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Preface
This thesis aims to give an update of many aspects of lower urinary tract dysfunction in children and the presented studies give some insight in additional aspects
of this diverse spectrum.
The lower urinary tract has a complex function. It can store the urine after production in the kidneys and it can transport urine at the time of voiding. The dysfunction of the lower urinary tract can also be divided in phenomena during the storing phase and during the emptying phase. In this thesis different aspects of lower
urinary tract dysfunction will be discussed. Chapter 1 is the introduction into all aspects of lower urinary tract symptoms (LUTS) at pediatric age.
Chapter 2 describes the results of a large prospective randomized study into the
treatment of recurrent urinary tract infections by using a home-uroflowmetry unit
that has been developed by the author and the department of paediatric urology
in the Wilhelmina Kinderziekenhuis in Utrecht and the presented studies give some
insight in additional aspects of this diverse spectrum.
Chapter 3 is the first publication on the use of ultrasound to detect constipation in
the large group of children with urinary tract infections that have constipation as
co-morbidity. This publication is responsible for a current landslide world-wide for
the diagnosis and follow-up of constipation in children. By now, all over the world,
pediatricians are exchanging plain X-ray pictures by US to detect and follow constipation in childhood.
Chapter 4 describes the results of aggressive constipation treatment for those patients with LUTS and constipation where regular laxative treatment fails to correct
the overdistended rectum as the engine behind failure of bladder emptying.
Chapter 5 is a by-product of the study in chapter 2. Many girls with recurrent urinary tract infections or urinary incontinence appear to have a meatal deformity
that deflects the urinary stream anteriorly. This direction of the urinary stream
makes proper bladder training impossible and therefore the anomaly needs to be
cured by a minor surgical procedure of the urethral meatus. This minor procedure
has, apart from correction of the urinary stream, the advantage that in a large
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group of girls LUTS disappears after the operation obviating the need for further urotherapy.
Chapter 6 is the result of a separate study that has been done into measuring
of the urethral length in girls. A subset of girls with urinary incontinence appears to have a very short urethra preventing to become dry by non-surgical
treatment. By measuring the urethral length as a routine in all children presenting with LUTS, traumatic failing therapies for those girls detected with extremely short urethras can be prevented.
Chapter 7 a perineal ultrasound of the pelvic floor is described and used as a
diagnostic tool to discriminate between normal an abnormal pelvic floor
muscle behavior. In this article the abnormal pelvic floor behavior in children
with LUTS and the effect of physical therapy for those children is studied.
Chapter 8 is a review article on urodynamic studies, written by invitation for
Nature Reviews Urology. Urodynamic studies are an important tool in diagnosing LUTS in children, discriminating between those children that need
urotherapy and medication and those that may need any kind of surgery to
overcome their problem.
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Chapter 1
General introduction:
LUTS bij kinderen, een
inleiding

1
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Samenvatting
Lagere urinewegproblematiek bij kinderen komt vaak voor en is, samen met
astma, de meest voorkomende ziekte op de kinderleeftijd. Voor veel kinderen is het een chronische aandoening met een ernstige aantasting van de
kwaliteit van leven.
Adequaat behandelen van kinderen met lower urinary tract symptoms (LUTS)
is noodzakelijk en zinvol, vanwege verbetering van de kwaliteit van leven,
voorkomen van urinewegproblemen op latere leeftijd en bescherming van
de hogere urinewegen in geval van bijkomende reflux. Het advies om af te
wachten is niet meer van deze tijd.
Dit artikel probeert een overzicht te geven van de huidige stand van zaken.

Summary
LUTS in children
Lower urinary tract symptoms (LUTS) in children is a frequent occurring problem, together with astma the most frequent disease at pediatric age. For
many children LUTS is a chronic condition with a major impact on the quality
of life.
Adequate treatment is needed and useful to enhance quality of life, prevent
LUTS at later age and protect the upper urinary tracts in case of co-existing
vesico-ureteric reflux. The advice to wait and see is outdated.
This manuscript tries to give an overview of the current management of LUTS
in children.
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Introductie
Tussen de 7 en 10% van alle kinderen in de schoolgaande leeftijd komt bij een
specialist terecht wegens recidiverende urineweginfecties en/of urine-incontinentie op basis van niet-neurogene disfunctie van de lagere urinewegen.
Dit betekent dat klachten van de lagere urinewegen, samen met astma, de
belangrijkste chronische ziekten vormen op de kinderleeftijd.
Volgens de definitie van de International Children’s Continence Society (ICCS)
moet elke methode die informatie geeft over het functioneren van de lagere
urinewegen ingezet worden bij het behandelen van kinderen, zoals mictieanamnese, lichamelijk onderzoek, mictie- en defecatiedagboek, statische en
dynamische echografie van de lagere urinewegen, uroflowmetrie met echografische meting van urineresidu en, ten slotte, invasief onderzoek, zoals mictiecystografie en urodynamisch onderzoek (UDO). In het tweede rapport van
de International Consultation on Incontinence om
vat deze definitie tevens
metingen van de functie van het colon en rectum.1 Een mictie- en defecatieanamnese en een mictie- en defecatiedagboek zijn daarom de belangrijkste bronnen van informatie over het functioneren van de lagere urinewegen en de dikke darm waarop het behandelplan wordt gemaakt.2-5
Al het initiële onderzoek wordt gedaan om onderscheid te maken tussen kinderen met functionele mictieklachten, kinderen met een neurogene blaas en
kinderen met anatomische afwijkingen die eventueel chirurgie nodig hebben. Neurogene aandoeningen dienen te worden uitgesloten tijdens het
eerste klinische bezoek, door middel van een lichamelijk onderzoek, en elke
verdachte bevinding dient tot nader onderzoek te leiden.6-7 Bij jongens met
een overactieve blaas (OAB) en incontinentie moet een urethrale obstructie
worden onderzocht als mogelijke oorzaak. Incontinentie als gevolg van functionele symptomen van de lagere urinewegen (lower urinary tract symptoms,
LUTS) komt vaak voor bij meisjes en kan vergezeld gaan van urineweginfecties (UWI). Bij meisjes met disfunctionele mictie of een hypoactieve blaas
(HAB), moet uitsluiting van andere afwijkingen plaatsvinden, omdat bij veel
van deze meisjes LUTS een chronische aandoening is die levenslange aandacht voor het plasgedrag nodig maakt.
Het laatste decennium is de zorg voor kinderen met LUTS in Nederland
enorm verbeterd. Door intensieve opleiding van urotherapeuten in het Wil-
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helmina Kinderziekenhuis (WKZ) in Utrecht biedt nu ongeveer 80% van alle
ziekenhuizen urotherapie als routine aan, veelal in de vorm van plas- en poeppoli’s gekoppeld aan de kindergeneeskunde. Dit artikel is een update met wat
toegevoegde recente literatuur, deels gebaseerd op de ‘Richtlijn Incontinentie
bij kinderen’ (www.nvu.nl en www.nvk.nl), deels op een eerder geschreven
artikel in European Urology Supplements uit 2012.

1

Functionele LUTS
Tussen de 7 en 10% van de kinderen in de schoolgaande leeftijd heeft functionele LUTS.8-9 LUTS kan zich manifesteren als aandrangsyndroom (urgency/
frequency), incontinentie of recidiverende UWI’s. Overmatige aandrang gaat
gewoonlijk gepaard met ophoudmanoeuvres tijdens detrusorcontracties. Het
kind gebruikt alle omringende spieren om te zorgen voor extra urethrale
sluiting of drukt de urethra mechanisch dicht met de hand of hiel. Aanbevolen wordt een driedaags mictiedagboek en een defecatiedagboek van twee
weken bij te houden vóór het eerste bezoek aan een specialist. Er moet een
volledige mictie- en defecatieanamnese worden afgenomen, een lichamelijk
onderzoek met speciale aandacht voor de lumbosacrale neurologie worden
verricht, en er moeten tenminste twee vrije uroflowmetrieonderzoeken met
echografische residubepaling worden uitgevoerd. Echografie van de urinewegen wordt routinematig aanbevolen.2,10-12 Bij de hogere urinewegen kan echografie de aanwezigheid van dubbelsystemen, dilatatie of littekenvorming aantonen. Blaasechografie geeft informatie over de wanddikte; een dikwandige
blaas leidt tot verdenking op anatomische of functionele obstructie, terwijl bij
meisjes met mictieklachten vaak sprake is van een open blaashals.10-12
De dwarsdoorsnede van het rectum kan worden bepaald met blaasechografie, waarbij een doorsnede van > 3 cm bij afwezigheid van aandrang tot
defeceren een sterke aanwijzing is voor obstipatie.13-14 Geavanceerde statische
en dynamische echografie van het perineum kan extra informatie geven over
de mobiliteit van de blaashals, het vermogen om de musculus puborectalis
en de sfincter willekeurig samen te trekken, de guarding-reflex (zenuwbaan S3)
en de lengte van de urethra.15-17 Hypermobiliteit van de blaashals komt voor
bij de 15% kinderen met gegeneraliseerde hyperlaxiteit van gewrichtsbanden
en kan verband houden met aangeboren stressincontinentie. Onvermogen
om de bekkenbodem te beheersen, kan een indicatie zijn voor fysiotherapie
vóór urotherapie. De afwezigheid van S3-reflexen kan duiden op een caudaal
12 | Lower urinary tract dysfunction in children

regressiesyndroom, en in zeldzame gevallen kan een aangeboren zeer korte
urethra van minder dan 15 mm, als forme fruste van een vrouwelijk epispadie,
voorspellen dat een conservatieve behandeling geen effect zal hebben.
De mogelijke diagnosen bij kinderen met LUTS zijn OAB, mictieklachten, een
HAB en incontinentie met UWI, veroorzaakt door het uitstellen van mictie. De
meeste kinderen met LUTS moeten, vanaf de leeftijd van 6 jaar, worden behandeld met urotherapie, zo nodig ondersteund door een farmacologische
behandeling. Urotherapie wordt door de ICCS gedefinieerd als een niet-operatieve, niet-farmacologische behandeling voor LUTS, synoniem met de term
LUT-revalidatie die bij volwassenen wordt gehanteerd.2,18
Overactieve blaas
Bij jongens in de schoolgaande leeftijd met urgeklachten en incontinentie ten
gevolge van OAB is met name de differentiatie van belang tussen secundaire
overactiviteit door urethrale obstructie en het primair ontbreken van centrale
beheersing van het mictiegedrag, die zich waarschijnlijk beide uiten in een
gering maximaal mictievolume ten opzichte van het te verwachten plasvolume voor de leeftijd.19 Obstructie bij jongens kan optreden in het hele gebied van de blaashals tot het uiteinde van de urethra, en zal vaak niet ontdekt
worden bij mictiecysto-urethrografie.19-21 Soms kan de diagnose obstructie al
worden gesteld op basis van een plateauflow bij vrije uroflowmetrie, maar
proximale urethraobstructies kunnen een vrijwel normale flow opleveren als
de blaasdruk maar hoog genoeg is. Een positieve reactie, in termen van verlichting van de symptomen, op een anticholinergische behandeling, zelfs
wanneer deze slechts enkele weken duurt, is een sterke aanwijzing dat urethraobstructie de onderliggende oorzaak is van OAB bij jongens.22 Op basis
van dit onderzoek wordt een drie maanden durende anticholinergische therapie aangeraden, alvorens te besluiten of een jongen een UDO, en mogelijk
een endoscopische operatie, moet ondergaan, of urotherapie voor overactiviteit van de blaas nodig heeft. Snelle terugval van klachten na stoppen
van de medicatie doet het vermoeden op obstructie toenemen. 23
Meisjes met LUTS hebben voornamelijk farmacologische en gedragstherapie
nodig. De farmacologische therapie kan bestaan uit een chemoprofylaxe
voor recidiverende UWI’s, laxeermiddelen (macrogolen) voor de vaak aanwezige obstipatie en anticholinergica in het geval van detrusoroveractiviteit.
In onze derdelijnsverwijzingssituatie blijkt ongeveer een derde van de meisjes
LUTS bij kinderen, een inleiding | 13
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met LUTS een meatusafwijking te hebben die ontspannen mictie in de ideale
toilethouding verhindert. De toiletrand en hun billen worden nat als gevolg
van een naar voren gebogen urinestraal. Deze meisjes hebben veel baat bij een
meatuscorrectie vóór de urotherapie en in een deel van de gevallen verdwij
nen zelfs alle klachten na meatusplastiek.24-26 Soms is een UDO nodig om meatusafwijkingen vast te stellen, met kenmerkend een sterk verhoogde maximale
detrusordruk tijdens mictie.
Disfunctionele mictie, dysfunctional voiding (DV)
Disfunctional voiding treedt vaak op bij meisjes en zelden bij jongens. Onjuiste
ontspanning van de bekkenbodem tijdens mictie heeft een staccato en/of
onderbroken stroom tot gevolg bij uroflowmetrie, en bij daaropvolgende
echografie wordt een residu waargenomen. Verminderd gevoel van de vullingstoestand van zowel de blaas als het rectum kenmerkt DV, en vaak bestaat incontinentie als gevolg van uitstel van mictie.2 Zoals eerder beschreven, kan er
sprake zijn van een meatusafwijking; ongeveer de helft van de meisjes met een
naar voren gebogen urinestraal zal na meatusplastiek geen klachten meer hebben, terwijl de andere helft alsnog cognitieve en biofeedbacktraining nodig
heeft. Behandelaars en patiënten realiseren zich onvoldoende dat DV een chronische blaasaandoening is. Aandacht voor het plaspatroon blijft levenslang
nodig.
Hypoactieve blaas (HAB)
HAB uit zich als een gedecompenseerde vorm van DV, die voornamelijk
voorkomt bij meisjes, maar soms ook bij overigens gezonde jongens.27 Bij jongens met een voorgeschiedenis van ernstige urethrakleppen kan een verminderd gevoel van de vullingstoestand van de blaas en een verminderd gevoel
van een volle blaas in combinatie met geringe blaascompliantie gevaarlijk zijn
voor de hogere urinewegen, vooral wanneer sprake is van nachtelijke polyurie.
Hetzelfde probleem kan zich voordoen bij meisjes na ernstige obstructie door
een grote ureterocele.28-32 Veel mensen realiseren zich niet dat een kleppenblaas een levenslang risico voor de hogere urinewegen vormt.
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Uroflowmetrie
In het algemeen kunnen mictievolumes van minder dan 100 ml of minder
dan 50% van het verwachte plasvolume voor de leeftijd niet betrouwbaar
worden geïnterpreteerd. In alle gevallen is het belangrijk om het mictievolume, de gemeten urinestroom en de flowtijd te registreren. De urinestroom kan worden beschreven in termen van snelheid en patronen, en kan
continu, onderbroken (gefractioneerd), of staccato (fluctuerend met pieken
en dalen) zijn. De berekening van de gemiddelde flowsnelheid (mictievolume
gedeeld door flowtijd) is alleen zinvol als de stroom continu is. De parameters die gebruikt worden om een continue stroom te kenmerken, kunnen
- mits zorgvuldigheid in acht wordt genomen - ook gebruikt worden bij kin
deren met een gefractioneerd of staccato flowpatroon. Patronen en snelheden dienen bij herhaald onderzoek consistent te zijn om een beoordeling
mogelijk te maken, en daarom zijn diverse registraties vereist om consistentie
te verkrijgen.
Een continue stroom met een lage snelheid met een verlengde flowtijd kan
duiden op een anatomische in
fravesicale obstructie.33 Een staccato en
gefractioneerde stroom komt voor bij patiënten met DV en HAB.2 Een normale continue flowsnelheid binnen de verwachte tijd sluit urethraobstructie
niet uit, omdat er geen informatie voorhanden is over de druk die de detrusor
genereert om deze stroom te produceren. Specifieke literatuur over dit
onderwerp, anders dan expert opinion, is schaars.34-36

Behandeling
Medische behandeling kan worden uitgeprobeerd gedurende een periode
van drie maanden. Elke behandeling moet beginnen met verduidelijking van
de blaas- en sfincterfunctie, in combinatie met verduidelijking van de aandoening die de LUTS veroorzaakt.
In het geval van urgeklachten en OAB kan, indien er geen sprake is van obstipatie, een anticholinergicum worden gegeven. Op dit moment is oxybutynine het enige anticholinergicum dat is goedgekeurd voor gebruik bij kinderen, hoewel velen ook detrusitol voorschrijven. Oxybutynine heeft een snelle
werking, binnen 30 minuten, die zes tot acht uur aanhoudt. Dit biedt de mogelijkheid om medicatie af te stemmen op de urgeklachten. Veel kinderen
lijden voornamelijk in de late namiddag en de vooravond aan urgeklachten.
In dergelijke gevallen kan één dosis oxybutynine rond drie uur ’s middags volLUTS bij kinderen, een inleiding | 15
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doende zijn om de klachten te verlichten. Op die manier kan ook de belangrijkste complicatie van een oxybutyninebehandeling, name
lijk obstipatie,
zoveel mogelijk worden voorkomen. Voor klachten die alleen overdag
voorkomen, dient rond acht uur ’s ochtends en rond drie uur ’s middags een
dosis oxybutynine te worden gegeven. De meeste patiënten ervaren geen
verlichting van hun klachten in de middag en vooravond met een dosis in de
ochtend en een dosis in de avond.
Oxybutynine veroorzaakt bij het overgrote deel van de patiënten geen problemen, maar in sommige gevallen treden centrale bijwerkingen op, zoals
concentratieverlies of psychologische veranderingen. Voor het signaleren
daarvan moeten de ouders worden ingezet. Deze bijwerking noopt tot stopzetting van de medicatie. Verder kan, bij hoge temperaturen, de lichaamstemperatuurregeling verstoord raken, waardoor zich zelfs een hitteberoerte
kan voordoen. Deze wordt veroorzaakt door minder doeltreffend transpireren door anticholinergische bijwerking. We adviseren ouders, als het mo
gelijk is, de medicatie te onderbreken wanneer de buitentemperatuur 30 °C of
hoger is. Bij hardnekkige OAB-klachten schrijven we regelmatig, voor enige
tijd, eenmaal daags detrusitol slow release voor met daarbovenop oxybutynine in de loop van de middag.
Er is veel discussie rond het gebruik van chemoprofylaxe bij patiënten met
gedilateerde hogere urinewegen en primaire vesico-uretrale reflux. Meisjes
met recidiverende UWI’s als gevolg van DV of HAB kunnen echt afhankelijk
zijn van profylaxe, hoewel hiervoor geen deugdelijk wetenschappelijk bewijs
beschikbaar is. Bij voorkeur wordt trimethoprim of nitrofurantoïne MC 2 mg/
kg/dag eenmaal daags gegeven. Bij meisjes met recidiverende doorbraakinfecties geven wij vaak trimethoprim en nitrofurantoïne, om de dag afgewisseld. Meisjes met sporadische UWI’s kunnen thuis zelfteststrips gebruiken
(leukocyten en nitriet) en voor zelfmedicatie met nitrofurantoïne MC 6 mg/
kg/dag zorgen, gedurende drie dagen met drie à vier doses per dag. Nitrofurantoïne MC dient te worden voorgeschreven als capsules of als poeder.
Nitrofurantoïneoplossing is niet geschikt als profylaxe, omdat bijna alle kinderen daarvan na enkele weken of maanden maagklachten krijgen.
Tegenwoordig hebben polyethyleenglycolen (PEGS) als macrogol 4000 (Forlax®) de voorkeur bij de behandeling van obstipatie. Obstipatie bij kinderen
met LUTS voldoet niet altijd strikt aan de Rome III-criteria voor obstipatie. Om16 | Lower urinary tract dysfunction in children

dat deze kinderen last hebben van een gedilateerd rectum dat ze niet kunnen
voelen en dat wel de blaashals belemmert, is oraal laxeren niet altijd suc
cesvol. Bij hardnekkige gevallen geven we tijdelijk een thuisbehandeling met
rectale waterklysma’s, vergelijkbaar met de soort die voor patiënten met spina
bifida wordt gebruikt.
Na de aanloopperiode van drie maanden bij jongens met OAB en bij meisjes
met meatusafwijkingen, moet de eerste stap bestaan uit het beantwoorden
van de vraag of een operatieve ingreep nodig is om bij deze kinderen een
normale plasstraal te verkrijgen. Na het eventueel operatief opheffen van de
urethraobstructie respectievelijk het uitvoeren van de meatuscorrectie,
bestaat de volgende stap uit poliklinische urotherapie.26,37
Standaard poliklinische urotherapie
Er worden instructies gegeven over de blaas- en sfincterfunctie, het juiste
mictiepatroon, en het gebruik van het plasdagboek en de juiste toilethouding. De profylactische antibiotica worden voortgezet, en er worden instructies gegeven voor een regelmatig defecatiepatroon met of zonder laxeermiddelen. Na het ontbijt en na het avondeten moet het kind vijf minuten op de
wc zitten met een boekje en actief proberen te ontlasten. Dit moet ten minste
zes tot acht maanden worden gecontroleerd met behulp van een kalender. Er
vindt wekelijks telefonische follow-up plaats door de urotherapeut, en vier en
acht weken na het eerste bezoek zijn bezoeken aan de polikliniek gepland.
Tijdens deze bezoeken wordt uroflowmetrie met echografische beoordeling
van het residu uitgevoerd. De trainingsresultaten worden besproken en de instructies herhaald. Bij kinderen met OAB wordt speciale aandacht besteed
aan centrale controle van blaasoveractiviteit. De training is in twee stappen
verdeeld. De instructie bestaat hoofdzakelijk uit de strijd om droog te blijven
met behulp van maximale mentale concentratie. In dit stadium is het niet
belangrijk hoe vaak het kind wil plassen: het mag zo vaak naar het toilet gaan
als nodig is. Als het kind in staat is om droog te blijven, kan de volgende stap
worden gezet. In deze stap leren de kinderen met behulp van een ballon en
tekeningen het verschil te ervaren tussen ophouden door aan de ‘noodrem’
te trekken (contractie van alle hulpspieren) of ophouden door op de ‘normale
rem’ te trappen (contractie van de sfincter en bekkenbodem). Van oorsprong
wordt de sfincter op een onderbewuste manier door de hersenen gestuurd.
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Deze kinderen moeten die vaardigheid echter nu bewust aanleren door middel van cognitieve technieken.
Eenmaal per dag moeten ze proberen hun urine zo lang mogelijk op te houden. Eenmaal per week meten ze de hoeveelheid urine en zetten ze de resultaten van die week in een grafiek. Daarbij moeten ze een stijgende lijn zien te
bereiken. (Een record proberen te breken.) Daarnaast hebben ze een mictielijst. Met een vloeistofinname van 1,5 liter per dag moeten ze een einddoel
van zeven plassen per dag bereiken.
Bij patiënten met DV, uitstel van mictie, en bij patiënten met een HAB ligt de
nadruk op plassen op de klok en ontspanning van de bekkenbodemspieren.
Er bestaan tal van alternatieven voor biofeedbacktraining. Biofeedback kan
worden verkregen door uroflowmetrie, plasalarm, een elektromyogram van
de bekkenbodem, etc.38-43
Niet-geslaagde poliklinische training
Het niet slagen van de training, met name recidiverende UWI’s bij meisjes met
DV of een HAB, is vaak te wijten aan gebrekkige obstipatiebehandeling. Als
een wijd rectum blijft bestaan na adequate obstipatiebehandeling en toilettherapie, gaan wij bij deze groep over op een behandeling met rectale
spoelklysmàs. Het kind wordt geleerd een rectaal klysma te gebruiken met
20 ml kraanwater/kg. De eerste twee weken wordt dagelijks een klysma gebruikt, gevolgd door drie maanden lang om de twee dagen. Wanneer het
kind zich ontlast op de dag zonder klysma, kan het beginnen met om de drie
dagen een klysma. De meeste kinderen kunnen na 12 maanden met de behandeling stoppen. Sommige kinderen blijven afhankelijk van de klysmabehandeling, maar in het algemeen kunnen ze toe met eenmaal per week een
klysma of zelfs minder. Het voordeel van de klysmatherapie is dat de meeste
kinderen het gevoel terugkrijgen voor het onderscheid tussen een vol en een
leeg rectum. 13, 14, 44
Voor therapieresistente patiënten bieden sommige centra een intensief klinisch trainingsprogramma van twee weken, dat bestaat uit dagelijkse training
met biofeedback, plasalarm, psychologische ondersteuning, etc.45
Wanneer al deze therapieën falen, moet gedacht worden aan de mogelijkheid van structurele afwijkingen van de blaashals en urethra die operatief
moeten worden verholpen.46-48 In geval van therapieresistente OAB-klachten
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kan overwogen worden een botulineinjectie in de detrusor te geven, gevolgd door extra training.
Giechelincontinentie, incontinentia risoria
Het is algemeen bekend dat schouwburgdirecteuren een hekel hebben aan
komedies, omdat daarna vaak veel stoelen nat zijn. Giechelincontinentie kan
een sterk sociaal belemmerende aandoening zijn voor kinderen. Er bestaat
geen goede behandeling. Wij beoordelen echografisch bekkenbodemfunctie, kan een kind de bekkenbodem adequaat aanspannen of niet?, en indien
niet, dan bieden we gerichte bekkenbodemtraining met anale ballonbiofeedback aan. Wij bieden een trainingsprogramma aan dat is gericht op
bewustwording, door middel van een zelftoegediende schok tijdens lachmomenten.49-50 Dit is bij ongeveer 60% van de kinderen succesvol. Efedrineachtige stoffen met een a-mimetische werking kunnen in sommige gevallen de
plasincidenten verminderen. Het voorschrijven van 10 mg efedrine zal ongelukjes vier uur lang verminderen. Een andere mogelijkheid is methylfenidaat
(Ritalin), dat wordt gebruikt bij de behandeling van ADHD en ook inwerkt op
de blaashals.51 Er zijn zelfs proeven gedaan met botulinetoxine-injecties in de
detrusorspier.52

Tot besluit
Incontinentie bij kinderen komt vrij vaak voor en kan belastend zijn voor het
welzijn van het kind, en in sommige gevallen zelfs gepaard gaan met ernstige
infecties. Vaak is bij deze kinderen ook sprake van incontinentie van ontlasting. Training moet niet te vroeg gestart worden (niet voor de leeftijd van
6 jaar) en bij mislukken van poliklinische training kan een aanvullende training
geprobeerd worden in een academisch centrum. Het is belangrijk onderliggende anatomische oorzaken niet over het hoofd te zien.
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Abstract

2

Purpose:
We studied the added value of home uroflowmetry for biofeedback training
compared to added attention and standard therapy in a multicomponent behavioral training program for voiding disorders in school-age children. Little is
known about the role of biofeedback by home uroflowmetry for dysfunctional voiding due to NNBSD in children.
Materials and Methods:
A randomized controlled study was conducted at an outpatient pediatric incontinence university clinic from January 2000 to June 2003. A total of 192
children 6 to 16 years old who were suffering from recurrent urinary tract infections with or without urge incontinence were screened for NNBSD. Of 143
eligible patients 44 were randomly allocated to receive 8 weeks of standard
therapy (outpatient behavioral therapy), 46 to receive 8 weeks of home video
instructions together with standard therapy and 53 to receive 8 weeks of
home uroflowmetry biofeedback together with standard therapy. After 8
weeks all treatment groups proceeded with standard therapy for 16 weeks,
after which prophylaxis with antibiotics was stopped and patients were followed for another 6 months. Main outcome measurement was total relief of
complaints, namely urinary tract infections and, if present, incontinence, at 12
months after randomization.
Results:
At baseline there was no reason to predict major incomparabilities between
the groups. In an intent to treat analysis there was no difference in total relief
between standard treatment (44%) and added video instruction (42%, RR
0.96, 95% CI 0.59 to 1.56). Total relief in the added home uroflowmetry group
(55%) was higher than with standard therapy (RR 1.24, 95% CI 0.80 to 1.93), although the difference was not statistically significant. A per protocol analysis
suggested that the groups with added home uroflowmetry showed better
total relief than the pooled groups with standard therapy and those with added video (RR 1.40, 95% CI 0.98 to 2.00).
Conclusions:
Home uroflowmetry appears to be a useful adjunctive treatment for the reduction of complaints in children with dysfunctional voiding due to nonneurogenic bladder-sphincter dyssynergia.
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Introduction
Between 7% and 11% of school-age girls have lower urinary tract dysfunction
due to NNBSD.1 Nonneurogenic bladder-sphincter dyssynergia, or dysfunctional voiding, is a condition characterized by impaired relaxation of the pelvic
floor during voiding. This condition frequently causes residual urine after voiding with subsequent UTIs and, often, incontinence because the sensation for
the filling state of the bladder is impaired. Voiding in these patients is characterized by a staccato or interrupted urinary flow and residual urine after voiding. Urinary symptoms often coincide with constipation and fecal soiling
based on the same pattern of pelvic floor incoordination between the rectum and the anal sphincter.2
In The Netherlands children with this condition are initially treated by general
practitioners and pediatricians with advice on toileting behavior combined
with antibiotic prophylaxis and laxatives. Children with refractory complaints
are referred for pediatric urological outpatient treatment, where standard
therapy to remedy abnormal voiding patterns consists of antibiotic prophylaxis, laxatives, toilet training and added behavioral therapy. If this treatment
fails, a cognitive biofeedback training program in a clinical setting can demonstrate good results in nearly 70% of the patients.3
Reports have been published on several different biofeedback programs that
seem to be promising.4 –12 Biofeedback can be performed with different biophysical signals, such as urinary flow rate, pelvic floor electromyographic activity, detrusor pressure and anal sphincter pressure. These different approaches suggest mutually comparable results. However, it is concerning that mere
attention to the problem may be a stronger determinant of success than the
biofeedback training itself.13,14 In this single center, randomized, controlled
study we compared standard outpatient therapy alone, and standard outpatient therapy with added problem oriented attention or home uroflowmetry
biofeedback with regard to relief of symptoms of dysfunctional voiding in
school-age children.
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Participants
Participants were recruited through pediatric referrals and at our outpatient
clinic for pediatric urology. Inclusion and exclusion criteria are listed in the Appendix. Eligible patients were evaluated at the outpatient pediatric urology
clinic with a standardized questionnaire on symptoms of bladder and sphincter dysfunction, continence, infections and defecation habits, as well as medical history,15 physical examination, ultrasound screening of the urinary tract,
degree of rectal distention, urinalysis and urine culture.
Instructions and additional oral laxatives were given to patients with rectal
distention of more than 3.5 cm combined with a history of constipation.2,16 No
anticholinergic or a-antagonistic therapy was given. In addition, the Child Behavior Checklist17 was completed to test for school readiness and to screen for
possible psychological co-morbidity.
All participants and legal representatives provided informed consent according to institutional procedures. The study was conducted between January 1,
2000 and June 1, 2003.
Design
The study was designed as a randomized, open, parallel group trial with 3
treatment strategies. Eligible patients were randomly allocated to 3 treatment
groups using a computer generated randomization schedule at the Julius
Center for Health Sciences and Primary Care, thus, obtaining concealment of
allocation. Randomization was performed for 3 parallel groups with equal allocation probabilities and without stratification. For the experimental interventions a dedicated home uroflowmeter was designed, as well as a special
personalized videotape to be watched every day as a means of extra attention, thus enabling distinction between effects of attention and biofeedback.
One experienced urotherapist (PLHW) gave all instructions for interventions
and supervised all training throughout the project.
Interventions
Weeks 1 to 8. For standard outpatient therapy instructions were given regarding bladder and sphincter function, proper voiding pattern, use of voiding
charts and optimal toileting position. Prophylactic antibiotics were given
along with instructions for a regular defecation pattern with or without laxa26 | Lower urinary tract dysfunction in children

tive therapy. Weekly followup consultations were held by telephone (PLHW),
and visits to the outpatient clinic were planned at 4 and 8 weeks after the first
visit. During these visits uroflowmetry with ultrasound residual urine assessment was performed. Training results were evaluated and instructions were
repeated.
For the group receiving standard outpatient therapy plus video instruction
personalized videotaped instructions were given with explanations on the
mechanism of bladder and sphincter function, good toilet positioning and
proper voiding pattern. A popular host of Dutch children’s television programs gave an initial 9-minute video instruction. Additionally, the final part of
the first instructional outpatient clinic visit for each patient was recorded (2
minutes), thus, creating a personalized video. During the intervention period
of the study this videotape had to be watched at least once daily.
For the group using home uroflowmetry biofeedback training plus standard
outpatient therapy we developed a portable uroflowmeter consisting of a
commercially available electronic scale with RS-232 computer output connected to a palmtop computer. This configuration allowed for direct online
display of urinary flow, registry of flow rate, and flow time and volume, and
had storing facilities for later off-line reading on a personal computer. Software was developed with programmers from Capgemini. The electronic scale
and palmtop computer were battery operated and were approved for use in
patients according to European regulations.
The biofeedback home flowmetry system was explained to the children and
parents in an instruction session at the outpatient clinic. They were instructed
to try to produce smooth bell-shaped curves. Explanation was given on the
origin of spikes in the curves. The system was used in combination with a
foldable plywood toilet chair designed at 3 heights, 30, 35 and 40 cm, to suit
most children so that it could be used without a footrest (fig. 1). During the
intervention period patients were instructed to use the home uroflowmeter
at least 4 times daily for all home based voiding.
Weeks 9 to 24. During intervention weeks 9 to 24 all children in each study
group had followup by telephone every 2 weeks with instructional outpatient
clinic visits at weeks 16 and 24.
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Weeks 24 to 52. At 24 weeks prophylaxis with antibiotics was stopped and patients were monitored for outcome events.
Outcome Measurements
Primary end point was total relief of symptoms, consisting of relief from infections and incontinence (if present a priori) at 12 months after randomization.
Results for infections and incontinence were evaluated separately.

2

FIG. 1. Home uroflowmetry biofeedback assembly consists of ply-wood foldable toilet with integrated electronic scale connected
to palmtop computer.

Data Analysis
The primary analysis was based on the intention to treat principle. The outcomes of the video group and the home flowmetry group were compared to
those of the standard therapy group using the statistical computation of relative risk for relief with 95% confidence intervals. If patients did not complete
training, data collected at followup were used to calculate outcome. Additionally, a per protocol analysis was performed.
The original power calculation was based on a previous observation that
standard outpatient treatment would render total relief in 30% of patients. At
that time there were no comparative data available for home uroflowmetry
on which a formal power calculation could be based, and, therefore, the
premise was taken that home uroflowmetry should yield a 50% higher chance
of total relief to be considered a useful addition to standard therapy. A sample
size of 144 patients, to be randomized into 3 groups of 48 patients each, was
28 | Lower urinary tract dysfunction in children

calculated to allow for adequate detection of such effect on total relief in
home uroflowmetry and standard treatment groups. The sample size calculation was based on the assumption of 80% power and a significance level of
0.05. All analyses were performed using SPSS® software version 11.0.

RESULTS
A flowchart of the study is presented in figure 2, with data for 192 evaluated
patients, leaving 130 patients for intent to treat analysis. Table 1 presents prognostically important characteristics of the participants by treatment group.
Before treatment there were no material group differences regarding these
key parameters. While using the newly developed home uroflowmeter, we
encountered some technical problems with the palm computers in displaying
or storing the flow curves. Most problems could be solved by giving the par-

FIG. 2. Flowchart of uroflowmetry study [In Abbrev]
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TABLE 1. Baseline characteristics
Standard
Therapy

Standard
Therapy
+ Homeflow

No. pts

44

46

53

Mean yrs age (SD)

8.3 (1.9)

8.3 (1.6)

8.2 (1.7)

Sex (% males)

0

No. daytime incontinence (%)

2

Standard
Therapy
+ Video

(0)

0

(0)

3

(6)

30 (68)

32 (70)

33 (62)

No. constipation (%)

24 (55)

29 (63)

31 (58)

No. complaints longer than
1 yr (%)

27 (61)

31 (67)

38 (72)

No. reflux (%)

9 (20)

13 (28)

12 (23)

No. with Child Behavior Checklist
total problems score greater than
63 (%)

9 (20)

10 (22)

11 (21)

TABLE 2. Results from intention to treat analysis of treatments in
school-age children with dysfunctional voiding
Relative Risk (95% CI)
Standard
Therapy

Standard
Therapy
+ Video

Standard
Therapy
+ Homeflow

Standard
Therapy
vs Video

Standard
Therapy
vs Homeflow

Video
vs Homeflow

No. total
relief/total
No. (%)

18/41
(44)

19/45
(42)

24/44
(55)

0.96
(0.59–1.56)

1.24
(0.80–1.93)

1.26
(0.88–1.83)

No. relief
infections/
total No. (%)

24/41
(59)

23/45
(51)

27/44
(61)

0.87
(0.59–1.28)

1.05
(0.74–1.49)

1.12
(0.83–1.52)

No. achieved
continence/
total No. (%)

19/30
(63)

22/32
(69)

25/33
(76)

1.09
(0.76–1.56)

1.20
(0.86–1.67)

1.14
(0.88–1.49)
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TABLE 3. Results from per protocol analysis of treatments in school-age children
with dysfunctional voiding
Relative Risk (95% CI)
Standard
Therapy

Standard
Therapy
+ Video

Standard
Therapy
+ Homeflow

Standard
Therapy
vs Video

Standard
Therapy
vs Homeflow

Video
vs Homeflow

No. total
relief/total
No. (%)

17/38
(45)

18/43
(42)

23/38
(61)

0.94
(0.57–1.54)

1.35
(0.87–2.09)

1.40
(0.98–2.00)

No. relief
from
infections/
total No. (%)

22/38
(58)

22/43
(51)

26/38
(68)

0.88
(0.59–1.32)

1.18
(0.84–1.67)

1.26
(0.94–1.69)

No. achieved
continence/
total No. (%)

17/27
(63)

22/32
(69)

22/28
(79)

1.09
(0.75–1.58)

1.25
(0.88–1.77)

1.19
(0.91–1.55)

ents instructions by telephone. In the other cases computers were replaced
within a few days. However, for 2 children in this group these technical difficulties resulted in an intervention with the home flow biofeedback that was
shorter than intended (both less than 21 days of intervention). These problems could not be anticipated during the design of this study.
For total relief the video group had results that were similar and the home
uroflowmetry group had results that were better compared to the standard
treatment group. However, none of these associations was statistically significant (table 2). Based on the risk difference between standard treatment and
home uroflowmetry, 10 patients would have to be treated with home uroflowmetry to cure 1 additional patient compared to standard treatment. A total of 11 patients were excluded from a per protocol analysis, namely the 9
patients who did not complete training and the 2 patients with short biofeedback intervention. In this analysis the differences were greater but the difference was not statistically significant (table 3).
We also analyzed infection relief, without considering the effect on incontinence. Results with video instruction were similar and results with home uroflowmetry were better compared to standard treatment but, again, the difference was not statistically significant.
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Subsequently, we investigated resolution of urinary incontinence. The results
were unrelated to the resolution of UTIs (table 2). There were better results
with video instruction and with home uroflowmetry compared to standard
treatment but the differences were not statistically significant.
As an extension of the per protocol analysis, and based on the similar total relief rates with standard treatment and video treatment, we compared the
home uroflow treated group with the pooled groups with standard and video
treatment (table 3). This analysis indicated that under full compliance with
home uroflowmetry there was a 40% higher chance of total relief (RR 1.40,
95% CI 0.98 to 2.00), which means that 6 additional patients would have to be
treated with home uroflowmetry to afford total relief in 1 additional patient.
There were no adverse effects reported during or after the training.

DISCUSSION
In this study we found that in the treatment of dysfunctional voiding in
school-age children there appears to be a relative benefit of home uroflow
biofeedback training over standard treatment, particularly if there is good patient compliance with therapy. To evaluate our results, it is important to consider the context of this study. There are 2 obvious benefits. Throughout the
entire project the same experienced urotherapist instructed all interventions
and supervised all training, thus excluding intertherapist variations. Moreover,
we attempted to exclude intensive patient attention as an explanation for biofeedback effectiveness by introducing the video group in the study.
There are also limitations to our study that need to be addressed. Our study
was open, which may have affected observations that are subject to bias.
However, we believe that our primary outcome measure, total symptom relief
defined as the absence of urinary tract infections and incontinence, seems
sufficiently clear-cut not to be subject to biased observation. We had some
problems with home uroflowmetry devices, which hampered compliance
with this intervention scheme. This factor may have affected our results but
given the overall beneficial direction of effects, we assume that it actually contributed to an underestimation of effects. Furthermore, we suffered some
10% loss to followup, which may have been related to treatment effects, although this loss falls within an acceptable range. Finally, in the design phase
we had to make cautious assumptions about the magnitude of anticipated
effects of home uroflowmetry. A review of the literature on behavioral thera32 | Lower urinary tract dysfunction in children

py for children with dysfunctional voiding reveals that there are many treatment modalities with comparable results.
It is interesting that several reports have been published with relatively good
results, without straightforward individualized therapeutic planning for the
separate voiding disorders.10,11
Combined with the preliminary results of an earlier study suggesting a major
impact of attention involved with biofeedback training13 we postulated at the
onset of this study that further analysis of the impact of biofeedback training
was warranted. Specifically, we aimed to distinguish between the effects of
the actual biofeedback training and the effects of the heightened attention to
the problem, which is a side effect of the training. In our standard program for
behavioral therapy much energy is spent on informing, motivating and instructing the child at an initial time investment of 45 minutes for the physician
and 1 hour for the urotherapist, with repeated patient contacts during followup. Thus, a child with dysfunctional voiding receives a considerable
amount of time and attention during standard treatment. The addition of biofeedback training further increases this attention. Our video instruction study
group aimed to mimic this added attention but this factor seemed to yield
little or no extra benefit for the treatment results. Therefore, the effects of
home uroflowmetry added to standard therapy may be considered genuine
biofeedback effects rather than the effects of individual attention.
To our knowledge this is the first randomized study of the effect of biofeedback treatment on dysfunctional voiding in school-age children. A randomized study using biofeedback was performed regarding the treatment of
childhood constipation.16 In this study no beneficial effect was observed for
the biofeedback modality in the treatment of constipation. Randomized controlled studies of biofeedback therapy for incontinence in adults combined
with behavioral training show favorable results.19
Our study indicates that biofeedback training with home uroflowmetry is
beneficial to children with NNBSD, although we acknowledge that our study
has limited statistical power. We attribute this limited power particularly to
compliance problems. Moreover, we would have expected better biofeedback responses if the device had been better adapted to the specific interests
and capabilities of children. Many therapeutic biofeedback options exist for
children with NNBSD, and our choice to use the uroflowmetry signal for biofeedback may not necessarily be the best option. However, the results of this
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study indicate that home uroflowmetry biofeedback is a feasible option in
conjunction with behavioral therapy. Modifications to the biofeedback system and software are currently being developed to adapt the system to the
capabilities and interests of schoolchildren.
Exclusion of all noncompliant and nonprotocol trained children in the analysis
led to better results in the home flowmetry group. This finding underpins the
importance of therapist efforts to keep patient compliance as high as possible. Such efforts include a sufficient number of short contact visits, or contact
by telephone.
While the home uroflowmeter was originally developed to reduce the number of outpatient clinic visits for patients in training, favorable effects would
also help decrease the demand for and duration of our clinical (in-hospital)
training program, because children can learn to improve their urinary flow at
home before admission to the hospital. Although we did not perform a formal cost-effectiveness analysis, we anticipate that these reductions in required
visits and hospital admissions will contribute to decreasing treatment costs
associated with NNBSD.
We consider home uroflowmetry a tool to be used in conjunction with behavioral therapy with good patient compliance under the guidance of an experienced urotherapist. This treatment might decrease required visits and
hospital admissions. Future developments of a more sophisticated flow biofeedback device with more built-in challenges to raise compliance, and adapted to the age and interests of school-age children, are expected to yield better results.
In conclusion, home uroflowmetry seems to be a useful adjunctive therapy in
children with dysfunctional voiding due to nonneurogenic bladder-sphincter
dyssynergia.
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APPENDIX
Inclusion Criteria for Uroflowmetry Study
1. Age 6 to 16 years
2. Clear peaks and declines in urinary flow rate found in at least 2 flow registrations containing 100 cc or more
3. Residual after voiding of at least 10% found on at least 2 ultrasound
assessments
4. Presence history of recurrent urinary tract infections with or without daytime urinary incontinence
5. Absence of Anatomical urological disorders except vesicoureteral reflux
Neurological disorders of bladder/sphincter function Previous cognitive
bladder training
6. Sufficient cognitive capacity, operationalized as Ability to read the clock
Sufficient understanding of the problem as estimated by the therapist
Abbreviations and Acronyms
NNBSD nonneurogenic bladder-sphincter dyssynergia
UTI 		 urinary tract infection
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EDITORIAL COMMENT
The authors are to be commended for conducting an extremely well designed and “first randomized study of the effect of biofeedback treatment on
dysfunctional voiding.” However, the intervention under study (home uroflowmetry biofeedback) did not achieve statistically significant improvement
in any of the parameters analyzed. The authors attribute this result to the
study being underpowered. Another explanation may be that home uroflowmetry may not offer significant improvement over simpler interventions. In
addition, it must be noted that the control group underwent a form of biofeedback intervention by performing scheduled outpatient uroflowmetry.
The short-term results in all 3 groups are not strikingly different than those
found in behavioral interventions without biofeedback.1
Biofeedback can be effective in the management of pediatric dysfunctional
voiding, particularly in cases refractory to simpler interventions. However, we
must use caution in not making such treatments overly complicated for families already burdened by the challenges of rearing school-age children.
John S. Wiener
Division of Urologic Surgery
Duke University Medical Center
Durham, North Carolina
1.

Schneider, M. S., King, L. R. and Surwit, R. S.: Kegel exercises and childhood incontinence: a new role for
an old treatment. J Pediatr, 124: 91, 1994

REPLY BY AUTHORS
We disagree that our patients and results can be compared with the article by
Schneider et al (reference 1 in Comment). Schneider et al described a different
group of 79 patients with day and nighttime incontinence without a proper
diagnosis. Diagnosis in that group was probably predominantly urge syndrome, considering that 44 patients had been treated pharmacologically with
antimuscarinics. Our study was done in children with recurrent UTIs caused by
clinically and urodynamically proven dysfunctional voiding. In these patients a
strict contraindication exists for Kegel exercises and “start and stop techniques” because of the mandatory coexistence of a hypertonic pelvic floor.
Our study provides a basis for further prospective randomized studies of dysHome Uroflowmetry Biofeedback for Dysfunctional Voiding | 37
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functional voiding. The results indicate a trend in favor of the home flowmeter. Currently, urotherapists and doctors spend a relatively long time with patients with dysfunctional voiding, which leads to corresponding health care
costs. The ultimate goal should be an instructional video/DVD with a homeflow/training device as primary treatment, which will result in less time spent
by urotherapy personnel on some of these patients.

2
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Chapter 3
The Diameter of the Rectum
on Ultrasonography as a
Diagnostic Tool for
Constipation in Children with
Dysfunctional Voiding

A. J. KLIJN
M. ASSELMAN
M. A. W. VIJVERBERG
P. DIK
T. P. V. M. de JONG
THE JOURNAL OF UROLOGY®
Vol. 172, 1986 –1988, November 2004

3

ABSTRACT

3

Purpose:
We proved the accuracy of the transverse diameter of the rectum on ultrasonography as an additional parameter for diagnosing constipation in children with lower urinary tract dysfunction.
Materials and Methods:
The diameter of the rectum on bladder ultrasonography in a constipated
group of patients with dysfunctional voiding was compared to this diameter
in a control group of patients with a normal defecation pattern. A total of 49
children were included. Group 1 consisted of 23 patients with a positive history of dysfunctional voiding and, according to pediatric gastroenterological
practice, constipation. Control group 2 consisted of 26 patients without lower
urinary tract dysfunction and a normal defecation pattern. In each group a
defecation questionnaire was administered and physical examination of the
abdomen was done. In all patients a 7.5 MHz probe was used to measure the
transverse diameter of the rectum behind the bladder on ultrasonography.
The probe was applied on the abdominal skin approximately 2 cm above the
symphysis. Measurement was performed with a filled bladder at an angle of
about 15 degrees downward from the transverse plane.
Results:
In constipated group 1 the mean diameter of the rectum was 4.9 cm (95% CI
4.4 to 5.3). In the control group the mean diameter of the rectum was 2.1 cm
(95% CI 1.8 to 2.4). In group 1 the diameter of the rectum was significantly larger than in group 2 (p <0.001). None of the patients had a sensation to defecate
during the investigation. There was no significant difference in age between
the 2 groups (p = 0.20) and no significant difference between them in the
period between the last time that stool was passed prior to the time of rectal
measurement (p = 0.16).
Conclusions:
The transverse diameter of the rectum measured by lower abdominal ultrasound provides an additional accurate parameter with which to diagnose
constipation in patients with nonneurogenic bladder-sphincter dyssynergia.
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Introduction
Voiding dysfunction in children based on nonneurogenic bladder-sphincter
dyssynergia is common in children, especially girls, with an incidence of approximately 6% in 7-year-old children.1 Pelvic floor dyscoordination in these
children can lead to recurrent urinary tract infections, incontinence and fecal
constipation. Therapy for symptoms is based on reeducation of the pelvic
floor with cognitive behavioral training or biofeedback training combined
with medication to prevent urinary tract infections and laxative therapy for
constipation.2–4 In the past we have routinely used the transverse diameter of
the rectum on bladder ultrasonography as a parameter with which to diagnose constipation and evaluate treatment for constipation. This study was designed to prove whether our clinical practice is correct.

3
PATIENTS AND METHODS
Patients
A total of 49 patients between ages 5 and 13 years were included in this study.
Group 1 consisted of 23 patients with a positive history of voiding dysfunction
and constipation. Group 2 consisted of 26 urological patients without lower
urinary tract dysfunction and a normal defecation pattern. The diagnoses in
this group were undescended testicle, periodic control for upper urinary tract
dilatation, etc.
A positive diagnosis of constipation was made by patient history and physical
examination when the patient had at least 2 positive signs, including 1) 2 or
fewer bowel movements weekly without laxative therapy, 2) 2 or more episodes of fecal soiling weekly, 3) periodic passage of a large amount of stool
once every 7 to 30 days and 4) a palpable abdominal and/or rectal mass on
physical examination. Exclusion criteria were laxative therapy, constipation
due to neurological disease, diseases of the gastrointestinal tract based on endocrinological, metabolic, genetic or toxic disease, or connective tissue diseases. In all patients the micturition history was taken, uroflowmetry was performed, and ultrasound of the kidneys and bladder was done.
Evaluation
Ultrasound was done with the patient supine. The 7.5 MHz probe was applied
on the abdominal skin approximately 2 cm above the symphysis. Measurement was performed with a moderately (30% to 70% of capacity for age) filled
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FIG. 1. Transverse (broken line) lower abdominal ultrasonography of rectum.

bladder at an angle of about 15 degrees downward from the transverse plane
(fig. 1). The diameter of the rectum behind the bladder was measured twice.
All patients were asked whether they had any urge to defecate during the investigation and how many hours ago stool had been passed prior to the investigation. If stools had been passed in the last 2 hours or patients had an
urge to defecate during the investigation, they were not included in the study.
Statistical analysis. The t test was applied to compare continuous variables
with normal distribution. All data were analyzed with SPSS, version 9.0 (SPSS,
Inc., Chicago, Illinois).

RESULTS
In all patients it was possible to obtain a reliable and repeatable measurement
of the rectum if at least some bladder filling was present. Maximal bladder filling limits the possibility of obtaining reliable measurements of the rectum.
There was no significant difference in age between the 2 groups (p = 0.20)
and no significant difference between the groups in the period between the
last time that stool was passed prior to rectal measurement (p = 0.16). There
was a significant difference in the diameter of the rectum between the constipated group and the control group (p <0.001). In all patients with voiding dysfunction and fecal constipation (group 1) rectal examination confirmed stool
42 | Lower urinary tract dysfunction in children

FIG. 2. Overview of all recorded rectal diameters shows only slight overlap between groups. Std.Dev, SD.

in the rectum. Average diameter in the constipated vs control group was 4.9
vs. 2.1 cm (fig. 2). None of the patients had an urge to defecate during the
investigation.

DISCUSSION
No evidence based guidelines currently exist for the evaluation and treatment
of constipation.5 Recently the North American Society for Pediatric Gastroenterology and Nutrition developed a clinical practice guideline.5
Beyond the neonatal period the most common cause of constipation is functional, called idiopathic constipation, functional fecal retention and fecal withholding.5 In patients with voiding dysfunction the urge to void is countered
by voluntary pelvic floor contraction with functional incontinence and recurrent urinary tract infections as a result. This leads inevitably to the inappropriate postponement of micturition and defecation.6
The same behavior as in dysfunctional voiding is seen in functional constipation with children postponing defecation because he or she is too busy. They
show squatting behavior to withhold stool, responding to the urge to defecate by contracting the anal sphincter and gluteal muscles.5 Eventually the
rectum habituates to the enlarging fecal mass and the urge to defecate subsides with fecal soiling as a result.5
The distended rectum can be visualized by transverse lower abdominal ultrasonography. In this study we observed that the diameter of the rectum in patients with constipation is significantly larger than this diameter in patients
with a normal defecation pattern (p <0.001). Noninvasive ultra-sonography of
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FIG. 3. Transverse view of ultrasound. A, bladder in constipated patient with bladder base compressed by fecal mass in distended
rectum. B, normal rectum in nonconstipated patient.

3

FIG. 4. Perineal ultrasound. A, sagittal view of same constipated patient demonstrates lower limit of distended rectum.
Ultrasound transducer was placed on urethral meatus. symph, symphysis. ur, urethra. bn, bladder neck.
B, normal female urethra with empty rectum behind it.

the rectum is an easy to obtain, extra parameter to confirm a fecal mass in the
rectum. Thus, it provides us with an additional parameter for diagnosing constipation. In children with dysfunctional voiding nonneurogenic pelvic floor
dyssynergia causes a loss of sensation for the filling state of the bladder and
rectum. When urinary tract symptomatology is the main cause for complaints,
fecal constipation is often not recognized by parents and children. The impression of the bladder base by the distended rectum can easily be visualized
by transabdominal bladder ultrasonography (fig. 3). This image is of great help
to convince parents and children of the need for therapy for the voiding disorder and for constipation. In our experience it is also a useful tool with which to
evaluate whether therapy is successful. In our clinical routine ultrasound in
these patients with pelvic floor dysfunction has almost completely eliminated
repeat rectal examination and plain x-ray to assess the amount of filling of the
colon and rectum. Further studies in a larger series of patients are in preparation to compare this finding to that of other imaging techniques, such as plain
x-ray. Figure 4 shows how the anatomical relationships are clarified by perineal
ultrasound in a constipated and a control patient.
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CONCLUSIONS
As measured by ultrasound, the transverse diameter of the rectum can be
used as an accurate extra tool for diagnosing constipation in children. Moreover, the impression of the distended rectum into the bladder and the visualization of the fecal mass are of help in convincing patients and parents of the
need for constipation therapy. The success of treatment can be followed by
ultrasound without the need for repeat digital rectal examination.
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ABSTRACT
OBJECTIVES
To describe the use of colonic washout enemas for persistent constipation in
children treated for dysfunctional voiding by cognitive and biofeedback
training.
METHODS
We treated 50 children, who had dysfunctional voiding and persistent dilatation of the rectum notwithstanding adequate oral laxatives, with colonic
washout enemas. We performed retrograde filling of the rectum with 20 mL/
kg water, starting once daily for 2 weeks, then 3 times per week for 6 to 12
months.

4

RESULTS
During the 6-month follow-up, 30 children were free from urinary tract infections. In 20 children we observed partial relief of complaints. On ultrasound all
children showed a normalized diameter of the rectum. In 33 patients washout
treatment could be stopped with continuing success. Relapse of a distended
rectum triggered the need for chronic intermittent enema therapy in 17 patients. A few patients reported pain during enema treatment; otherwise, we
noted no counter-effect.
CONCLUSIONS
Dysfunctional voiding combined with constipation in children can be cured
by washout enemas if oral laxatives fail.
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Introduction
According to definition, dysfunctional voiding (DV) is characterized by intermittent and/or fluctuating flow rate resulting from involuntary intermittent
contractions of the periurethral striated muscle of the external sphincter during voiding in neurologically normal individuals.1 DV is a functional anomaly
occurring in approximately 7% of children of both sexes in all age groups, but
predominantly in girls.2
The exact pathophysiology of DV remains unknown. The affected child could
be asymptomatic for many years until the problem begins, usually with recurrent urinary tract infections (UTIs). The role of the vesico-ureteral reflux (VUR) is
still debatable; however, VUR can be found in approximately 25% to 30% of
patients with bladder/sphincter dysfunction. Urinary incontinence can be observed as a result of bladder overactivity and can increase during infection.3–5
Dysfunctional voiding sometimes coincides with long-lasting defecation disturbances. This condition is called dysfunctional elimination syndrome (DES).
The term indicates that chronic constipation can coexist with dysfunctional
voiding with UTIs and/or incontinence.6,7 Furthermore, constipation in DV can
be compared with the rectal hyposensitivity syndrome found in gastroenterological literature.8,9
Constipation is an important issue in health care consumption, affecting up to
30% of the population suffering from insufficient bowel movements, a distended rectum, fecal incontinence, and/or painful defecation. Nevertheless,
because there is no exact definition, it is difficult to estimate the occurrence of
constipation accurately. In children, the prevalence varies considerably from
1% to 28% with a predisposition to the female gender, but this has not been
established conclusively.10,11 It is often difficult to obtain the true history of a
child’s toilet habits. Furthermore, parents do not usually monitor the child’s
toilet habits, and generally believe that constipation is out of the question if
their child spends a few minutes per day on the toilet.
Barr, Leech, and others have suggested plain x-ray of the abdomen to confirm
the diagnosis of constipation; however, it is still uncertain how useful this test
is.12,13 In 2004 we proposed using ultrasound as an additional tool to assess
rectal filling. In this study the rectum is considered distended when the diameter is more than 3.5 cm.14 Our finding was confirmed by Joensson et al.15
By definition, DV is a functional abnormality; therefore, it must be treated as
such. During the past few decades, many methods involving cognitive and
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biofeed-back training have been proposed for the treatment of DV. Longterm antibiotic prophylaxis for coexistent UTIs, surgery for pre-existing anatomical anomalies, and oral laxatives have been used to improve the final results of treatment.4,16–18
We conducted this study to assess the use of colonic washout enemas for
persistent constipation in children who had been unsuccessfully treated for
DV by cognitive and biofeedback training, in combination with oral laxatives.

MATERIAL AND METHODS

4

During a 2-hour session in the outpatient clinic, we clearly described to the
patient and the parents what retrograde enemas for treatment of constipation entail. A nurse gave the first enema and further instructions were provided. A complete enema set was given to the patient, including a water container that drains through a tube ending in a rectal cone. The enema was given
with the patient in an upright position on the toilet using tap water at body
temperature (approximately 37°C/ 98.6°F). Filling was carried out with 20 ml
water per kilogram body weight. The water container was positioned just
above the head of the patient to create adequate flow. The patient was asked
to stay on the toilet for 15 to 20 minutes to achieve sufficient emptying. After
the patient had received these instructions, retrograde enemas were carried
out on a daily basis for the first 2 weeks and subsequently 3 times per week
on fixed days or every other day for a period of 6 months. We recommended
that patients perform enemas at the same time during the day, approximately
half an hour after the evening meal. A specialized nurse carried out regular
follow-up by telephone. The role of the nurse was to accompany the child
and the parents, help them to resolve the problems if any during enemas sessions, and, in the long run, adjust the frequency of the enemas. Furthermore,
a physician evaluated each patient at 3 and 6 months after the start of the
treatment, at which times the diameter of the rectum was measured by
ultrasound.
We performed retrospective analysis of the treatment results of 50 consecutive patients with recurrent UTIs based on DV with a rectal diameter more
than 3.5 cm despite adequate laxative treatment and stool training. There
were 44 girls and 6 boys aged 6.5 through 12 years (average age, 9.6 years).
Entry criteria for DV were: recurrent UTIs and fractionated or staccato uroflow
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with a residual volume of more than 10%. A total of 22 patients also had urinary incontinence.
In each case, we took a careful history of urinary and defecation habits and
performed a thorough physical examination with special attention to possible
neurogenic deficiency. We did at least two uroflowmetric studies to assess the
voiding curves. We performed an ultrasound study to measure the diameter
of the rectum, for pelvic floor function evaluation, and to estimate postvoiding residual volume. The technique of taking the rectal diameter has been described previously.14 Pelvic floor ultra-sound focused on the guarding reflex
during an abrupt increase of intraabdominal pressure and on pelvic floor contraction and relaxation on command.19 We postulated that only children who
have good control over their pelvic floor can benefit from cognitive training.
Before the washout enemas started, all patients had undergone cognitive
bladder training, which had not led to improvement. A specialized urotherapist supervised cognitive bladder training, which consisted of a preliminary
evaluation followed by multiple sessions and instruction and re-evaluation in
the outpatient clinic.20 None of the patients required physiotherapy. All patients were synchronously treated with oral laxatives (macrogol). Macrogol
had been used for at least 12 months in once per morning doses starting with
4 to 8 g in young children (age 6 to 8 years) and 10 g in those above 8 years. If
the rectum was not empty during follow-up, the dosage was doubled (the
maximal dosage approved by the Dutch Pharmacological Agency). There was
no additional bowel clean-out before the enema program started.
Anatomical anomalies of the urinary tract were excluded before training. Antibiotic prophylaxis continued in all patients during enema treatment.
Full response was considered to occur if no UTIs were present in the follow-up
period and a clock-shaped flow pattern with residual urine after voiding less
than 10% was seen (follow-up at least 6 months).

RESULTS
We observed 50 patients during enema therapy for at least 6 months. During
follow-up, we noted total relief of urinary tract symptoms in 30 patients (60%).
No UTIs were found in the full-responder group; hence, antibiotic prophylaxis
could be stopped. Eight patients developed at least one UTI during follow-up.
Twelve patients were UTI free but those still presented with intermittent/staccato flow with residual volume more than 10% during follow-up. The genColonic Washout Enemas for Persistent Constipation | 51
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der-related response cannot be assessed because of the significant difference
in the sex distribution (44 girls versus 6 boys).
After six months of treatment, we observed a rectal diameter less than 3.5 cm
as measured by ultrasound in all patients. In 33 children (65%), including 30 full
responders and 3 patients with persistent lower urinary tract symptoms,
washout enemas were stopped with continuing success. In 17 patients with
persistent urinary tract symptoms a distended rectum appeared after treatment with enemas, resulting in the need for chronic intermittent enema
therapy.
Five patients (10%) reported abdominal pain during enema at the beginning
of the treatment. However, this did not lead to discontinuation of the enema
treatment. We noted no serious counter-effect.

COMMENT
4

Dysfunctional voiding with recurrent UTIs and/or incontinence affects up to
10% of schoolchildren, predominantly girls. It is likely that only some of symptomatic cases ask for medical help. Patient delay caused by parents and children could be an important factor in successful treatment of DV.
The coexistence of chronic bowel problems, urinary incontinence, UTIs, and
vesico-ureteral reflux has been well-described,11–23 although the etiology of
the two entities (DV voiding and constipation) is still unknown. The term DES
has been suggested to identify this combination. Chen et al. presented a multivariate analysis of almost 2800 pediatric urological patients. From these, 44%
of girls and 24% of boys presented with DES. Of the patients with UTIs, the
corresponding DES rates were more than 50% for those without VUR and 38%
for those with VUR. VUR alone was not associated with DES.5
Decreased bladder filling, impression of the bladder wall provoking its overactivity, and pelvic floor discoordination caused by withdrawal maneuvres as a
response to painful defecation all can have an important role in the pathophysiology of urinary incontinence and/or UTIs in constipated children.
We observed that many DV patients do not sufficiently sense the filling stage
of both the bladder and the rectum, which results in a distended rectum and/
or fecal incontinence and lower urinary tract symptoms including recurrent
UTIs.
Consequently, these functional problems should be treated together to get
optimal results. Loening-Baucka reported a group of constipated children
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with coexistent urinary tract symptoms treated for 1 year with oral laxatives.
There was a success rate of up to 90% with regard to disappearance of urinary
incontinence.24 In 40% of children with constipation using oral laxatives, Erickson et al. achieved total relief of urinary incontinence and partial relief in 56%.18
Over the past 2 decades, retrograde or antegrade enemas have been used
routinely in spina bifida patients to achieve fecal continence (or clearness). Recently antegrade enemas of colon descendens have been proposed instead
of a washout of the whole colon as an equally efficient way to cure constipation and achieve relief of fecal incontinence.25–27
In our institution, the use of enemas for spina bifida patients started in 1988.
Currently, a special nursing team observes all children who need retrograde or
antegrade enemas. This highly specialized nursing team, together with our
positive experiences with enemas in neurogenic lower urinary tract dysfunction, led to our decision to use retrograde enemas in children with UTIs based
on DV with persistent rectal distension. Over the years we have seen more
and more patients with recurrent UTIs and/or DV who did not respond to our
protocol-behavioral training combined with oral laxatives and antibiotic
prophylaxis. Washout enemas in those patients considerably improved the results of bladder training in our institution.
We observed no serious complications and all patients continued the enemas
for 6 months. At the end of this period, 30 patients (60%) were free from urological symptoms and in all patients the rectal diameter diminished to less
than 3.5 cm. A total of 17 patients needed prolonged enema therapy to maintain normal rectal evacuation. Those patients were given individual programs.
They were encouraged to use enemas if they did not pass stools for 2 days or
if they had the feeling of a full rectum.
Unfortunately, it is not possible to compare our results with other studies because this is the first report on washout enemas as a supporting treatment for
symptomatic DV. Nevertheless, in 1985 O’Regan et al. described a group of 47
patients with recurrent UTIs and constipation who were treated by means of
phosphate enemas.28 This treatment resulted in cessation of infection in 44
patients (93%) and cessation of urine incontinence in 22 (68%) patients. The
results of O’Regan et al. are much more encouraging than ours. However,
some of the patients in their study had uninhibited bladder contraction (detrusor overactivity), which suggests that some of them had more than DV.
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It is known that DV as well as constipation has a tendency to improve spontaneously, but spontaneous relief in our group was not expected. All of our patients underwent cognitive training and oral laxative therapy before beginning enemas. In other words, it was a group of the most difficult carefully selected cases.
Our result and the results of O’Regan et al. underline the need for a randomized prospective study to prove efficiency of colon enema treatment.

4
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CONCLUSIONS
Dysfunctional voiding in combination with chronic constipation in children
can be cured with washout enemas if oral laxatives and behavioral training
fail. A prospective randomized trial is being performed in our institution to
evaluate the efficacy of enemas as an alternative to biofeedback training as
primary therapy for constipated children with recurrent UTIs based on DV.
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Chapter 5
Urethral Meatus Deformities
in Girls as a Factor in
Dysfunctional Voiding

5
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ABSTRACT
Purpose:
Girls with an anterior deﬂected urinary stream (ADUS) cannot void in the ideal
toileting position, resulting in lower success rates of behavioral training programs. Purpose was to study prospectively the clinical effects of surgical meatus correction for ADUS in girls with dysfunctional voiding (DV).
Methods:
A cohort of 171 DV patients aged 6–12 years was investigated. All had recurrent urinary tract infections (UTIs), staccato or interrupted uroﬂow, and >10%
residual urine on ultrasound. For study purposes, all underwent a urodynamic
study (UDS) to conﬁrm DV. ADUS was recognized at ﬁrst examination in 55
patients (32%) and a dorsally directed meatal correction was performed to
achieve a normal direction of the urinary stream. The non-ADUS group (116
girls) was given behavioral therapy (BT); however, a subgroup of 11 girls with
ADUS was detected with persistent complaints after failed BT. These 11 girls
also underwent a meatal correction.

5
Results:
All DV complaints were resolved in 25 of the 55 (45%) girls from the original
ADUS group and 8 of the 11 (73%) girls from the second group. During UDS, in
the ADUS group free of complaints after meatal correction, a signiﬁcantly
higher Pmax (102 cm H2O) was found compared to those who did not beneﬁt
from correction (Pmax 76 cm H2O). Conclusion: In this study, 39% of female DV
patients had ADUS complaints. After surgical correction, 50% were free of all
complaints without requiring any further behavioral training. The fast recovery into a normal voiding pattern in these girls shows that a meatus deformity
needs to be looked for in all girls presenting with DV.
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INTRODUCTION
The occurrence of meatal stenosis or meatal deformity in girls with dysfunctional voiding (DV) with recurrent urinary tract infections (UTIs) and/or urinary
incontinence has often been described in the literature. The combination of
distal urethral stenosis and UTIs in girls was studied and described in the
1960s.1,2 Treatment with blind urethrotomy (OTIS) was later introduced as the
panacea for all girls with recurrent UTIs.3,4 This procedure was more or less
banned after articles were published on iatrogenic urinary incontinence5–7
and because of the discovery of more conservative treatments like behavioral
and biofeedback training. Today the complex occurrence of UTIs and urinary
incontinence is treated mainly by behavioral therapy (BT) focusing on voiding
posture, voiding frequency, and pelvic ﬂoor relaxation. These behavioral programs are successful in many patients but not in all.8 Some of the girls with
voiding dysfunction appear to have a meatal deformity that causes anterior
deﬂection of the urinary stream. These girls wet the toilet rim or always have
wet buttocks and legs after voiding.
The main reason for correcting an anterior deﬂected urinary stream (ADUS)
has been that it prohibits normal toilet training, because girls with ADUS cannot void in the optimal toileting position: they void over the rim of the toilet
when sitting in a proper upright position. A meatal deformity could account
for the ADUS and also for some of the training failures. Hoebeke et al.9 suggested that there is a correlation between the functional voiding disorders
and the meatal anomaly: Girls with meatal deformities were diagnosed with
more severe forms of DV on urodynamic investigation compared to a control
group; they showed improved micturition patterns and fewer symptoms after
surgical correction.
Our hypothesis is that the surgical correction of the direction of the urinary
stream could improve the results of cognitive and biofeedback training in
these children. This study was conducted to describe the effects of surgical
correction of the anterior deﬂection of the urinary stream (ADUS) in a cohort
of 66 patients.
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PATIENTS AND METHODS
In a prospective study into DV, 171 girls aged 6–12 years were included. All
these girls presented in a tertiary referral hospital with recurrent UTIs, with or
without daytime urinary incontinence. They all had a standard screening protocol, consisting of a micturition history written up by their parents, a completed standard questionnaire, a physical examination, ultrasonography of the
urinary tract, and uroﬂowmetry with ultrasonographic (US) residual urine assessment. Inclusion criteria were recurrent UTIs, a staccato or interrupted
uroﬂow pattern at a minimum of two uroﬂow measurements, and a residual
urine on US of >10% of expected bladder volume for age. Girls were eligible
for the study if they met the inclusion criteria and did not show any signs of
neurological pathology.

5

Fig. 1. Dorsal webbing of the meatus (diagram showing ADUS). [Color ﬁgure can be seen in the online version of this article,
available at http://wileyonlinelibrary.com/journal/nau]

Fig. 2. Incision of the web/meatus (diagram showing level of incision). [Color ﬁgure can be seen in the online version of this
article, available at http://wileyonlinelibrary.com/journal/nau]
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For this study, they all underwent an urodynamic study (UDS) to conﬁrm the
diagnosis of DV. The ﬁrst 171 girls meeting our criteria were included in the
study. Of this cohort, a group of 55 girls had a history or observation of ADUS.
ADUS was recognized as voiding against or over the toilet rim in an upright
sitting position with the upper legs apart. The questions regarding ADUS are
part of the standard micturition questionnaire that all patients receive before
the ﬁrst outpatient clinic visit. In girls with ADUS, a physical examination of the
external genitalia revealed a visible dorsal webbing of the urethral meatus, or
a more ventral positioning of the meatal oriﬁce. These girls were given surgical correction for this meatal deformity. The other 116 of the 171 girls were
given BT. Parents gave informed consent for the study that had been approved by the local ethics committee.
Surgical correction was performed in daycare surgery, under general anesthesia combined with a caudal block anesthesia with bupivacaine. The meatus
and distal urethra were inspected and calibrated, and a cystoscopy was performed. All 55 girls appeared to have a mucosal web on the dorsal side of the
urethral meatus that directed the urinary stream far forward when the ﬁlled
bladder was expressed (Fig. 1). This dorsal webbing was incised 3–5 mm in
the 6 o’clock position (Fig. 2), deep enough to achieve a normal direction for
the urinary stream (Fig. 3). In most cases, subsequent calibration of the urethra
revealed no stenosis; however, in girls who appeared to have a narrow distal
urethra, meatal dilatation was carried out with olive catheters with a maximum size of Fr 16 plus the age in years.10
Post-operative follow-up visits at 2 and 5 months included a micturition history, uroﬂowmetry, and US residual volume assessment. If DV persisted at the
2-month post-operative visit (30 patients), the girls were enrolled in a behavioral training study. A total of 143 patients enrolled in the training study, as 3

Fig. 3. Direction of the urinary stream pre- and post-incision. [Color ﬁgure can be seen in the online version of this article,
available at http://wileyonlinelibrary.com/journal/nau]
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patients were non-eligible (results published earlier8). At the end of the training program,8 73 patients showed improvement but 70 still had persistent
complaints. These 70 patients were re-examined, paying particular attention
to a more extensive case history and to voiding and urinary stream direction.
An additional 11 girls from this group were identiﬁed with an ADUS. In retrospect, they had all slipped through the net at intake because their ADUS had
not been recognized by their parents; thus the ADUS was not mentioned in
the initial history. None of these 11 girls had been operated on previously.
Given the preliminary positive results for the girls who had had their meatal
deformity corrected, this group of 11 patients was also offered a meatal
correction.
Differences in the UDS results for the meatal correction group were analyzed
using the Mann Whitney U Test with P < 0.05 considered statistically signiﬁcant (SPSS version 12.0).

RESULTS
5

In the group of 171 girls with urodynamically conﬁrmed DV, 55 girls (32%)
aged 6–11 years (mean age 8 years) also had ADUS due to a meatal deformity.
At follow-up 2 months after the surgical correction, 25 of the 55 (45%) of this
group had no signs of DV. They all had normal uroﬂowmetry curves, no residual urine at post-ﬂow US, and no urinary incontinence. Of the 55 girls, 30 (55%)
had a persistent abnormal uroﬂow pattern, with residual urine and a history of
urinary incontinence despite normalization of the direction of the urinary
stream at voiding. They were enrolled in the BT study-group. The 25 cured
girls were followed for another 3 months without anti-biotic prophylaxis. They
showed no recurrence of UTIs and continued to have a normal voiding pattern without urinary incontinence.
After failure of their BT, an additional group of 11 girls were identiﬁed with
ADUS; meatal correction was carried out in these 11 girls. In 8 of these 11 girls
(72%), the DV complaints had resolved at 2 and 5 months post-operation visits. In total, we identiﬁed 66 of the 171 (39%) girls with ADUS, and a meatal
correction resolved the DV in 33 of these (50%).
At admittance to the study, each patient underwent a UDS, the results of
which showed a broad range of Qmax and PQmax. The overactive pelvic ﬂoor
during voiding led to high Pmax values being recorded. An overview of the
data is presented in Table I. First, the values for the non-ADUS group were
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compared with the ADUS group, but no signiﬁcant differences were found.
The ADUS group was then divided into ‘‘cure’’ or ‘‘no effect of meatal correction.’’ Pmax values were signiﬁcantly higher (P < 0.050) in the ‘‘cured-after-correction’’ group than in the group with no effect.
In summary, a total of 66 girls with ADUS and DV were given a meatal correction and this successfully relieved DV problems in 50% of them without requiring any BT after surgery.
TABLE I. Urodynamic Parameters for Groups of Girls With DV, 6–12 Years Old
Qmax

95% CI

SD

PQmax

95% CI

SD

Pmax

95% CI

SD

Non-ADUS
group (105)

21

20–23

8.1

46

41–52

21

84

71–97

66

ADUS group
(66)

19

17–21

7.9

54

47–61

26

87

73–100

51

No relief after
meatal
correction
(33)

19

16–21

7.4

54

45–62

24

76

59–93

47

Cured after
meatal
correction
(33)

19

15–23

8.9

54

42–66

29

102

80–123

52

Mann–Whitney U test for
the two
meatal
correction
groups

P = 0.927

P = 0.854

P = 0.024

ADUS, anterior deﬂected urinary stream; Qmax, mean maximum ﬂow in ml/sec; PQmax, mean of
the pressure at Qmax in cmH2O; Pmax, mean of the measured maximum pressure during voiding
cycle in cmH2O; 95% CI is the 95% conﬁdence interval for the mean, SD, standard deviation.
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DISCUSSION
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DV has a functional origin and until recently it was assumed to be a learned
behavior of the pelvic ﬂoor that could become self-sustaining. This concept
was challenged by the hypothesis that DV might have a multifactorial origin
and that there might be different sub-types, including congenital causes.11
One of the sub-types is the persistence of a physiological transition phase between infancy voiding patterns and normal cortically controlled continence
and bladder emptying. In girls with a minimal anatomical deformity of the
meatus, the infant DV pattern might persist because they are unable to control it. At least two hypotheses could support this theory in these girls. Firstly,
the bulbocavernosus reﬂex, which is normally absent during voiding, can be
provoked by genital stimulation. The ADUS passes the clitoris and stimulates
the bulbocavernosus reﬂex, causing sphincter activity during voiding.12 Secondly, all girls with ADUS need to ﬁnd a way to avoid voiding over the rim of
the toilet, which often leads to a bent posture and ‘‘deep sitting,’’ making
proper relaxation of the pelvic ﬂoor muscles more difﬁcult and thereby creating a functional obstruction during voiding.13 Even in girls with normal cortically controlled continence and bladder emptying, ADUS can provoke a DV
pattern. It is postulated that if the forward aiming stream is directed over the
rim of the toilet, they apply more ‘‘resistance’’ to make the stream weaker, so
that gravity keeps the stream inside the toilet. This ‘‘braking during voiding’’
may start as a conscious process as soon as such girls start voiding on a toilet,
but this experimental braking of the stream soon results in DV because they
have no experience in the ﬁne control of the braking power of the pelvic ﬂoor
muscles. Correction of the urinary stream direction results in the disappearance of the reason to ‘‘brake during voiding’’ and leads to a normal voiding
pattern and behavior. The fact that most DV problems start after potty training makes the ﬁrst hypothesis (the bulbocavernosus reﬂex by clitoral stimulation) unlikely in these cases.
Indirectly, the fast recovery of a normal voiding pattern in 8 of the 11 girls who
underwent successful surgical correction after unsuccessful BT conﬁrms the
association between a minimal anatomic deformity of the meatus and DV in
this sub-group. We postulate that DV has a deﬁnite multifactorial origin and
that one of the factors may be the anterior deﬂection of the urinary stream.
The high pressures recorded during the voiding phase in the urodynamic investigations are caused by detrusor hypertrophy, induced by a functional ob64 | Lower urinary tract dysfunction in children

struction that has existed for a longer period. The highest pressures in the
voiding phase are recorded during the moments of pelvic ﬂoor action (‘‘braking of the stream’’). The discovery of ADUS in the case histories of girls with DV
in combination with high pressures (>80–90 cmH2O) recorded during interruption of the stream and a normal PQmax (<50–60 cmH2O) during relaxation
is an indication for meatal correction. It is tempting to use a cut-off value of
80 cmH2O as a predictor of success after meatal correction. In practice, the
majority of children with DV enter BT programs without a routine UDS having
been performed. Therefore, a clinical evaluation of the direction of the stream
and a history of wetting buttocks and legs will have to be the most important
indicator for meatal correction.
In the non-ADUS group of dysfunctional voiders and in those girls with ADUS
and DV in whom surgery was not sufﬁcient to relieve their problems, BT was
successful in 73 of the 143 girls (51%).8 This limited success rate of treatment of
DV by BT and the fact that ADUS is to be expected in 39% of DV patients underscores the importance of the speciﬁc search for and treatment of ADUS in
all girls with DV.
A limitation of the study is the fact that ADUS is not always accompanied by
DV. A group of girls can be seen at the outpatient clinic with the isolated complaint that they have an ADUS and wet the toilet rim without UTIs or
incontinence.

CONCLUSION
Of girls with clinically and urodynamically proven DV, 39% appeared to have
an ADUS, with a 50% cure rate after meatal correction. We strongly recommend that all girls with DV, prior to entering a BT program, are investigated for
meatal deformities as a possible cause of their complaints and that these deformities are corrected ﬁrst.
ACKNOWLEDGMENTS
We thank Derek Grifﬁths for his constructive advises and Jacky Senior for critically reading the manuscript.

Urethral Meatus Deformities in Girls | 65

5

REFERENCES
1.
2.
3.

5

Lyon RP, Smith DR. Distal urethral stenosis. J Urol 1963;89:414–21.
Lyon RP, Tanagho EA. Distal urethral stenosis in little girls. J Urol 1965;93: 379–88.
Kapland GW, Sammons TA, King LR. A blind comparison of dilatation, urethrotomy and medication
alone in the treatment of urinary tract infection in girls. J Urol 1973;109:917–9.
4. Hendry WF, Stanton SL, Williams DI. Recurrent urinary infections in girls: Effects of urethral dilatation. Br J
Urol 1973;45:72–83.
5. Kessler R, Constantinou CE. Internal urethrotomy in girls and its impact on the urethral intrinsic and extrinsic continence mechanisms. J Urol 1986; 136:1248–53.
6. Leadbetter GW. Re: Internal urethrotomy in girls and its impact on the urethral intrinsic and extrinsic
continence mechanisms. J Urol 1988;139: 142–3.
7. de Jong TP, Van Gool JD, Dik P, et al. The treatment of post-urethrotomy incontinence in pediatric and
adolescent females. J Urol 2001;165:929–33.
8. Klijn AJ, Uiterwaal CS, Vijverberg MA, et al. Home uroﬂowmetry biofeedback in behavioral training for
dysfunctional voiding in school-age children: A randomized controlled study. J Urol 2006;175:2263–8.
9. Hoebeke P, Van Laecke E, Raes A, et al. Anomalies of the external urethral meatus in girls with non-neurogenic bladder sphincter dysfunction. BJU Int 1999;83:294–8.
10. Scholtmeijer RJ, Grifﬁths DJ. Does distal urethral stenosis in girls exist? Aktuelle Urol 1985;16:162–4.
11. Yeung CK, Godley ML, Ho CK, et al. Some new insights into bladder function in infancy. Br J Urol
1995;76:235–40.
12. Sethi RK, Bauer SB, Dyro FM, et al. Modulation of the bulbocavernosus reﬂex during voiding: Loss of inhibition in upper motor neuron lesions. Muscle Nerve 1989;12:892–7.
13. Wennergren HM, Oberg BE, Sandstedt P. The importance of leg support for relaxation of the pelvic ﬂoor
muscles. A surface electromyograph study in healthy girls. Scand J Urol Nephrol 1991;25:205–13.

66 | Lower urinary tract dysfunction in children

Chapter 6
Urethral length in girls
with lower urinary tract
symptoms and forme fruste
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Abstract
Purpose:
To investigate systematically the length of the urethra in girls with lower urinary tract symptoms.
Materials and methods:
In a group of 121 consecutive girls presented at a tertiary referral clinic for urinary incontinence or recurrent urinary tract infections, urethral length was
measured by perineal ultrasound. The urethra was measured with the patient
in supine position without anesthesia. Mean age of the patients was 7.8 (0-15)
years.

6

Results:
Average urethral length was 26 mm. Minimum length was 12 mm, measured
in a 5-year-old girl with dribbling incontinence. Maximum measured length
was 40 mm in a 15-year-old girl. In four girls (3.3%), aged 1-10 years (mean 6.3),
a short urethra was detected, with measured lengths of 12 and 14 mm. All
four had normal genitalia, and were referred with therapy-resistant urinary incontinence or urinary tract infections. A gradual increase in average urethral
length was measured from 23 mm at birth to 32 mm at 15 years.
Conclusion:
Urethral length can be measured accurately by ultrasound. Although a short
urethral length is rarely detected by ultrasound in girls with incontinence, it
may be associated with therapy-resistant incontinence. In such cases, different
treatment options are available.
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Introduction
Ultrasound (US) of the perineum as a routine investigation in children with
lower urinary tract symptoms (LUTS) has been proven to give useful information on the neurological status of the pelvic floor and the ability to contract
and relax the pelvic floor at will1. Perineal US can be a useful tool for biofeedback training in children with dysfunctional voiding2. Moreover, during this
procedure the length of the urethra can be measured.
A short urethra is commonly reported in female epispadias patients3, 4. In adult
women, normal urethral length is approximately 4 cm5. In contrast, little is
known about urethral length in girls with normal genitalia, since this has never been properly investigated, and, except for one case report, there have
been no studies published to date on pediatric urethral length6.
A small group of girls exist with LUTS (non-neurogenic bladder/sphincter dysfunction), who appear to have a congenital short urethra, which prohibits normal urinary continence. This phenomenon is considered to be a ‘forme fruste’
of female epispadias with possible congenital urethral insufficiency6. In girls
with urethral lengths under 15 mm, conservative treatment by cognitive and
biofeedback training may still be successful, but it is important to realize that a
certain percentage of these girls will eventually need surgery to become dry.
If urethral length is measured, these girls can be detected early. Therefore, it is
useful to determine the urethral length in girls with LUTS at first presentation
in tertiary care.
The purpose of this prospective study was to assess urethral length in a consecutive group of girls with LUTS, and to determine the clinical relevance of
measuring urethral length.

Materials and methods
In 122 consecutive female patients, presenting at the outpatient clinic with
LUTS or recurrent UTIs, urethral length was measured by US with a small-parts
7 MHz US probe (HITACHI®) on the urethral meatus. Perineal US was performed by the pediatric urologist in the outpatient clinic as part of the routine
protocol for children with LUTS. Urethral length was measured twice in each
patient.
Before the onset of this study, we tested the accuracy of this method of measuring urethral length, in 36 girls who underwent cystoscopy for diagnostic or
therapeutic reasons under general anesthesia, by a comparison of the US
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length measurements of two investigators, endoscopic measurement by cystoscope and measurement by balloon catheter. Variation in outcome of urethral length measurement between cystoscope, balloon catheter and ultrasound was within a range of 10%, which led us to conclude that US
measurement of urethral length is an accurate tool that may be used for clinical purposes.
Reasons for referral of the 121 girls who visited the outpatient clinic for the first
time were predominantly incontinence or recurrent UTIs. The mean age of
the girls was 7.8 years (0-15). The younger aged group (0-3 years) presented
with UTIs, often combined with VUR. One girl had epispadias and was excluded from the analysis.
The US probe was placed upon the urethral meatus without any pressure, using bactericide jelly as an intermediate. All patients were advised to come to
the outpatient clinic with a filled bladder which was verified by ultrasound of
the bladder. The urethral length was measured from the bladder neck to the
tip of the US probe. The measurements were taken in millimeters (Fig. 1). Girls
with an empty bladder were given extra fluid and underwent a second investigation when there was an adequate bladder volume.
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Figure 1 Example of ultrasound picture of the urethra of a girl. The ultrasound probe is positioned on the meatus.
BN = bladder neck, M = meatus, R = rectum.
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Urethral length was considered short if 15 mm or less. This cut-off point was
based on the experience at our institution, where short urethral length was
incidentally detected in girls with therapy-resistant incontinence.
All girls were diagnosed into the following categories: overactive bladder, underactive bladder or dysfunctional voiding; and treated conservatively with
pharmacotherapy and urotherapy according to the ICCS standards10.

Results
Of the 122 consecutive patients, one case of epispadias with a urethral length
of 9 mm was excluded. In this group of girls, aged between 0 and 15 years old,
the mean urethral length was 26 mm. Minimum length was 12 mm, measured
in a 5-year-old girl with dribbling incontinence. Maximum measured length
was 40 mm in a 15-year-old girl with incontinence. Four girls (3.3%) aged 1-10
years (mean age 6.3 years) had short urethras of 12 (twice) and 14 (twice) mm
(Fig. 2). All four girls had normal external genitalia. Three of them suffered
from therapy-resistant incontinence; the 1-year-old patient, who presented
with UTIs and VUR, was too young for continence assessment. The three girls
with refractory incontinence ultimately needed surgery to become dry.
Fig. 3 shows the relationship between age and urethral length. An increase in
average urethral length in this patient group can be observed from 23 mm at
birth to 32 mm at age 15 years.

Figure 2 Distribution of measured urethral lengths (mm).
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Figure 3 Mean urethral length (mm) with age (years).

Discussion
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Measuring urethral length by US in girls with LUTS or UTIs is non-invasive,
painless and adds approximately 30 s to a routine US examination of the lower
urinary tract.
Measuring urethral length in girls with LUTS is relevant because it allows the
detection of patients with short, non-epispadiac urethras and therapy-resistant LUTS. Clinically, the short urethra can behave like a ‘forme fruste’ or a mild
form of the female epispadias complex. Patients can suffer from congenital
urethral incompetence without any obvious external signs. VCUG and video-urodynamic studies give insufficient information to diagnose this condition. Only cystourethroscopy can alert suspicion of a short urethra but, in our
experience, general anesthesia often causes shortening of the urethra. This
was detected in the initial study, done under anesthesia, to compare different
ways of measuring urethral length, as described in the Materials and Methods
section. The suspicion has been reported that short urethras are three times
more common than previously expected6, meaning that there are probably
also more female adults with therapy-resistant incontinence caused by undetected short urethras7. Since detection of a short urethra can affect treatment,
measurement of the urethral length is useful. For this reason, this study was
done to create a nomogram of urethral lengths in girls with LUTS. In the examined group, lengths varied from 12 to 40 mm. Incontinence, refractory to
all conservative and pharmaceutical treatment, was found especially in the
3.3% of girls with a urethral length under 15 mm. These patients ended up
needing surgery to become dry. This proportion does not reflect the true epi72 | Lower urinary tract dysfunction in children

demiologic incidence of a short urethra in girls with LUTS because the patients are a selected group who presented at a tertiary referral center for complicated pediatric urinary incontinence.
A few parameters that were not excluded during the examination may influence urethral length. One study reports that, in adult women, there is significant shortening of urethral length measured by US if the bladder is full compared to measurement with an empty bladder8. We have attempted to
examine most children with filled bladders, by giving extra fluid before the
investigation if needed. Generalized hypermobility of joints does not affect
urethral length when stationary, but bladder neck hypermobility can cause
shortening of the urethra during the Valsalva maneuver9.
To confirm the role of urethral length in voiding dysfunction, ideally, a control
group would be required. For practical and ethical reasons investigation of
control patients in this age group is impossible. Thus, the question as to
whether there are subjects in the general population with a short urethra, under 15 mm, and no urinary incontinence remains unanswered. Similar recordings of urethral length in secondary referral clinics will reveal the true incidence of a short urethra in girls with LUTS.
Analysis of the outcome of therapy for the whole group has not been part of
this study. The outcome of conservative treatment has been reported before
by our group11. Further study of a larger group of patients will be needed to
produce separate nomograms for specific age groups.

Conclusions
We systematically measured urethral length in a group of 121 girls with LUTS
or recurrent UTIs, and a mean age of 7.8 years. The mean length was 26 mm
measured by US in the outpatient clinic. Urethral length showed a gradual increase with age.
A ‘form fruste’ of female epispadias often remains undiscovered and can be
the cause of therapy-resistant incontinence. In this group, four short urethras
(3.3%) were measured in girls aged 1-10 years (mean age 6.3 years). Three of
these four patients had congenital incontinence which did not respond to
conservative therapy; one presented with UTIs and VUR and was too young to
be potty trained. The measured short urethras varied from 12 to 14 mm.
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ABSTRACT
OBJECTIVES
Dynamic perineal ultrasonography to assess the function of the pelvic floor
muscles in children with micturition complaints shows that many children
with daytime incontinence or recurrent urinary tract infections use their pelvic floor paradoxically. They strain when asked to withhold urine, or they have
no voluntary control of the pelvic floor muscles at all. The aim of this study
was to record the pelvic floor function and evaluate the physical therapy regimens for children with dysfunctional voiding (DV) and paradoxical pelvic floor
function.
METHODS
A total of 65 patients with DV, many who also had constipation, were diagnosed with paradoxical movement of the pelvic floor. The patients were
asked to contract their pelvic floor muscles during a perineal dynamic ultrasound investigation. Of the 52 patients treated by physical therapists, 32 had a
single 1-hour biofeedback session with rectal examination and anal balloon
expulsion. In the remaining 20 patients, this was followed by 2 weeks of biofeedback balloon expulsion training at home. Forty control patients were
observed.
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RESULTS
In 13 of the 65 patients, the diagnosis could not be confirmed by the physical
therapists. At 6 to 10 months after training, 50 of the 52 other patients had
normal voluntary pelvic floor muscle control. Of the 40 control patients, 39
had normal pelvic floor control.
CONCLUSIONS
The results of this study have demonstrated that pelvic floor dysfunction occurs frequently in children with DV and can be cured by dedicated physical
therapy. The clinical importance of this phenomenon is not yet clear. Prospective studies will teach us more about the true incidence and therapeutic effect of pelvic floor dysfunction on DV.
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Introduction
Dysfunctional voiding (DV) occurs in 7% to 11% of girls at school age and can
cause urinary tract infections (UTIs) and/or incontinence.1,2 Many efforts have
been made to cure DV, predominantly using cognitive and biofeedback training. In the evaluation of children with incontinence and UTIs, our standard
protocol for the outpatient clinic includes a perineal ultra-sound investigation
to measure the urethral length in girls and prostatic urethral length in boys.
This also determines the filling state of the distal rectum and assesses reflex
activity of the pelvic floor muscles, which is used to determine whether the
child has voluntary control of the pelvic floor muscles. From published studies, it is known that during pelvic floor contraction in adults, the pelvic floor
moves upward when the levator ani contracts.3–5 This can also be seen in children when they are asked to withhold urine or flatus. Instead of this elevation,
a descent of the pelvic floor is observed in many children with DV: the socalled paradoxical pelvic floor movement.6 Furthermore, a significant group of
children with DV are unable to relax or contract the pelvic floor at will.
The purpose of this study was to describe the pelvic floor use in children with
DV and to evaluate the results of biofeedback anal balloon expulsion training
for paradoxical pelvic floor movement.7

MATERIAL AND METHODS
Dynamic perineal ultrasonography to assess the function of the pelvic floor
muscles in children with micturition complaints and/or UTIs is part of the
standard protocol at our outpatient clinic. With the patient in the supine position, a 7-MHz ultrasound probe (Hitachi) is put on the perineum, and the child
is asked to contract the pelvic floor muscles. The urethra, bladder neck, and
distal rectum can be observed using ultrasound examination. With a normally
functioning pelvic floor, elongation of the urethra and movement in the direction of the symphysis pubis can be observed when the patient is asked to
contract the pelvic floor muscles (Fig. 1). All patients described in this study
had shortening of the urethra and movement of the bladder neck in the direction of the sacrum when contracting, the so-called pelvic floor paradox
(Fig. 2). Children who could not control their pelvic floor muscles at all were
not included in this study.
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Figure 1. Photographs of sagittal plane taken with ultra-sound probe on urethral meatus. Sym = symphysis; Ur = urethra;
R = rectum; M = meatus; V = vagina. Situation at rest. Arrows indicate movement during normal pelvic floor muscle contraction
with few millimeters elongation of urethra, movement in direction of symphysis pubis, and indentation of puborectalis muscle
at two thirds of urethra.
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A total of 65 consecutive children, 52 girls and 13 boys, with clinically and urodynamically proven DV and paradoxical movement of the pelvic floor were
included in this study. The patients had recurrent UTIs and/or urinary incontinence with concomitant constipation. DV was diagnosed from voiding diary
records, uroflowmetry with staccato or interrupted flow findings, and ultrasound measurement of postvoid residual urine of at least 10% of the expected voided volume for age. The diagnosis was confirmed by urodynamic studies that showed staccato or fractionated voiding with enhanced
electromyographic activity during voiding. The terminology used conforms
to the International Children’s Continence Society standardization report.8 All
patients were neurologically normal, and their age range was 7 to 17 years
(mean 8.4). They were all sent to physical therapists for confirmation of the diagnosis and training in the appropriate use of the pelvic floor muscles. The
physical therapists explained the problem to both the child and the parents
again. The muscle strength of the lower half of the body was examined, with
emphasis on the glutei and hip adductor muscles for signs of abnormal sacral
neurology. The anal reflex and sphincter and pelvic floor contractions were
examined rectally. An anal pressure balloon connected to a pressure transducer was introduced 3 cm above the level of the sphincter, and the child was
taught to contract and relax the pelvic floor muscles on command. This was
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Figure 2. Photographs of sagittal plane taken with ultra-sound probe on urethral meatus. S = symphysis; U = urethra; R =
rectum. (A) Situation at rest. (B) Paradoxical reaction during contraction of pelvic floor muscles, showing important backward
displacement of urethra and bladder neck, widening of bladder neck, and shortening of urethra.

monitored by pressure registration. The aim was to obtain a contraction of 50
to 100 mm Hg for several seconds. Of the 65 children, 32 understood the instructions after the 1-hour consultation, and 20 were sent home with the
portable anal balloon trainer (SM1 STM sphincter trainer, Schwa Medico) for
daily biofeedback training of two periods of 10 minutes each for 14 days. After
training for 14 days using anal balloon expulsion, the physical therapist assessed the results. At the urologic outpatient clinic, using perineal ultrasonography, the results were tested 6 to 10 months after training. Furthermore, 40
children (31 girls and 9 boys) aged 6 to 12 years, with no lower urinary tract
symptoms were asked to contract their pelvic floor muscles during ultrasonography of the urinary tract. The indication for ultrasonography in this
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control group was follow-up for ureteropelvic junction obstruction or evaluation of monosymptomatic nocturnal enuresis, a non-palpable testis, renal
concrement, or other.
To determine the incidence of paradoxical or absent contraction of the pelvic
floor in children, this was tested in 94 consecutive girls seen with DV in the
outpatient clinic.

RESULTS
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The diagnosis of pelvic floor paradox could not be confirmed by the physical
therapists in 13 of the 65 patients. In these patients, the physical therapist
found normal command of the pelvic floor muscles during the examination.
Of the remaining 52 patients, 32 (62%) were able to correct the abnormal pelvic floor control during the 1-hour training session, and 20 (38%) needed a
2-week training program at home with the anal balloon device. Of the 52 patients, all had normal control over the pelvic floor muscles at the 2-week follow-up visit. Of the 52 patients, 50 still showed normal functioning of the pelvic floor at the ultra-sound examination 6 to 10 months after training. All
children were treated for DV with additional cognitive bladder training with or
without biofeedback by uroflowmetry. Most parents and children noted the
beneficial effects of the correction of the pelvic floor paradox on the voiding
pattern and constipation. This could not be confirmed by uroflowmetry indicating that this effect could possibly have been attributed to the extra attention given to the child’s problem.
In the control group of 40 children aged 6 to 13 years, 39 had normal control
over their pelvic floor, and 1 had no voluntary control at all. No child in the
control group had paradoxical control.
Of the 94 consecutive girls with DV, 20% had paradoxical control over the pelvic floor and 23% had an absence of control.

COMMENT
The results of this study have proved that the pelvic floor paradox occurs in
children with DV and that it can be cured successfully by training as determined by follow-up examination at 6 to 10 months after training. In adults, the
relationship between incontinence and pelvic floor function is well-known,
and magnetic resonance imaging and ultrasonography are used to deliniate
the anatomy and function.9–11 In a published study of a control group of 22
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female physical therapists who were asked to contract their pelvic floor muscles, only 1 had a pelvic floor paradox.6 In our control group, only 1 of the 40
children had no control and none had paradoxical control. This is in contrast
with one other study that found no control in approximately 30% of normal
children on transabdominal ultrasonography of the bladder outlet. To date,
very little data have been published on pelvic floor movement in children in
the analysis of DV.12,13
Although the cause of incontinence in adults is thought to be different from
that in children, it is tempting to believe that pelvic floor function has a role in
both. Studies of pelvic floor function in children with fecal constipation
showed that clinical improvement did not correlate with pelvic floor function.14 Our study results provide no solution to the clinical relevance of the
pelvic floor paradox in children with DV. Because this was not a randomized
study, it was impossible to discriminate between pelvic floor function and the
extra attention to the child’s problem as a cause of improvement. In a prospective randomized study of the treatment of girls with DV and recurrent
UTIs with or without incontinence, we considered the incidence of pelvic
floor paradox or the absence of pelvic floor control in 94 patients. Paradoxical
movement at inclusion was found in 20% of patients, and 23% could not command the pelvic floor muscles at will.15 Specific treatment of the pelvic floor
command was not a part of the study, but all children were given cognitive
and uroflowmeter biofeedback training for DV. At the end of the study, of the
children with paradox at inclusion, 31% remained unchanged, 31% were normal, and 38% had no voluntary control of the pelvic floor. Of the evaluable
patients at the end of the study with adequate pelvic floor function, 35 (63%)
of 56 had had no UTIs after cognitive or biofeedback bladder training and 12
(60%) of 20 with a paradoxical pelvic floor were free of UTIs. For urinary incontinence, 20 (83%) of 24 patients with adequate pelvic floor function became
dry compared to 5 (42%) of 12 with pelvic floor paradox. In the case of constipation, 43 (84%) of 51 patients with adequate pelvic floor function were no
longer constipated, although this was only true for 12 (67%) of 18 of those
with pelvic floor paradox.
These data show that adequate pelvic floor function can be a factor in the
treatment of DV. It has been suggested that the paradox has a possible predominant role in the incontinence complaints of patients with DV. Additional
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studies are needed to clarify the exact importance of pediatric pelvic floor
mobility.
A discrepancy of approximately 20% was noted between the initial ultrasound
findings of paradoxical control and the first examination by the physical therapist. This discrepancy was not present at follow-up. It is unclear whether it was
caused by a learning effect of the first attempts to contract and relax during
the ultrasound examination or a true inconsistency between the two methods. For evident ethical reasons, the control patients were not seen by the
physical therapists.

CONCLUSIONS
A considerable number of children with DV have inadequate command of
their pelvic floor muscles. This can be shown by perineal dynamic ultrasound
examination of the pelvic floor and urethra. Biofeedback anal balloon expulsion training can successfully treat the condition. The exact clinical value of
these findings must be clarified in the future by additional studies.
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Abstract
In any type of lower urinary tract dysfunction it is mandatory to obtain as
much information as possible on the function of the urinary tract. By definition of the International Continence Society, any investigation that produces
such information is part of urodynamics. Thus, voiding and defecation history,
physical examination, voiding frequency charts and defecation diaries are all
essential parts of urodynamics. Repeated free uroflowmetry is considered an
essential routine investigation by the International Children’s Continence Society. Static and dynamic ultrasonography of the lower urinary tract and the
pelvic floor can give important information on lower urinary tract anatomy
and function, in a noninvasive manner. Invasive urodynamic studies such as
voiding cystourethrography and cystometry are reserved for patients for
whom the outcome of such studies is expected to change the therapeutic
regime. Invasive urodynamic tests are performed primarily for one of two reasons. First, to confirm an expected diagnosis in new patients. Second, to ensure that the storage pressures in the bladder remain safe for normal functioning of the kidneys in children with chronic disease.
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Introduction
Between 7% and 10% of school-age children are seen by a specialist for investigation of recurrent urinary tract infections (UTIs) or urinary incontinence.
some patients come to medical attention at neonatal age because of abnormal findings on intrauterine ultrasonography. Children with manifest (spina
bifida aperta) or occult (partial sacral agenesis, tethered spinal cord) spinal
dysraphism need life-long attention to the function of their lower urinary and
gastrointestinal tracts. the same is true for children with severe obstructive
uropathy, such as posterior urethral valves (PUVs) or large ectopic ureteroceles. Here, we attempt to clarify the urodynamic aspects of managing these
children.
According to the International Continence Society definition, any method to
measure the function of the lower urinary tract is part of urodynamics. Thus,
urodynamic information can be obtained from multiple sources: voiding history, physical examination, micturition and defecation diaries, static and dynamic ultrasonography of the lower urinary tract, uroflowmetry with ultrasonographic measurement of residual urine volumes, and finally, invasive
studies such as voiding cystourethrography and urodynamic studies (UDS).
The second report of the International Consultation on Incontinence also includes measurements of the function of the lower gastrointestinal tract in this
definition.1 A voiding and defecation history and voiding and defecation diaries are, therefore, the most important sources of information on the function
of the lower urinary and gastrointestinal tracts,2–5 and can direct the course of
subsequent investigations.
UDS are invasive procedures, in which bladder and abdominal pressures are
recorded during filling of the bladder, and the relationship between pressure
in the bladder and urinary flow during emptying of the bladder is evaluated.
Recordings are done with an indwelling catheter in the bladder and a pressure recording catheter in the rectum, together with measurement of the pelvic floor muscle activity by surface electromyographic (EMG) electrodes.
This review attempts to provide insight into the diagnostic process in children
with functional or congenital problems of the urinary tract, with an emphasis
on the role of invasive urodynamic testing. We first discuss the different aspects of diagnosis in the distinct groups of patients encountered in this setting: the huge group of children with functional lower urinary tract symptoms
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(LUTS), the group with neurogenic bladder and sphincter disorders, and the
group with obstructive uropathy such as PUVs and ectopic ureteroceles. We
will then highlight some of the important aspects of performing invasive UDS
in pediatric patients, and will discuss how the results of these studies can lead
to the correct diagnosis.

Indications for urodynamic studies

8

Any initial diagnostic investigations on children that wet during the day or suffer recurrent UTIs are done to discriminate between those children with functional voiding problems, those with neuropathic bladders and those with anatomic anomalies who may need surgery. Neuropathic conditions should be
ruled out at the first clinical visit by physical examination and any suspect
finding must lead to UDS.6,7 In boys with overactive bladder (OAB) and incontinence, urethral obstruction must be evaluated as the possible cause. Incontinence resulting from functional LUTS is very common in girls and can be accompanied by UTI. In girls with dysfunctional voiding or underactive bladder
(UAB), exclusion of other anomalies by UDS is strongly recommended because for many of these girls LUTS is a chronic condition that needs life-long
attention to their voiding behavior.
In children with complex obstructive uropathy, such as those treated for PUVs
or large ectopic ureteroceles, and in children with neurogenic bladders, UDS
are mainly done to ensure the safety of the upper urinary tracts. Maintenance
of low storage pressures throughout most of the day and the night is needed
to preserve kidney function.8,9 When previous investigations or clinical history
raise suspicion for additional anatomic anomalies such as vesicoureteral reflux
or diverticula, UDS are ideally combined with fluoroscopy into one videourodynamic study. As a general rule, UDS should only be done in children when
the outcome will affect the choice of treatment regime.10–12

Functional LUTS
Between 7% and 10% of children at school age have functional LUTS.13,14 LUTS
can manifest as urgency, frequency, incontinence or recurrent UTI. A 3-day
voiding diary and a 2-week defecation diary are recommended before the
first visit to a pediatric urologist. A complete voiding and defecation history, a
physical examination with special attention to lumbosacral neurological function, and at least two free uroflowmetry assessments with ultrasonographic
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measurement of the postvoid residual urine volume should be done. Ultrasonography of the urinary tract is routinely advised.2, 15–17 In the upper tract,
this technique can indicate double systems or can show dilatation or scarring.
Bladder ultrasonography gives information on wall thickness; a thick-walled
bladder raises suspicion of anatomic or functional obstruction, while an open
bladder neck in girls is commonly present in dysfunctional voiding.15–17
The transverse diameter of the rectum can be determined on bladder ultrasonography and a dimension of >3 cm in the absence of an urge to defecate
is a strong sign of constipation.18,19 Advanced static and dynamic ultra-sonography of the perineum gives additional information on the mobility of the
bladder neck, the ability to contract the puborectalis muscle and sphincter at
will, the guarding reflex (s3 neurological pathway) and the length of the urethra.20–22 Hypermobility of the bladder neck can be seen in the 15% of children
with generalized hyperlaxity of joints and might be associated with congenital stress incontinence. Inability to control the pelvic floor might be an indication for physical therapy before urotherapy (defined as nonsurgical, nonpharmacologic treatment for lower urinary tract malfunction, synonymous with
the term ‘lower urinary tract rehabilitation’ used in adults2,23), while the absence of S3 reflexes might point to spinal dysraphism. Rarely, a congenital very
short urethra of less than 15 mm can predict failure of conservative therapy.
The possible diagnoses in children with LUTS are OAB, dysfunctional voiding,
UAB and incontinence with UTI caused by voiding postponement. UDS can
be used to identify subsets of OAB and UAB characterized by an overactive or
underactive detrusor muscle, respectively.2 An overview of the diagnostic
steps in children with luts is provided in Figure 1. Most children with LUTS
need to be treated by urotherapy, supported by pharmacologic therapy when
necessary.
Overactive bladder
In school-aged boys with urge complaints and incontinence resulting from
OAB, the major differentiation is between secondary overactivity caused by
urethral obstruction and primary loss of central control of bladder behavior,
which probably both present with a small voided volume compared to expected bladder capacity for age.24 Obstruction in boys can occur anywhere
from the bladder neck to the tip of the urethra, and will generally not be detected by voiding cystourethrography.24–26
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A positive reaction—in terms of relief of symptoms— to antimuscarinic therapy, even when it only lasts a few weeks, is a strong predictor of urethral obstruction being the primary cause of OAB in boys.27 On the basis of this study,
we routinely recommend a 3-month period of antimuscarinic pharmacotherapy to identify obstruction before deciding whether a boy needs to undergo
UDS (and potentially endoscopic surgery) or needs alternative treatments for
bladder overactivity.
Girls with LUTS predominantly need pharmacologic and behavioral therapy.
Up to one-third of these girls might have a urethral meatus anomaly that prohibits relaxed voiding in the ideal toileting position. Girls with such anomalies
wet the toilet rim and buttocks because of an anteriorly deflected urinary
stream and thus may need meatus correction before urotherapy.28,29 Sometimes, UDS are needed to identify meatal anomalies and a strongly elevated
maximal detrusor pressure during voiding can typically be found in these
cases.
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Dysfunctional voiding
Dysfunctional voiding occurs often in girls and rarely in boys. Inappropriate
relaxation of the pelvic floor during voiding results in staccato and interrupted
streams on uroflowmetry with residual urine seen on ultrasonography. Loss of
feeling of the filling state of both the bladder and the rectum characterizes
dysfunctional voiding, and incontinence caused by voiding postponement is
frequently observed.2 Urethral meatus anomalies, as described earlier, can be
present; approximately half of girls will be free of complaints after treatment
of the meatus deformity while the other half will require cognitive and biofeedback training.
Underactive bladder
UAB presents as a decompensated form of dysfunctional voiding that occurs
predominantly in girls, but sometimes in otherwise healthy boys.30 In boys
with a history of severe urethral obstruction, loss of feeling of the filling state
of the bladder and loss of sensation of the full bladder combined with low
bladder compliance can be dangerous for the upper tracts, especially when
night-time polyuria is present. UDS can prove the need for a nightly indwelling catheter in boys with a history of PUVs. The same problem can be present
in girls after severe obstruction by a large ureterocele.8,9,31–33
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Figure 1. Diagnosis of children who present with functional lower urinary tract symptoms (LUTS). All patients should provide a
voiding history, and undergo physical examination and urinalysis. Any anatomic or neuropathic abnormalities identified on these
tests should prompt appropriate individualized treatment. If LUTS persist after treatment of comorbidities such as constipation
and urinary tract infection, urodynamic studies can be considered. These can identify previously undetected anatomic or
neurologic abnormalities, or can identify the correct LUTS diagnosis and direct appropriate pharmacological or behavioral and
biofeedback treatment.

Urodynamic studies in pediatric urology | 91

Neurogenic bladder
In contrast to children with severe anatomical urethral obstruction, nearly all
patients with a neurogenic bladder are born with normal kidneys. Shortly after birth, children with detrusor sphincter dyssynergia are at high risk of developing severe renal damage when treated inappropriately.34 The change in
behavior of pelvic floor and bladder in the first months after birth have led us
to routinely start treatment with clean intermittent catheterization and antimuscarinic drugs immediately after birth in these patients, and to postpone
the first UDS to the age of 3 months.35,36 Routine UDS are repeated annually—
to ensure safe bladder pressures and thus protect normal function of the kidneys—in the first years of life or when changes in bladder and sphincter behavior are suspected. In a proactive setting, no place exists for postponement
of UDS to after dilatation of the upper tract has occurred.37 For incontinent
patients with a paralytic sphincter, UDS are needed to judge the closure function of the sphincter, the quality of the bladder reservoir and to decide what
surgery is needed to become dry. UDS are needed after continence surgery
and bladder augmentation to ensure that the pressures in the bladder remain
safe, and do not pose a risk to the upper urinary tracts.35,36
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Congenital abnormalities
Another important group of children who require UDS are newborn babies
with severe congenital obstructive abnormalities of both the upper and lower
urinary tracts. Especially in cases of severe PUVs with upper tract dilatation or
reflux, and in children with large ureteroceles, UDS findings might dictate the
need for surgery. In these children, as in those with neuropathic bladder, follow-up UDS are performed to ensure that low storage pressures are maintained to protect the upper tract. Bladder dysfunction after severe PUVs is a
life-long disease and deterioration of the relationship between urine production, polyuria and low-pressure bladder capacity can occur at any age.9,38,39
Any rise in serum creatinine level in a patient with PUVs at any age might indicate a need for UDS to determine whether the patient’s compliance with instructions to void regularly needs to be controlled or adjusted and whether
clean intermittent catheterization or a nightly indwelling catheter must be introduced, all to prevent end-stage renal failure. Patients with high-grade vesicoureteral reflux tend to have large bladders for their age. Fortunately, this
abnormalacy often causes no specific problems. Patients with vesicoureteral
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reflux and ureterocele have a high prevalence (up to 40%) of dysfunctional
voiding.31,32 This disorder is part of the congenital abnormalacy rather than a
complication of open bladder surgery, as it is also found in patients who had
only endoscopic incision of the ureterocele, or upper pole nephrectomy without lower urinary tract surgery. The paradigm that early surgery of the bladder
and trigone influences the urodynamic properties of the bladder has been
proven untrue.40

The urodynamic system
For pediatric UDS a standard system is used, ideally with reliable EMG sampling of at least 1,000 Hz. Many older digital systems have insufficient EMG
quality to enable differentiation between true sphincter dyssynergia and
movement artifacts in children with LUTS or neurogenic bladder.
The UDS are done with pressure recording of both the bladder and the rectum. Rectal pressure is constantly subtracted from intravesical pressure to correct for changes in abdominal pressure. This correction is especially important
in children because many will cry, laugh or chat during the investigation, leading to constantly changing abdominal pressures. In adult urology, urethral
pressures are recorded as well, sometimes with pressure-sensor catheters fitted with 2–3 pressure transducers. Few pediatric urologists do the same in
children.41 In our experience, this investigation has proven to be unreliable because of movements of the child during the study.
Double-lumen 6 Fr (2.5 mm) disposable catheters are now available for pediatric urodynamics and, for safety reasons, a wise course of action is to opt for
pressure recording with open fluid-filled double lumen catheters instead of
pressure-sensor catheters.41–44

Performing UDS in children
Most children with LUTS will be old enough to understand that they can gain
from the study and, therefore, will cooperate. Patients with spina bifida are
usually on a regime of clean intermittent catheterization and will accept the
study without any problem. Infants and toddlers with congenital anomalies
between the ages of 8 months and 4–5 years can be problematic. In our experience, specialized personnel are needed to obtain good study results. We
obtain reliable results in 490 of 500 pediatric UDS conducted each year owing
to very dedicated and experienced nurses. They need up to 30 min to
Urodynamic studies in pediatric urology | 93

8

convince the child to accept catheterization and apply urethral and rectal
catheters and EMG electrodes. A special catheterizable doll and pictures of
the urinary tract are used to explain what is going to happen and why. The
room used is child-friendly, with posters, stickers and books, and DVD movies
available.42

Evaluating bladder function with UDS
UDS can be divided into two parts. During filling and storage the properties
of the bladder wall and the patency of the closure mechanism of the urethra
are recorded. During bladder emptying, urethral resistance and the function
of the musculature of the pelvic floor and sphincter can be evaluated. In patients with chronic disease who empty their bladder by clean intermittent
catheterization, only the first part can be done.

8

Function in the filling and storage phase
Filling and storage phase function is assessed by cystometry, which measures
how the pressure changes with increasing volumes of the bladder. Cystometry measures detrusor activity, volume at bladder sensation, maximal volume,
and compliance. In children with neurogenic bladder and a paralyzed sphincter, cystometry can be done with the bladder neck occluded by a balloon
catheter in order to assess bladder function before bladder neck surgery—socalled closed cystometry. In children under the age of 6 years, filling and voiding are performed as one continuous study because the start of micturi tion is
often not marked. EMG recording is generally done with surface electrodes
and evaluates the function of the pelvic floor muscles during filling and voiding. Needle electrodes for specific sphincter EMG studies are not recommended in children.
Both intravesical pressure (suprapubic or urethral route) and abdominal (rectal) pressures are recorded, and the abdominal pressure is subtracted from the
intra-vesical pressure to yield the detrusor pressure. During cystometry the
child should be reasonably at ease, distracted by a DVD film or by the parents.
The child should be awake, without sedation, and not on any drugs that affect
bladder function (except for anti-muscarinic drugs in cases of neuropathic
bladder). Usually two cycles of filling are observed, with a third if the first two
are not conclusive.45
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Filling the bladder can be achieved by diuresis, natural filling, or retrogradely
by catheter. For retrograde filling, saline 0.9% at 25–36 °C is recommended in
children, without additives. Filling with cold solution can provoke detrusor
overactivity. When fluoroscopy is included, contrast medium is used for filling
the bladder. A filling rate of 10% of the expected volume for age per minute is
used. The expected volume for age is calculated by the formula 30 + (30 ×
age[years]) = volume [ml].11 When detrusor overactivity or a low compliant
bladder is noted, the second filling is done with a filling speed <10 ml/min.
Detrusor function
Detrusor activity is inferred from detrusor pressure (Pdet), which is estimated by
real-time subtraction of the measured pressure in the rectum from the measured pressure in the bladder. Detrusor activity can be normal, over-active, or
underactive. For normal function, the bladder volume increases during the
filling phase without a significant rise in bladder pressure. No overactive contractions are registered during filling, or when provoked by coughing or holdup maneuvers.
Overactive detrusor function is characterized by repeated detrusor contractions during filling, which the patient, in many cases, will not feel or recognize.
Detrusor overactivity can be provoked by rapid filling, use of cold saline for
filling, alterations of posture and coughing. Detrusor overactivity can occur in
patients with an overactive bladder or in neuropathic bladders. In non-neuropathic bladder, it can go unnoticed by the patient or might be felt as urgency.
Any detrusor activity in infants and children before voiding should be considered pathological. Detrusor overactivity is often compensated for by simultaneous activity of the pelvic floor (Figure 2). In children, detrusor overactivity
can often be seen during the first filling but is completely absent during subsequent fillings. The reason for this phenomenon is unclear but it underscores
the need for repeated fillings, especially when overactivity is present. Also, because of the patient’s anxiety and discomfort, the volume used in the first filling cycle can be relatively small, which is another reason for repeated filling.
Underactive detrusor function is not readily visible in the filling phase, but this
phenomenon occurs in children with UAB or those with an overdistended,
post-obstructive bladder. Underactive detrusor will present as a large bladder
volume for age and absent or unsustained detrusor action during emptying.
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Figure 2. A patient with overactive detrusor and urge complaints. Detrusor contractions are countered by pelvic floor activity.
During the last detrusor contraction the patient relaxes the pelvic floor, which results in micturition.
Abbreviations: EMG, pelvic-floor electromyography; Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, bladder pressure;
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Bladder sensation
Bladder sensation is difficult to evaluate in children. Only in toilet-trained, cooperative children is it a relevant parameter. Terms like ‘first desire to void’ are
not relevant in the infant, but can be used as a guideline in children aged 4
years and older. In infants, the desire to void should normally be considered
the volume at which some unrest is noted; for example, wiggling the toes,
which usually indicates that voiding is imminent. In older children, the terms
‘strong desire to void’—a persistent desire to void, without fear of leakage—
and ‘urgency’—strong desire to void accompanied by fear of leakage or
pain—might be used, although the difference between strong desire to void
and urgency can be too subtle for children to perceive.
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Reduced or absent bladder sensation is indicated by a lack of urgency at
greater than the expected volume for age. This symptom occurs predominantly in patients with dysfunctional voiding and UAB. Sometimes, by the end
of bladder filling, children complain about abdominal pain instead of desire to
void. For the older child with dysfunctional voiding or UAB, this phenomenon
can sometimes act as an eye-opener during UDS, and provide the motivation
to start timed voiding.
Bladder capacity and volume
The volume in the bladder at which the infant or child normally starts voiding
is termed the maximum cystometric volume (MCV); it is calculated from volume voided plus residual volume. MCV values should be interpreted in relation to normal values for age. Although a variety of formulas for normal volume have been described for girls and boys, in general most clinicians apply
the simple formula 30 + (30 × age [years]) = volume [ml].46,47 Abnormal values
are expressed as percentage differences, positive or negative, from the normal
volume for age.
Functional bladder volume is, clinically, a more relevant parameter than MCV.
The functional bladder volume is equivalent to the voided volume, and is estimated from the patient’s frequency-volume bladder diary. This method may
give a very wide range of values for volume, as the voidings are unobserved.
The consistency of values can be improved by supervised measurement of
free voiding, in which the child voids only at a genuine desire to void.
Maximum (anesthetic) bladder volume is measured after filling during anesthesia at 40 cmH2O pressure; this method is difficult to standardize and gives
unreliable results in children.2
Compliance
Compliance refers to the change in bladder volume for a given change in
pressure. It can be calculated by dividing the change in volume (∆V) by the
change in detrusor pressure (∆Pdet). In children, for whom it is important to
know the volume increase as well as the pressure increase, the full notation, in
ml/cmH2O or as end-filling pressure, has advantages.48,49
For normal compliance, one can use the simple rule that pressure at the expected volume for age should not exceed 10 cmH2O. For abnormal pressures,
the shape of the ∆V/∆Pdet curve is important: is it linear or does pressure rise
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Figure 3. A patient with neurogenic bladder under antimuscarinic treatment. The filling pressures are too high to maintain
normal kidney function, and bladder augmentation surgery is indicated. Abbreviations: EMG, pelvic-floor electromyography;
Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, bladder pressure; Qura, urine flow rate.
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only near maximum volume? In general, storage pressures over 30 cmH2O are
considered dangerous for the upper tract (Figure 3). In patients with neuropathic disorders and in those with postobstructed bladders, the proportion of
the day during which pressure is greater than 30 cmH2O can provide important information.50 Rarely, a poorly compliant bladder during UDS indicates
the need for 24h recordings to determine the duration of the episodes of high
pressure in the bladder. In general, the utility of 12h or 24h recording is limited.
We confine it to children with postobstructive poorly compliant bladders and
renal dysfunction. Also, investigation of poor compliance in patients with neurogenic bladder and dilatation of the upper tract can require 24h recording.
Notably, the combination of lack of bladder filling sensation, poor compliance
and renal transplantation in patients with obstructive uropathy, for example
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Figure 4. A patient with an obstructed urethra. During emptying, a high detrusor pressure and prolonged, low flow are seen.
Abbreviations: EMG, pelvic-floor electromyography; Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, bladder pressure; Qura,
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PUVs, needs very meticulous UDS to safeguard the transplant kidney, especially when nightly polyuria coexists.39,49
Urethral function
The urethral closure mechanism during filling can be normal or insufficient.
When normal, urethral closure pressure is maintained during filling, and also
during coughing and straining (the S3 guarding reflex). At the start of voiding,
the sphincter and pelvic floor relax and the urethra opens to pass urine. Insufficient urethral closure results in leakage of urine without detrusor activity.
Genuine stress incontinence is rare in pediatric patients. Incontinence due to
involuntary urethral relaxation without detrusor activity or abdominal pressure rise is observed rarely in children.51 In children with neurogenic bladder
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Figure 5. Voiding phase in a girl with dysfunctional voiding. Pelvic floor activity during voiding results in a staccato flow pattern,
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dysfunction, sphincter paralysis will be the major sign to assess urethral function before bladder neck surgery.52
Function in the voiding phase
Measurement of urinary flow is performed as a solitary procedure, with bladder filling by diuresis (spontaneous or forced), or as part of a pressure-flow
study, with bladder filling by catheter. In general, voided volumes of less than
100 ml, or less than 50% of the expected functional volume for age, cannot be
interpreted reliably. In all cases, the voided volume, the recorded urinary flow
and the flow time are important to report. Urinary flow can be described in
terms of rate and pattern and can be continuous, interrupted (fractionated), or
staccato (fluctuating with peaks and troughs). The calculation of average flow
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rate (voided volume divided by flow time) is only meaningful if flow is continuous. The parameters used to characterize continuous flow can be
applicable, if care is exercised, in children with fractionated or staccato flow
patterns. Patterns and rates should be consistent over repeated studies to
allow evaluation, and several recordings are, therefore, needed to attain
consistency.
Low rate, continuous flow with an extended flow time can point to anatomical infravesical obstruction.53 Staccato and interrupted flows are seen in patients with dysfunctional voiding and UAB.2 A normal, continuous flow rate
within the expected flow time does not preclude the presence of urethral obstruction, however, because no information is present on the pressure that
the detrusor generates to produce this flow. Specific literature on this subject,
other than expert opinion, is sparse.3,54–56
Pressure-flow studies
During the voiding phase of UDS, the relationship between the pressure that
the detrusor generates to empty the bladder and the flow rate gives an indication of the urethral resistance. High voiding pressures and a low flow rate
indicate an urethral obstruction, which can be caused by either anatomical or
functional conditions. Anatomical obstruction results in high detrusor pressures with constant low flow rates combined with good relaxation of the urethral sphincter and pelvic floor muscles (Figure 4). In functional obstruction,
the active contraction of the pelvic floor or urethral sphincter during voiding
causes obstruction that, in the majority of cases, is intermittent as evinced by
the resulting staccato or interrupted flow. To diagnose functional obstruction,
an EMG recording of the activity of the pelvic floor and sphincter muscles
during voiding is needed. In practice, only registration of the pelvic floor muscles and anal sphincter is done because these can be evaluated using external
skin electrodes, rather than requiring needle electrodes.
Urethral resistance is represented by the relationship between pressure and
flow rate: the urethral resistance relation. An indication of this resistance can
be obtained by plotting detrusor pressure against flow rate, continuously or
with just 2-3 pressure-flow points connected by straight lines. The most important point to plot is the detrusor pressure at maximum flow rate. No matter how the plot is made, flow delay should be considered: more than 1s may
elapse between the passage of urine through the sphincter and the recordUrodynamic studies in pediatric urology | 101
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Figure 6. Voiding phase in a patient with underactive bladder, emptied by straining. Abbreviations: EMG, pelvic-floor
electromyography; Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, bladder pressure; Qura, urine flow rate; Vinf, infused
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ing by the uroflowmeter. Normal pressures in children are similar to those in
adults. Mean maximal normal pressure is 66 cmH2O in boys and 57 cmH2O in
girls.57–59 In newborn and infant boys, these pressures are greatly increased by
insertion of a 6 Fr (2.5 mm) transurethral catheter to 118 cmH2O and 75 cmH2O,
respectively.60,61 Pressures above these levels are suspicious for anatomical urethral obstruction.
The most common non-neurogenic functional urethral obstruction is dysfunctional voiding: repeated fast contractions of the pelvic floor during voiding, which manifest with strong fluctuations in detrusor pressure, staccato or
interrupted flow rate and strong fluctuations in EMG activity (Figure 5). Activity of the pelvic floor muscles and external sphincter also occurs in the ab102 | Lower urinary tract dysfunction in children
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Figure 7. Voiding phase in a patient with underactive bladder, emptied by gravity. Abbreviations: EMG, pelvic-floor
electromyography; Pabd, abdominal pressure; Pdet, detrusor pressure; Pves, bladder pressure; Qura, urine flow rate;
Vinf, infused volume (solid horizontal line).

sence of detrusor contraction. This activity represents the guarding reflex (S3),
which operates during coughing, straining and tapping of the abdomen.2,3,11
Detrusor function
Micturition in a patient with a normal functioning lower urinary tract starts
with a detrusor contraction that is consciously initiated and is sustained during emptying of the bladder. Detrusor underactivity is the absence of this
contraction during voiding. Such underactivity may result from a neuropathic
problem, or might represent secondary decompensation of the detrusor after
longstanding anatomical or functional obstruction. Underactivity can present
at late age, for example after puberty, in boys with a history of PUVs.8,9,62 Mild
forms of underactivity can present urodynamically as unsustained detrusor
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contraction, with a gradual decrease of pressure during voiding. Unsustained
contractions are insufficient in duration (but not magnitude) to empty the
bladder completely.3,11 On UDS, detrusor under activity during voiding manifests either as fractionated flow and abdominal straining (Figure 6) or as fractionated flow with short episodes of pelvic floor relaxation that enable emptying due to the effect of gravity (Figure 7).

Conclusions
Meticulous assessment of all aspects of the function of the lower urinary tract
and the bowel by history, physical examination, ultrasonography and UDS will
provide a diagnosis and a plan for treatment in any child with LUTS. When
done properly, straight forward therapy can be given and the psychological
trauma associated with failure to respond to ill-defined treatment strategies
can be avoided. Sometimes a period of therapeutic trial and error is unavoidable in children with LUTS. This approach is fine, as long as the treatment plan
is adequately communicated to both the parents and the child. Persevering
with a treatment approach that fails to show a benefit is a serious failure of
care, as is referring a child for psychiatric evaluation because the doctor does
not have the means to investigate all possible urodynamic data on the function of the child’s lower urinary tract. Such children should be referred to
centers that can perform state-of-the-art UDS and urotherapy. Any tertiary referral center that deals with functional and structural LUTS in pediatric patients should have the facility to perform invasive UDS in children, including,
in selected cases, fluoroscopy.

8

Review criteria
To obtain material for this Review, we searched PubMed for articles published
since 1978, when the term urodynamics began to be used. We also searched
the Scopus database for articles published since 2000. Search terms were
“urodynamics”, “urodynamics” AND “reference values”, “urodynamics” AND
“pediatric”, “urodynamics” AND “spina bifida”, “urodynamics” AND “posterior
urethral valves”, and “pediatric incontinence”.
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Summary and discussion:
This Thesis has learned us some of the many faces LUTS can have. Some of
the factors are well known others are not so obvious. Thorough diagnostics
are important to determine with which factors and type of LUTS the patient is
presenting. Chapter 1 gives a general overview and description of Pediatric
LUTS .
Chapter 2 reflects the outcome of a prospective randomized study into the
treatment of dysfunctional voiding. The basic treatment of DV is by standard
cognitive and biofeedback training, done by urotherapists. The home flowmeter has been developed to determine whether the relatively costly input of
urotherapists in the treatment of these children could be diminished. The answer appears to be no: attention to the child’s problem by an experienced
urotherapist is an essential key factor for success. In the last 10 years, urotherapy for pediatric LUTS has been exported from the children’s hospital to virtually all general hospitals in The Netherlands. This has been done by the establishment of a training program for urotherapists by Marianne Vijverberg.
Interestingly, the treatment of DV in general hospitals seems to be very successful. This can be deducted from the fact that, in our hospital with only
third-line referrals, the ratio of LUTS diagnoses has changed from 90% DV and
10% OAB in 2000 into 90% OAB and 10% DV in 2011. This also points out the
fact that OAB is the most challenging problem in pediatric LUTS.
Considering home-uroflowmetry we have continued by developing a talking
toilet, a home-flowmeter that analyses the flow signal and, in case of DV, directly gives a spoken comment to the child to correct the toileting behavior.
This has been done by the construction of a neuronal network that has been
trained by us. By now, the automated biofeedback home-flowmeter is in the
first phase of clinical studies and a new prospective randomized study is in
preparation.
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Chapter 3 is on the relationship between the size of the rectum and constipation. This publication has led to a shift in diagnosis and treatment of constipation, firstly by pediatric urologists only. The study has been repeated by others
with similar results. For the children, ultrasound of the rectum avoids the need
for digital rectal exam that has been the gold standard in diagnosing constipation over years.
Pediatric gastroenterologists are currently picking-up the idea and, in December 2011, this resulted in a PhD thesis by Rosa Burgers in a cooperation of gastroenterology Amsterdam Medical Center and Columbus Ohio and pediatric
urology in Utrecht. One chapter of this thesis proves the relationship between
ultrasound of the rectum and digital examination, one chapter proves that
patients with DV and OAB have a high risk of constipation as comorbidity.
Chapter 4 describes the use of US of the rectum in the treatment of children
with recurrent urinary tract infections and/or urinary and fecal incontinence.
We discovered a large group of patients with therapy resistant dilatation of
the rectum notwithstanding adequate treatment by laxatives. In accordance
with the common practice to treat constipation in spina bifida patients with
rectal wash-out enemas we have started to use this treatment in children with
LUTS and persisting rectal dilatation. The treatment appears to be successful
and is well-tolerated by the children. Follow-up studies into quality of life of
children treated by enemas compared to those treated by laxatives only are
on its way.
Chapter 5 is on the meatal anomalies that appear to be present in 30% of children with DV. Only one earlier publication existed on this subject and in general, pediatric urologists all over the world denied the existence of this phenomenon. By repeated presentations in many educational courses, by several
review papers and by this publication the ADUS begins to be recognized and
treated by most pediatric urologists. This is an important issue because the
minor anomaly prevents successful urotherapy whereas correction of the
ADUS obviates the need for further treatment in up to 50% of girls. One can
state that this publication has world-wide impact on the daily practice of LUTS
treatment in girls. A current problem is that by now, many general urologists
do not perform this correction as a routine resulting in needless waiting for
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correction in a third referral center. We see education of general urologists to
learn performing this procedure as an important task for the near future.
Chapters 6 and 7 deal with the use of US in diagnosing anatomical and functional anomalies in children with LUTS. Major advantage for the children is
again that more invasive studies and digital rectal exam can be avoided and
that tailored treatment can be instituted after the first visit to the outpatient
clinic.
Chapter 8 tries to give the gold standard for pediatric urodynamics. Interpretation of urodynamics at child’s age can be difficult and specially trained personnel is needed to do the investigation. Currently, we are studying on the
fact whether the neuronal network that has been described in the discussion
of chapter 2 can be used for the interpretation of all the channels of the urodynamic study thus making urodynamics more uniform in reporting findings
and better accessible for general urologists and pediatricians.
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Nederlandse samenvatting
en discussie
Dit proefschrift laat ons enkele van de vele aspecten zien van de lagere
urineweg klachten (LUTS). Enkele factoren zijn al oude bekenden maar andere aspecten zijn niet zo voor de hand liggend. Een grondige aanpak van de
diagnostiek is de belangrijkste pijler bij het onderkennen van de belangrijkste
factoren in de klachten van de lagere urinewegen. Hoofdstuk 1 geeft als introductie een overzicht en beschrijving van LUTS bij kinderen.
Hoofdstuk 2 geeft de uitkomsten van een prospectief gerandomiseerde
studie naar de behandeling van dysfunctional voiding (DV) bij kinderen. De
basis behandeling van DV bij kinderen is een standaard cognitieve en biofeedback training, zoals die door urotherapeuten gegeven wordt. De hier
beschreven home flow meter werd ontwikkeld om te onderzoeken of de
relatief kostbare inzet van een urotherapeut, voordelig beïnvloed zou kunnen
worden. Het antwoord blijkt ontkennend te zijn: Bij de aandacht van het kind
voor het plasprobleem blijkt toch de urotherapeut een onmisbare schakel in
de keten van succes te zijn. In de laatste 10 jaar werd de urotherapie voor kinderen met LUTS van uit het kinderziekenhuis uitgedragen naar bijna elk algemeen ziekenhuis in Nederland. Hiervoor werd een uitgebreid opleidings- en
nascholingsprogramma voor urotherapie opgezet door Marianne Vijverberg.
Het is interessant te zien dat de behandeling van DV in de algemene ziekenhuizen nu zo succesvol is. Dit kan onder meer worden afgeleid uit de verwijscijfers van kinderen met LUTS naar het derdelijns centrum van de afdeling
kinderurologie van het WKZ. De verhouding van LUTS diagnoses is in de loop
van de jaren veranderd van 90% DV en 10% overactieve blaas in 2000 naar
90% overactieve blaas en 10% DV in 2011. Dit geeft gelijk aan dat de overactieve blaas het meest uitdagende probleem is in de groep van kinderen
met LUTS.
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Met de home flowmeter in gedachten zijn we verder aan het ontwikkelen
gegaan met de het ontwerpen van een sprekende WC (talking toilet). Dit toilet analyseert het uroflow signaal en kan, in geval van een DV, direct gesproken commentaar en adviezen geven aan het kind op de WC om zo als biofeedback, gelijk het plasgedrag te corrigeren. Hiertoe is een neuraal netwerk
gebruikt dat door ons getraind werd met analyse criteria van experts. Deze
geautomatiseerde biofeedback home flow meter is nu in de eerst fase van
klinisch onderzoek en een nieuwe prospectief gerandomiseerde studie is in
voorbereiding.
Hoofdstuk 3 gaat over de relatie tussen de mate van vulling van het rectum
en de diagnose obstipatie. De publicatie van dit onderzoek is aanleiding
geweest voor met name kinderurologen voor een verschuiving van de diagnostiek en behandeling van obstipatie. Deze studie is later door anderen herhaald met vergelijkbare uitkomst. Het is voor kinderen een grote winst dat nu
een echo onderzoek van de buik het inwendige onderzoek met een vinger in
het rectum kan vervangen. Het rectale onderzoek met de vinger was vanouds
het belangrijkste onderzoek bij de diagnose obstipatie.
Kinder-gastro-enterologen nemen nu dit idee over en in december 2011 resulteerde dit in een proefschrift van Rosa Burgers. In een samenwerking van
de afdelingen Gastro-enterologie van het AMC en de Columbus University
Ohio en de kinderurologie in Utrecht werden door haar enkele studies verricht. In een van de hoofdstukken wordt de relatie tussen de bevindingen van
uitwendige buikechografie van het rectum en inwendig rectaal onderzoek
bewezen. Een ander hoofdstuk van haar proefschrift bewijst dat patiënten
met DV en een overactieve blaas een hoge kans op obstipatie hebben.
Hoofdstuk 4 beschrijft het gebruik van echo onderzoek van het rectum in de
behandeling van kinderen met steeds terugkerende blaasontstekingen met
daar bij ook urineverlies of ontlastingsverlies. In een grote groep kinderen
blijkt er een nagenoeg onbehandelbare vulling van het rectum te zijn ondanks ogenschijnlijk adequate inzet van laxeermiddelen als behandeling. In
deze groep kinderen is de standaard behandeling van obstipatie ingezet die
ook gebruikt wordt bij kinderen met een neurologisch probleem van blaas en
darmontlediging zoals spina bifida: spoelen van het rectum met water klysma’s. Wij hebben deze behandeling ingezet in de therapie van kinderen met
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DV en hardnekkige rectum vulling. Deze behandeling blijkt succesvol en de
studies over kwaliteit van leven bij kinderen die op deze wijze worden behandeld zijn in aantocht.
Hoofdstuk 5 behandelt de resultaten van de behandeling van een afwijking
van het plasgaatje bij meisjes dat bij ongeveer 30% van de kinderen met DV
aanwezig lijkt te zijn. Voor de publicatie van de resultaten van dit onderzoek
bestond er maar 1 ander artikel over dit onderwerp. In het algemeen werd
deze afwijking door kinderurologen over de gehele wereld ontkent als probleem. Door herhaalde presentatie in vele internationale cursussen, bij verschillende onderzoekreviews en door de publicatie van dit onderzoek begint
het naar voren gerichte plassen van meisjes nu erkend en behandeld te
worden door de meeste kinderurologen. Door een kleine afwijking aan de
achterzijde van het plasgaatje is een adequate urotherapie niet mogelijk en
na chirurgische correctie van deze afwijking blijkt 50% van de meisjes geen
aanvullende therapie voor hun DV meer nodig te hebben. Men kan met recht
spreken van wereld wijde impact in de dagelijkse praktijk van DV behandeling
bij meisjes. Helaas is nu het probleem dat veel algemeen urologen deze correctie niet uitvoeren waardoor er een onnodige wachtlijst voor deze ingreep
ontstaat in een derdelijns behandelcentrum.
Bijscholing van algemeen urologen en opname in het basis-opleidingspakket
voor urologen is nu een van onze belangrijkste taken.
Hoofdstuk 6 en 7 behandelen het gebruik van echo-onderzoek bij het diagnosticeren van anatomische en functionele afwijkingen bij kinderen met
LUTS. Met name is het visualiseren van de anatomie van de bekkenbodem en
het gebruik van deze spieren nooit eerder beschreven bij kinderen. Het grote
voordeel voor kinderen is dat zij zo vervelend inwendig onderzoek niet meer
hoeven te ondergaan. Daarnaast kan direct na het eerste bezoek op de polikliniek een beter toegesneden behandelplan worden opgesteld. Deze modaliteit van bekken bodem echo onderzoek zal in de toekomst nog meer
mogelijke factoren van LUTS bloot kunnen leggen waarna aanvullende studies naar gerichte therapie zullen volgen.
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Hoofdstuk 8 probeert een samenvatting te geven van de gouden standaard
van het urodynamisch onderzoek bij kinderen. De interpretatie van urodynamica op de kinderleeftijd kan moeilijk zijn en er is speciaal getraind personeel nodig om deze onderzoeken te doen. Daarnaast ontbreken voor een
aantal facetten van dit onderzoek normaal waarden. Dit komt met name omdat er in het vroege leven van kinderen door hun groei ook continue verandering is van parameters die van belang zijn bij de beoordeling van urodynamische resultaten. Het is een uitdaging om voor het verkrijgen van normaal
waarden, van bijvoorbeeld mictie drukken, een onderzoek op te zetten: niemand zal zijn kind, zonder afwijkingen, een urodynamisch onderzoek laten
ondergaan. Verder zal goedkeuring door een medisch ethische onderzoek
toetsingscommissie zeer moeilijk zijn.
Op dit moment denken we na over de ontwikkeling van een digitaal neuraal
netwerk voor de beoordeling van deze urodynamische onderzoeken om zo
expertise en reproduceerbaarheid te verbeteren bij de beoordeling van de
urodynamische metingen, analoog aan de beschreven inzet in hoofdstuk 2.
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dank voor jullie inzet en bijdrage aan opzet en uitvoering van de onderzoeken
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Als je als kinderuroloog promoveert op een klinisch onderwerp ben je aan
veel meer mensen dank verschuldigd: alle artsen, assistenten, secretaressen,
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jouw hulp ik nooit tot hier was gekomen. Laten we er nog vaak samen op uit
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Anne-Marije, Matthijs en Daniël, wat waren jullie nog jong toen ik in het WKZ
ging werken. Toen we enkele jaren later van Bunnik naar Baarn verhuisden
hebben jullie dat wel bewuster meegemaakt. Intussen zijn jullie aan je eigen
toekomst aan het bouwen, vol trots kan ik hier naar kijken en waar nodig nog
aan meehelpen.
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