekben.
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2. tabldzat: A kéanalizisek sordn eléfordult Gyomorral végzett hélyagmegnagyob-
kgalkotok bitds esetén alacsonyabb a kéképzddés
eléfordulasi esélye, mint colocistoplas-

Elgfordulé kdalkotok n : %

tica eseten. -
Foszfat/karbondt-apatit 14 Kéanalizist tizennégy esetben sikf:riilt
Struvit 12 végezni a PTE AOK Urologia Klinikan.
Ca-oxaldt-mono- és -dihidradt 3 Az eléfordulé kéalkotdkat a 2. tdbldzat
Ca-foszfit 1 foglalja Ossze.

Az analizis szerint mindegyik kdében
cléfordult foszfat/karbonét-apatit és majdnem mindben struvit is szerepelt a kdal-
kotok kozott. Ezen kiviil kisebb aranyban kalcium-oxalat-mono és -dihidrat, valamint
kalcium-foszfat is kimutathato volt. Egy betegiink kdanalizise soran készitett fény-
mikroszképos felvételek lathatoak a 2. dbrdn.

Megheszélés

A 86 hélyagaugmentalt vagy holyagpétolt betegiinkbdl 20-ban (23%) taldltunk
koveket, ami megfelel az irodalomban lefrt 10-52%-0s gyakorisagnak (10-14).

A 20 betegben dsszesen 37 alkalommal keletkeztek holyagkovek: 9 betegben egy
alkalommal fordult el6 holyagks, a tobbi 10-ben (52,3%) pedig recidivéltak a kovek.
Ez az ardny meghaladja az irodalomban kozolt 33-44%-os eléfordulést (13, 15). Sta-
tisztikailag nem talaltunk dsszefiiggést a recidiv kovek eléfordulisa és a vizeletferto-
zések gyakorisaga, valamint a betegek neme kozott. Ugyanakkor szoros Osszefiig-
gést dokumentdltunk a kéképzGdés és az augmentaciéhoz hasznalt tapcsatorna-sza-
kasz tipusdval. Betegeink kozott sokkal nagyobb ardnyban jelentkeztek recidiv ké-
vek olyanoknal, akikben vastagbéllel tortént a hélyagmegnagyobbités.

A gyomorral végzett augmentécio kedvezGbb volt a holyagkovek megjelenésének
szempontjdbol. Az irodalmi adatok is kisebb kéképzGdésrdl szamolnak be gastro-
cistoplastica utan (10, 13, 15). Ennek az lehet az oka, hogy a gyomornyalkahartya
nem termel nyakot, valamint fedGsejtjeinek sésavtermelése alacsonyabb pH-t hoz
Jétre a holyagban, ezzel csokkenti a k6képzddes valGszindségét.

Eredményeink, megegyezden az irodalmi adatokkal, arra engednek kovetkeztetni,
hogy a litogenezisben a vastagbél dltal termelt nyak jatszik elsGdleges szerepet (16, 17).

A kéképzédés megelGzésére a miitét utdn a betegeket arra kérjiik, hogy rendsze-
resen blitsék a neohdlyagot (13, 17, 18). Azokban a betegekben, akik hetente leg-

O

\)

2. dbra:

a: Karbonat-apatitra jellemzs szorvi-
nyos buborékok ¢és a struvitra
jellemzd feloldodas

b: Ca-oxalétra jellemz6 kék udvar a
k6 koril

¢: Struvitra jellemzé sdrga szind, lan-
dzsa alaka kristalyok

d: Ca-oxaldtra és karbondt-apatitra
jellemzd tiis kristalyok
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aldbb egyszer Gblitették hdlyagjukat, bizonyithatoan kisebb szimban keletkeztek
holyagkovek.

A kGképzddés szempontjabdl fontos tényezd, hogy a beteg a kontinens hasfali
sztomat vagy az uretrat hasznalja a vizelet lebocsatédsara, valamint az, hogy zértik-e
a hélyagnyakat (6, 13, 20). Ezt azzal magyardzzuk, hogy a hasfali sztoman keresztiil
nehéz maradéktalanul kitiriteni a holyagot, gyakran marad vizelet a neohélyag leg-
mélyebb részén. Ez a vizeletpangés kedvez bizonyos kdalkoték kicsapodasdnak.
Ezért is fontos, hogy a hasfali sztomdval rendelkezd betegek torekedjenek a holyag
lehetSleg maximdlis kitritésére. Ezzel nemcsak a hélyagkovek keletkezése csok-
kenthetd, hanem a gyakori vizeletinfekciok is megel6zhetdk.

Az irodalomban egymdasnak ellentmondé adatok vannak a vizeletfertézések sze-
repérdl a holyagkovek keletkezésében. Szamos tanulmédny Osszefiiggést taldlt a vize-
letfertGzések és a hélyagkovek keletkezése kozott (11, 15, 17). Mds tanulmanyok
azonban nem tartjak indokoltnak a nem silyos vizeletinfekcié sordn annak kezelé-
sét, csak abban az esetben, ha urea-bontd baktérium tenyészik ki, ugyanis az urea
bontasaval magasabb pH keletkezik a hélyagban (6).

A holyagkévek tobbsége a rendszeres kontrollvizsgilatok sordn véletlenil kertilt
felfedezésre, mivel nem okoztak panaszokat. A hdélyagkovek tobb mint felének
eltavolitasa miitéti iton tortént. Ennek oka a kdvek mérete, szama és helyzete volt.
A tobbi kovet endoszkdpos dton, vagy ESWL-lel tavolitottuk el.

Az irodalommal ellentétben, ahol a nemek kozott nem taldltak kiilonbségeket, a
mi betegeink kozott ldnyokban ritkiabban fordultak elS holyagkovek (18).

A hdlyagkovek analizise sordn hasonldan mds szerzék adataihoz, a kovek 6 alko-
toja nalunk is foszfat/karbonat-apatit volt, emellett majdnem mindegyikben megta-
ldlhatd volt struvit is (10, 12). A foszfit eredetd kovek a bakteriuria és uredz reakcié
kdképzddésben jatszott szerepére utalhatnak.

Osszefoglaléan elmondhaté, hogy gyomor- és vékonybélszegmentumok alkalma-
zédsa kedvezGbb volt a k6képzddés és a vizeletinfekeiok szempontjdbél mint a vas-
tagbéllel végzett hdlyagmegnagyobbitas. A rendszeres holyagoblités €s a sajat ureth-
ra megtarthatésdga ugyancsak kedvezd hatdsa volt, mig a katéterezhetd hasfali
vizeletsztoma — kiilonosen holyagnyak lezdrassal egyiitt — a késébbi holyagkdképzo-
dés szempontjabdl kedvezétlenebb megoldas.
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Summary

Introduction

Bladder augmentation is widely used to treat
otherwise unmanageable urinary incontinence.
However, it is associated with a large number of
complications, of which tumor formation is the most
severe. Mucin proteins and MUC genes are linked,
among others, to malignancies of the urinary
bladder and the gastrointestinal system.

Objective

To investigate histological alterations as well as
changes in expression of MUC1 and MUC2 genes and
proteins following different types of urinary bladder
augmentation or substitution performed in children
and adolescents.

Patients and methods

Between 1988 and 2013, 91 patients underwent
urinary bladder augmentation or substitution at the
study institute. Patients were included on whom
cystoplasty had been performed 4 years previously
or earlier, and could have been followed-up pro-
spectively. Thus, 54 patients were involved in the
study. In eight patients gastrocystoplasty was per-
formed, in 17 patients ileocystoplasty, and in 22
patients colocystoplasty. Seven patients underwent
bladder substitution using a colonic-segment. Bi-
opsies were taken via cystoscopy from the native
bladder, from the gastrointestinal segment used for
augmentation, and from the anastomotic line be-
tween these two. One part of the samples was fixed
in formaldehyde for routine histological processing.

The other part of the biopsies was embedded into
OCT medium, then cryosectioned and fluorescently
double-immunostained for MUC1 and MUC2 proteins.
Samples from the microscopically dysplastic lesions
and from the 15-year-old or older biopsies were
processed by laser capture microdissection, and
then real-time PCR was done. Data were statistically
analyzed by ANOVA and ordinary least squares
regression tests.

Results

One adenocarcinoma was found in a female patient,
11 years after colocystoplasty. There were no sig-
nificant changes in the level of MUC1 and MUC2
proteins and gene expression in the urothelium and
in the gastrointestinal segment used for augmenta-
tion following ileocystoplasty and gastrocystoplasty.
Significant increase in MUC1 and decrease in MUC2
protein levels were detected following colocysto-
plasty in the large bowel segment used for
augmentation, both with qualitative and quantita-
tive methods (p < 0.05) (Figure). The uroepithelium
showed no significant change. RT-PCR revealed
progressive increase in MUC1 gene expression and
decrease in MUC2 gene expression after colocysto-
plasty in the course of time. It also showed highly
increased MUC1 gene expression and decreased
MUC2 gene expression in the samples of patients.

Conclusions

Alterations in gene expression of MUC1 and MUC2
might serve as promising markers for early detection
of histological changes after colocystoplasty.

" Present address. Neonatology Faculty, Department of Paediatrics, University of Alabama at Birmingham, Birmingham, AL, USA.

http://dx.doi.org/10.1016/j.jpurol.2015.04.037
1477-5131/© 2015 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights reserved.
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Postop 4 yrs

Figure

Postop 11 yrs

Postop 21 yrs

Changes in MUC1 (green) and MUC2 (red) protein levels 4, 11, and 21 years after colocystoplasty. (For interpretation of

the references to colour in this figure legend, the reader is referred to the web version of this article.)

Introduction

Urinary bladder augmentation is widely used for conserva-
tively unmanageable urinary incontinence. However, to
date, there is no evidence-based consensus in the literature
as to which tissue type is the ideal for these operations. The
uncertainty is caused by the fact, that after the increasing
popularity of the technique in the 1980s and 1990s, long-
term complications were identified, which were dependent
on the type of the gastrointestinal segment used [1—3].
These can be grouped as metabolic and non-metabolic
(mainly surgical) complications [2]. Malignancy is consid-
ered to be one of the most serious in the metabolic group
[1,3]. Literature puts the incidence of bladder cancer at
1.5% per decade after colocystoplasty and 2.8% per decade
after gastrocystoplasty [3].

Many factors are suspected to play a role in tumor
formation following urinary bladder augmentation. Bac-
teria living in the urine may transform nitrates into
potentially carcinogenic nitrosamines [4]. Urine may
exert a direct toxic, DNA damaging effect on the gastro-
intestinal epithelium [5]. Aberrant signal mechanisms
between the bladder mucosa and tissue used for
augmentation may also play a role [1].

According to the literature, the average time elapsing
between augmentation cystoplasty and first tumor detec-
tion is about 17 years [6]. Therefore, regular cystoscopies
with mucosal biopsies are strongly recommended by many
specialists for early cancer detection [2,3].

Mucins have been investigated widely in connection with
malignancy of various tissues. They are high-molecular-
weight glycoproteins containing at least 50% carbohydrate.
Their oligosaccharide side chains, which are O-glycosidically
linked to an apomucin core peptide, consist of N-acetylga-
lactosamine, galactose, fucose, N-acetylglucosamine, and
syalic acid residues. The apomucin peptides are typically
rich in serine, threonine, proline, alanine, and glycine [7,8].
To date, 19 types of mucin genes have been identified.

Every gastrointestinal epithelium (stomach, small- and
large-intestine) has a unique mucin expression pattern,
which may change in the case of malignancy [7]. There is
evidence in adults that some of these changes in mucin
expression happen very early in carcinogenesis. They may
even precede the detectable morphological changes that
are indicative of malignant transformation [9].

Changes in the levels of MUC1 and MUC2 proteins are
associated with various malignancies in humans, as well as
urothelial, intestinal, and gastric tumors [10]. MUC1 has
barrier and cell signaling functions [11]. Overexpression or
changes in glycosylation may result in carcinoma formation
[12]. MUC2 protein is a secreted, gel forming protein. Its
expression may decrease in colorectal carcinomas [13], and
loss of its expression may predict recurrence or worse
survival [14].

The aim of our study was to investigate histological
changes and MUC1 and MUC2 protein levels and gene
expression in the epithelium of the augmented urinary
bladder following gastro-, ileo-, and colocystoplasty or
bladder substitution.

Materials and methods

All investigations were performed with the approval of the
university’s local ethical committee and the National
Ethical Committee in Hungary.

Between 1988 and 2013, 91 patients underwent urinary
bladder augmentation and/or substitution at University of
Pecs, Department of Paediatrics, Surgical Unit. We selected
patients in whom augmentation had been performed at
least 4 years previously, and who could come to control
surveys regularly. Thus, 54 patients were recruited for the
prospective study.

Indications for bladder augmentation and/or substitution
augmentation were meningomyelocele in 28 cases, extro-
phy—epispadias complex in 16, neurogenic bladder in six,
pelvic trauma in one, posterior urethral valve in one, spinal
cord tumor in one, and bladder rhabdomyosarcoma in one.

Of these 54 patients, eight underwent gastrocystoplasty,
22 ileocystoplasty, 17 colocystoplasty, and seven had
bladder substitution with a colonic segment. Mean age was
12 years (4.3—20.9 years) at the time of surgery. Mean
elapsed time was 9 years (4—21 years) from augmentation/
substitution to the time of the first cystoscopy and biopsy.

Tissue samples were harvested during cystoscopy in
general anesthesia in younger patients or in sedation with
midazolam in older and cooperative patients. The
augmented bladder was accessed through the urethra or
through the continent urinary stoma if the urethra was not
available. Wherever it was possible, 4-4 samples from
randomly selected locations were taken from the native
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bladder, from the gastrointestinal segment used for
augmentation, and from the anastomotic line between
these two segments. Half of the samples were fixed in
formaldehyde and sent for routine (hematoxylin and eosin)
histological investigation. Histological records from previ-
ous cystoscopies from the same patients were also accessed
and included in the study.

The other half of the samples were immediately
embedded into Optimal Cutting Temperature (OCT) me-
dium and stored at —80 °C.

Immunohistological double staining was performed at
The Evanston Hospital (Northshore University Health-
systems, Chicago, IL, USA). The embedded samples were
sectioned at —25° Celsius. Slides were fixed in 4% formal-
dehyde solution, blocked in glycine-PBS solution, washed in
PBS, and incubated in PBST solution, then blocked in 5%
goat serum for an hour. Primary antibodies against MUC1
(Santa Cruz, Vu4H5 mouse) and MUC2 (Sigma Aldrich:
HPA006197, rabbit) proteins were diluted 1:100 in blocking
buffer. Samples were incubated overnight with the anti-
bodies at 4° Celsius. On the following day, unbound primary
antibodies were washed out and secondary antibodies
conjugated with Alexa Fluor 488 (goat anti mouse for MUC1)
and 594 (goat anti rabbit for MUC2). Afterwards unbound
secondary antibodies were washed off in PBST. For nuclear
staining, diamino-phenilindol (DAPI) was used. Images were
collected using a cooled CCD camera mounted on a Leica
epifluorescence microscope, equipped with fluorescence
filters that allowed the separate visualization of green, red,
and blue epifluorescence, corresponding to MUC1, MUC2,
and nuclei. Digitalized images were relayed to a computer
and analyzed using IPLab software. Areas of measurement
were selected, based on the appropriate morphological
criteria corresponding to urothelium, and to gastric-, ileal-,
or colonic epithelium (Fig. 1). To measure the absolute
value of MUC1, we quantified the green integrated intensity
within at least three regions of interest per image, and
divided the values with the corresponding integrated in-
tensity in the blue wavelength, that is we normalized the
MUC1 signal to the number of participating cells in the re-
gion of interest. Red/blue fluorescence ratios were calcu-
lated likewise to evaluate MUC2. To calculate MUC2/MUC1
ratios, the red-green ratios were measured. Measurement
results were evaluated with the help of a statistician.

Laser Capture Microdissection was performed on the
neoplastic samples and on those samples that showed a
statistically significant change in expression of MUC1 and
MUC2. Altogether, samples from 14 patients were pro-
cessed. Cells were gathered from the mucosa, and RNA was
isolated with a Picopure Tm kit, then complementary DNA
(cDNA) was created. Real-time PCR (RT PCR) (Rotorgene)
was run with $18 as a housekeeping gene and with MUC1
and MUC2 primers.

Statistical analysis was done with the help of a statisti-
cian. ANOVA and least squares regression tests were used. A
value of p < 0.05 was considered to be significant.

Results

Table 1 details the results of routine histology of the 54
patients. Metaplasia was found in three patients 8, 10, and

Figure 1  Immunofluorescently double stained colonic sam-
ple. The green line marks the area with the cells measured
(10x magnification). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article.)

14 years after augmentation. One metaplasia was found in
the colonic segment used for augmentation, one in the
original bladder part (Fig. 2), and one in the anastomotic
line between the bladder and the colonic segment.
Dysplasia was observed altogether in six cases, in three
patients during their follow-up. Five cases were detected 4
years after bladder augmentation and one after 6 years.
Changes were located mainly at the anastomotic site and at
the original bladder.

One in situ adenocarcinoma was found in a female pa-
tient 11 years after colocystoplasty. During cystoscopy, the
tumor was presented as a polypoid lesion on the mucosa of
the colonic patch. Multiple samples were taken from the
tumor and from the surrounding mucosa. The carcinoma
showed an increased amount of glands with a relatively
preserved structure with hematoxylin-eosin staining. There
were no signs of invasion into the surrounding tissue.

No significant changes were found in either MUC1 or
MUC2 protein levels in the tissues used for augmentation
following gastrocystoplasty, ileocystoplasty, or bladder
substitution with colon, or in the urothelium of these
reservoirs.

The levels of MUC1 increased (p < 0.001) and MUC2
decreased (p < 0.05) significantly with time in the colonic
mucosa following colocystoplasty (resulting in a corre-
sponding decrease in MUC2/MUC1 ratios). There were no
significant changes in the mucin protein levels in the gas-
trocystoplasty, ileocystoplasty, and bladder substitution
groups in the transposed gastrointestinal tissues as well as
in the urothelial mucosas in all groups (gastro-, ileo-,
colocystoplasty, and bladder substitution with colon).

Real-time PCR showed that MUC1 gene expression
gradually increased and MUC2 expression decreased with
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Table 1 Results of human histological examinations in 54 patients, between 1988 and 2013.
Type of operation  Postoperative time

4 years 6 years 8 years 10—12 years 14-16 18

years —20
years

N M D N | M D N | M D N | M CIS N | M N |
Group A (ICP)
Original bladder 4 18 1 o 7 7 1 0O 4 4 0 0 0 1 0 O 0O 0 O 0 O
Anastomosis 5 20 1 o 5 9 0 0 3 4 0 O 2 1 0 O 0O 0 O O O
Small intestine 13 13 1 o 8 5 0 0 3 2 0O O O 1 0 O 0O 0 O O O
Group B (CCP)
Original bladder 3 1 2 0 2 2 0 O 3 6 0 o0 1 3 3 0 0o 2 0 1 4
Anastomosis 2 3 0 1 1 2 0 1 1 7 2 0 0 5 1 1 o 1 0 2 3
Large intestine 5 7 0 0 2 2 O O 3 9 0 o0 1 6 1 0 0o 3 1 3 4
Group C (GCP)
Original bladder 2 7 0 1 1 2 0 0 2 1 1 o 3 1 2 0 0 2 2 0 O
Anastomosis 0 1 1 1 2 0 0o 2 1 1 0 1 2 2 0 0o 2 1 0 O
Stomach i 11 o0 2 1 2 0 0 3 1 0 O 5 0 0 O 3 2 1 0 0
Group D (Substitution)
Large intestine 1 3 0 0 0O 3 0 O 1 3 1 o 2 1 0 O 1 1 0 2 1

The numbers represent the number of normal (N), inflammatory (l), metaplastic (M), carcinoma in situ (CIS), and displastic (D) samples.
ICP is for ileocystoplasty, GCP for gastrocystoplasty, and CCP for colocystoplasty, and substitution is for bladder substitution with large

intestine.

time. In the patient where the polyp was presented, the
older samples showed slightly decreased MUC2 gene
expression and increased MUC1 gene expression.

Tissue samples taken from the carcinoma and the sur-
rounding tissue showed heavily increased MUC1 and
decreased MUC2 protein levels (Fig. 3).

Discussion

The number of reports about tumors arising after urinary
bladder augmentation or substitution is increasing
[1—3,15]. Tumor formation is one of the most insidious

Figure 2
part following colocystoplasty 10 years after augmentation
(10x magnification Hematoxillin-Eosine staining).

Squamous cell metaplasia in the original bladder

complications with many disputes to surveillance and
treatment [2,3,15,16]. There are accepted options, which
are currently in use for warning in case of bladder cancer in
adults [16,17]. Because of the cancer risk after augmen-
tation cystoplasty, regular cystoscopies are recommended
[1—3,15]. However, an ideal, possibly non-invasive, cheap

Immunofluorescent double staining of the in situ

Figure 3
adenocarcinoma found in a female patient 11 years after
colocystoplasty. Green staining indicates MUC1 protein and red
staining indicates MUC2 protein. Nuclei are stained blue (10x
maghnification). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version
of this article.)
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method has not yet been established that is sensitive and
specific enough to detect malignancy in the augmented/
substituted bladder. In our study, we examined the histo-
logical changes occurring after bladder augmentation or
substitution in children and adolescents. Our other objec-
tive was to define the role and possible use of MUC1 and
MUC2 proteins and gene expressions as predictors of ma-
lignancy after augmentation.

Husmann reviewed malignancy arising after urinary
bladder augmentation in children in the literature. He
found that the risk of malignancy after colocystoplasty and
ileocystoplasty is 1—3% [1]. In our patient material, only
three metaplastic epithelia and one tumor were found. It is
too early to make any statements about the risk of malig-
nancy in our patients.

According to the literature, gastrocystoplasty is a risk
factor in itself for malignancy [1]. In our patient material,
we found only one metaplasia afterwards and no macro-
scopically detectable tumor to date, which is somewhat in
discordance with this statement.

Literature puts the risk of malignancy to increase to 1.5%
yearly after enterocystoplasty and 2.8% after gastro-
cystoplasty [18]. In our follow-up we encountered one solid
tumor 11 years after colocystoplasty, and dysplasia in three
patients (3.2%) in the first 6 years following augmentation,
which is in accordance with this data.

N’Dow et al. examined the expression of various
mucin genes in human tissue samples. They found a sig-
nificant up-regulation of MUC1 in the ileal segments used
for augmentation [8]. This is in discordance with our
findings as we found no significant changes in our ileo-
cystoplasty group. They also detected MUC1 in the
transposed ileal segments just as we did. Their findings
about MUC2 are discordant with our study, as they found
strong MUC2 expression in the transposed intestinal seg-
ments, whereas we found no significant changes in our
ileal samples.

Lau et al. examined the expression of MUC1, MUC2, and
MUCSAC in various tumor tissues using immunohistochem-
istry. They found that MUC1 immunoreactivity was present
in 93% of bladder cancers, in 67% of gastric carcinomas, and
in only 55% of colonic tumors. They also found that MUC2
expression was present mostly in tumors of the gastroin-
testinal tract and some rare, non-Gl tumors [7]. We
examined only MUC1 and MUC2 expressions in our study and
we did not concentrate on expression patterns because of
our limited cancer tissue material. However, in the samples
of the tumor patient, an increased MUC1 protein level and a
decreased MUC2 protein level were found, which is in
accordance with their findings.

Lee et al. examined the expression of mucins and
cytokeratins in various gastrointestinal tumors. They found
distinct differences in mucin expression patterns between
tumors of various intestinal tissues, which they proposed to
use later on in histological diagnostics [19]. We could not
establish a pattern in our study because of the relatively
small amount of material in each group and because we
examined only two markers.

Zhang et al. examined the expression of MUC1, MUC2,
and MUC5AC in colorectal adenocarcinoma and small in-
testinal adenomas [20]. They found increased expression of
MUC1 in both groups, which is somewhat in accordance with

our findings as MUC1 expression was strongest in the ma-
lignant samples.

It is well known that most colon cancers react with
antibodies detecting MUC1 proteins to a greater degree
than the corresponding normal tissue [21]. Our findings
are in accordance with this, as we found an increase in
MUC1 protein levels in our colonic samples. The expres-
sion pattern of mucins changes in malignancy [22].
Abnormal mucin expression is usually associated with
tracheobronchial tumors and neoplasias of the gastroin-
testinal tract [22]. It perfectly matches with our findings,
as we found a decrease in MUC2 expression in our
samples.

The value of our research is the long-term follow up and
the relatively high number of patients. Cystoscopy with
biopsying of the augmented bladder is performed from the
fourth postoperative year biannually. In case of any histo-
logically significant change, these patients are followed-up
yearly. It enables us to prospectively study histological
changes after augmentation as well as gather more data
about changes in MUC1 and MUC2 protein levels, which will
hopefully enable more accurate pinpointing of increased
risk for malignancy.

It is difficult to predict the time at which malignant
changes occur because of their complexity and variability.
In our experience, any change in mucin protein expression
should be considered as a potential warning sign and pa-
tients should be monitored closely.

In our patient material, malignancy was detected in only
one patient, relatively early, 11 years following augmen-
tation. However, with the increase in follow-up time we are
counting on further detections of malignancy.

What is new in our research is that our results show a
significant change in MUC1 and MUC2 proteins and gene
expression after colocystoplasty. However, we did not
detect any statistically significant changes after other
forms of bladder augmentation or substitution. This may be
because of the relatively small sample size (number of
patients with gastrocystoplasty and bladder substitution)
and because of other, as yet unknown, factors after
ileocystoplasty.

These results suggest that MUC1 and MUC2 proteins may
be good, promising markers for malignancy after (at least)
colocystoplasty. We are planning to develop a cheap, easy
to use, non-invasive detection method, which can substi-
tute cystoscopy in the long term (e.g. detection of cells
collected from urine). For better understanding of tumor
formation following bladder augmentation or substitution,
further studies are required.

Conclusion

Detection of changes in MUC1 and MUC2 gene expressions in
colonic tissue samples are promising markers for early
detection of malignancy in patients with colocystoplasty.
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Purpose: The aim of this study was to investigate the long-term histologic changes after bladder
augmentation with gastric segment in an animal subject.

Materials and Methods: Gastrocystoplasty was performed in 13 young, 3-month-old male rabbits.
Open biopsies were taken from the native bladder and the gastric segment preoperatively and at 3, 6,
and 12 months postoperatively. Sections were examined with H&E and periodic acid—Schiff (PAS)
staining. Indirect immune peroxidase method was additionally applied to detect the carcinoembrionic
antigen, the proliferative activity, and the gene for the tumor protein p53 in the epithelium.

Results: On the native bladder, at the 3-month follow-up, polyps, mucosal edema, submucosal
fibrosis, and squamous cell metaplasia were detected, which did not change during the follow-up. On
the gastric segment, at the 3-month follow-up, parietal cell hyperplasia and inflammatory mucosal
overgrowth were detected; at the 6-month follow-up, inflammation or atrophy of the gastric mucosa
and colonic-type metaplasia was found. These alterations remained unchanged during later course of
follow-up. Neither dysplasia nor malignancy was observed during the 12-month follow-up.
Conclusions: The present study supports the clinical observations of low cancer risk after
gastrocystoplasty and may indicate different effect of gastric secretion on uroepithelium and that of

urine on gastric mucosa.

© 2005 Elsevier Inc. All rights reserved.

Bladder augmentation with bowel (enterocystoplasty) or
gastric segment (gastrocystoplasty) is a widely used
method for increasing the urinary bladder capacity in
children with urinary incontinence. There are numerous
publications dealing with metabolic complications after
cystoplasties but only a few reporting on the histologic
changes. Nearly all authors performing these procedures
and/or reporting their follow-up studies mention the risk of
malignant transformation among the potential complica-

* Corresponding author. Tel.: +36 72 535 900; fax: +36 72 535 971.
E-mail address: peter.vajda@aok.pte.hu (P. Vajda).

0022-3468/$ — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.jpedsurg.2005.05.047

tions of both entero- and gastrocystoplasties [1,2]. To date,
approximately 28 cases of tumor formation have been
published in the literature—mainly in adults—after ileo- or
colocystoplasty [3-7]. However, only 1 case of transitional
cell carcinoma had been reported in a 73-year-old woman
14 years after gastrocystoplasty [7]. Clinically manifested
malignancies have not been reported after entero- or
gastrocystoplasty in children or adolescents during a
medium-term (10-year) follow-up, however, there is
uncertainty about the development of malignancy after
gastrocystoplasty in humans and only a few animal
experiments dealing with this question [8-11]. Therefore,
it is warranted to investigate possible histologic changes in
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Table 1 Histologic findings of the urothelium after gastro-
cystoplasty in rabbits

Rabbit no. Zero-biopsy Three, 6, and 12 mo
postoperatively
1 Normal Edemic otherwise normal
2 Normal Submucosal fibrosis
3 Normal Edemic otherwise normal
4 Normal Edemic otherwise normal
5 Normal Edemic otherwise normal
6 Normal Edemic otherwise normal
7 Normal Submucosal fibrosis
8 Normal Squamous cell metaplasia
9 Normal Edemic otherwise normal
10 Normal Squamous cell metaplasia
11 Normal Submucosal fibrosis
12 Normal Edemic otherwise normal
13 Normal Squamous cell metaplasia

a standardized animal model after bladder augmentation
with gastric segment.

1. Materials and methods

Conventional gastrocystoplasty was performed in 13
young male rabbits (2-2.25 kg) using a full-thickness gastric
segment. We did not find any references in the literature
about the gastrocystoplasty in rabbits; therefore, the follow-
ing surgical technique was developed and applied. The ani-
mals were anesthetized intramuscularly (Ketamine 50 mg/kg
with Fentanyl 0.025 mg). Penicillin 500,000 IU and Lidocain
were given intramascularly at the time of surgery. A full-
thickness segment supplied by the left gastroepiploic artery
was taken from the corpus of the stomach. This provided a
segment for the augmentation with good blood supply. To
ensure sufficient pedicle length, the spleen, which shared
common blood supply with the pedicled left gastroepiploic
artery, was mobilized. After closure of the stomach, the
pedicled gastric segment together with the spleen was
brought down into the lower abdomen and fixed to the
retroperitoneum to avoid torsion of the pedicled artery and
bowel obstruction. Finally, the cranial half of the bladder was
resected, and the remaining caudal half was anastomosed to
the gastric segment. Before the anastomosis between the
gastric flap and the bladder, a transurethral catheter was
introduced into the bladder. This catheter was left in place for
4 to 5 days. H, blockers were not given postoperatively.

Tissue samples, taken from both the native bladder and
the gastric segment used for augmentation at the time of
gastrocystoplasty, were considered as “zero-biopsy.” Further
samples were always harvested from the same animals from
the native bladder and from the gastric segment at 3, 6, and
12 months postoperatively via open procedure.

Two independent histopathologists evaluated the speci-
mens. Sections (4 pum) were examined after staining with
H&E and periodic acid—Schiff (PAS). Indirect immune

peroxidase method was additionally applied to detect the
carcinoembrionic antigen (CEA), the proliferative activity
(MIB-1), and the gene for the tumor protein p53 in the
epithelium using monoclonal antibodies. Gastric segments
used for augmentation were investigated for Helicobacter
pylori pre- and postoperatively.

2. Results

Results of biopsies of the urothelium and the gastric
mucosa are detailed in Tables 1 and 2. All intraoperative
specimens (zero-biopsies) from the bladder and from the
stomach segment showed normal histology. At 3 months
postoperatively, edema of the bladder mucosa was found in
7 animals (Fig. 1A), submucosal fibrosis in 3 animals
(Fig. 1B), and squamous cell metaplasia in 3 specimens

Table 2

gastrocystoplasty in rabbits

Histologic findings of the gastric mucosa after

Rabbit Zero- Three mo Six and 12 mo
no. biopsy postoperatively postoperatively
1 Normal Inflammatory Inflammatory
mucosal mucosal
overgrowth overgrowth
2 Normal Inflammatory Inflammatory
mucosal mucosal
overgrowth overgrowth
3 Normal Normal Inflammatory
mucosal
overgrowth
4 Normal Inflammatory Atrophy
mucosal
overgrowth
5 Normal Normal Inflammatory
mucosal
overgrowth
6 Normal Inflammatory Inflammatory
mucosal mucosal
overgrowth overgrowth
7 Normal Parietal cell Atrophy
hyperplasia
8 Normal Parietal cell Colonic-type
hyperplasia metaplasia
9 Normal Normal Inflammatory
mucosal
overgrowth
10 Normal Parietal cell Atrophy
hyperplasia
11 Normal Inflammatory Atrophy
mucosal
overgrowth
12 Normal Normal Inflammatory
mucosal
overgrowth
13 Normal Parietal cell Colonic-type
hyperplasia metaplasia
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Fig. 1 Histology of bladder mucosa at 3, 6, and 12 months postoperatively. A, Edema (H&E; original magnification X40). B, Submucosal
fibrosis (picrosirius collagen staining; original magnification x100). C, squamous metaplasia; note the isolated foci of squamous epithelium

beneath the surface urothelium (H&E; original magnification x40).

(Fig. 1C). Histology of the urothelium provided the same
results at 6 and 12 months postoperatively. At 3 months
postoperatively, no changes were detected in the gastric-
segment biopsies in 4 rabbits, parietal cell hyperplasia was
found in 4 (Fig. 2A), and inflammatory mucosal overgrowth
(ie, catarrhal gastritis) in 5 (Fig. 2B) specimens. Inflamma-
tory mucosal overgrowth was also detected in 7 animals
in biopsies taken at 6 months postoperatively. Atrophy of
the gastric mucosa was found in 4 (Fig. 3A) and colonic-
type metaplasia in 2 (Fig. 3B) specimens. The histology of
gastric mucosa provided the same results at the end of the
12-month follow-up.

Immunohistochemistry with CEA, MIB-1, and p53
staining revealed normal expression both in the gastric
mucosa and the urothelium during 12 months follow-up. No
dysplasia or other histologic changes characteristic of
premalignant alterations were observed in the native bladder
or in the gastric segment during the 12-month follow-up. All
pre- and postoperative specimens were Helicobacter pylori—
negative. Bladder perforation or stones were not observed.

3. Discussion

Buson et al [8] detected hyperplastic and metaplastic
histologic changes in rats after gastrocystoplasty during
11-month follow-up. Little et al [9] showed papillomas and

squamous adenocarcinoma in rats 23 to 27 months
postoperatively. Malignancy in human beings after gastro-
cystoplasty has only been noted in a 73-year-old woman
14 years postoperatively [7]. Prospective histopathologic
data describing the exact pattern of histologic changes after
gastrocystoplasty are still lacking. Therefore, the present
study was undertaken to provide data regarding the potential
malignant transformation after gastrocystoplasty by obtain-
ing biopsies from the native bladder and the gastric segment
in an animal model during a 12-month follow-up. Besides
the standard staining methods, biopsies were stained
additionally with CEA, MIB-1, and p53 antibodies (indirect
immune peroxidase methods) to detect relevant signs
of premalignant changes. The life span on rabbits is 2 to
4 years. A follow-up period of 1 year in rabbits is equivalent
to 15 to 20 years in human beings.

Microscopically detectable changes in the urothelium
(edema, fibrosis, and metaplasia) were already seen at
3-month time point after gastrocystoplasty. The changes in
the gastric mucosa (atrophy, inflammation, hyperplasia, and
metaplasia) were detected only later, 6 to 12 months
postoperatively. The reason of this difference remains
unclear, and further investigations are needed. According
to our animal study, we assume that the following
histopathologic pattern occurs after the gastrocystoplasty
in rabbits: normal urothelial mucosa might undergo squa-
mous cell metaplasia through a transient edematic or fibrotic

A " ANSHY

Fig. 2  Histology of gastric mucosa at 3 months postoperatively. A, Parietal cell hyperplasia (PAS; original magnification x 100); thickened
medium region of the proliferating parietal cells (PAS-negative glands) is seen beneath the narrowed surface mucous-producing cell layer
(PAS-positive dark cells). B, Inflammatory mucosal overgrowth (“catarrhal gastritis”) is demonstrated by the predominance of mucous-
producing cells (PAS-positive dark cells) (PAS; original magnification x100).
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Fig. 3  Histology of gastric mucosa at 6 and 12 months postoperatively. A, Atrophy: tortuous, irregular, atrophic narrowed glands in the
loose stroma of the epithelium (PAS; original magnification x100). B, Colonic-type metaplasia: irregular glands loose their PAS positivity

(PAS; original magnification X 100).

and inflammatory condition of the uroepithelium owing to
gastric acid secretion. Normal gastric mucosa might be
hyperplastic or might show colonic-type metaplasia through
inflammatory mucosal overgrowth, which may be caused by
continuous contamination by urine. The metaplasia might
become dysplasia; however, we were not able to verify any
pre-malignant change. The abovementioned histologic
pattern is not in contradiction with the clinical predictions,
but our study can support the time-dependent histologic
changes only in the case of gastric mucosa.

Predisposing factors of tumor formation after enter-
ocystoplasties are probably bowel mucous, bacteria, urinary
stasis, pH changes, nitrosamines, and various growth factors
[2,12-14]. However, the oncogenic role of the above-
mentioned predisposing factors has not been documented
in patients with gastrocystoplasty yet. Campodonico et al
[11] described in rats that the devascularization hindered in
fusion of the 2 mucosae in the junctional area but
significantly reduced papillary hyperplasia of the gastric
mucosa. The permanent bacterial presence in the urine,
often existing in patients with colocystoplasty, may be a
significant risk factor for malignancy after enterocystoplas-
ties, but it is less relevant in patients with gastrocystoplasty
because of lower incidence of bacteriuria owing to the acid
production of the gastric segment. The gastric pH in rabbits
is approximately 5 [15]. Therefore, we did not administer
H, blockers to rabbits after the operations. According to the
investigation of Celayir et al [16], the presence of
Helicobacter pylori may influence the histopathologic
findings after gastrocystoplasty; however, we, as with
Dimola and Caruso [17], were not able to find Helicobacter
pylori in rabbits.

Neither the present animal study nor our earlier studies in
human material were able to demonstrate changes for
malignancy or premalignant alterations after gastrocysto-
plasty [18]. Close et al [10] found transitional cell
hyperplasia and metaplasia but no malignancy or DNA
abnormalities in rats using flow cytometry after gastro-
cystoplasty at 21 to 27 months of follow-up. We believe that
cancer risk after cystoplasties, especially after gastrocysto-
plasty, is lower in the younger age than has been suggested
in the literature. Therefore, there is no need for routine

histologic examination of the native bladder and the gastric
segment in adolescents and young adults at the first 6 to
8 years after gastrocystoplasty. However, the risk of
malignancy cannot be excluded later in adulthood. Longer
follow-up and further molecular biologic studies are
necessary to investigate this important question.

4. Conclusion

Histologic investigation of the native bladder and
gastric segment used for gastrocystoplasty in young rabbits
support the clinical observation of low cancer risk after
gastrocystoplasty. The present study suggests that some
detectable histologic changes can occur in the urothelium
as early as 3 to 6 months after gastrocystoplasty in rabbits.
However, these metaplastic changes appear only later in
the gastric mucosa (6 tol2 months). The reason for this
alteration remains unclear and may indicate that the gastric
secretion on the urothelium has a stronger effect than the
urine on the gastric mucosa. Long-term screening for
malignancy is recommended by expansion of the inves-
tigations with molecular biologic methods to clarify the
possible pattern, if any, of malignant transformation after
the augmentation cystoplasties.
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Uj kisérletes modell kutydkban:

a higyhdlyag gyomorral és vastagbéllel
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kompozit holyag
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OSSZEFOGLALAS: A szerzék dllatkisérletes modellt dolgoztak ki a vastaghél egy szakaszdval
és gyomorszegmentummal egyidejiileg végzett hiigyhdlyag-megnagyobbitdsra. A miitéteket noveke-
déshen 1év6 6 honapos beagle kutydkban végeziék. Két dllatban gyomorral, két kutydban vastag-
béllel (kontrollcsoportok); 8 dllatban gyomorral és vastagbéllel egyidejiileg tortént a hiigyholyag
megnagyobbitdsa (kompozit hélyag). A fenti dllatkisérletes modell mellett megfigyelhetd anyagese-
re- és szovettani elvdltozdsok Gsszevethetbek a gyomorral vagy vastagbéllel torténd hiigyholyag-
megnagyobbitds utdn létrejove elvaltozdsokkal, s alapjaul szolgdlhat tovibbi vizsgdlatoknak.

NEW EXPERIMENTAL MODEL IN DOGS: URINARY BLADDER AUGMENTATION
PERFORMED SIMULTANEQUSLY WITH GASTRIC- AND BOWEL SEGMENTS -
COMPOSITE URINARY BLADDER

SUMMARY: An animal model was designed by the authors for augmenting the urinary
bladder with gastric and bowel segment simultaneously. The operations were performed in 6
months old still developing beagle dogs. In two animals bladder augmentation was per-
formed with a gastric flap only, in another two animals a large bowel segment was used. In
eight dogs composite urinary reservoir was created using a gastric flap and a large bowel seg-
ment at the same time. Metabolic and histological changes of the established animal model
in dogs can be compared with the changes that occur when either only a gastric or a bowel
segment is used for bladder augmentation.

KEY WORDS: urinary incontinence, bladder augmentation, composite bladder, animal expe-
riment

Vékony- vagy vastagbéllel végzett higyhdlyag-megnagyobbitas gyermekkorban
leggyakrabban inkontinentia urinariac miatt torténik. A gyomorral torténd holyag-
megnagyobbitds indikéciés teriilete a szovédményck gyakorisdga miatt napjainkra
beszikiilt (17, 13). A nemzetkozi irodalomban mindmaig nem alakult ki egyetértés
arr6l, hogy a hiigyhdlyag megnagyobbitdsira vagy -pétlasara, amely tipcsatorna sza-
kasz a legalkalmasabb. A bizonytalonsdgot az okozza, hogy a mitétek bevezetését
kovetd kezdeti lelkesedés utan az utdbbi két évtizedben ismertté viltak azon — ese-
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1. tablizat: A vékony- és vastagbéllel, valamint a gyomorszegmentummal térténd hélyagmeg-
nagyobbitas eldnyei és szdvadményei

Miitéti tipus

Elonyok

Szoévodmények

Vékonybél felhaszndldsa:
Hleocisztoplasztika, illetve
Holyagpotlds ileummal
(Kock-pouch)

Vastagbél felhaszndldsa:
Kolocisztoplasztika, illetve
Hélyagpditlds ileocoecalis
szegmetummal

(Mainz I.-,
Indiana-pouch)

Gyomor felhaszndldsa:
Gasztrociszioplasztika

* Tagulékonysiga a legnagyobb
(ileum=> >colon)

* Konnyen, kell§ hossziisagban
nyerhetd

* J6 vérellatdsa

* Mucinképzddés kisebb mértéki

(colon>>ileum)
* Alacsonyabb, ritmikus
kontraktilitas

* Konnyen, kelld hossziisagban
nyerhetd
* J6 vérellatasa

* Nagyobb kaliber miatt rovidebb

szakasz is elegendé
¢ Kénnyen detubularisalhatd
* Kénnyebb uréter
neoimplantatio
* (colon>ileum)

* Minimdlis mucintermelddés

* Nincs kéképzadés

* Csokkent infekeid hajlam

* Vastagabb izomréteg (gyo-
mor>vastagbél>vékonybél)

° Koénny(d uréter neoimplantatio

° Alacsonyabb, ritmikus
kontraktilitas

* Heterotdpids nyalkahartya

* Infekciéhajlam magas

* Kdképzddésre hajlamosit

° Metabolikus acid6zis

* Hypochloraemia,
hyponatraemia

¢ Bélobstrukcidra hajlamosit

* By,-vitamin-hidny (terminalis
ileum)

* Epesav-felszivodas csdkken

* Vékonyabb izomréteg

* Csont demineralizicio

* Malignitas

* Heterotopias nyalkahartya

* Mucinképzddés
(colon>>ileum)

¢ Infekcidhajlam magas

* Kéképzddésre hajlamosit

* Metabolikus acidézis

* Hyperchloraemia,
hypernatraemia

* Hasmenés

* B,-vitamin-hidny
(ileocoecalis szegmentum)

* Kifejezettebb kontraktilitds
(colon> >ileum)

* Vékonyabb izomréteg

¢ Csont demineralizacid

e Malignitas

* Heterotopias nyalkahdartya

* HDS

e Hypergastrinaemia

* Metabolikus alkalézis

* Hypochloraemia,
hypokalaemia

* Spontédn perfordcidé/ruptura

* Helicobacter pylori infekcid

* Vese€rintettség, rovid bél szind- » Malignitds

réma esetén is hasznalhatd

tenként akdr az €letet is veszélyeztet§ — szovGdmények, amelyek a higyhdlyag-meg-
nagyobbitdsra vagy pétldsara hasznalt tpcsatorna-szakasz tipusatdl fiiggnek. A vé-
kony- €s vastagbéllel, illetve a gyomorszegmentummal torténd hélyagmegnagyobbi-
tas irodalombdl jol ismert elényeit és virhaté szovGdményeit (4, 6, 7, 8, 9, 11, 12)
téblazatban tiintettiik fel (1. tdbldzat).

A gyomorral és béllel torténd egyidejd hélyagmegnagyobbitds (kompozit hélyag)
esetén a kedvezGtlen metabolikus elviltozdsok kiolthatjak egymdst, az ellentétes

231




anyagcserehatasok semlegesitédhetnek (2, 10). A kompozit hélyag alkalmazasa ese-
tén a szervezetben elvileg biztosithatd a semleges vér- és vizelet pH-status, illetve az
elektrolit-haztartds egyensilya, amely kiiléndsen fontos a névekedésben 16vé szerve-
zet esetén. Gyermekekben béllel és gyomorral egyidejtileg torténd hélyagmegna-
gyobbitasrol Austin és misai. szimoltak be 7 eset kapesan (10). Gyomorral vagy bél-
lel torténd allatkisérletes modellekr6l — elsGsorban kutyakban és patkanyokban —
szamos kozleményt talalunk (3, 5), de egyidejileg gyomorral és béllel dllatokban
végzett higyhdlyag-megnagyobbitasrdl az irodalomban nem talaltunk kozlést.

Célunk olyan éllatkisérletes modell kidolgozasa volt, amely alkalmas a gyomorral
¢s vastagbéllel végzett hiigyholyag-megnagyobbité miitétek utan kialakulé anyagcse-
re- s szovettani elvaltozasok vizsgalatara.

Anyag és modszer

Az dllatkisérleteket a Pécsi Tudomanyegyetem Altalinos Orvostudoményi Kar
Sebészeti Oktaté €s Kutaté Intézetében, az Egyetemi Etikai Bizottsig elézetes en-
gedélyével végeztiik. A miitétek 12 novekedésben Iévé, hathdnapos, dtlagosan 10 kg-
os nostény beagle kutyakban torténtek. Az illatokat harom csoportra osztottuk: A-
csoport — két kutydban a higyhdlyag-megnagyobbitds gyomorral tdrtént (gasztrocisz-
toplasztika); B-csoport — két kutydban kirekesztett, detubularizilt vastagbéllel végez-
tink hagyholyag-augmentaciot (kolocisztoplasztika); C-csoport — nyolc llatban gyo-
morral és béllel egy iilésben tortént a hélyagmegnagyobbitas (kompozit hélyag). Az
A- és B-csoport dllatai kontrollként szolgaltak.

A hugyholyag-megnagyobbité miitétek eldtt az dllatok 24 6ran it nem kaptak tap-
lalékot, folyadékot korlatlanul fogyaszthattak. A miitéteket megeldzéen a kutyik
parenteralis (im.) testsilyra szdmitott antibiotikumot (gentamycin és penicillin)
kaptak. A gyomorral és kompozit lebennyel torténé megnagyobbitds esetén H,-re-
ceptor-blokkol6t (ranitidin) is adtunk. A mdtétek elétt vér- és vizelet-mintavételre
keriilt sor. A miitétek thiopental indukciot kévetden intratrachealis narkézisban
(halothan, N,0) torténtek. A narkozis bevezetése utin per urethram (10 Ch-es
Foley) holyagkatéter behelyezése tortént. A tovdbbiakban a miitétek technikai kivi-
telezését részletezziik.

A-csoport (gaszirocisztoplasztika)

A miitéteket, kordbban mar kézolt allatkisérleteinkhez hasonlé médon (15), hosz-
sz median laparotomidb6l végeztiik. A gyomor corpusabdl egy kb. 7x7 cm-es kb.
egyenld oldalu haromszoget vigtunk ki, amelynek vérellatasat az a. gastroepiploica
sinistra biztositotta. A gyomor folytonossagat kétrétegii varratsorral allitottuk hely-
re. Az érnyeles gyomorlebenyt intraperitonealisan vittiik le az eredeti higyhdlyag-
hoz. A hélyag cranialis részét (a hélyag fele része) eltavolitottuk, majd a gyomor-
szegmentumot egyrétegd, tovafutd varratsorral anasztomiziltuk a visszamaradd
caudalis holyagrészhez (1. dbra). A mitéti id§ 4

B-csoport (kolocisztoplasztika)

A mitéteket alsé median laparotomiabol végeztiik. A colon descendesbdl egy kb.
10-12 em hossza szakaszt izolaltunk érelldtdsdnak megtartasaval. A vastagbél folyto-
nossagat vég- a véghez anasztomozissal éllitottuk helyre. Az izolalt érnyeles vastag-
bél-szegmentumot antimesenterialis oldaldn hosszanti irdnyban felhasitottuk, majd
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1. dbra: Gyomorszegmentummal — megna- 2. dbra: Vastagbéllel megnagyobbitott hélyag

gyobbitott hélyag 12 hénappal a mii- az anasztomozis elkészitését kovets-
tétet kovetSen. A csipeszek az anasz- en. A csipesz az anasztomozis vona-
tomozis vonaldt mutatjak (H eredeti lit mutatatja (H eredeti hélyag, V
hélyag, Gy gyomorszegmentum) vastagbél-szegmentum, E a vastag-

bél- szegmentum érnyele)

az igy keletkezett téglalap alakd vastagbél szakaszt U-alakban, ,sapkaszeriien” 6sz-
szevarrtuk (detubularizicio) és azt a visszamaradé eredeti (1/2) hélyagrészhez egy-
rétegt, tovafutd varratsorral anasztomizaltuk (2. dbra). A miitéti idG atlagosan 2 6ra
volt.

C-csoport (kompozit holyagképzés)

A miitéteket hosszii median laparotomiab6l végeztiik. A gyomorbél az A-csoport-
ban, a vastagb€lbél a B-csoportban részletezett technikdval izolaltunk gyomor-, illet-
ve vastagbél-szegmentumokat. A hiigyhélyag cranialis felét reszekaltuk, majd a ki-
rekesztett gyomor- €s vastagbél-szegmentumokat egy rétegben az eredeti egyhar-
mad holyagrészhez kés6bb részletezendé médon anasztomizaltuk. Igy nagyjabol
megegyezl nydlkahdrtya-felszint sszetett vizeletrezervodrt (1/4 gyomor, 1/4 vastag-
bél és 1/2 eredeti holyag) képeztiink ki. A mitéti id§ atlagosan 3,5 éra volt.
Kompozit hélyag kialakitdsara két miitéttechnikai lehetdség kinlkozik:

1. eloszor a bélszegmentumot gytird alakban varrjuk az eredeti 1/2 hélyagrészhez,
majd a gyomorszegmentumot a bélrész tetejére varrjuk (nemeletes” vagy ,,szend-
vics” holyag) (3.a dbra).

2. Az izolalt gyomor- és vastagbél-szegmentumokat eldszor egymashoz, majd az ere-
deti hélyagrészhez varrjuk. Igy a gyomor- és a vastagbél-szegmentumok egymas-
sal €s az eredeti holyaggal is, mint ,két fél sapka” érintkeznek (3.b dbra). Négy 4l-
latban ,,szendvics™-, négy allatban ,sapkaszerien” képeztiik ki az Osszetett higy-
hélyagot.

Mindharom csoportban a vizeletelvezetést a megnagyobbitott hélyagban suprapu-
bicusan visszahagyott 20 Ch-es Pezzer- és transurethralis (Foley-) katéter biztositot-
ta. Az allatok a 7. posztop. napig naponta parenterdlis (im.) fajdalomcsillapitdsban
(Algopyrin), valamint antibiotikus (gentamycin és penicillin) kezelésben részesiil-
tek, amelyet a 7. nap utdn tovabbi egy hétig per os folytattunk (amoxicillin és clavu-
lansav). Az A- és C-csoport éllatai az 5. posztop. napig parenteralis (im.) H,-recep-
tor-blokkoldt (ranitidin) is kaptak. A kutydk a 3. posztop. naptél pépes, az 5. poszt-
op. naptél szilard ételt fogyaszthattak. A hdlyagban visszahagyott transurethralis ka-
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3. dbra: A gyomorszegmentummal és vastagbéllel egyidejileg végzett higyhdlyag-megna- f
gyobbitds lehetdségei. a: , Emeletes” vagy ,,szendvics” hélyag. b: ,,Sapka” hélyag (H :
eredeti holyag, V vastagbél-szegmentum, Gy gyomorszegmentum)

tétert a 7. posztop. napon, a suprapubicus katétert a 14. posztop. napon tévolitottuk |
el. ‘ |

Az allatokat 1 évig kévettiik nyomon. A nyomonkdvetési idGszak végén az allato- Ifl
kat talaltattuk. ‘ |

Eredmények

A kozlemény targyat képezd 12 allat (2 gasztrocisztoplasztika, 2 kolocisztoplasz-
tika és 8 kompozit holyag) a nyomonkévetési idS végéig taléltek. A korai posztope-
rativ szakban (7-14 nap), elsGsorban a betanulési idGszakban, 4 allatot veszitettiink
el, féleg a nagyobb miitéti traumat jelentS kompozit hilyagképzést kovetSen. A ku-
tydk elpusztulasinak oka részben az anesztézia, részben a mitéttechnikai problé-
mék (anasztomozis-elégtelenség, utdvérzés) voltak.
A nyomonkdvetési id6 alatt a kovetkezd szovGdményeket figyeltiik meg az egyes
csoportokban:
* A-csoport: gyomorral tortént hdlyagmegnagyobbitast kévetGen makroszképos
haematuriat egy allatban észleltiink a miitétet kivets 5. hdnap végéig.
* B-csoport: vastagbéllel tortént holyagmegnagyobbités utin szovédményt nem ész-
leltiink.
* C-csoport: kompozit hélyagképzést kovetGen egy 4llatban észleltiink haematuriat
a miitétet kdvetd 3. hénap végéig.

Megbeszélés

A kozleményben ismertetett dllatkisérletes modell Gjszerdsége abban 4ll, hogy a
hélyagmegnagyobbitas gyomorral és béllel egyidejlleg tortént. Az igy kialakitott
modell lehetGséget nyujt annak vizsgalatara, hogy kiilénbozé metabolikus tulajdon-
sagokkal rendelkezd tapesatornaszakaszokkal (gyomor- és vastagbél-szegmentum)
egylttesen végzett holyagmegnagyobbitds esetén mérséklédnek-e (semlegesitdd-
nek-¢) a csak vastagbé€llel vagy csak gyomorral végzett augmentacié kedvezGtlen
anyagesere €s szovettani kévetkezményei.

Allatkisérletiinkben azért haszndltuk a vastagbél-szegmentumot kompozit lebeny
kialakitdsdra, mert gyermekkorban a colonszakasszal térténé higyhélyag-megna-
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gyobbitas szévédményei az irodalomban ismertebbek, mint a vekonybel szakasszal
végzett mitétek. Tovabba kordbbi kozleményeinkben is ilyen irdnyd vizsgdlatokrdl
szamoltunk be (14, 15, 16).

Kisérleteinkben az izolalt gyomorszegmentum higyhdlyaghoz térténd levitele —
ellentétben az emberben térténd mitéttel — konnyebb volt az artéria gastroepiploica
sinistra segitségével kialakitott érlebennyel és a szegmentum intraperitonealis levi-
telével.

A kompozit holyag elkészitésénél részletezett ,,emeletes” vagy ,,szendvics” hélya-
got egyszerubb kialakitani mind a két fél , sapka” szerd hélyagot. Ez rovidebb miité-
ti idével jar, de egytttal ez a rezervodr szovodmények kialakuldsanak lehetSségét
rejti magdban (anasztomézisok besziikiilése, az érnyelek megtoretése). A két fél
»sapka” szeridien kialakitott kompozit hélyag esetében a miitéti idg hosszabb, de az
eredeti holyaghoz jobban hasonlit6 vizeletrezervoart sikeriil kialakitani. A kezdeti 5-
5,5 6ras miitéti idS késébb 3 drara rovidiilt, amely az dllat szamara mar jobban elvi-
selheté miitéti megterhelést jelentett. A miitétet kovets szovédmények szama és
meérteke (5. posztop. honapig észlelt atmeneti haematuria) nem tekinthetd jelentds-
nek. A véres vizeletiirités mindkét allatban, gydgyszeres beavatkozas (H,-receptor-
blokkold, protonpumpa-gatld) nélkiil, spontan megsziint.

Kézleményiinkben ismertetett dllatkisérletes modell alkalmas a gyomorral és vas-
tagbéllel egyiittesen végzett higyholyag- -megnagyobbit6 miitéteket kdvets anyagese-
re- és szovettani elvaltozasok tanulmanyozasara. Allatkisérleteink ilyen iranyu ered-
ményeirdl a késbbiek soran szdmolunk be.

Koszonetnyilvdnitds

A kézlemény szerz6i kiszonetiiket fejezik ki a Pécsi Tudomdnyegyetem Altaldnos Or-
vostudomdnyi Kar Sebészeti Oktatd és Kutaté Intézet munkatdrsainak az dllatkisérletek
végzéséhez nyiijtott segitségiikért.

Az dllatkisérletek az OTKA T046213 sz. palydzat tdmogatdsdval torténtek.
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Purpose: This animal study was designed to investigate whether the compos-
ite urinary reservoir might lessen the premalignant histological alterations
observed after bladder augmentation performed with a gastric segment or
large bowel.

Materials and Methods: Composite urinary reservoirs were created using
gastric and colonic segments simultaneously in 8, 3-month-old female beagle
dogs by augmenting half the native bladder. Two dogs with gastrocystoplasty
and 2 with colocystoplasty served as controls. Biopsies were taken from the
native bladder, and the gastric and colonic segments at augmentation, and
endoscopically 4 and 8 months postoperatively. The dogs were sacrificed and
open biopsied 12 months postoperatively. Tissue specimens were examined
with routine hematoxylin and eosin, reaction and immunohistological staining
for PCNA.

Results: At the creation of composite reservoir and gastrocoloplasty or colo-
cystoplasty all specimens showed normal histology. At 12 months postopera-
tively dysplasia was found in 1 gastric segment, 2 native bladders and 3
colonic segments in the composite reservoir group. There was a single carci-
noma in situ in 1 gastric segment in the composite reservoir group. In the
control groups 1 colonic segment and 1 native bladder dysplasia were detected
at the end of 12-month followup. There was an in situ carcinoma in 1 gastric
segment in the composite reservoir.

Conclusions: A composite reservoir did not decrease premalignant changes in
dogs during 12 months of followup. Laboratory investigations, molecular
studies and longer followup are needed to approach the question of early
malignant alterations after augmentation cystoplasty in animals and
patients.

Key Words: urinary bladder; urinary reservoirs, continent; transplants;
carcinoma; dogs

BLADDER augmentation and substitu-
tion with various gastrointestinal tract
segments are extensively used as con-
servative therapy for nontreatable
urinary incontinence. However, aug-
mentation cystoplasty is associated
with a large number of complications,
which can be divided into 2 main cat-
egories.
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1) Metabolic and histological com-
plications include electrolyte and
acid-base alterations (alkalosis or
acidosis depending on the gastro-
intestinal segment used for augmen-
tation), disturbed bone metabolism,
impaired linear growth' and vita-
min deficiency. Malignant histologi-
cal alterations in the native bladder
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and the gastro-intestinal segment used for aug-
mentation might be explained by these metabolic
changes.??

2) Nonmetabolic, mainly surgical complications
include bowel obstruction, stone formation, reser-
voir perforation, vesicourethral fistula after bladder
neck closure, vesicoureteral reflux, stomal complica-
tions, hematuria-dysuria syndrome, decreased blad-
der capacity and compliance requiring re-augmen-
tation, etc.®*

Malignancy in the gastrointestinal segments
(small or large bowel, or gastric segment) used for
augmentation or in the native bladder is considered
one of the most severe complications. The origin of
malignancy in the augmented bladder is not yet com-
pletely understood. Nitrosoamines, the direct toxic ef-
fect of urine on the intestinal epithelium and aberrant
intercellular signal mechanisms might have a role.”
An increasing number of reports in the literature show
tumors arising in a neobladder after bladder augmen-
tation performed with various gastrointestinal seg-
ments. The risk of malignancy is increased about 7 to
fifteenfold after these operations.”

According to Lockhart et al the opposing meta-
bolic processes (absorption of the urine through the
intestinal segment and acid secretion by the gastric
segment) may neutralize the unwanted postopera-
tive metabolic alterations after augmentation per-
formed with a gastric and an intestinal segment
simultaneously.® We hypothesized that if these met-
abolic processes were neutralized or decreased, the
milieu responsible for tumor formation might be
lessened and/or be less harmful. Thus, in this ani-
mal study we investigated whether premalignant
histological changes after the creation of composite
reservoirs would differ from those after colocysto-
plasty or gastrocystoplasty.

MATERIALS AND METHODS

Operations were done at the Department of Surgical Re-
search and Techniques, University of Pécs, Hungary, with

A

gastric
segment

native bladder

the permission of the university ethical committee. Sur-
gery was done on 15, 3-month-old 10 kg female beagle
dogs. Three animals died in the early postoperative period
and so only 12 were studied. The dogs were divided into 3
groups. In 8 dogs (group 1) augmentation was performed
with a gastric and a colonic segment simultaneously. Two
dogs underwent only gastrocystoplasty (group 2) and 2
were treated only with colocystoplasty (group 3). Groups 2
and 3 served as controls.

Surgery was done with intratracheal anesthesia using
a median laparotomy in all groups. The technical details of
each augmentation type in the dogs were previously re-
ported (fig. 1).” We provide a brief description of each type
of operation.

Group 1—Composite Reservoir

We isolated gastric and colonic segments as discussed for
groups 2 and 3. The upper half of the native bladder was
removed. An isolated gastric segment and an intestinal
segment were anastomosed simultaneously to the remain-
ing native bladder. Thus, a composite reservoir was cre-
ated that was composed of the gastric flap in 1 quarter, the
intestinal (colonic) flap in another quarter and the re-
maining part of the native bladder in 2 quarters.

Group 2—Conventional Gastrocystoplasty

A 7 cm triangular flap was isolated from the fundus (prox-
imal part of the body), for which the blood supply was
provided by the left gastroepiploic artery. This segment
was brought intraperitoneally to the native bladder. The
upper half of the native bladder was removed and the
gastric segment was anastomosed to the remaining half
with 1 layered running suture.

Group 3—Conventional Colocystoplasty
A 10 to 12 cm segment of descending colon was isolated
and opened on the antimesocolic side for detubularization
to form a rectangular flap. The flap was folded and su-
tured into a U-shaped half sphere, which was anasto-
mosed to the remaining part of the native bladder.
Urinary diversion was provided by a 20Ch suprapubic
Pezzer catheter in all groups and a transurethral Foley
catheter in the first 2 weeks postoperatively. The animals
received antibiotics (amoxicillin/clavulanic acid and
gentamicin) for 14 days. In group 1 with a composite
reservoir and group 2 with gastrocystoplasty, in which

bowel
segment

gastric
segment

native bladder

Figure 1. Surgical steps. A, composite reservoir with gastric and bowel segment. B, gastrocystoplasty. C, colocystoplasty.
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Histological findings in dogs with composite reservoir, gastrocystoplasty and colocystoplasty

Surgery type (dog No.)

4 Mos Postop

8 Mos Postop

12 Mos Postop

Composite reservoir:
1

@ OB w N

7

8
Gastrocystoplasty:
9
10
Colocystoplasty:
"
12

Normal marphology

Normal morphology

Normal morphology

Colonic segment inflammation
Gastric segment ulceration
Normal morphology

Native bladder inflammation
Normal morphology

Normal morphology
Normal morphology

Normal morphology
Normal morphology

Native bladder inflammation

Normal morphology

Native bladder inflammation
Colonic segment inflammation
Normal morphology

Normal morphology

Native bladder inflammation
Colonic segment inflammation

Native bladder inflammation
Native bladder inflammation

Native bladder inflammation
Native bladder inflammation

Colonic segment chronic inflammation, in situ adenoma,
osteoplastic metaplasia

Gastric segment inflammation, dysplasia PCNA 40%-45%

Colonic segment inflammation

Colonic segment inflammation

Colonic segment inflammation, dysplasia

Colonic segment dysplasia, gastric segment chronic
inflammation

Colonic segment dysplasia, native bladder chronic
inflammation, PCNA 20%—25%

Gastric segment in situ Ca, PCNA 95%-100%

Native bladder inflammation, dysplasia
Native bladder inflammation

Colonic segment inflammation, dysplasia PCNA 35%—40%
Colonic segment inflammation

stomach was involved, ranitidine was also administered
for 2 weeks.

Open biopsies were taken from the native bladder,
and the gastric and colonic segments used for augmen-
tation at augmentation and at the end of the 12-month
followup after sacrifice. The same tissues were har-
vested for histology endoscopically at postoperative
months 4 and 8.

Histological examination was done by 2 independent
pathologists (LK and CSJ). All tissue samples were
stained with hematoxylin and eosin, and periodic acid-
Schiff for routine histological examination. Slides for
the immunohistochemical reaction were deparaffinized
in xylene and graded ethanol. Monoclonal mouse anti-
human PCNA (PC10 clone, 1:200 dilution, incubated
overnight at 4C) was used to determine the cell prolif-
eration rate. The PCNA index in normal tissue samples
at operation (native bladder, stomach and intestine)
was around 6% to 8%. PCNA positive cells were counted
by 2 observers simultaneously with a 2-headed light
microscope. In each specimen PCNA positive and nega-
tive nuclei (1,000 cells) in 8 to 10 representative high
power fields were counted. Each immunoreactive nu-
cleus was considered positive. Urinalysis was also done
at histological evaluation.

RESULTS

The table lists the results. Biopsy was normal at
baseline. All specimens from the native bladder, co-
lon and stomach showed normal morphology at aug-
mentation (fig. 2).

Group 1—Composite Reservoir

We detected 1 ulcer in the gastric part of a composite
neobladder at 4 months in dog 5, which spontane-
ously resolved. Four months postoperatively the res-
ervoirs in dogs 1 to 3, 6 and 8 showed normal his-
tology. There was chronic inflammation in a
composite reservoir in the native bladder part in dog
7 and in the colonic part in dog 4. At 8 months 5
animals had chronic inflammation in the reservoir,
including in the native bladder part in dogs 1, 3 and
7, and in the colon segment in dogs 4 and 8. At 12
months there was chronic inflammation in the co-
lonic segment in dogs 1, 3, 4 and 5, in the gastric
segment in dogs 2 and 6, and in the native bladder
part in dog 7 (fig. 3, A). Dysplasia was seen in the
colonic part in dogs 1, 6 and 7, and in the gastric
segment in dog 2 (fig. 3, B). In situ adenoma was
found in 1 colonic segment in dog 1 (fig. 4, A). There

Figure 2. Normal organs in dogs at augmentation. A, bladder. B, colon. C, stomach. H & E, reduced from Xx200.
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Figure 3. Results 12 months after composite reservoir creation. A, chronic urothelial inflammation. B, gastric mucosal dysplasia. H & E,

reduced from x400.

was 1 in situ microcarcinoma in the gastric part of
the composite reservoir in dog 8 (fig. 4, B). The
mitotic index was 85% to 90%.

Group 2—Gastrocystoplasty

The 2 augmented bladders showed normal histol-
ogy at 4 months (fig. 2, B). At 8 months chronic
inflammation was observed in the native bladder
part in each animal (fig. 3, A). At 12 months each
augmented bladder showed inflammation in the
native bladder part and dysplasia was also ob-
served in that of dog 9. The mitotic index was 38%
to 40%.

Group 3—Colocystoplasty

The 2 augmented bladders showed normal histology
at 4 months (fig. 2). At 8 months chronic inflamma-
tion was observed in the native bladder part. At 12
months each augmented bladder showed inflamma-
tion (fig. 3, A). Dysplasia was also observed in 1
colonic segment in dog 11. The mitotic index was
35% to 40%.

Urinalysis revealed chronic bacteriuria (more
than 10° bacteria per ml) in all dogs throughout
followup.

DISCUSSION

Growing emphasis is placed on the detection of
tumors appearing after bladder augmentation or
substitution with a gastrointestinal segment. Tu-
mors after augmentation cystoplasty usually pres-
ent late, are highly aggressive, have a poor prog-
nosis, often present incidentally and for the most
part are not detected by regular screening. This
suggests that current regular cystoscopic surveil-
lance may not be sufficient or informative enough
to detect these cancers early. Histological changes
precede macroscopic morphological abnormalities
in carcinogenesis. Thus, it is strongly assumed
that detecting early histological changes in pa-
tients with augmentation cystoplasty may identify
those at risk for tumor.®

Figure 4. Results 12 months after composite reservoir creation. A, colonic mucosal adenoma. H & E, reduced from X100. B, gastric

mucosal microcarcinoma. Periodic acid-Schiff, reduced from x40.
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In our animal model we modeled and monitored
histological changes that develop after creation of a
composite urinary reservoir in dogs. We also deter-
mined whether different types of gastrointestinal
tissue with different metabolic features would
neutralize the metabolic side effects of each other
that might be responsible for tumor formation. We
chose female dogs since we needed an animal that
was large enough for repeat histological samplings
and female dogs could be catheterized more easily
than males for followup investigations. The upper
half of the native bladder was removed to model a
low capacity (low compliance) bladder in children.
The colonic segment was used for colocystoplasty
and composite reservoirs since the most tumors
arise after augmentation from the colonic seg-
ment.?

Gitlin et al also found chronic inflammation in
dogs after the creation of composite reservoirs us-
ing ileum and the antral part of the stomach.’
However, the duration of the investigation was
only 4 months.

To study the genesis of malignant tumors in hu-
mans longer followup (years) is needed since macro-
scopically detectable tumors usually appear many
years after augmentation cystoplasty. In dogs with a
shorter life expectancy of 12 to 14 years the time
needed for carcinogenesis is probably much less.
Still, longer followup would have detected further
details and provided a progression of the changes
found in our study.

Immunohistochemical staining for PCNA was
used to determine the sample mitotic rate. PCNA is
an auxiliary protein of DNA polymerase expressed
in dividing cells during the G1 phase. PCNA in-
creases in late G1, peaks in S-phase and remains
high during G2 and M-phase due to its long half-
life.”

Most animal experiments dealing with augmen-
tation cystoplasty and tumor formation have been
done on rats. Klee et al reported histopathological
changes in a gastric segment of rats that underwent
gastrocystoplasty and followed the animals for 16 to
18 months.'® No malignancy was observed but pap-
illomatous tumors developed in 5 of the 15 rats that
survived in the long term. Glandular atrophy was
noted in areas of the gastric mucosal transplant in
almost half of the animals.

Burgu et al reported similar results in a recent
study in rats.'’ They created gastro-ileal reservoirs
and followed them for 6 months. No macroscopic
malignant alterations were noted but followup was
shorter than ours and they used ileum while we
used colon for the composite reservoir. They also
detected premalignant changes (metaplasia) in the
ileal and gastric patches. They stated that using a

gastro-ileal segment did not decrease histological
changes after augmentation cystoplasty at a short-
term followup of 6 months.

Buson et al examined the risk of carcinogenesis
for different types of augmentations and investi-
gated the possible role of infection in the origin of
malignant changes in rats.'? Multifocal or super-
ficial transitional metaplasia was found in 65% of
gastrocystoplasties, 50% of sigmoid cystoplasties
and 55.5% of ileocystoplasties. They noted acute
inflammation of the gastrointestinal segments but
we saw only chronic inflammation. They reported
no adenocarcinoma or transitional cell carcinoma
in rats in their study. They found only papillary
lesions while we found an adenoma and a micro-
invasive carcinoma after composite reservoir cre-
ation, and dysplasia in all 3 groups in dogs with
longer followup. In our cohort we could not ulti-
mately rule out bacteriuria exclusively as the
cause of the histological changes since it was ubiqg-
uitous.

The question arises as to what benefit our study
has for humans. There are relevant differences be-
tween humans and dogs. There is an ever growing
number of reports on neoplasms developing many
years after bladder augmentation.®* McLaughlin et
al created gastro-ileal reservoirs in humans.'® On
cystoscopy they found no ulceration, malignancy or
inflammation while we noted chronic inflammation
in our dog reservoirs from postoperative month 4
and thereafter.

According to our experimental model we believe
that the creation of a composite bladder puts more
strain on the body, such as longer operative time,
major surgical trauma, the possibility of a large
number of early perforations, anastomotic leakage,
adhesions, etc, as well as late postoperative compli-
cations without well-defined advantages to the pa-
tient.

CONCLUSIONS

A composite reservoir did not decrease premalignant
changes in dogs. In addition, creating a composite
urinary reservoir may not be beneficial for the pa-
tient. Longer followup, detailed laboratory investi-
gations, which are in progress in the same animal
cohort, and molecular studies are needed to ap-
proach the question of malignancy after augmenta-
tion cystoplasty, including the composite bladder, in
animals and in humans.
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Célkitlizés: A tdpcsatorna valamely szakaszéval végzett hugyhdlyag-megnagyobbités potencidlisan legve-
szélyesebb szévddménye a tumorok kialakuldsa a rezervodrban. A gastrointestinum malignus nyalkahar-
tya-elvaltozasai esetén a mucin gének expresszidjanak valtozasai mér a tumorgenezis korai szakaszéban
kimutathatok. Ezért allatkisérietes modellben vizsgaltuk a MUCT- és 2-geének expresszidjat a hlgyhélyag-
megnagyobbitashoz hasznélt vastagbél- és gyomor-szegmentumokban.

Modszer: Tizenkét fiatal néstény beagle kutydban végeztiink hugyholyag-megnagyobbitést. Két-két allat-
ban csak gyomorral vagy csak vastagbéllel, nyolc kutyaban gyomorral és vastagbellel egyszerre és egy-
idejdleg tortént a hiugyhdlyag megnagyobbitdsa. A mditétkor, majd a mdtétek elvégzését kdvetden 4 és 8
honappal, illetve a nyomonkévetési idd végén (12 hénap) szévettani mintavétel Griént a hugyholyag-
megnagyobbitasra hasznalt vastagbél- és gyomorszegmentumokbdl. A szévettani mintakat kettds (MUCT
és 2 ellenes antitestek) immunfestéssel vizsgaltuk.

Eredmények: A vastagbé! mintak MUC1-szintje szignifikansan csékkent (lp=0,0001), a gyomormintak MUC2-
szintje kisebb mértékben, de még szignifikansan csékkent (p=0,03) a 12 honapos nyomonkévetés soran.
Kévetkeztetés: A MUC1- és 2-fehérje expresszidjanak vizsgélataval a hugyholyag-megnagyobbité mdité-
teket kovetden kialakuld malignitas korabban felismerhetévé valhat.

KULCSSZAVAK: KUTYAK, TUMOR, HUGYHOLYAG-MEGNAGYOBBITAS, MUC1, MUC2

tapcsatorna kiilénbozé szakaszaival végzett higy- — sabb, legnehezebben megel6zheté és gyakran csak ké-
hdlyag-megnagyobbitas (augmentacio) a konzerva-  sén felismert szovodmeény. A nemzetkdzi irodalomban
tiv kezeléssel (antikolinerg terdpia, intermittalo tiszta  4ltalanosan elfogadott a tapcsatorna valamely szaka-
holyagkatéterezés, medencefenékiorna) nem kezelhetd  széval megnagyobbitott higyholyag rendszeres, akar
vizeletinkontinencia terépias lehet6sége (1, 2, 3). Ezen  évenkénti vizsgélata szévettani mintavétel céliabdl (3).
kontinencia-javité sebészi beavatkozdsnak szamos sz6-  Kompozit (gyomor- és bélszegmentummal egyszerre
védmenye lehet (4). A szovédmények két 6 csoportra megnagyobbitott) hdlyagban ezen metabolikus hatasok
oszthatdak: (sbsav-szekrécid a gyomorrészbdl és felszivodas a bél-
. Metabolikus szévddmények és szovettani elvalto-  részen &t) kiolthatjak, gyengithetik egymast, ami a
zésok metabolikus alkalozis/acidozis (attél fliggs- tumorképzédésre is hatdssal lehet (5).
en, hogy a mtet bellel vagy gyomorral tortént), A MUC-gének termékei a mucinok (MUC), a sejtek dif-
osteopenia, elektrolit-zavarok, vitaminhidnyok,  ferencialodasanak jellemzs fehérjéi (markerei). Jelenleg

tumorkepzddés mar 20 féle mucin-fehérje és az ezeket kddold MUC-gén
Il. Nem metabolikus, sebészi szovédmények: bél-  ismert. A legtdbb nyalkahartyanak jol meghatarozott, az
elzarédas, koképzdédés, az augmentalt holyag — adott nyalkahartyara jellemzé mucin-mintazata van. A
perforacioja, sth (2, 4). hlgyholyag fé mucinja a MUC1, a vékony- és vastagbél-

A hugyhoélyag-megnagyobbitd és -potlé mitétek utan  ben altalaban MUC2-fehérje észlelhetd, de kis mérték-
fellépd tumorképzédés potencidlisan az egyik legstilyo-  ben a MUCT is megtalalhatd a nyakahartyéjan. A gyo-
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morban déntéen MUC1 és MUCbHa talélhato (6). Ha az
adott nyalkahartyan malignus elvaltozas lep fel, akkor a
nyalkahartya mucin-mintazata megvaltozhat. Ezt a jelen-
séget elészor a colon carcinoma esetén irték le (7). A
mucin-exszpresszio megvaltozasa a tumorkeépzédes fo-
lyamatéban igen koran végbemegy, a makroszkdposan
észlelnetd elvaltozasokat is megeldzi (8).

Vizsgalatunk célja a gyomorral és a vastagbellel egyide-
jlileg megnagyobbitott higyhdlyag (Un. osszetett, vagy
kompozit hugyhdlyag) kilonbdz8 nyélkahartyainak
MUC1 és 2-fehérje expresszidjanak vizsgalata volt,
amelyet az altalunk korabban kidolgozott es ismertetett
kutyamodellben vizsgaltunk (9).

Modszerek

A miitéteket 12, 3 hdnapos néstény beagle kutyaban a
Pécsi Tudomanyegyetem Allatkisérletes Etikai bizottsa-
ganak elézetes engedélyével vegeztik. A mUtétek és az
allatok nyornonkovetése a PTE, Sebészeti Oktatd es Ku-
tato Intézetében torténtek.

Intratrachealis narcosisban, laparotomia sorén két-két
kutydban csak gyomorral (gastrocystoplastica, A-cso-
port), illetve csak vastagbellel (colocystoplastica, B-cso-
port), tovébbi 8 allatban gyomorral és vastagbéllel egy-
idejlileg (kompozit holyag, C-csoport) tortént a holyag-
megnagyobbitas. A médszert egy koraobi kozlemeényUk-
ben részletesen ismertettik (9). Az aldbbiakban roviden
dsszefoglaljuk a beavatkozas lényegét:

A-csoport (gastrocystoplastica): egy kb. 7 cm-es, ha-
romszog alakl lebenyt izolaltunk a gyomor fundusébdl,
amelynek vérellatasat az a. gastroepiploica sinistra biz-
tosftotta. A gyomorszegmentumot intraperitonealisan a
holyaghoz lehtztuk és a holyag felsé felenek eltavolitasa
utan a holyag megmarado feléhez varrtuk (7. a abra).
B-csoport (colocystoplastica): a colon descendens 10-
12 cm-es szakaszanak izolalasa utan annak antimesen-
terialis oldalat felnasitottuk és az igy kialakitott négyszog
alaky vastagbél lebenyt ,U” alakban félgémbbé alakitva
dsszevarrtuk és az eredeti holyag visszamarado része-
hez varrtuk (1. b abra).

gyomor-
szegtnenium

eredeti holyag

a b

‘\',—
_——*——__?' .‘\‘.\..) {',.-/

C-csoport (kompozit hélyag): kompozit holyag eseten a
fent ismertetett madon készitetttik elé a gyomor-, illetve
vastagbél-szegmentumokat. A holyag fels6 részének el-
tavolitasa utan a tapcsatorna-szegmentumokat a holyag
maradék részéhez varrtuk. igy egy olyan dsszetett (kom-
pozit) hélyag képzddott, amelynek egy-egy negyedét
gyomor- és vastagbel-szegmentum, a maradék keét ne-
gyedet pedig az eredeti hélyag adta (7. c abra).

A mitétet kovetd elsd két hétben mindharom csoport-
ban a vizeletelvezetést szuprapubikusan visszahagyott
20 Ch-s Pezzer-katéter, valamint egy transzurethralis
Foley-katéter biztositotta. Az allatok a perioperativ id6-
szakban (14 napon &t) im. antibiotikumot (amoxicillin/kla-
vulansav és gentamycin) kaptak, az A- és C-csoportban
(gastrocystoplastica és kompozit holyag) ranitidint is.

A hiigyhdlyag megnagyobbitasakor, valamint a 12 héna-
pos nyomonkovetés végén az allatok tUlaltatéasat kove-
téen szovettani mintavétel tortént a hdlyagmegnagyob-
bitasra felhasznalt tpcsatorna-szakaszokbol (gyomor
és vastagbél). A miitétet kdvetden 4 és 8 honappal alta-
tasban végzett holyagtikrozéssel mintakat nyertlnk.

A mintak immunhisztokémiai feldolgozésa az Egyesult
Allamokban tortént (Northshore University Healthsystem,
The Evanston Hospital, Evanston, linois, USA). A minta-
kat bedgyazast kovet6en ~80 “C-on taroltuk. Cryostat-
ban 7 um-es metszeteket készitettlink, majd 4%-0s for-
malinban tértént fixalast kovetéen az aldehidblokkolas
glicines foszfat pufferolt séoldatban tortént (glicin-PBS).
Foszfat pufferolt sooldattal (Phosphate Buffered
Saline/PBS) végzett mosas, majd foszfat pufferolt
Tweenes sooldatattal (PBST) térténd féléras inkubacio
utan az antigénblokkoldst 5%-0s kecskeszérummal ve-
geztik. A vizsgalati anyagokat ezt kovetoen elsédleges
monoklonalis egér MUC1 elleni antitesttel (invitrogen) és
poliklonalis nydl MUC?2 elleni antitesttel (Invitrogen) 4 °C-
on egy éjszakan at inkubdltuk. Masnap ismetelt PBST-
tel torténé atmosas utdn a mintakat Alexa Fluor 488-cal
konjugalt egér elleni (zold) és az Alexa Fluor 594-gyel
konjugdlt nyul elleni (piros) mésodlagos antitestekkel
kezeltiik. Végezetiil Diammino-fenilindolt (DAPI) és fedo-
anyagot (Invitrogen Slowfade Gold With DAPI) hasznal-
tunk a magok megfestésére.

vastagbél- ’A

szegmeniun
gyoHior-

szegmentunt

eredeti holyag

c

1. abra: A hélyagmegnagyobbitas folyamata vazlatosan: a) Hélyagmegnagyobbitas gyomorszegmentummal
(gastrocystoplastica) b) holyagmegnagyobbitas bélszegmentummal (colocystoplastica), ¢) kompozit rezervoar létre-

hozasa gyomor- és bélszegmentummal
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1. szAm

B

A megfestett mintakat fluoreszcens mikroszkopia soran
zold, piros és kék fénnyel vilagitottuk at. Azokon a helye-
ken, ahol a MUC1-feherje talalhato, ott a zdld fennyel tor-
tént atvilagitas soran intenziv zold fluoreszcenciat észlel-
tdnk. Azokon a helyeken, ahol a MUC2-fehérje van, ott in-
tenziv piros fluoreszcenciat észleltlink piros fénnyel vald
atvilagitaskor. A sejtmagokat kékre festettik és kék fény-
nyel vilagitottuk at. A megfestett mintakrol késziilt képekeat
hitstt Charged Coupled Device (CCD) kameraval nyer-
tok. A mikroszkophoz csatlakoztatott szoftver (IPLab 4.08)
segltségével a zold (MUCT), piros (MUC2), valamint a
kek (sejfmagok) szinek intenzitasat mértlk és az gy nyert
adatokat statisztikus segitsegével ertekeltik. A p<0,05
valtozésokat tekintettlk szignifikansnak (2. dbra).

Eredmények

Az 1. lablazal tartalmazza a MUCT- és 2-fehérje ex-
pressziojanak véaltozasait a vizsgalati iddszak alatt.

A statisztikai elemzés a vastagbélmintak MUC1 ex-
presszidjaban szignifikans csoOkkenést mutatott mind a
kompozit- (C-csoport), mind a colocystoplastica (B-cso-
port) mdtéteket kovetéen 4, 8 és 12 honappal
(p=0,0001). A bélmintak MUC2 expresszidjaban szigni-
fikans valtozast nem észlelttink.

A gastrocystoplastican (A-csoport) és kompozit hiigy-
holyagkepzesen atesett allatokban (C-csoport) a MUC2
expresszidja kevesbé markansan, de szignifikansan
csOkkent (p=0,03). Ugyanakkor a MUCT expresszidja-
ban gastrocystoplasticat kdvetéen nem talaltunk sza-
mottevd eltérést.

A nyomonkovetés soran ket tumort taléltunk a kutyak-
ban, mindkettdt a kompozit csoportban. Az egyik tumor
a gyomor-szegmentumban jelentkezett 12 honap utan.
Ez a tumor szdvettanilag in situ carcinomanak bizonyult.
A masik tumort szintén 12 hénap utan észleltik a kom-
pozit hdlyag vastagbél-szegmentumaban, amely tumor
in situ adenomanak bizonyult.

Megbeszélés

Vizeletdiverzio utan kialakuld rosszindulatli daganatrdl
elészér 1929-ben szdmoltak be (10). Ezt kdvetden a
hagyhdlyag-megnagyobbitas utan felléps tumorok ki-
alakulasanak modellezésére szamos vizsgalat tortént.
Little s munkatarsai Long-Evans patkanyokban végez-
tek holyagmegnagyobbitast gyomorral, ileummal vagy
colon descendenssel. A kisérlet végén a tulélé allatok le-
Glésekor az augmentacion atesett holyagban hiper-
plasztikus, metaplasztikus vagy proliferativ elvaliozaso-
kat talaltak, dontéen az anasztomdzis vonalaban (11).
Kompozit holyagban a kiilonbozd szdvetek elvaliozasai
egyszerre tanulmanyozhatdak. Mi a 12 hdénapos nyo-
monkadvetes soran a legtobb hélyagban krénikus gyul-
ladést, két kutyaban in situ carcinomat észleltink (koz-
lés alatt).

N'Dow és munkatarsai mucin-gének (MUC1-7) kifeje-
zOdését vizsgdltak emberi szévetmintakban (12). Ok
human vizsgalatokban a MUC1 jelentds up-regulacio-
jat észlelték az augmentéciora hasznélt ileum szeg-
mentumokban. Ez a mi eredmeényeinkkel csak fenntar-
tassal vethetd 6ssze, mivel mi kutyakban végeztiink
vizsgélatainkat, mig N'Dow és munkatérsai emberek-
ben. Masrészt mi emberi MUC-fehérje ellenes antites-
teket hasznaltunk kutyaban, aminek lehet, hogy kisebb
az affinitasa a nem emberi eredet( fehérjékre. Emellett
elképzelhetd az is, hogy kutydban mas a kifejezédési
minta.

Lee €s munkatarsai mucinok és citokeratinok kifejez6dé-
sét vizsgaltak emésztérendszeri tumorokban. Kilénféle
daganatokban mas és mas mucinkifejezédési mintaza-
tot talaltak, amikrél Ugy gondoltak, hogy késébb hasz-
nosak lehetnek szdvettani diagnozis szempontjabol
(13). Ezen eredmények megegyeznek az altalunk is ész-
lelt valtozasokkal, vagyis a MUC2-kifejez6désben igen
szignifikans csokkenés észlelhetd gastrocystoplatica és
kompozit holyag esetében.

2. dbra: Mucin-gén valtozasok a kutyabél-nyalkahéartyan
A: Normalis kutyabel-nyalkahartya, MUC2 talsdllyal (tobb piros fest6dés, kevesebb zdld)

B: Csokkent MUC2-expresszid (tébb zdld festédés, kevesebb piros)

C: Erdsen csokkent MUC2-expresszio (tulnyomoan zéld festédés, minimalis mennyiségt piros)




dc_1620 18

GYERMEKGYOGYASZAT 2012; 63. 1. 52Am
WRED_
1. tablazat: A MUC1- és 2-fehérjeszintek valtozasa a szdvettani mintakban az idg fuggveényében
Szdvet tipusa Zero 4 hénap 8 hénap 12 honap

MUCH MUCH MUCH
Gyomor MUC1 @ @ @
Gastrocystoplastica MUC2* MUC2* MUGC2*
(A-csoport) MUC2
és kompozit hélyag 34 {1 13
(C-csoport)

MUC1* MUC1* MUCT*
Colocystoplastica MUC2 MUC2 MUC2
(B-csoport) - MUC2
és kompozit hélyag it 1 1
(C-csoport)

Magyarézat: csokkenés: @ * szignifikans valtozas. A nyilak szama a szignifikancia erésségét jelzi

lsmert, hogy emberben a legtébb vastagbélrak jobban
reagal a MUCT elleni antitestekkel mint az azonos
egészséges szovet (14). Ugyanakkor az altalunk észlelt
MUC1-fehérje génexpresszidjanak csdkkenése ennek
ellentmond, ez talan faji kilénbséggel magyarazhato.

Kovetkeztetés

Kutyakban a vizeletinkontinencia miatt végzett
holyagaugmentaciot kovetéen a MUCT és a MUC2

Summary

fehérjeexpresszidjanak vizsgélata alkalmas a megna-
gyobbitott hélyagban makroszképosan kialakulod, de
makroszkdposan még nem észlelhetd tumorok kimuta-
tasara. Ezen markerek human, molekularis szint( vizs-
galatat munkacsoportunk jelenleg is végzi

A TANULMANY A PTE AOK KUTATASI ALAP 2010/12-ES ELNYERT PALYAZATA-
NAK, VALAMINT A BOLAI JANOS KUTATASI OSZTONDI ANYAG! TAMOGATASAVAL
KESZULT.

Changes in MUC1 and MUC2 Protein Expressions in Dogs' Bladders Following Augmentation
Cystoplasty Performed With a Gastric and an Intestinal Segment Simultaneously
Z. Kispal et al. University of Pécs, Department of Pediatrics, Surgical Unit, Northshore University Healthsystem,

The Evanston Hospital, USA

Aim: The formation of malignancy in the neobladder after urinary
bladder augmentation with various gastrointestinal segments is
one of the potentially more dangerous complications. The
alterations in the expression of mucin genes can be detected in the
early stadium of premalignant changss in the alimentary tracts
mucosa. We investigated the expression of the genes MUC1 and 2
in colonic and gastric samples used for urinary bladder
augmentation in an animal experimental model.

Methods: Bladder augmentation was performed in 12 3-month-old
beagle dogs. In 2-2 dogs only colocystoplasty or gastrocystoplasty
was performed. In 8 dogs the bladder was augmented with a gastric
and a colonic segments simultaneously. Tissue samples were

Keywords: dogs, tumor, bladder-augmentation, MUC1, MUC2

27

harvested from the gastric and colonic segments used for
augmentation at the time of the operation, then in the 4™ and 8"
postoperative months and at the end of followup (12 months
postoperatively). Histological samples were examined with double
immune staining.

Results: MUC1 level of the colonic samples decreased
significantly (p=0.0001), MUC2 level of the gastric samples
showed & lesser but still significant decrease (p=0.03) following
surgery.

Conclusion: Examination of MUC1 and 2 protein expression
might be helpful in the early detection of malignancy following
bladder augmentation or substitution.
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OSSZEFOGLALAS

Bevezetés: A gyermekkorban végzett hiigyholyag-megna-
gyobbitds (augmentacio) mitéttel dsszefliggésbe hozhat6 sz6-
vidményei kozll a malignus elfajulas a legkevéshe ismert. Em-
berben a tumorgenezis — szémos ok miatt — csak nehezen
vizsgalhato. A szovettani valtozasok tanulmanyozasara a pat-
kany az egyik legalkalmasabb allatmodell. A szerz6k egy erre
a célra kidolgozott patkanymodell segitségével vizsgaltak
hossz(itavon az ileocystoplasticat kovetd szovettani elvéltozé-
sokat.

Anyag és modszerek: A szerzok 45 fiatal (3-5 hona-
pos), him Wistar-patkanyban végeztek miftétet (30 ileocysto-
plastica, 15 almitét). Az allatokat 12, 18 és 24 honapig kévet-
ték nyomon. Az augmentalt holyag preparatumokat HE festett
metszeteken vizsgaltak.

Eredmények: A ileocystoplastican tesett allatok 60%-a
(18/30) élte tdl a tervezett nyomonkadvetési id6t. Az elhullasok
okai tobbek kozétt émyél-elégtelenség, urethra elzérodas, me-
chanikus ileus, anasztomozis-elégtelenség és infekcio voltak.
Tizenkét honappal a m{itét utan két patkanyban holyagkévet,
egyben koz(ilik laphdm-metaplaziat talaltak. Huszonnégy ho-
nappal az augmentacio utan egy éllatban polyposus elvalto-
zést, két allatban a bélnyalkahartya-hipertréfids megvastago-
dasat figyelték meg, amelyek szdvettanilag hipertréfias uro-
theliumnak és urothelialis karcinémanak bizonyultak. Altalanos
megfigyelés volt, hogy az idével aranyosan az ileum nyalkahar-
tyajat egyre nagyobb mértékben valtotta fel urothelium. Az &l-
operdlt csoportban elhullds, makro-, vagy mikroszkopos elval-
tozas nem volt megfigyelhetd.

Kovetkeztetések: A megfigyelt szévettani valtozasok
alapjan idével a vékonybél hamjanak urothelialis transzforma-
cidja kovetkezik be, amelyben mind a vizelet konstans jelenlé-
te, mind az urothelium kozelsége egyarant szerepet jatszhat.

KULCSSZAVAK
ILEOCYSTOPLASTICA, PATKANY, ALLATKISERLETES MODELL,
METAPLASIA

Alterations of the ileal mucosa after
ilocystoplasty - animal model in rats

Sl RY

Objective: To date, little is known about the long-term ma-
lignant transformations related to urinary bladder augmenta-
tion. Histological investigations of tumour genesis after ileocys-
toplasty in humans are difficult. Rats are commonly used mod-
els for this purpose. Based on the results of the literature, the
authors adopted a rat model, in which the long-term kinetics
of tumour genesis can be explored.

Materials and methods: Forty-five young, male Wis-
tar rats were operated on (30 ileocystoplasty and 15 sham-
operation). The animals were followed-up for 112, 18 and 24
months, then the bladder, after which the bladder was harvest-
ed. Histological examination of the native bladder mucosa, the
mucosa of the ileal segment and the anastomotic line was un-
dertaken.

Results: In the ileocystoplasty group 60% (18/30) of the ani-
mals, in the sham-operated group all of the animals survived
the planned follow-up period. Among others the main compli-
cations were the failure of the vascular pedicle, urethral ob-
struction, ileus and anastomotic leakage. In 2 rats bladder
stones developed after 12 months. In one of them squamous
cell metaplasia was found. In 1rat a polypoid-like overgrowth
and in 2 rats hypertrophic overgrowth of the ileal mucosa were
observed after 24 months. Microscopically these alterations
were represented as hypertrophic urothelium and urothelial
carcinoma. Generally we observed, that the columnar epithe-
lium was replaced by urothelial cells progressively by time. In
the 15 sham-operated animals, no complications were found.
Conclusion: According to our findings there are inductive
factors, such as the constant presence of urine and the proxi-
mity of the urothelium, which might play role in the transfor-
mation of the ileal epithelium.

ILEOCYSTOPLASTY, RAT, ANIMAL EXPERIMENT,
METAPLASIA
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higyhdlyag megnagyobbitasa (augmentacic) gyermek-

korban leggyakrabban veleszlletett fejlédési rendellenes-
ségek (meningomyelocele, extrophia vesicae), ritkdbban szer-
zett okok (tumor, trauma, iatrogenia) kévetkeztében létrejovd
vizeletinkontinencia miatt torténik. Az augmentaciora napja-
inkban leginkabb vékonybél (ileum) szegmentumot hasznalnak
fel (ileocystoplastica). A higyholyag megnagyobbitasat kdve-
ten — a szovédmeények megelézése celigbdl — élethosszig tar-
td nyomonkovetésre van szlikség (1). Ritka, de talan a legjelen-
t6sebb hosszdtavon jelentkezé szévédmény a megnagyobbi-
tott hugyhélyagban kialakulé malignitas. A tumor kialakulasé-
nak esélye a normal populacidhoz képest évtizedenként kb.
1,5%-al n6 a béllel megnagyobbitott higyhdlyagban (2, 3). Az
augmentaciot kévetd premalignus és malignus folyamatok ko-
rai felismerése mindmaig megoldatlan kérdés. Ennek f6 oka,
hogy a megelézési céllal klinikankon is vegzett cisztoszkopos
vizsgalatok és mintavételek érzékenysége alacsony. Tovabbi
okok, hogy a beavatkozasok kéltségesek és a betegek szama-
ra megterheléek (4). Az allatkisérletes vizsgélatok ezért leheté-
séget adnak az augmentalt holyagban létrejove szdvettani val-
tozdsok korai és részletesebb megismerésére.
Az elmult 25 évben, szamos kozlemény jelent meg patka-
nyokban végzett ileocystoplasticardl (5-15). A hisztopatolégiai
vizsgélatok dontéen tranzicionalis sejtes karcinomat és lap-
ham-metaplaziat igazoltak (6, 7). A kutatocsoportok t6bbsége
azt is megfigyelte, hogy a hdlyag megnagyobbitasara hasznalt
ileum nyélkahartyajan urothelium jelenik meg, hasonléan a
mucosa-fosztott béllel torténd hdlyagmegnagyobbitést (sero-
muscularis enterocystoplastica) kévetd urothelizacidhoz (8).
Ezt a jelenséget egyes szerzék az urothelium bélhamra torte-
urothelium bélhamra borulasanak tulajdonitjak (5, 7). Nem is-
mert, hogy ez milyen madon és milyen mintazatot kévetve
jon létre (7, 9, 10). A kozleményekben az allatok nyomonké-
vetési ideje az egy évet tobbnyire nem éri el és a szerzék nem
az urothelizacidra helyezik a hangsulyt (7, 9). A legelterjedteb-
ben hasznalt laboratoriumi allatban, a patkanyban, a hélyag-
augmentaciot kovetden, az allatok 2-2,5 éves életciklusa alatt,
nagy valoszintiséggel alakulhatnak ki tumorok. A szbvettani
feldolgozas technikailag kdnnyd és K.O. mutans allatok is elér-
heték szubmikroszkdpos elvaltozasok vizsgalatara.
A szerzdk korébbi klinikai és &llatkisérletes vizsgdlataik soran
mar taldltak arra utald molekularis véltozasokat, hogy a meg-
nagyobbitésra hasznalt vékonybél hamjanak megvaltozik az
expresszios mintazata, amely analdgiaja lehet a patkanyban
megfigyelt szévettani jelenségeknek (16).
Célunk olyan patkanymodell létrehozasa volt, amely alkalmas
a vékonybéllel végzett higyholyag-megnagyobbitast kévetd
urothelizacios jelenség hosszu tavi vizsgalatara.

Anyag és modszer

Az allatkisérletek a Pécsi Tudomanyegyetem Altalanos Orvos-
tudomanyi Kar, Allatkisérletes Laboratoriumanak miitéjében,
allatkisérleti engedély (BA02/2000-15/2012) birtokaban zajlot-
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tak. Vizsgalatunkat 45, 3-5 hénapos, 200-400 g sulyd, him
Wistar-patkanyban végeztik (30 ileocystoplastica, 15 dlmiitét).
A mitétek el6tt az allatok 24 oraig csak folyadékot fogyaszt-
hattak. Az altatés intraperitonealis diazepammal (Seduxen, D:
10 mag/kg) és ketaminnal (Calypsol, D: 50 mg/kg) tortént. A
két szert egymas utan 10 perccel adtuk be. Minden mitétet
perioperativ, hdrom napig folytatott, intramuscularisan adott
antibiotikum (cefuroxim — Zinacef, D: 50 mg/kg) védelemben
vegeztiink. A mUtéteket hagyomanyos és mikrosebészeti esz-
kozokkel, a bél-bél- és bél-hdlyag-anasztomazis elkészitését
3,5-szeres lupe nagyitas alatt végeztlk.

I.) lleocystoplastica — 30 patkanyban

Az augmentatios technika részleteit a Burgu és munkatarsai
altal kidolgozott modszer lefrasa és a szerzével tortént tébb-
szOri személyes egyeztetés szolgaltatta (14).

Az allat borotvalasat és lemosasat kdvetd median laparotomia
utan felkerestik a hiigyhdlyagot, amelybe tartooltéseket he-
lyeztlink (7. A abra).

A vekonybélen egy megfeleld hosszlsagu érnyéllel rendelke-
z8, kb. 15 mm hosszUsagu szegmenst kerestink fel (7. B ab-
ra). Ezt kovetben a kivalasztott vékonybélszakaszhoz tartozod
érnyelet dvatosan sceletizaltuk, majd a bélszegmenst oralis és
aboralis végén atvagva iktattuk ki a béltraktusbol Az ileum fo-
lyamatossagat a szabad bélvégek end-to-end anasztomazisa-
val, egyrétegli csomds oOltésekkel allitottuk helyre, amelyhez
6/0-&s sodrott, felszivédod fonalat hasznéltunk. A kirekesztett
ileumnszakaszt anti-mesenteridlisan felhasitottuk (detubulari-

1. ABRA: ILEUMMAL VEGZETT HUGYHOLYAG-MEGNAGYOBBI-
TAS EGYES LEPESEI PATKANYBAN. A: HUGYHOLYAG FELKE-
RESESE ES IDENTIKIFALASA; B: 12-15 mm HOSSzU ILEUM
SZEGMENS KIVALASZTASA; C: DETUBULARIZALT iLEUM (1.)
ES A NATIV HUGYHOLYAG (2.); D: Az AUGMENTALT HUGY-
HOLYAG AZ ILEUM SZEGMENS ERNYELEVEL (FEHER NYIL)
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2. ABRA: ILEUMMAL VEGZETT HUGYHOLYAG-MEGNAGYOB-
BITAST KOVETO FELDOLGOZAS LEPESE! PATKANYBAN.

A: EGYBEN ELTAVOLITOTT HUGYHOLYAG; B: KITERITETT FEL
HUGYHOLYAG: JOL LATSZIK A NATIV HOLYAG — KEK — ES
AZ ILEUM — SARGA — KOZOTTI ANASZTOMOZIS VONAL —
PIROS; C: A SZOVETTANI FELDOLGOZAS SiKJA

zéltuk) és nyalkahartyajat fiziologias soval mechanikusan tisz-
titottuk. Ezt kéveten a higyhdlyagot median-sagittalis sikban
megnyitottuk. A htigyhdlyagot, valamint az augmentaciora
el6készitett és 90 fokkal elforgatott ileum szegmentumot
egyréteg(, felszivado, tovafutd varratsorral egyesitettik. Eh-
hez az ugyancsak 6/0-as felszivodo fonalat hasznaltuk. El6bb
a htgyholyag hatsé falan, majd az elllsén készitettlk el az
anasztomazist (1.C, D abra).

A mtét alatt a szervek kiszaradasanak és az éllat hypother-
migjanak megel6zése célibol tobbszor testmeleg fiziologias
sot csepegtettiink a hasdri szervekre. A vékonybél-szegmen-
tummal megnagyobbitott htigyhdlyag létrehozasa utan a has-
treget meleg fizioldgias sooldattal atoblitettik és a hasfalat
két rétegben, tovafuto varratsorral, 3/0-as felszivodo fonalat
hasznalva zartuk.

A beavatkozasok utdn az allatok 24 oran &t csak folyadékot
kaptak. Fajdalomcsillapitas céljabol az allatok vizébe egy héten
at ketoprofent kevertiink.

A m(téti id6 atlagosan 60 perc (45-90 perc) volt.

Az allatokat 12 (A-csoport), 18 (B-csoport) és 24 (C-csoport)
honap utan dolgoztuk fel.

Il.) Almiitét — 15 patkanyban

Ebben a csoportban augmentaciora nem kerlt sor, csupan a
higyhdlyag megnyitasa (sectio alta) és bezarasa tortént 6/0-
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1. TABLAZAT: PATKANYOKBAN VEKONYBELLEL VEGZETT
HUGYHOLYAG-MEGNAGYOBBITAST KOVETO MUTETI 5Z0VOD-
MENYEK OSSZEFOGLALASA

as felszivodd, tovafutd varratsorral. Minden mas tekintetben
az ileocystoplasticanal leirtak szerint jartunk el. Mindegyik al-
latot 24 hénap utén dolgoztuk fel (D-csoport).

Feldolgozas

A mUitét utén a patkanyokat az éllattartasi eléirasoknak meg-
felel® korilmények kozott, a PTE AOK Allathazaban tartottuk.
A szoveti iszkémias karosodas megel6zésére és a fajdalom
minimalizélaséra, a megnagyobbitott (és a kontroll) hugyho-
lyagok eltdvolitasat a miitéti beavatkozasnal ismertetett alta-
tashan végeztik. Median laparotomiat kévetéen a holyagon
a holyagnyakig prepardltunk, ahol azt atvagtuk. Ezt kévetden
keriilt sor az uréterek és végil az érnyél atvagasara. A hugy-
holyagot median-sagittalisan kettémetszettilk, igy kiteritett
Jkét fél” hligyhdlyagot kaptunk, melyen jol lathatéak voltak a
kilonbozd tipust nyalkahartyak és a koéztik 1évd anasztomo-
zis vonal. Makroszképosan, illetve lupe alatt torténd atvizsga-
las utan a megnagyobbitott hiigyhdlyagot parafa lapon kite-
ritve 6%-o0s pufferolt formalinban fixaltuk. Az orientacio a
mintak feldolgozasa soran kulcsfontossagu volt. A kiteritett
helyzet lehetévé tette, hogy késtbb egy metszeten vizsgalha-
16 legyen mind a holyagmegnagyobbitéasra hasznalt vékony-
bél, mind az anasztomdzis, mind az eredeti hélyag nyalkahar-
tydja (2. abra). Az allatokat intrakardialis kalium-klorid adaséaval
termindltuk. Az dloperdlt csoport feldolgozasa is a fent ismer-
tetett mddon tortént.

A formalin fixalt mintakat paraffinba agyaztuk, majd az
anasztomdzis vonalra merélegesen, 5 pm-os metszeteket ké-
szitettink. A prepardtumokat hematoxilin-eozinnal festetttk.
A mintdk elemzéséhez fliggetlen patoldgus segitségét is
igénybe vettik.

Eredmények

1.) lleocystoplastica

A 30 hligyholyag megnagyobbitason dtesett allatbol tsszesen
18 &llat (60%) élte tul a tervezett utankdvetési idét. Az elhul-
lasok idejét és okait tablazatban foglaltuk dssze (1. téblazat).
A tUlélt 18 allatban minden esetben nyékos vizelettel kitoltott
hugyhdlyagot talaltunk. A supravesicalis hiigyutak makroszko-
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3. ABRA: HOLYAGKOVEK PATKANYBAN VEGZETT
ILEOCYSTOPLASTICAT KOVETGEN 12 HONAPPAL AZ
AUGMENTALT HUGYHOLYAGBAN (BAL). LAPHAM
METAPLASIA(HE, 10X) Az EREDET! HOLYAG TERULETEROL,
UGYAN ABBOL A PREPARATUMBOL (JOBB)

posan megtekintve kérosat nem mutattak. A tovabbi makro-
és mikroszkopos megfigyeléseinket az aldbbiakban csopor-
tonként részletezzik.

A-csoport (12 honap)

Két patkanyban holyagkdveket talaltunk a holyagban. Az
egyik allat esetén a holyagks mellett a nativ holyag teriiletén
lapham-metaplazia alakult ki (3. dbra). Minden mintaban
megfigyelheté volt az urothelium megvastagodasa és tobb
sejtréteglivé vélasa az anasztomazis vonalhoz kozeledve. Az
anasztomozis vonalban, illetve az ezzel szomszédos tertlete-
ken lévé bélbolyhokon, a bélhdmot felvaltva, urothelium volt
megfigyelhets. Az augmentéacié helyétél tavolodva, az uro-
thelium mar csak helyenként, a bolyhok csticsi részén volt lat-
hato. Ezen heterogén villusok alatt a cryptak hosszisaga is ro-
vidllni latszott, forditott ardnyban csdkkenve az anasztomo-
zistol mért tavolsaggal. Az ileum ,0j" hamja morfoldgiailag
normalis urothelium képét mutatta.

B-csoport (18 hdnap)

A nyékon tul mas makroszképos elvaltozast nem észleltiink.
Mikroszkdposan vizsgélva a mintakat, az A" csoportban ta-
pasztalthoz hasonlo valtozasokat észleltiink, de nagyobb ki-
terjedésben. Az anasztomozistdl tavolabbi terlleteken is ész-
lelhetd volt az urothelium térfoglalasa, illetve a villusok hossz-
tengelye mentén is egyre mélyebbre hatolva foglalta el a bél-
ham helyét. Feltling volt tovabba, hogy a bélhamot felvaltd at-
meneti ham egyre jobban mutatta a hyperplasia jeleit (4. ab-
ra).

C-csoport (24 hénap)

Egy dllatban a hélyag—bél-anasztomdzis vonalban polyposus
elvaltozast észleltlink, amely szévettanilag hyperplasias uro-
theliumnak bizonyult (5. dbra). Két masik allatban az ileum
nyalkahértyaja hipertrofidsan megvastagodott. Ezek mikro-
szkoposan tranziciondls sejtes karcinomanak feleltek meg (6.
abra). Minden mintaban megfigyelheté volt, hogy a megna-
gyobbitéasra hasznalt ileumon a bélbolyhok szinte teljesen el-
tintek, helyUket a cryptak folott egynemden hiperplasztikus
urothelium boritotta. Az anasztomdzis vonal szomszédsaga-

4. ABRA: AZ ILEUM NYALKAHARTYAJA PATKANYBAN VEG-
ZETT ILEOCYSTOPLASTICAT KOVETOEN 18 HONAPPAL AZ
ANASZTOMOZIS vONALHOZ KOzZEL (HE, 10x). A BELBOLY-
HOK GYAKORLATILAG ELTUNTEK, A LUMEN (L) FELE AZ
ILEUM COLUMNARIS HAMJAT () HYPERPLASTICUS
UROTHELIUM (FEKETE NYILAK) VALTJA FEL

ban néhol a cryptak sziluettjei dbrazolddtak, amelyeket
urothel sejtek altal alkotott fészkek béleltek ki. Egyedl ebben
a csoportban észleltik kronikus gyulladas jeleit.

11.) Almiitét

A 15 &loperacion atesett allat mindegyike tulélte az utankdve-
tési periodust (24 hénap). Egy esetben, a varratvonalban egy
apro diverticulumot észleltiink. Méas makroszkdpos vagy mik-
roszkopos elvaltozast nem talaltunk.

5. ABRA: POLYPOSUS ELVALTOZAS A HUGYHOLYAG-ILEUM
ANASZTOMOZIS VONALABAN PATKANYBAN ILEUMMAL VEG-
ZETT HUGYHOLYAG MEGNAGYOBBITAST KOVETGEN 24 HO-
NAPPAL
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6. ABRA: UROTHELIALIS KARCINOMA PATKANYBAN VEGZETT
ILEOCYSTOPLASTICAT KOVETOEN 24 HONAPPAL (HE, 6x).
INSERT: DYSPLASTICUS SEJTEK A SUBMUCOSABAN (HE, 60x)

Megbeszélés

Az allatok hosszu tavi (12, 18, 24 ho) tulélése (60%) tekinte-
tében modellink az irodalmi adatokkal megegyez6 (44-87%)
volt (5-7, 9, 11-13).

A két altatassal kapcsolatos intraopertafy, anaesztezioldgiai
szovédmény a mitét betanuldsi id8szakaban tortént. Az
intraabdominalisan futd érnyél miatt kialakulo ileus megeltzé-
sére egyes szerz&k az érnyél retroperitonealis rogzitését java-
soljdk (5). llyen szbvédményt mi nem tapasztaltunk. Egy eset-
ben a mechanikus ileus okozdja a vékonybél end-to-end
anasztomadzisanak sz(kllete volt. Az irodalmi adatok alapjan
az anasztomozis-elégtelenség az egyik leggyakoribb korai sz6-
védmeény. Eseteinkben 1 patkénynél alakult ki ilyen komplika-
o (6, 1). A Bajory és munkatarsai altal vizsgalt augmenta-
tum keringési zavar okozta holyagrupturat hosszu tavon mo-
dellinkben nem észlelttk (15). Az infekcié hatterében kozvet-
len okot nem talaltunk.

Hosszu tavi nyomonkdvetés esetén szamolnunk kell az idé-
s6d6 allatok dregkori elgyengtilése okozta elhullassal is. Kisér-
letlnkben a mUtéteket fiatal patkanyokon vegeztlk, ezért az
Oregedéssel dsszefliggésbe hozhato elhullasok aranya elha-
nyagolhato.

A ledlt Allatok feldolgozésakor észlelt makroszkapos elvélto-
z4sok megegyeztek az irodalmi adatokkal A hélyagkovesség,
a nagyfoku nyakképzddés, a hiperplasztikus, polyposus elval-
tozasok j6l ismert jelenségek (7, 8, 11, 14). A felsé hugyutak
karosodasa is potencidlis szovédmeények forrasa lehet, de
makroszkdposan ezt egy dllatban sem észleltik (8, 11).

A mds munkacsoportok altal megfigyelt papillaris benignus
evaltozasok, lapham-metaplézia és tranzicionalis sejtes karci-
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noma a mi kisérletink soran is kialakultak. Az irodalomban
megjelent kdzlemények tobbségében a nyormonkovetési idd
nem haladja meg az egy évet, ezért kevesebb a megfigyelt
malignus transzformacio. Rosszindulaty elvaltozast miis csak
a 24 hénap utan ledlt dllatokban lattunk. Valoszinlleg kétéves
nyomonkévetés sziikséges ahhoz, hogy patkanyban kialakuld
malignus tumor patogenezisét vizsgalni tudjuk (6, 7).

Az irodalomban fellelheté allatkisérletes modellekben szinte
kivétel nélkil megfigyelték a bélham ,urothelizaciéjat”. Mind
a mai napig nincs egységes ismeret arrél, hogy ez a jelenség
milyen mechanizmussal jon létre. El¢sz0r Guan és munkatar-
sai emlitik az urothelizacio jelenségét, amelyet az urothelium-
nak a bél nyalkahartyajara valé raklszasaként értelmeznek,
mikdzben megfigyelésik szerint a bélham intakt marad (5).
Masok az eredeti hligyholyag urothel sejtjeinek bélhamra tor-
ténd fokozatos migraciojat feltételezték a jelenség hatterében
(8, 14). Kisérletlink eredményei leginkabb Little és munkatar-
sai eredményeihez hasonloak, akik egyetlenként, szintén két-
éves nyomonkévetés utdn vizsgaltak a patkanyokat. Ok is
megfigyelték, hogy idével az ileum villusai ellapulnak, a
cryptak rovidiinek és egyre inkabb urothelium jelenik meg a
bél columnaris epitheljének helyén. Ezen szerzék a latott képet
a bélhdm metaplazidjanak vélték (7).

A folyamat feltdrasa érdekében a szévettani mintavétel és fel-
dolgozas soran torekedtiink arra, hogy a higyhdlyag és a vé-
konybeél hamjat folyamatéaban lehessen vizsgalni, kilonos te-
kintettel az anasztomézis terilletére. Osszegzésképpen el-
mondhato, hogy az ileum nyalkahartyajat az anasztomozis
vonaltél kiinduldan idével egyre nagyobb teriileten boritotta
urothelium. Ez mind az ileum szegmens felszini tertilete, mind
a bolyhok magassaga mentén megfigyelhetd volt. A latott
mintazat két induktiv faktort valészinCisit: az urothelium ko-
zelségét és a vizelet folyamatos hatasat. Az urothelium az
anasztomaozis vonaltdl tvolodva egyre cstkkend mértékben
volt jelen az ileum nydlkahartyajan, vagyis az atmeneti ham
szomszédsaga fontos szerepet jatszhat a tapasztalt jelenség
kialakulasaban. A vizelet bélhamot transzformalé hataséra en-
ged kovetkeztetni az a megfigyelés, hogy az urothelizacio a
bélbolyhok csticsan kezd6dik. It a legkifejezettebb, és innen
terjed egyre mélyebbre, fokozatosan csokkend mértékben,
egészen a cryptakig. Vagyis minél hosszabb ideig érintkezik az
adott bélszegmentum a vizelettel, annal inkabb &talakulnak a
hengerhamsejtek urothel sejtekkeé.

Kovetkeztetések

Vizsgélataink alapjan a vékonybél nydlkahartydjan megjelent
urotheliumot a vékonybél-nyalkahartya olyan metaplasztkius
elvaltozasanak tartjuk, ami j6l meghatarozott mintazatot ko-
vetve, egyfajta alkalmazkodasi folyamat részeként jon létre. A
ham &talakuldsa kozben létrejdtt mutaciok teheték felel6ssé a
malignus tumorok fokozott kockazataért. A metaplasztikus
ham eredetének tisztazasara tovabbi immunhisztokémiai vizs-
galatokat végziink, amelynek eredményeirdl késdbbi kozle-
ményben kivanunk beszamolni.
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Amennyiben sikeril bebizonyitani a feltételezett folyamatot,
az alapvet® informaciot szolgaltathat a bélszegmenttel torté-
né higyholyag-megnagyobbitast kavetd malignus elvaltoza-
sok megismerésében.

Tamogatas
Az allatkisérletek a PTE-AOK-KA-2013/28 pélyazat tAmogata-
saval torténtek.
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OBJECTIVE

To investigate the causes leading to the
deterioration of previously successful bladder
augmentation and to evaluate the efficacy of
re-augmentation.

PATIENTS AND METHODS

Between 1988 and 2004, 136 bladder
augmentations were performed in two
paediatric urological units in Hungary and
Turkey. Re-augmentation was necessary
in two patients after colocystoplasty

and in three after gastrocystoplasty. A
secondary augmentation was not required
in any patients after ileocystoplasty. The
clinical data of these five patients were
evaluated.

RESULTS

On the basis of the clinical signs and
urodynamic studies, re-augmentation

was performed 2-7 years after the initial
augmentation cystoplasties. Anticholinergic
therapy given before re-augmentation did not
improve bladder capacity, intravesical pressure
and/or bladder compliance. An ileal or sigmoid
segment was used for the secondary
augmentation. After re-augmentation, all five
patients became continent, and showed
marked improvement in their urodynamic
parameters at a mean (range) follow-up of
6.8 (2-10) years.

CONCLUSION

A decreased bladder capacity and/or
compliance and increased bladder pressure

after successful augmentation cystoplasty
might be the result of: (i) impairment of
the blood supply to the large bowel or
gastric segment used for augmentation; or
(i) bowel mass contractions. lleocystoplasty
seems to be the ‘first-line" of choice for
primary augmentation. Re-augmentation
with a bowel segment is a suitable
treatment if conservative treatment fails.
Regular urodynamic investigations are
needed for early detection of malfunction
of the augmented bladder, and advising
therapy.

KEYWORDS

urinary incontinence, bladder
augmentation, urodynamics, intestines,
stomach

INTRODUCTION

In some cases, augmenting a previously
successfully augmented urinary bladder (re-
augmentation or secondary augmentation) is
ultimately required with an additional piece
of the gastrointestinal tract. There are few
data on the reasons for failure and
subsequent therapy in children [1,2]. We
identified five patients who had poor results
after a primary bladder augmentation, and
who required re-augmentation. The present
study investigated the causes of the
deterioration of the previously successful
bladder augmentation, and evaluated the
efficacy of re-augmentation.

PATIENTS AND METHODS

Between 1988 and 2004, 136 bladder
augmentations were performed with
various gastrointestinal segments in two
paediatric urological units in two countries

816

(Table 1). From these patients we identified
two with colocystoplasty and three with
gastrocystoplasty who required
re-augmentation. For the secondary
augmentation, the ileum was used in four
patients (two with gastrocystoplasty and two
with colocystoplasty) and sigmoid colon
was used in one (gastrocystoplasty). No re-
augmentation was necessary in patients who
had a primary ileocystoplasty. The clinical
data, including urodynamic studies, of these
five patients were investigated and evaluated
retrospectively. Fisher's exact test was used to
determine whether there was a significant
difference in the re-augmentation rate
between the type of gastrointestinal
segments used for primary augmentation,
with P< 0.05 considered to indicate
significance.

RESULTS

The relevant clinical data of the re-augmented
patients are shown in Table 2. The mean

(range) age of the patients at primary
augmentation was 9.8 (4-21) years. Two of
the patients had had a colocystoplasty using a
de-tubularized 15-20 c¢cm long colonic
segment, and three had had a conventional
gastrocystoplasty. The mean interval between
the primary and secondary augmentations
was 4.2 (2-7) years. All five patients used
clean intermittent catheterization after
augmentation cystoplasty, and they were
followed regularly; the mean follow-up after
re-augmentation was 6.8 (2-10) years.

All five patients were continent after their
initial cystoplasty, andincontinence developed
at 0.5-2 years after the successful primary
augmentation. Urinary dribbling was detected
1-1.5 h after catheterization, depending on
the degree of decreased bladder capacity and/
or compliance. Oral anticholinergic therapy
(oxybutynin), which was introduced in all
patients at the appearance of urinary
dribbling, produced no improvement. As
well as the oral therapy, oxybutynin was

© 2006 BJU INTERNATIONAL | 97, 816-819 | doi:10.1111/j.1464-410X.2006.06095.x
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administered locally into the augmented
urinary bladder in patients 1 and 3.

Apart from the clinical complaints, there were
persistent UTls in both of the patients who
had colocystoplasty, which required
prolonged antibiotic therapy. No significant

BLADDER RE-AUGMENTATION IN CHILDREN

UTls were detected at follow-up in the three
patients who had gastrocystoplasty. There
were no other complications in the re-
augmentation patients, i.e. no metabolic
disturbances, stone formation, haematuria-
dysuria syndrome, perforation, Helicobacter

pylori infection, or histological abnormalities.

Type of segment used Number of patients (%) TABLE 1
lleal 56 (41.2) The gastrointestinal
Colonic 50 (36.0) segments used for primary
Gastric 29 (21.4) augmentation.
Composite (one stage 1(0.7)

ileo-gastrocystoplasty)
Total 136 (100)

TABLE 2 The clinical data and results of the urodynamic studies of the five re-augmented patients

Regular urodynamic evaluations confirmed
decreased capacity and/or compliance

in four of the patients after the primary
augmentation (Table 2). In the fifth patient,
significant mass bowel contractions
developed (Fig. 1a). Failure to respond to
conservative treatment (oxybutynin and
chemotherapy), the urodynamic parameters
provided the indication for re-augmentation
in all five patients.

In addition to re-augmentation, patients 2
and 4 had a Mitrofanoff stoma and
bladder neck reconstruction (Pippi Salle)
respectively. Oral and local administration
of anticholinergic therapy was not
necessary after re-augmentation, and all
five patients became continent again. After

Patient
Variable 1 2 3 4 5
Clinical data
Underlying diagnosis MMC BE MMC BE BE
Primary augmentation:
Date 1988 1990 1992 1994 1998
Age 21 4 10 7 7
Gastrointestinal segment used Colonic Gastric Gastric Gastric Colonic
Re-augmentation:
Date 1993 1997 1995 1996 2002
Gastrointestinal segment used lleum lleum Colon lleum lleum
Indication Low capacity and Low capacity and Low capacity and Low capacity and Mass contractions
compliance compliance compliance compliance
CIC AWS AWS PU PU AWS
Follow-up, years 10 7 8 7 2
Urodynamic studies
Before primary augmentation:
Bladder capacity, mL 130 30 10 60 52
Maximum bladder pressure, cmH,0 50 NA 71 NA 32
Compliance, mL/cmH,0 8 NA 6 3.3 3
After primary augmentation:
Bladder capacity, mL 250 60 263 220 300
Maximum bladder pressure, cmH,0 48 NA 44 NA 35
Compliance, mL/emH,0 15 NA 16 NA 24
Time between augmentations, years 5 7 3 2 4
Before re-augmentation:
Bladder capacity, mL 180 155 200 200 350
Maximum bladder pressure, cmH,0 51 40 20 25 84
Compliance, mL/emH,0 " 1.5 9 8 27
After re-augmentation:
Bladder capacity, mL 370 500 484 300 420
Maximum bladder pressure, cmH,0 45 NA 20 NA 20
Compliance, mL/emH,0 16 NA 20 NA 42

BE, bladder exstrophy; MMC, meningomyelocele; CIC, clean intermittent catheterization; AWS, abdominal wall stoma/Mitrofanoff; PU, per urethram

© 2006 BJU INTERNATIONAL
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re-augmentation there was a marked
improvement in urodynamic parameters
during 6.8 (2-10) years of follow-up (Table 2
and Fig. 1b).

There was no significant difference in
the re-augmentation rate between

the ileocystoplasty (none of 56) and
colocystoplasty (two of 50; P=10.2),

but there was a clear advantage of using
the ileum (none of 56) rather than the
stomach for augmentation (three of 29;
P=0.03).

DISCUSSION

Despite the many complications encountered
in patients with augmentation cystoplasty
[3,4], few studies have dealt with the reasons
for failure of bladder augmentation and its
subsequent treatment in children [1,2].

Pope etal. [1] reported a 5.9% overall re-
augmentation rate for 323 patients with
augmentation cystoplasty. In the present
study, using stomach, ileum and colon for
augmentation cystoplasty, we had a lower
re-augmentation rate (3.7%). The re-
augmentation rate in large paediatric series
after gastrocystoplasty is 9-10% [1,5] and the
rate in the present study is similar (10.3%).
However, the need for re-augmentation after
colocystoplasty is 2-13%, depending on
which (proximal or distal) part of the colon is
used for augmentation [1]. In the present
study, when the proximal part of the colon
was used for primary augmentation, only 4%
of patients needed a re-augmentation.

We cannot explain the impairment of a
previously successful bladder augmentation
in patients 1, 2 and 4. Probably there was
shrinkage of the gastrointestinal segment
used for augmentation; this might result from
a late impairment of the blood supply to the
large bowel or gastric segment [6]. In the
present study, we found an inadequate blood
supply to the gastric segment used for
augmentation at the time of re-augmentation
only in patient 3. Interestingly, the bladder
capacity worsened only 6 months after
gastrocystoplasty. The anticholinergic
therapy, which was introduced in all patients
at the time of detecting urinary dribbling,
might have had a delayed effect in decreasing
the capacity of the augmented bladders.
Apart from impairment of blood supply, other
unrecognized causes might have played a role
in the deterioration of urinary continence
achieved by the primary augmentation.

818

FIG. 1. Urodynamic studies of patient no. 5 show: a, bowel mass contractions after colocystoplasty before re-
augmentation; and b, the disappearance of mass contractions 1 year after re-augmentation.
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In patient 5 (colocystoplasty), achieving a
sufficient bladder capacity after the primary
augmentation was prevented because of
bowel mass contractions which did not
respond to anticholinergic therapy (Fig. 1).
These contractions were seen despite
detubularization of the colonic segment, thus
re-augmentation was indicated. Pope et al. [1]
also showed that 19 of 323 patients who had
a bladder augmentation had clinically
significant problems because of the marked
contractile activity of the augmented bladder.
Despite detubularization, we regularly
observed mass contractions after
augmentation cystoplasties (mainly after
colocystoplasties), but most of the

patients responded well to anticholinergic
drugs, and this did not result in worsening
of urinary continence [7]. There were

also low amplitude (but not mass),
periodical contractions in patients after
gastrocystoplasty; they produced only a
small pressure rise in the augmented
bladder and never indicated re-augmentation.
Further study is needed to clarify the reason
for these low- and high-amplitude (mass)
contractions.

Reconstruction of the lower urinary tract
using a gastrointestinal segment is a valuable
treatment in paediatric urology. Any segment
of the gastrointestinal tract, stomach, small or
large bowel, can be used successfully to
augment the urinary bladder, and there is no
evidence-based agreement about which type
of gastrointestinal segment has the best long-
term results after augmentation cystoplasty
[8]. Pope etal. [1] noted a re-augmentation

© 2006 BJU INTERNATIONAL
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rate of only 1.4% in 145 patients with
ileocystoplasty. Re-augmentation has not
been necessary after ileocystoplasty in our
institutions to date. However, in the present
study there was no significant difference

in the re-augmentation rate between
ileocystoplasties and colocystoplasties, but
there was a significant advantage of using
ileum rather than stomach. We therefore
support using the ileum as the ‘first-line'
segment of choice for primary augmentation,
and for secondary augmentation on the rare
occasions when this is required. Using the
stomach for bladder augmentation has now
been abandoned because of the relatively
high complication and failure (re-
augmentation) rate.

The type of gastrointestinal segment

used for primary augmentation or re-
augmentation is not an evidence-based
decision. According to MclLaughlin et al. [5],
Austin etal. [9] and the present data, re-
augmentation with ileum might be advocated
after unsuccessful gastrocystoplasty.

Further prospective studies are needed

to investigate the long-term metabolic

and morphological consequences of
augmentation cystoplasties and to

identify reasons for failed long-term
effectiveness. The simultaneous use of
various gastrointestinal segments (composite
reservoir) for primary augmentation might be
a future therapeutic option [5,9].

We think that re-augmentation is an effective
therapeutic method in children with
unsuccessful bladder augmentation. Regular
and life-long follow-up are necessary for
early detection of malfunction of the
augmented bladder and for formulating
guidelines for re-augmentation.
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EDITORIAL COMMENT

This is a nice review of many bladder
augmentations in children done at two
institutions. To their credit the authors had a
low secondary augmentation rate. Their data
support the findings from our series and
others, that ileum has the lowest failure rate,
and that both colon and stomach are much
more likely to require a re-augmentation.
Other factors that might lead to secondary
augmentation besides the type of bowel
include failure to reconfigure the original
bowel segment, failure to add a large enough
bowel segment initially, increased urine
volumes, and the complications that
accompany gastric augmentation such as
haematuria-dysuria and metabolic alkalosis.
Increases in urine production may be due
either to progressive renal tubular
insufficiency or accelerated somatic growth
out of proportion to the growth of bladder
volume. Finally, the need for secondary
augmentation may develop solely from
changing the expectations of the patient and
family. We have seen several families who are
delighted to have a totally incontinent child
become socially dry with surgery, but who
later becomes dissatisfied with wearing

a pad, even if the original indication for
augmentation was to preserve renal function
and incontinence was purely of secondary
concern. At present, reconfigured ileum has
emerged as the best available material for
augmentation cystoplasty. The authors' report
contributes to this conclusion.

ANTHONY J. CASALE,
Professor of Urology, Indiana University, USA
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Does the Type of Bladder Augmentation Influence the
Resolution of Pre-Existing Vesicoureteral Reflux?
Urodynamic Studies

Z. Juhasz, R. Somogyi, P. Vajda,* Z. Oberritter, K. Fathi, and A.B. Pinter
Department of Paediatrics, Surgical Unit, Faculty of Medicine, University of Pécs, Hungary

Aims: The type of bladder augmentation on pre-existing vesicoureteral reflux (VUR) was assessed. The effects of
urodynamic changes on the resolution of VUR following augmentation cystoplasty performed with various gastro-
intestinal segments were examined. It was queried whether elimination of high-pressure bladder is sufficient to
resolve pre-existing reflux. Methods: A retrospective record review of patients who underwent bladder aug-
mentation between 1987 and 2004. Patients were divided into two groups. Group I included patients who had a
simultaneous augmentation and ureteral reimplantation. Group II included patients with reflux in whom only a
bladder augmentation was performed. Pre-and post-augmentation urodynamic results were compared in both
groups. The outcome of VUR and the role of various gastrointestinal (GI) segments on the resolution of VUR were
studied. Results: Sixty-three patients underwent bladder augmentation during the study period. Twenty-six of
them had VUR before augmentation. There were 10 patients in Group I and 16 patients in Group II. In Group I,
VUR ceased in all patients, while in group II, VUR resolved in 14 patients and persisted in two patients. Small and
large bowel segments used for augmentation had no effect on the resolution of VUR but the results of gastrocys-
toplasties were less favorable. Urodynamically there was no significant difference between the various augmen-
tation cystoplasties. Conclusions: Bladder augmentation alone without simultaneous antireflux repair is usually
sufficient for the resolution of pre-existing reflux. The various GI segments used for augmentation have no effect on
urodynamic results and the resolution of VUR. Neurourol. Urodynam. 27:412-416, 2008. © 2007 Wiley-Liss, Inc.

Key words: augmentation cystoplasty; bladder dysfunction; urodynamics; vesico-ureteral reflux

INTRODUCTION

Vesicoureteral reflux (VUR) associated with bladder dys-
function (small capacity, poor compliance, and high intra-
vesical pressure) is considered to be secondary reflux. The
primary management of bladder dysfunction and secondary
VUR is conservative treatment including clean intermittent
catheterization (CIC) and anticholinergic agents. Bladder
augmentation is necessary in only 15% of cases.'”® In these
patients secondary VUR can be resolved by the increase in
bladder capacity and compliance and the decrease in high
intravesical pressure achieved by bladder augmentation.
There is no uniform concept and practice in the literature
as to whether reimplantation of the refluxing ureters is
necessary during augmentation cystoplasty in children with
dysfunctional bladder, or whether augmentation alone is
sufficient for the treatment of secondary VUR.*~°

In this study the urodynamic alterations in patients with
bladder augmentation and the effects on VUR detected prior to
augmentation were investigated. The urodynamic changes in
regard to the various gastrointestinal (GI) segments used for
augmentation were also compared.

MATERIALS AND METHODS

A retrospective record of patients who underwent bladder
augmentation between 1987 and 2004 was reviewed. Pre-and
post-augmentation urodynamic results were compared in
both groups. The outcome of VUR and the role of various GI
segments on the resolution of VUR were studied. Patients
were divided into two groups. Group I included patients who
had a simultaneous augmentation and ureteral reimplanta-
tion. Group II included patients with reflux in whom only a

© 2007 Wiley-Liss, Inc.

bladder augmentation was performed. During the first part of
the study all high grade VURs were reimplanted. However,
during the second part of the study reimplantation of the
refluxing ureter was performed only in selected cases, such as
grade V VUR with very laterally located and/or wide ureteral
orifices, independent of whether the pre-augmentation intra-
vesical pressure was high or not.

Pre-augmentation urodynamics was performed in all
patients. Conventional Dynamic Perfusion Cystometry was
performed using a double or triple lumen transurethral
catheter with simultaneous abdominal (rectal) pressure
measurement on the water column pressure scale, occasion-
ally supplemented with perineal EMG. The bladder capacity
[C=30 ml+ (age/years/X 30 ml)], the bladder compliance
(20—25 ml/H,0 cm), and maximum bladder pressure were
measured. The bladder was filled with saline by slow flow
(10% of the calculated bladder capacity —max. 30 ml/min). The
Student t-test was used, significance: P < 0.05.

Pre- and post augmentation urodynamic results were
compared in both groups focusing on the fate of the VUR that
is disappeared, persisted, upgraded, or downgraded. At the
same time the effect of various GI segments used for the
augmentation of the VUR was also examined.
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Fig. 1. Patients with bladder augmentation and ureter reimplantation
(Group I) according to grade of VUR.

As a protocol, all patients were followed up at 3, 6,
12 months postoperatively and annually thereafter. Uro-
dynamic studies were part of the regular follow up. Laboratory
and radiological (ultrasound, voiding cysto-urethrography
(VCUG), DMSA scan and DEXA scan) investigations were also
performed and these results have been published in previous
publications.*®**

RESULTS

Sixty-three patients were operated on during the study
period. Sixty-five percent of patients (41 pts) required
a concomitant continent abdominal stoma for CIC. VUR
was demonstrated in 26 patients (33 ureters) by preoperative
(pre-augmentation) VCUG.

Group I: Ten patients (16 ureters) underwent bladder
augmentation and simultaneous ureter reimplantation. In
this group there were six meningomyelocele patients (MMC),
and four non-neurogenic patients (two bladder exstrophy pts,
one epispadias pt, and one other). The mean age at operation
was 11.6 years (range 7—17). Colon, stomach, and small bowel
were used in five, three, and two patients, respectively. The
mean follow up was 5 years (range 1-13).

Group II: Sixteen patients (17 ureters) underwent only
augmentation without simultaneous ureter reimplantation.
In this group there were eight MMC, and eight non-neurogenic
patients (five bladder exstrophy pts, one anorectal malforma-
tion pt, and two others). The mean age at operation was
10.9 years (range 4-17). Colon, gastric segment, and small
intestines were used in seven, six, and three patients,
respectively. In group II one patient underwent re-augmenta-
tion with colon segment 3 years following gastrocystoplasty
due to deterioration of continence, bladder capacity, and
compliance. The mean follow up was 6.2 years (range 1—13).

In group I, nine patients (14 ureters) underwent ureter
reimplantation and one patient received bilateral subureteric
Teflon injection (STING). The VUR was of high grade (III-V) in
13 ureters (81.3%) and low grade (II) in three ureters (18.7%)
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(Fig. 1). The VUR disappeared following augmentation in all
patients with a mean follow up of 11 months (range 3-72).
There was no correlation between the time of disappearance
of reflux and its grade. Two patients (12.5%) had recurrent
VUR. One patient with gastrocystoplasty had a successful
bilateral STING (grade II VUR) before the augmentation, and
she presented with unilateral grade III VUR 3 years post-
augmentation. Following 2 years of oxybutynin treatment
VUR disappeared. Another patient without pre-augmentation
VUR with ileocystoplasty showed unilateral grade III VUR at
6 months post-augmentation on cystography, which resolved
spontaneously at 1 year follow up. In group I the mean
functional bladder capacity was 166.1 ml (range 24-440)
preoperatively and 446.1 ml (range 385—480) postoperatively
(P=0.01). The mean preoperative bladder compliance
improved after augmentation from 5.7 ml/H,O cm (range
1.3-16) to 43.7 ml/H,0 cm (range 10.6—89) postoperatively
(P=0.01). The average maximal bladder pressure under
filling was decreased from 57.4 H,O cm (range 28-134) to
28.7 H,0 cm (range 16—60) after the augmentation (P = 0.021).
The bladder capacity, compliance improvement, reduction of
bladder pressure, and cessation of VUR were not influenced
by the type of GI segment used for augmentation. Only
the gastrocystoplasty patients did not show significant
urodynamic changes (Table I). No difference was detected
between the urodynamic results and the disappearance of
VUR in neurogenic and non-neurogenic patients.

There were 16 patients with 17 refluxing ureters in group II,
8 ureters (47%) of high grade VUR (IlII-V) and 9 ureters (53%) of
low grade VUR (II) (Fig. 2). VUR disappeared following
augmentation in 14 patients (15 ureters —88.3%), with a
mean follow up of 13.6 months (range 3—108). No relationship
between the duration of time for disappearance of VUR and
the grade of reflux was found. Nevertheless in two patients
(2 ureters—11.7%) the VUR persisted. In one patient the
grade II reflux upgraded to grade IV following gastrocysto-
plasty and required ureter reimplantation 4 years after the
augmentation. In another patient, following colocystoplasty
with preoperative unilateral grade III reflux, VUR remained
unchanged during the follow up, however, clinically and
radiologically, the patient proved to be stable with good
renal function. She is waiting for Deflux injection. In addition
two other patients, in whom VUR disappeared following
augmentation, presented with recurrent VUR, which resolved
spontaneously during follow up. The mean bladder capacity
increased in all patients in group II from 131.6 ml (range
20-300) pre-augmentation to 446.8 ml (range 290—510) post-
augmentation (P=0.001). The mean bladder compliance
improved, 4.3 ml/H,O (range 2-9.2) preoperatively and
40.2 ml/H,0 (range 13.3—-72) postoperatively (P=0.001).
The average maximal bladder pressure decreased from
57.4 H,0 cm (range 28-134) to 26.9 H,0 cm (range 12-43)
postoperatively (P=0.003). The improvement of bladder
capacity and compliance, the reduction of bladder pressure,
and cessation of VUR were not influenced by the type of GI
segment used for augmentation (Table II). No difference was

TABLE 1. Pre- and Post-Augmentation Urodynamic Results of Patients With Augmentation and Simultaneous Ureter Reimplantation

Compliance Capacity Pressure
Pre-op. Post-op. Sign. P< 0.05 Pre-op. Post-op. Sign. P<0.05 Pre-op. Post-op. Sign. P<0.05
Colocysto-plasty 5 pts 5.5 53.5 0.001 122.8 448.2 0.001 47.75 26.4 0.004
Gastrocysto-plasty 3 pts 83 235 0.28 324 456.6 0.3 59 39 0.48
Ileocysto-plasty 2 pts 2.15 49.8 0.001 37.5 425 0.001 37.5 19 0.011
Total 10 pts 5.7 43.7 0.01 166.1 446.1 0.01 51.5 28.7 0.021

Neurourology and Urodynamics DOI 10.1002/nau
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Fig. 2. Patients with bladder augmentation without ureter reimplantation
(Group II) according to grade of VUR.

discovered between the urodynamic results and the dis-
appearance of VUR of neurogenic and non-neurogenic origin.

Comparing the groups I and II urodynamically (bladder
capacity, bladder compliance, maximal bladder pressure) only
the ileocystoplasty patients showed a significant difference in
maximal bladder pressure (Table III). However, there was no
significant difference between the two groups in the period
of time for disappearance of VUR following augmentation
(P=0.168).

DISCUSSION

VUR associated with dysfunctional bladder can be man-
aged conservatively (CIC and anticholinergic drugs) by
decreasing intravesical pressure and improving bladder
capacity and compliance.*>"** It is known that in bladder
dysfunction, episodes of recurrent urinary tract infections and
renal damage also decrease with the resolution of VUR.*¢~%*>

Agarwal et al. reported disappearance of VUR in 63% of
neuropathic patients managed by conservative therapy.*
However, in cases where conservative treatment is not
effective and reflux persists, the bladder remains non-
compliant with high intravesical pressure and poor compli-
ance and signs of upper urinary tract deterioration and urine
incontinence are present, bladder augmentation is indi-
cated.*”® By transforming the bladder into a high capacity,
high compliance, and low pressure reservoir, VUR can resolve
without ureteral reimplantation.*~”?

There is no agreement among the authors in the literature
whether augmentation cystoplasty alone is sufficient in the
resolution of pre-existing VUR or whether simultaneous ureter
reimplantation or endoscopic antireflux therapy are necessary
at the time of augmentation.*”>*® Soylet et al. reported a
series of 38 augmented neuropathic bladders associated
with VUR. Ureter reimplantation was not performed in
15 patients (13 ileocystoplasty, 2 gastrocystoplasty) but was
done in 23 other patients (16 ileocystoplasty, 4 colocy-
stoplasty, 3 gastrocystoplasty). VUR resolved in 97% (28/29

refluxing ureters) of patients without reimplantation and
disappeared in 93% (38/41 refluxing ureters) with reimplan-
tation. Interestingly, in this study all of the higher grade
refluxes resolved following augmentation, but some of
the lower grade VUR persisted.” Lopez et al. reported 16 cases
(11 ileocystoplasty, 3 colocystoplasty, 2 ureterocystoplasty).
In their material 87.5% of high refluxes and 100% of
low refluxes resolved after augmentation.” Nasrallah and
Aliabadi also reported 92% of VUR resolution in 14 patients,
post-colocystoplasty.’

In our study 41% (26/63) of the patients scheduled for
augmentation presented with VUR. In group I following
simultaneous antireflux repair VUR disappeared in all cases.
In the two cases of recurrent VUR, the cause of recurrence in
one patient was the increased intravesical pressure which was
probably the result of intense gastric segment contraction.
This VUR resolved by anticholinergic therapy. In the second
patient the temporarily recurrent VUR was attributed to
infection and it ceased following elimination of the infection.
In group II (no antireflux repair at augmentation) VUR
persisted in two patients following augmentation. One
patient’s (gastrocystoplasty) initial low grade unilateral VUR
upgraded (from grade II to grade IV) and became bilateral
which suggested the possibility of an augmentation failure
(poor compliance, high intravesical pressure). An antireflux
operation was performed in this patient in combination
with later anticholinergic therapy; however, re-augmentation
is also being considered because of persistently high intra-
vesical pressure. In the other patient (colocystoplasty) VUR
(grade III) persisted despite good urodynamic results. This
patient is awaiting antireflux surgery. There were two further
cases of temporarily recurrent reflux in group II, which are
assumed to be induced by infection and both ceased following
elimination of infection.

The majority of VUR in group I (81.3%) was of high grade,
which was the reason for choosing ureter reimplantation
simultaneously with augmentation, mainly in the first part of
this study. All VUR ceased in this group. In group II only 47% of
VUR were of high grade and 53% were low grade VUR. There
was no difference in the disappearance rate between high and
low grade refluxes (87% vs. 86%).

Comparing the resolution and persistence of reflux in the
two groups of patients and considering the pertinent
literature *~7° some practical conclusions can be drawn but
still a few unanswered questions remain.

In cases of successful bladder augmentation (low intra-
vesical pressure, good bladder capacity, and compliance) pre-
existing grade II-IV refluxes will probably resolve without
simultaneous antireflux plasty. In grade V reflux still there is a
chance for resolution of reflux without antireflux plasty but
probably less than in patients with lower grade reflux.

On the basis of this material the chance of recurrence
of reflux is higher in those augmented patients, in whom
the pre-existing reflux resolved following augmentation
without antireflux plasty than in those in whom simulta-
neous antireflux plasty was performed.

TABLE II. Pre- and Post-Augmentation Urodynamic Results of Patients With Augmentation Without Ureter Reimplantation

Compliance Capacity Pressure
Pre-op. Post-op. Sign. P<0.05 Pre-op. Post-op. Sign. P< 0.05 Pre-op. Post-op. Sign. P<0.05
Colocysto-plasty 6 pts 3.25 39.85 0.001 76.74 448 0.001 64.5 25.57 0.045
Gastrocysto-plasty 7 pts 4.2 38.83 0.002 178.6 464 0.001 61 27.8 0.012
Ileocysto-plasty 3 pts 6 49.7 0.009 165.3 408.3 0.001 40.66 28 0.001
Total 16 pts 4.32 40.2 0.001 131.56 446.8 0.001 57.38 26.87 0.003

Neurourology and Urodynamics DOI 10.1002/nau
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Surprisingly it was not possible to document any relation-
ship between the persistence and recurrence of reflux and
the grade of reflux. Soylet et al. made similar observations.*

No data were found in the literature regarding the role
of the type of GI segment used for augmentation on the
resolution of VUR. In this study, patients with the same low
intravesical pressure achieved good capacity and compliance
in both groups using different segments of GI tract. Obviously
larger numbers of patients in all three types of bladder
augmentation would have provided more convincing results.
Statistically there were no differences between the three
groups of bladder augmentations (gastrocystolpasty, colocy-
stoplasty, ileocystoplasty); however, the clinical results in
patients with gastrocystoplasty were less favorable than in
the other two groups of augmentations. Patients following
gastrocystoplasty had higher bladder contractions; in some
cases they required anticholinergic therapy or re-augmenta-
tion in one patient. These less favorable results can be
explained by the disturbed blood supply of the gastric
segment brought down retroperitoneally to the bladder
caused by the late partial occlusion of the pedicel of the
gastric flap. In terms of urodynamic studies only the
ileocystoplasty patients showed a statistically significant
difference in maximal filling pressure between Groups I and
II, but there was no effect on the disappearance of VUR.

Neurogenic and non-neurogenic bladders are of different
entities. The morphology and innervation of the ureter-
ovesical junction, which play important roles in the appear-
ance and disappearance of VUR, are different; however no
difference was found between the urodynamic results and
the disappearance of VUR in these patients following
augmentations performed with various types of GI segments.

Neither this study nor the pertinent literature *~7° can
answer the question as to whether one should perform an
antireflux plasty simultaneously with bladder augmentation
in the case of pre-existing reflux or not. In the first instance,
by performing an unnecessary ureter reimplantation with
its potential complications one will decrease the risk of
persistence or recurrence of reflux. In the second case, by
leaving the refluxing ureter unimplanted, probably unneces-
sary surgery can be avoided but at the same time the risk of
a technically difficult antireflux surgery is imposed on the
previously augmented patient.

CONCLUSIONS

Bladder augmentation alone without simultaneous antire-
flux plasty is usually sufficient for the resolution of pre-
existing reflux. There is no difference between the disappear-
ance rates of high and low grade VUR. Post-augmentation
recurrent VUR, which is usually caused by urinary tract
infection and/or increased intravesical pressure, can be
successfully cured by antibiotic and anticholinergic therapy.
The various GI segments (stomach, small, and large bowel)
used for augmentation have no statistical effect on the
resolution of VUR and urodynamic results. However, the
results for gastrocystoplasty patients are less favorable than
following bladder augmentation performed either with small
or large bowels. Further prospective studies on more patients
are necessary to make recommendations about the conserva-
tive or surgical care of pre-existing reflux in patients requiring
bladder augmentation.
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Abstract

Purpose Bladder augmentation and substitution has been
assumed to improve health-related quality of life in patients
with urinary incontinence. This study was performed to
elicit an evidence base for or against the above hypothesis.
Methods Between 1988 and 2006, 67 bladder augmen-
tations and 7 bladder substitutions were performed at our
institute. Inclusion criteria for the cross-sectional study
were a postoperative period of more than 1 year and an age
of at least 10 years at the time of operation. A multimo-
dality treatment-specific questionnaire (comprising 38
questions) was designed and sent to 61 patients. Quality of
life was investigated in all patients and between the groups
of patients with meningomyelocele (Group A) versus
bladder exstrophy (Group B), patients, who are catheter-
izing themselves via urethra (Group C) versus stoma
(Group D) and patients who are using (Group E) versus not
using wheelchair (Group F) following the surgery. For the
statistical analysis Students ¢ test, Wilcoxon signed rank
test and correlation analysis were used.

Results A significant overall improvement was found in
patients quality of life following this surgery (P < 0.05).
Ninety percent of patients would prefer again bladder aug-
mentation or substitution to their previous state. Patients
with meningomyelocele are changing pads or diapers more
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frequently than exstrophy patients because of their bowel
problems postoperatively. Quality of life improved better in
patients performing CIC via stoma than in patients who
perform it via their native urethra (P < 0.05). Outcomes
were independent of patients age and of the post-augmen-
tation time to assessment (P < 0.05).

Conclusions Bladder augmentation or substitution signif-
icantly improved the health-related quality of life in children
and young adolescents taking part in the study. The authors
are planning a prospective long-term follow-up of the
patients (longitudinal study) to validate the results.

Keywords Urinary bladder - Urinary diversion -
Quality of life - Children

Introduction

Partial or total urinary incontinence in children is one of
those life-long defects which can cause serious difficulties
in social life (attending school, learning a trade, self-suf-
ficiency). Nearly 80% of urinary incontinence in childhood
is due to dysfunctional voiding or congenital malforma-
tions, such as meningomyelocele, sacral agenesis, bladder
exstrophy or epispadias. The remaining 20% is made up of
acquired disturbances such as trauma and iatrogenic dam-
age of the urinary bladder innervations.

In case of a low bladder capacity, high bladder pressure
or low compliance, after conservative treatment has failed,
the available therapy is urinary bladder augmentation (or
substitution) with gastric or bowel segment, augmentation
like auto-augmentation or nowadays, tissue engineering
techniques. These procedures have numerous, well-known
advantages as well as complications. These vary depending
on the type of gastro-intestinal segment used [1-3]. Due to
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the risks of metabolic disturbances and other potential
complications, patients need long and continuous follow-
up and care [4-9].

Recently, there has been a strong demand for investi-
gation of not only the conventional outcomes of various
surgical interventions, but also for analysis of how the
therapy applied may influence patients quality of life. The
needs for such evidence-based studies are particularly
important for interventions performed in childhood. These
interventions will probably determine the course of patients
life and those of their families for decades.

The quality of life research is becoming a more mature
area of research today. The WHO definition of health [10]
contains an important supplement, added in 2001 [11].
Based on this supplement, health is described by somatic
indicators. This definition also relates to how a person
feels physically and psychically; how he/she copes with
everyday life and with other people. Health-related quality
of life (HRQoL) is a part of the overall quality of life.
This analyses a person’s everyday life from a multi-
dimensional concept embracing the components of phys-
ical, mental, emotional, and social well-being, as
perceived by the individual and others [12]. For assessing
the HRQoL, several types of questionnaire exist such as
generic, disease-specific, treatment specific or utility and
individualised measures [12, 13].

Such quality of life studies are performed mostly on
adults. Studying HRQoL in children is more difficult
because it needs different criteria from those applicable to
adults [12, 14-16]. Questionnaires exist for urinary
incontinence in children with spinal cord injury or neuro-
logical damage, as noted in a review by Avery et al. [17].
Surprisingly, there is no publication in the literature
showing how to investigate HRQoL in children and ado-
lescents or in young adults following bladder augmentation
or substitution. Due to the lack of treatment-specific and
validated treatment-specific HRQoL questionnaire for
children following urinary bladder augmentation or sub-
stitution, a questionnaire has been designed by the authors.

Materials and methods
Patients

Between 1988 and 2006, 67 urinary bladder augmentations
and 7 bladder substitutions were performed at the authors’
institute. Since the inclusion criteria were a postoperative
period of more than 1 year and an age of at least 10 years at
the time of operation, altogether 61 patients were included in
the cross-sectional study. Patients were divided into the

@ Springer

following groups: Group A, patients with meningomyelo-
cele; Group B, patients with bladder exstrophy; Group C,
patients who are catheterizing themselves via urethra; Group
D, patients who are catheterizing themselves via abdominal
stoma (Mitrofanoff); Group E, patients using wheelchair and
Group F, patients not using wheelchair.

Survey instrument and method

A treatment-specific questionnaire (“Appendix”) consist-
ing of 38 questions was designed with the assistance of
paediatric surgeons, nurses, paediatric psychologist, a
sociologist and a statistician taking part in the management
of these patients. Together with this questionnaire, a letter
detailing how to answer the questionnaire and an
“unmarked” envelope for the return of the completed
questionnaire was posted to the patients and their parents
(caretakers). The completion of the questionnaire was
voluntary and anonymous, and it had to be carried out at
the patients’ homes, away from the hospital. The patients
were asked to complete the questionnaire independently
without the help of their parents or caretakers.

The questionnaire is in two parts: the first section is
related to the state before surgery and the second section is
related to the state at follow-up 1-19 years later. Each of
the sections is divided into one part dealing with the
somatic (health) condition and a second part on questions
related to the individuals way of life. The questions con-
cerning the somatic (health) conditions dealt with the
urinary and faecal continence and movement. The way of
life questions, asked about the patients’ psychic and social
well-being, fitting into the community and self-reliance
before (“Appendix” questions A) and following surgery
(“Appendix” questions B). Answers had to be given on a
four-point scale on a value from “0” to “3”. In this scale, a
higher score denotes better somatic status and/or way of
life of patients (HRQoL). If on this four-point scale (0-1-2-
3) the “3” did not mean the better/best and the “0” the
worse/worst condition of the patient (for example in
question A101, “Did you have any urinary dripping before
the operation?” where “0” is no dripping; “3” is intensive,
permanent dripping); we reversed the answers during sta-
tistical analysis. In case of yes/no answer we calculated
with “0” and “1” where the “0” means the less favour-
able, the “1” means the favourable situation.

Statistical analysis
Statistical analysis was performed with the assistance of a

statistician (I.LL.) by using the following mathematical
formula:
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Sum of the values of the answers of the component’s questions
Component = - - S — x 10
Available maximum sum of the values of the answers of the component’s questions

where the answers regarding the somatic conditions and
way of life pre- and postoperatively, were inverted the
values from the four-point scale into a 10-point scale
components (Fig. 1). Four components were -created:
component 1, health before the surgery (summarize the
questions A101, A102, A103, A106, A107 and A108);
component 2, health following the surgery (summarize the
questions B101, B102, B103, B106, B107 and B108);
component 3, way of life before the surgery (summarize
the questions A21, A22, A23, A24, A25, A26) and com-
ponent 4, way of life following the surgery (summarize the
questions B21, B22, B23, B24, B25, B28 and B29).

Using the statistical formula above also compared our
variables between our established six groups: (1) Patients
with meningomyelocele (Group A) versus patients with
exstrophy (Group B); (2) patients are catheterizing through
urethra (Group C) versus patients catheterizing through
stoma (Group D); (3) patients are using (Group E) versus
patients not using a wheelchair (Group F).

Answers were analysed separately in general and in the
groups mentioned above. Questions related to intimate
relationship (questions B26, B27) were investigated
between women and men postoperatively, only, if the
patients were over 18 (12 females and 18 males).

Fig. 1 Columns of bar charts
representing the patients’ health
condition and way of life

Component Health
Before Surgery

For the statistical analysis, we used Students ¢ test,
Wilcoxon signed rank test and correlation (bivariate)
analysis, done by statistical software (SPSS 11.0, Chicago,
IL). The selected level of significance was 0.05.

Results

In 54 patients, urinary bladder augmentation (26 colocys-
toplasty, 18 gastrocystoplasty and 10 ileocystoplasty), and
in 7 patients bladder substitution with large bowel was
performed. The median age of the patients at the time of
bladder augmentation or substitution was 14.2 (ranging from
10 to 22) years. The average time between the operation and
the study was 8.9 (ranging from 1 to 19) years. All the 61
patients are on clean intermittent catheterization (CIC).
Fifty-one out of the 61 questionnaires (82%) were com-
pleted and returned. Two of these could not be evaluated
since some questions were not answered; therefore, 49
questionnaires were processed. Out of these 49 patients,
colocystoplasty in 21, gastrocystoplasty in 14, ileocysto-
plasty in 9 and in the remaining 5 patients bladder substitution
was the investigated procedure. The sex ratio was nearly 2-3
(20 female and 29 male). Thirty-one (out of 49) patients were
operated because of neuropathic bladder caused by
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meningomyelocele (Group A). The remaining 18/49 patients
suffered from bladder exstrophy (Group B). Twenty-one
patients (out of 49) are using his or her original urethra for
CIC (Group C). Continent catheterizable abdominal wall
stoma was created in 28/49 patients usually simultaneously
with the augmentation (Group D). None of our patients has an
artificial sphincter. Seven patients are using wheelchair
(Group E) and 42 out of 49 are not (Group F).

On analysis of the findings, it was statistically confirmed
that the answers were independent from two variables; the
time elapsed since the operation and the age of the patients.
These variables had no influence on the given answers with
the correlation analysis (P = 0.001).

Overall evaluation of HRQoL

In the evaluated 49 patients, the preoperative somatic (health)
component rose from 5.22 to 8.31 postoperative somatic
(health) component (P < 0.05). The preoperative component
of way of life rose from 5.42 to 8.02 postoperative compo-
nent of way of life (P < 0.05). The average change of the
components was at the probability of 95% 2.65-3.54 and
1.71-3.48 in order. The outcome with more robust Wilcoxon
test resulted in the same; the rise of the components was
significant in each of the cases (P < 0.05) (Fig. 1).

Detailed evaluation of specific questions in all patients
(N = 49)

Question B112 In reply to the question as to whether the
patient would undertake the operation again, 44 (90%)
answered positively (choosing “3”), only 5 (10%) stated
that they did not know (4%, choosing “1” or “27), or
would not undertake it again (6%, choosing “0”) (Fig. 2).
The 44 patients who declared that they would undertake the
operation again judged their condition as better compared

I don't know
whether to ask for
the operation again

or not
2 pts (4%)

I would not ask for
the operation again
3 pts (6%)

N=49
I would ask for the
operation again
44 pts (90%)

Fig. 2 The pie chart represents the distribution of answers given by

patients to the question B112 (If you have to decide now about
augmenting your bladder would you take the operation again?)

@ Springer

to those who would not do so (P = 0.012). Those patients
who were unsure about having the operation again (10%)
would have liked more information about the surgery and
their latter life from the doctors and from those who were
responsible for their preoperative care.

Question B24 Most patients answered positively to the
question as to whether their life had become easier after the
operation. Thirty-seven percent of them reported major
improvement (choosing “3”), 53% reported some
improvement (choosing “2”), and only 10% reported no
change (choosing “1”). None of the patients reported that
their life had become harder following augmentation or
substitution (choosing “0”).

Questions A23 and B21 Before the operation, 49% of
the patients had a problem with fitting into society, whilst,
following the operation, this figure decreased to 12%.
Way-of-life difficulties decreased significantly following
the operation (P < 0.05).

Questions B26, B27 Female patients reported better
intimate relationship in comparison with male patients
postoperatively, but this was not statistically significant.

Questions A104, A105 and B104, B105 Patients who
were able to catheterize themselves preoperatively did not
change the frequency of CIC postoperatively; however, the
catheterizable abdominal wall stoma decreased the need of
the parents or caretaker’s help for CIC.

Questions B110 and Bl11 Patients were satisfied with
their postoperative follow-up (regular clinical examina-
tions and lab investigations).

Evaluation of grouped patients

1. Group A (N = 31) versus B (N = 18): quality of life
improved in the same extent in patients with menin-
gomyeloce and bladder exstrophy following the
surgery.

Question 106 and 107: patients with meningomyelocele
are changing pads or diapers more frequently than
exstrophy patients (P < 0.05). No other significant dif-
ference was found between patients of Group A and B.

2. Group C (N = 21) versus D (N = 28): the somatic
(health) component rose with 2.28 (Group C) and 3.67
(Group D), the component of way of life rose with 1.72
and 2.86 postoperatively. The average change of the
components resulted in a better improvement in health-
related quality of life in patients performing CIC via
stoma postoperatively (P < 0.05). No other significant
alteration was found in the answers between the
patients of Group C and D.

3. Group E (N =7) versus F (N = 42): the somatic
(health) component rose with 3.70 (Group E) and 3.00
(Group F) which was non significant alteration
(P = 0.218). The component of way of life deteriorated
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with 0.39 in patients using wheelchair postoperatively,
but rose in patients without wheelchair with 2.85
postoperatively. This latter change was significant
(P < 0.05). No other significant alteration was found
in the answers between the patients of Group E and F.

Discussion

Long-term follow-up studies should focus not only on basic
survival, but also on quality of life of the patients. Based on
such follow-up, health carers can modify or correct their
treatment protocols.

For investigation of HRQoL, a treatment-specific ques-
tionnaire is of great importance. It is hard to design a
questionnaire for children due to their growing age. This
may be the reason why we could not find a questionnaire for
bladder augmented (or substituted) children in the literature.
While designing such a treatment-specific questionnaire, it
should be taken into consideration that a child augmented at
about 10 years of age will evaluate his or her preoperative
physical and mental status differently at about 18 years of
age postoperatively. We believe that after 10 years of age
the patients are already able to assess the quality of their life
following surgery. For these reasons, we recruited special-
ists—taking part in the management of these patients—from
various fields such as paediatricians, paediatric surgeons/
urologists, psychologist, sociologist and statistician to assist
in designing a treatment-specific questionnaire. To mini-
mize possible mistakes in preparation of this questionnaire,
test samples were sent to five patients before completing the
final version.

According to our results, bladder augmentation or sub-
stitution significantly improved the quality of life of
patients taking part in the study. The positive effect of the
operation is also reinforced by the fact that those who had
urinary incontinence before the operation had a strong
inclination that they were willing to proceed to the oper-
ation again. Patients felt that the various forms of
inconvenience associated with urinary incontinence (the
constant need to wear and change diapers, sanitary pads)
ceased or relevantly decreased postoperatively. This made
them self-confident and found that, their state of health
weakened them much less in their everyday life.

Questions may be raised regarding the ten patients who
did not respond our questionnaire. If they are less satisfied
with their quality of life, it can negatively influence the
favourable results of this study. Nine of these patients
irregularly attended the follow-up visits. Based on our
medical reports, their physical functions, symptoms, global
judgments of health, psychological and social well-being
was not different comparing to those patients who
responded our questionnaire.

We dare to say that the analysis of the established
groups is the most interesting part of our work. The reason
why the patients with meningomyelocele are changing
pads or diapers more frequently postoperatively than
exstrophy patients is probably their bowel problems.
However, the surgery provides urinary continence, the
bowel incontinence remains in many cases. There might be
several reasons why the HRQoL of patients living with a
urinary stoma improved better, but mainly abdominal
stoma is usually easier access to catheterize than a urethra.
We cannot answer why the way of life after surgery
deteriorates in patients who are using a wheelchair. It may
not only be necessarily related to the operation.

We were able to find only a few publications dealing
with the same question of augmentation. MacNeily et al.
[18] were not able to demonstrate superior HRQoL in 36
spina bifida patients (5-20 years of age) following bladder
augmentation over 52 non-operated spina bifida controls,
which is in contradiction with our results. However,
MacNeily used disease-specific questionnaire. Catti et al.
[19] used non-validated quality of life questionnaire for 23
adult women (19-41 years of age) born with bladder and
cloacal exstrophy, but only 7 of these 23 underwent urinary
bladder augmentation. They found that exstrophy women
may have a normal social and professional life, and the
same reproductive aspirations as their peers. It should be
emphasised that our questionnaire was treatment-specific
and not disease-specific and that we considered the surgical
intervention as a basis of study. Therefore, patients with
myelomeningocele and bladder exstrophy were also
included in our study. The evaluation of the results of this
study will be more impressive following a similar analysis
of HRQoL of parents or caretakers.

A comparison of our results with data of the literature
could not be done because we were not able to find similar
investigation of HRQoL in children and adolescents with
urinary bladder augmentation or substitution. Because of
this lack of a treatment-specific and validated utility
HRQoL questionnaire for this population to date, the
authors designed such a questionnaire. We dare to say the
main limitation of our study is that the quality of life before
the surgery was assessed by the participant after the fact
and this may limit the validity of the results. Therefore, we
are planning a prospective long-term follow-up (longitu-
dinal) study of the patients; in which, we are planning to
attempt at item reduction, assessment of face validity,
construct validity, or the test-re-test reliability of our
instrument to validate our data.
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Appendix

Your gender: female / male
How old were you at the time of bladder augmentation (or substitution)? ........ years
How old are you now?......... years

A.) Questions concerning the period BEFORE SURGERY
1.) Questions related to somatic (health) condition:

A101. Did you have any urinary dripping before the operation?

A102. Could you urinate on your own without a catheter or manoeuvre before the operation?
A103. Did you use a catheter for emptying your bladder?

A104. If yes, how often did you have to perform catheterisation?

A105. Who performed catheterisation?

A106. Did you have to use diapers because of urinary dripping?

A107. Did you have to use diapers because of faecal soiling?

A108. Did you attend some kind of orthopaedics therapy before the operation?

2.) Questions related to way of life:

A21. Did you find making friends easy before the operation?

A22. Did your illness hinder you in fitting into kindergarten, school and community?
A23. If yes, how much did it hinder you?

A24. Did you have friends before the operation?

A25. Did you have a girlfriend/boyfriend before the operation?

A26. How did you feel at all before you were operated on?

B.) Questions concerning the period FOLLOWING SURGERY
1.) Questions related to somatic (health) condition:

B101. How much are you satisfied with your present health?

B102. Do you have presently day-time urinary dripping?

B103. Do you have presently night-time urinary dripping?

B104. How often do you catheterise yourself?

B105. Who performs catheterisation?

B106. Do you use sanitary pads?

B107. Do you use diapers?

B108. Do you attend any orthopaedic therapy currently?

B109. Were you informed for the possible complications after the operation?
B110. Do you find the care system at our unit adequate?

B111. Would you like to have more help from the workers in the unit?
B112. If you have to decide now about augmenting your bladder would you take the op. again?

Every ...... hours

2.) Questions related to way of life:

B21. Does your present state hinder you in fitting into the community?

B22. Do you find making friends easier now than before the operation?

B23. Do you have friends?

B24. Did your life become easier after the operation?

B25. Do you have a girlfriend/boyfriend after the operation?

B26. Does your present state hinder you in establishing an intimate relationship? *
B27. If yes, how much does it hinder you? *

B28. How do you feel in general after the operation?

B29. Considering your present life, do you think that the operation was successful?

* if you are under 18 years or you do not want to establish a relationship yet, please do not answer for the question
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Summary

Introduction

Next-generation sequencing (NGS) techniques have
provided novel insights into the microbiome of the
urinary bladder (UB). In children after bladder
augmentation using either ileum (ileocystoplasty,
ICP) or colon (colocystoplasty, CCP), the fate of the
mucosal microbiome introduced into the urinary
tract remains unknown.

Objective

The aim was to compare the mucosal microbiome of
the native UB vs the augmented intestinal segment
(IS) using NGS.

Study design

Twelve children after bladder augmentation (ICP

n = 6, CCP n = 6) were included. Biopsies were
taken during routine postoperative cystoscopy from
the native UB and the IS. Specimens underwent
whole-genome DNA extraction, 16S rRNA gene
amplification, NGS, and Quantitative Insights Into
Microbial Ecology (QIIME) data analysis. Downstream
statistical data analyses were performed in Calypso.

Results

Patients’ median age at the time of surgery was 11
years (6—17 years), and the median interval between
augmentation and sampling was 7 years (4—13 years).
a-Diversity (Shannon diversity index) was not signifi-
cantly different between IS vs UB, ICP vs CCP, and
male vs female. No general differences in the overall
bacterial pattern (B-diversity) were found between
IS, UB, ICP, and CCP groups. The groups overlapped in
principal coordinate analysis (PCoA) and non-metric
multidimensional scaling (NMDS) analysis (Figure).
Age at sampling had a statistically significant influ-
ence on B-diversity at the genus level. Corynebacte-
rium, Pseudoxanthomonas, Lactobacillus,
Flavobacterium, and Micrococcus were the most
dominating taxa detected over all samples. There was
an obvious dominance of the genus Corynebacterium
in the samples taken from the UB and IS in both ICP and
CCP patients. Limitations of this study include the
relatively small number of patients.

Conclusion

After bladder augmentation, the native UB and
augmented ISs (ICP and CCP) host similar microbiota
despite their distinct differences of originating
mucosal anatomy.
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Introduction

The objective of bladder augmentation is to create a low-
pressure storage reservoir of sufficient capacity to preserve
upper urinary tract function and establish urinary conti-
nence when maximal medical therapy is unsuccessful [1].
Several techniques, including ileocystoplasty (ICP) or colo-
cystoplasty (CCP), have been described. However, it is well
known that bladder augmentation can be associated with a
variety of long-term complications, including excessive
mucus production, electrolyte imbalances, metabolic
acidosis, somatic growth retardation, vitamin B12 defi-
ciency, and the formation of bladder calculi [2]. Histologi-
cal changes and tumor formation in the augmented bladder
are the most severe postoperative complications [3].
Furthermore, recurrent urinary tract infections (UTIs)
represent a significant problem [2].

Next-generation sequencing (NGS) techniques have pro-
vided novel insights into the microbiome of the urinary bladder
(UB) [4], which until now has been suspected to be sterile [5].
However, there is a growing body of evidence suggesting that
even the healthy urinary tract harbors a variety of microbial
species, termed the urinary microbiome [6]. Furthermore,
disruptions of the microbiome of the UB have been demon-
strated in urological disorders such as urgency urinary incon-
tinence, overactive bladder, and urolithiasis [6,7].

Before bladder augmentation, the intestinal segments
(ISs) host a dense and complex microbial ecosystem serving
numerous immunological, metabolic, and defensive func-
tions. Augmentation of the native UB with ISs exposes this
alimentary microbiota to a completely different microenvi-
ronment. At present, however, little is known about the fate
of the intestinal mucosal microbiome after bladder
augmentation. The aim of the present long-term post-
operative observational study was therefore to intra-
individually compare the local bacterial microbiome of the
native UB and the IS in children after bladder augmentation.

Patients and methods

Patients and study setup

After approval of the local ethics committee (5011-0/2010-
1018EKU), 12 patients treated with bladder augmentation
at the institution were included in the study. Six of these
patients (3 female and 3 male) underwent ICP and six pa-
tients (3 female and 3 male) underwent CCP. Perioper-
atively, patients received antibiotic prophylaxis with
metronidazole, cefuroxime, and gentamycin. Before
bladder augmentation, sonography, cystomanometry, and
cystography were performed. Additionally, laboratory in-
vestigations as well as 24-hour urine analysis were carried
out.

The postoperative protocol involved bladder irrigations
every second day with physiologic saline solution. A
rigorous follow-up protocol was applied with regular visits
in the first 3, 6, and 12 months, followed by visits per-
formed yearly and later every 2 years. During these visits,
sonography, cystomanometry, voiding cystourethrography,
and laboratory and urine analysis were performed. The

antibiotic regime was then adapted according to antibio-
grams of urinary cultures.

Informed consent was obtained from the patients and/or
parents or legal guardians before study inclusion. The study
was conducted in accordance with the Declaration of
Helsinki.

All of the study patients underwent routine cystoscopies
with biopsies in 2-year intervals after bladder augmenta-
tion from the fourth postoperative year on. These were
only performed after ruling out UTI by culture. Biopsies
were taken under general anesthesia from the native UB
and the IS used for augmentation under sterile conditions.
From each patient, two samples were taken from the UB
and two from the IS. Two samples (1 UB and 1 IS) were sent
for routine histological examination. One sample from each
region (1 UB and 1 IS) was immediately embedded in the
operation theater using OCT compound (BioOptica, Milan,
Italy), frozen, and stored at —80°C until further processing.

Total DNA isolation, 16S rRNA gene library
preparation, and sequencing

The latest available samples (1 UB and 1 IS) were retrieved
in sterile 1.5-mL Eppendorf tubes and spun in a centrifuge,
and OCT was removed using a pipette. The biopsy was
transferred to a MagNA Lyser Green Bead tube (Roche,
Mannheim, Germany) and homogenized in 500 pL of bac-
terial lysis buffer from the MagNA Pure LC DNA Isolation Kit
Il (Bacteria, Fungi) (Roche, Mannheim, Germany) four
times at 6500 rpm for 30 s. Samples were incubated with
25 uL of lysozyme (100 mg/mL) at 37°C for 30 min and
43.4 uL Proteinase K (20 mg/mL) overnight for enzymatic
digestion. DNA purification was performed according to the
manufacturer’s instructions with the MagNA Pure DNA
isolation kit Ill (Bacteria, Fungi) on a MagNA Pure LC 2.0
Instrument (Roche, Mannheim, Germany) with 100 pL
elution volume according to the manufacturer’s in-
structions. For negative controls, empty tubes were run
with each isolation batch. Target-specific polymerase chain
reaction (PCR) amplification with 5 uL total DNA and target-
specific primers 27F (5-AGAGTTTGATCCTGGCTCAG-3') and
357R (5-CTGCTGCCTYCCGTA-3') was performed with the
FastStart High Fidelity PCR system (Sigma, Germany) for 33
amplification cycles according to the supplier’s instructions
in 25 L triplicate reactions. After pooling the triplicates,
normalization, indexing, and library preparation were
performed as described by Klymiuk et al. [8]. The final li-
brary for NGS was quantified using the QuantiFluor ONE
dsDNA dye on a Quantus Fluorometer (Promega, Mannheim,
Germany), and quality was checked on an Agilent 2100
Bioanalyzer (Agilent Technologies, Waldbronn, Germany)
using a high-sensitivity DNA chip. The final pool was diluted
to 4 nm, and the library was run at 6 pM with 20% PhiX with
v3 600 cycles chemistry on a MiSeq Desktop Sequencer
(Ilumina, Eindhoven, The Netherlands). FastQ files were
used for data analysis.

Data analysis

A total of 9,649,860 raw reads were processed for data
analysis. The compressed data were counted, and reads
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Table 1 Metadata of the 12 patients included.

Patient ID Method Gender Age at Age at Antibiotics at
augmentation sampling sampling

110 CCP m 7 19 S

124 CCP m 7 19 Am

125 CCP m 7 20 S

127 CCP f 11 23 Ce

66 CCP f 17 27 S

96 CCP f 11 23 S

132 ICP m 16 20 Ce

161 ICP m 14 18 S

75 ICP f 6 10 Ce

78 ICP f 13 17 Am

80 ICP f 11 15 Ce

82 ICP m 10 14 M

CCP = colocystoplasty; ICP = ileocystoplasty; m = male; f = female; S = sumetrolim; Am = amoxicillin; Ce = cefuroxime;

M = methenamine.

were joined using ea-utils, version 1.1.2 [9] with standard
setting, followed by multiple split libraries from the
Quantitative Insights Into Microbial Ecology (QIIME 2.0)
software [10]. During this step, sequencing reads were
filtered according to standard settings. Adapter sequences
were removed from the reads, and the detected chimeras
were eliminated from the data set by UCHIME method in
QIIME [11]. Remaining reads were degapped, deuniqued,
and split into single fasta files per sample for further
analysis in QIIME 2.0 [10]. After adding QIIME labels, reads
were clustered into operational taxonomic units (OTUs)
with a sequence similarity of 97% using UCLUST clustering
method [12] in the open reference workflow, and se-
quences were mapped to the Greengenes database [13].
OTUs with less than six sequence reads, unclassified reads,
and chloroplast reads were removed. All OTUs found in the
negative controls (isolation control and non-template PCR
control) were also removed from analysis. Downstream
statistical analysis (principal coordinate analysis [PCoA])
was performed in Calypso, version 8.18 [14]. All FastQ raw
data may be accessed through the study accession number
PRJEB24640 at the European Nucleotide Archive.

Results
Patient data

The patients median age at the time of surgery was 11 years
(range, 6—17 years) and was not significantly different
between the two methods used (median ICP, 12 years
[range, 6—16 years] vs median CCP, 9 years [range, 7—17
years]; P = 0.589). The patients’ details are shown in Table
1. None of the included patients had an acute bladder
infection at the time of sampling. Antibiotics at sampling as
listed in Table 1 were given according to the resistance
pattern of the last UTI.

The median interval between augmentation and sam-
pling was 7 years (range, 4—13 years) for all included pa-
tients. Patients after ICP (all samples 4 years after
augmentation) had a significantly shorter period between

augmentation and sampling than patients after CCP (me-
dian, 12 years; range, 10—13 years) (P = 0.002).

Bacterial pattern examination on OTU and genus
level

The 16S rRNA gene amplicon—based bacterial analysis
resulted in a mean number of 101,824 reads per sample
(range, 1,117—349,873; standard deviation, 89,681.623
reads). From the complete OTU list with 1,467 OTUs, 589
bacterial OTUs were used for further analysis after appli-
cation of the filtering steps described in the Methods sec-
tion. The subsequent genus level analysis revealed 263
microbial genera that were again cleaned from genera with
less than six sequence reads, unassigned reads, and chlo-
roplast hits and all genera that were also found in any of
the negative controls ending up with 153 bacterial genera.

a-Diversity: the effect of augmentation, tissue, and
gender on Shannon diversity index

The microbial richness of the samples (12 patients, 2 sam-
ples each) ranged from 6 to 215 OTUs and 3 to 62 genera per
sample. To analyze potential differences between
augmentation method (ICP vs CCP), tissue (IS vs UB), and
gender of the samples’ a-diversity, Shannon diversity index
values were used. However, no statistically significant dif-
ferences were found for the comparison of IS vs UB samples
(neither in the ICP nor the CCP group) (P = 0.164).
Furthermore, a-diversity was not significantly different in
the comparisons of the pooled samples IS vs UB (P = 0.112),
CCP vs ICP (P = 0.204), and male vs female (P = 0.16). It
shall be noted that sample 78 IS with only 200 reads was
removed from all a-diversity calculations.

B-Diversity: the effect of augmentation on the
microbial pattern

Adonis comparison on Bray—Curtis dissimilarity indices
revealed no significant influence of the UB and the IS
grouping on the overall bacterial pattern on OTU (P = 0.53)
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On OTU level, the IS and UB sample groups overlap in principal coordinate analysis (PCoA) in both, ICP and CCP, classi-

fication (P = 0.22). Consistently, non-metric multidimensional scaling (NMDS) on OTU level did not result in statistically significant
difference between the analyzed groups. CCP, colocystoplasty; ICP, ileocystoplasty; IS, intestinal segment; OTU, operational

taxonomic unit; UB, urinary bladder.

and genus level (P = 0.38), respectively. Both the groups
overlapped in PCoA and non-metric multidimensional
scaling (NMDS) analysis (Fig. 1). Therefore, the overall
microbiome was considered similar in biopsies taken from
the UB and the IS.

The differences in B-diversity (Bray—Curtis and redun-
dancy analysis) regarding the parameters gender, age of the
patients at the time of augmentation, age at sampling, and
tissue used are shown in Table 2. Most notably, age at
sampling had a statistically significant influence on B-di-
versity at the genus level. Moreover, comparison of the IS vs
the UB groups revealed no statistically significant differ-
ences (Table 2).

Genus and OTU pattern between the sample groups

To examine and visualize the most abundant genera for
comparison between the IS and UB samples, bubble chart
(Fig. 2) and bar chart (Supplementary Fig. S1) analyses
were performed. In the UB group, the genera Corynebac-
terium, Pseudoxanthomonas (only dominant in 1 of 12

Table 2 Adonis group-wise comparisons on Bray—Curtis
dissimilarity indices and redundancy analysis (RDA) at both
operational taxonomic unit (OTU) and genus level.

Bray—Curtis RDA
OTU Genus OTU Genus

0.26 0.099 0.035 0.099
Age at augmentation 0.017 0.17 0.09 0.17
Age at sampling 0.13 0.037 0.221 0.037
IS_CCP/IS_ICP/UB_CCP/UB_ICP 0.22 0.21 0.046 0.21
UB vs IS 0.53 0.38 0.107 0.38

Statistically significant values are given in bold.

Gender

samples), Flavobacterium, and Micrococcus turned out to
be the most abundant genera. In the IS group, Corynebac-
terium, Lactobacillus, Nocardioidaceae, and Leucobacter
were the four most abundant taxa. Considering the reads
detected over all samples regardless of the group, Cory-
nebacterium, Pseudoxanthomonas, Lactobacillus, Fla-
vobacterium, and Micrococcus were the most dominating
taxa again. The obvious differences of the microbial
pattern between the IS and UB sample within single pa-
tients (e.g., patient 75, 80, 110, 124, and 161) (Fig. 2 and
Supplementary Fig. S1), however, were not statistically
significant.

Linear discriminant analysis effect size

Linear discriminant analysis effect size (LEfSe) analysis over
all hierarchical levels was performed to find taxa with
statistically significant differences between the UB and IS
groups. The analysis revealed Corynebacterium, Staphylo-
coccus, Thermus, and Leucobacter being significantly
different in their relative abundances between the UB and
the IS sample groups considering only the 100 most abun-
dant taxa of all samples analyzed (P < 0.05)
(Supplementary Fig. S2). Nevertheless, as the total-sum
scaling (TSS)—normalized abundance of Staphylococcus,
Thermus, and Leucobacter was below one percent
(Fig. 3A), these taxa were not considered biologically
relevant for further analysis.

Corynebacterium

There was an obvious dominance of the genus Corynebac-
terium sp. in the samples taken from the UB and IS in both
ICP and CCP patients. Nevertheless, analysis of the relative
abundance of the genus Corynebacterium in IS vs UB and
CCP vs ICP, as well as in the comparison of all four groups,
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did not result in statistically significant changes
(Fig. 3B—D). The representative read of the Corynebacte-
rium OTU was aligned against 16S rRNA databases (Green
genes [13], silva [15], rdp [16]) but did not reveal species-
level classification.

Discussion

In the present study, the microbiome of the UB of patients
after bladder augmentation was examined with NGS-based
16S rRNA gene techniques for the first time. The most
important finding was that the bacterial pattern did not
statistically significantly differ between the native UB and
the ISs introduced into the urinary tract.

The composition of the intestinal microbiome along the
different sections of the intestinal tract differs consider-
ably [17]. Environmental factors such as pH, dietary sub-
strates, digestive enzymes, intestinal gases, bacterial
fermentation, etc., have a direct impact on the luminal
microbial diversity. Furthermore, the luminal microbiome
differs from the mucosal microbiome even at the same site
within the intestinal tract [17]. This difference may be
largely influenced by the mucus itself, which is produced by
goblet cells and serves as a rich source of energy for a
subset of colonizing intestinal microbes [18]. Finally, the
mucus layer serves as an important physical barrier limiting
a direct contact between commensal intestinal microbes
and the underlying epithelial cells [19]. In summary, each
portion of the intestinal tract offers a unique microenvi-
ronment of luminal and mucosal factors for the distinct
colonization with gastrointestinal microbes. This phenom-
enon is called the niche concept.

After bladder augmentation, the mucosal part of the
‘intestinal niche’ is introduced into the urinary tract [1].
Thus, the question arises whether or not the intestinal
mucosa invites colonization of the native UB with gut mi-
crobes and be therefore responsible for the long-term
complications after bladder augmentation. Additionally, it
was unknown whether the local microbiome of the ISs re-
mains different from the microbiome of the native urine
bladder. In the present study, therefore, the local bacterial
pattern from the original UB vs the introduced IS was
intraindividually compared, and the finding that these two
host similar bacterial microbiota despite the distinct dif-
ferences of origin was described. It may consequently be
speculated that the ‘niche concept’ mainly depends on
microenvironmental factors such as liquid components, pH,
or dietary substrates. It can be hypothesized that trans-
ferring the ISs from the environment of the gut to the uri-
nary tract exposes the mucosa to a completely different
environment and subsequently allows adaptation to an
indigenous urinary microbial colonization, explaining the
lack of differences between the microbiome of the ISs and
the native UB found in the present study. One of the
strengths of this study is the long-term observation period.
A median time of 7 years between bladder augmentation
and sampling seems long enough to observe any significant
changes of the local microbiome. On the other hand, a
momentary description of the local microbiome is pre-
sented. Future studies could concentrate on a longitudinal
examination of the bladder microbiome and the introduced
ISs, ideally also assessing the microbiome of the introduced
ISs as well as the UB before introduction in the urinary
tract.

Until now, data describing the mucosal microbiome of
the urinary tract in patients who have undergone bladder
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augmentation were not available. The literature regarding
the specific species causing UTls after bladder augmenta-
tion does not emphasize an overwhelming diversity of
gastrointestinal bacteria based on culture-dependent ap-
proaches [20]. The NGS-based microbiome data derived
from mucosal biopsies with low bacterial diversity seem in
accordance with these clinical observations. Data in the
literature about the differences of the male and the female
urinary microbiome [21] confirm the study results identi-
fying a trend toward difference on genus level between
male and female patients (compare Table 2).

The striking presence of Corynebacterium in all samples
without statistical significance comparing the UB and the IS
group corresponds to already published reports on the
presence of this bacterium in the human urinary tract
[22—25]. Moreover, Corynebacterium has been shown to
cause UTls in patients with underlying urological diseases
and stone formation [26,27]. Both are well-established
complications of bladder augmentation [2]. Therefore,
potential therapeutic approaches to decrease the abun-
dance of Corynebacterium after bladder augmentation
using, for instance, probiotics and their clinical benefits are
subject for future studies.

Additionally, non-significant trends in the microbial dif-
ferences between UB and IS need to be evaluated in a
larger sample cohort. Accordingly, other genera found in
the samples of this study correspond to published results on
the human bladder microbiome [24]. A further question
arising is whether or not the local microbiome plays any

role in histological and mucin alterations, particularly in
premalignant or malignant transformation [28]. To answer
this question, the authors are planning to correlate the
microbial changes with the histological alterations in a
larger prospective and multicenter study. Furthermore,
characterization of especially the viral colonization pattern
might be interesting in future projects because of the po-
tential tumor formation in the augmented bladder.

Future studies will also have to address the influence of
diet/nutrition on the bladder microbiome. Regarding the
function of the urinary tract, colonization with various
bacteria such as Corynebacterium, Oligella, Staphylo-
coccus, and Actinomyces has been shown to be associated
with urge urinary incontinence [6]. As there are presently
no data regarding associations between the microbiome
and the function of the urinary tract in patients after
bladder augmentation, this issue will have to be addressed
in future prospective studies.

One limitation of the present study is the small number
of patients examined and its retrospective design. Addi-
tionally, it may be of interest to compare the
microbiome between different regimes of antibiotic pro-
phylaxis, but the number of patients included in this ex-
amination is too low to answer this question. Nevertheless,
the study data provide the first deep insight into the bac-
terial microbiome of the UB of pediatric patients after
bladder augmentation, a relatively uncommonly performed
procedure, and make the first sequence data of patients
after bladder augmentation available.
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In conclusion, after bladder augmentation, the native
UB and the augmented segments (both ICP and CCP) host
similar bacterial microbiota despite their distinct differ-
ences of their originating mucosal anatomy.
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