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General introduction

GENERAL INTRODUCTION

Toilet training is an important developmental milestone that most children accomplish
with the assistance of their parents and caregivers. It is not always easy to achieve and
many parents seek advice from family and friends. When serious toilet training problems
arise, parents often turn to their general practitioner for help.! Children who have been
toilet trained should be able to control their bladder and bowels. When wetting accidents

still occur regularly at age 5 years or older, this is called incontinence.

The definition of functional urinary incontinence is the unintentional passing of urine, at
least once a week, in children aged 5 years or older. The term functional indicates that
the incontinence is not caused by disease, injury, or congenital malformation. Functional
incontinence implies incontinence due to imperative urge (strong desire to void) and/or
improper contraction of the pelvic floor during emptying of the bladder which causes
children to lose accurate recognition of their bladder signal.? Functional incontinence
is also called LUTD (lower urinary tract dysfuntion), which is the umbrella term for all

bladder and sphincter dysfunctions.

IMPACT OF INCONTINENCE

Wetting accidents have a negative impact on children’s self-esteem, they are felt as
shameful and stressful. Incontinent children need to be continuously alert to prevent
wetting accidents and to prevent their ‘secret’ becoming public. They have several coping
strategies to protect themselves from the possible event of having wet pants. Most
children try to deny or learn to neglect the problem or limit their fluid intake, while others
prevent wetting accidents by frequent toilet visits. The latter strategy is specifically used
by children with imperative urge incontinence or small bladder volumes. Their frequent
toilet visits single them out, especially in the classroom.

Incontinence also induces stress in parents. They are concerned about the physical and
emotional wellbeing of their child. Parents may feel guilty and embarrassed about failing
toilet training. Furthermore, parents are worried about the social implications such as
avoidance of social activities by their children because of the wetting accidents. Another
frequently expressed parental concern is that their child will be bullied.

Lack of parents’ understanding of the causes of incontinence may frustrate children and
therefore play a role in sustaining incontinence. For example, when children with urge
incontinence show typical holding manoeuvres parents will naturally send them to the
toilet, while children know from experience that moving during urge will cause leaking

11




Chapter 1

and they know that usually the urge will disappear by itself.»** Parents need to understand
that their child has a legitimate problem that is not under the child’s control, and that
treatment is necessary and usually effective. The assumption that incontinence is the
result of psychological issues needs to be refuted. Although psychological symptoms such
as anxiety and depression are often associated with urinary incontinence, it isimportant
that parents know that psychological distress is not a cause but can be a consequence
of incontinence.

In school, misapprehension may also play a role in sustaining incontinence and incorrect
voiding behaviour. For example, strict rules about leaving the classroom to go to the toilet
may cause postponement behaviour. In addition, dirty toilets or partially open toilet doors
can make the toilet a no-go area for many children and adolescents.>™”

UROTHERAPY

Treatment of incontinence is often effective and increases the quality of life of children and

their parents, improves skills to deal with symptoms, and helps to increase self-confidence.

When anatomical and neurological causes are ruled out, children with incontinence are
first treated with standard urotherapy. The aim is to cure or alleviate incontinence and
comorbid symptoms of lower urinary tract dysfunction. Urotherapy is a profession, as
well as a practice, which has become the preferred treatment not only for daytime uri-
nary incontinence, but also for children with recurrent urinary tract infections, nocturnal
enuresis, functional constipation, and faecal incontinence.® Urotherapy is an effective
treatment which achieves continence in 56% of children within a year, whilst the spon-

taneous cure rate of incontinence is 15% per year.®

In our third line referral center, children with treatment-resistant daytime incontinence
symptoms receive specific urotherapy tailored to their type of lower urinary tract
dysfunction. Specific urotherapy is the topic of this thesis and has been given in our
hospital since 1982. It consists of a personalized inpatient program which may include:
alarm treatment, pelvic floor rehabilitation, biofeedback training, neurostimulation, or
clean intermittent catheterization. This may be supported by pharmaceutical treatment
of bladder overactivity, constipation and urinary tract infections.’®!! The effectiveness
of specific urotherapy in our center has been previously published, with a success rate
of approximately 70% shortly after the end of treatment and 75% success at long-term

follow-up.1+13
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A SHORT HISTORY OF INCONTINENCE TREATMENT

At the beginning of the 20 century, treatment of incontinence in children focused on
bedwetting. Children were successfully treated with different versions of the original
Mower (1938) wet alarm pad. During alarm pad treatment, the child slept on a pad which
could detect moisture. When the child started voiding, the pad set off an alarm to wake
the child so that the child can stop voiding and go to the toilet. Mower proposed that
the underlying behavioural mechanism was Pavlovian conditioning, in which conscious
sphincter contraction eventually led to automatic sphincter contraction upon the
alarm. This treatment was further developed and refined in the 1960s and 1970s.%> The
theoretical explanation for successful bedwetting treatment shifted from a Pavlovian
model aimed at correcting physiological reflexes to a model of operant conditioning.
Azrin and Fox (1974) developed the ‘dry bed method’ in which they combined alarm
treatment and positive reinforcement for correct voiding behaviour.’® Other aspects
of this method were increasing the child’s motivation to become dry, training in rapid
awakening, practising toileting, increasing fluid intake, and self-correction of accidents

(changing wet sheets).?”

In the 1980s, the dry bed method evolved and physiological interventions such as resisting
urge and thus increasing bladder volume (retention control training) were added. The
latter was also the treatment for children with daytime incontinence. Practitioners
observed a difference in the effectiveness of wet bed alarm treatment with or without
retention control training for children with daytime and nighttime wetting.'®'° Fielding
found that alarm training alone was effective for children with nighttime wetting, but that
alarm training with retention control training was even more effective.'® For children with
daytime wetting, alarm training plus retention control training had limited effects. Given
this, it became clear that daytime incontinence was not only caused by small bladder
volumes. This insight led to a growing recognition that daytime and nighttime wetting

required different treatment regimens.?

The introduction of urodynamics provided new insights into the physical components
of incontinence.?! It became possible to measure and to define normal and obstructed
voiding, which led to a reappraisal of earlier, more psychological notions of incontinence
and the introduction of medication. Urodynamics showed that incontinent children often
had bladder and/or sphincter dysfunction.?? Two main categories were distinguished:
detrusor activity during the filling phase of the bladder (instead of when the bladder is
full; overactive bladder) and inappropriate pelvic floor contractions during the emptying
phase of the bladder (instead of relaxation; dysfunctional voiding).?
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In the 1990s, the treatment of incontinence became an interplay between physical
and behavioural components. Bladder rehabilitation programs for daytime wetting
were first described by Hellstrom in Gothenburg and Vijverberg in Utrecht.?>!*?* The
term urotherapy was introduced as the non-pharmacological treatment of functional
incontinence. Urotherapy concerns the relearning and training of normal responses to
bladder signals.

In recent years, spurred by increasing evidence of its effectiveness, urotherapy has become

the treatment of choice for functional incontinence problems in children.

THE FUTURE OF INCONTINENCE TREATMENT

Although urotherapy is successful, the success rate is not 100% and the treatment is
intensive and lengthy. New technologies provide multiple opportunities to improve
urotherapy. Through multimedia, children and their parents can always access up-to-
date information about incontinence and treatment in both written and visual (pictures,
video’s) form. Furthermore, online bladder diaries and output from wearable devices
can be directly sent to the urotherapist, enabling the direct adjustment of treatment to
the child’s progress.

Specific urotherapy will shift from inpatient treatment to treatment at home, making
this treatment for children with treatment-resistant incontinence more widely available.
Further development of portable flowmetry and wearable devices such as continuous
ultrasound to monitor bladder filling can provide specialist information at home. When
linked to a bladder-training app that visualizes toilet visits and voiding volumes, children
receive direct feedback about their voiding behaviour. When the urotherapists also
receives this information, she can provide coaching just as she would during inpatient
treatment. Shaping the bladder-app into a serious game with an interactive story may
keep children involved during the training period. In such a game, the story only develops
when the child reaches training goals, helping children to sustain treatment and improve
adherence.

Despite all technological innovations, for an effective treatment, the attention for the
child’s problem and the therapeutic relationship will always be of paramount importance.?
The therapist is able to look closely to the child, his problems, and his environment, and
uses this to adapt treatment to be most effective for each unique child.
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CONTENT OF THE THESIS

The aim of this thesis was to study specific urotherapy as treatment of functional
incontinence in children, to improve our care for incontinent children. This thesis is written

from a clinical, psychological, and urological point of view in a third line healthcare setting.

Part I, What is functional incontinence and how to treat it, concerns the etiology, defini-
tion, and treatment of daytime urinary incontinence. Chapter 2: Daytime incontinence
in children and adolescents, is a review that provides an overview of recent literature
about functional incontinence and its treatment from a urological, paediatric, and uro-

therapeutic point of view.

In Part Il, Results of specific urotherapy, the outcome of specific inpatient urotherapy for
children with overactive bladder problems are evaluated. Chapter 3: Central inhibition
of refractory overactive bladder complaints, results of an inpatient training program
presents the effectiveness of central inhibition training in the Wilhelmina Children’s
Hospital.

Part Ill, A critical appraisal and innovations in urotherapy discusses current practices
and innovations in urotherapy. Chapter 4: Pelvic floor rehabilitation in children with
functional LUTD: does it improve outcome? presents the additional effect of intensive
pelvic floor rehabilitation on inpatient urotherapy in children with daytime incontinence.
Chapter 5: SENS-U: clinical evaluation of a full-bladder notification — a pilot study
is a feasibility study on the efficacy of a wearable ultrasound for continuous bladder
monitoring. Chapter 6: Does a serious game increase intrinsic motivation in children
receiving urotherapy? describes whether a bladder training app improves intrinsic
motivation to adhere to treatment in children receiving urotherapy. Disease-specific
quality of life after urotherapy treatment is also reported.

Part IV, Overview provides an overview of the findings presented in this thesis followed
by a discussion on future prospects. Chapter 7: General discussion summarizes the
research in this thesis and provides a general discussion about the findings.
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Daytime urinary incontinence is common in the paediatric population and affects
approximately 7-10% of children (aged 5—13 years). Several subtypes of daytime
incontinence, which are classified according to their relation to the storage
and voiding phases of bladder function, exist. Risk factors for these subtypes
of incontinence can be genetic, demographic, environmental, behavioural, or
physical. Therefore, treatment is multidisciplinary and needs an adequate diagnosis
to be successful. Urotherapy is the first-line treatment for all types of daytime
incontinence. It can be defined as bladder re-education or rehabilitation, aiming at
correcting the filling and voiding function of the bladder-sphincter unit. Comorbid
problems, such as constipation, urinary tract infections, and behavioural problems
should also be treated during urotherapy. For comorbidities and severe bladder
overactivity, medication might be necessary. Although usually effective, treatment
of daytime urinary incontinence in children is often complex and requires patience.
Nonetheless, patients and parents are usually motivated for urotherapy, since
quality of life is severely reduced in in children with incontinence.



Daytime urinary incontinence in children and adolescents

BACKGROUND

Lower urinary tract dysfunction is a broad term that encompasses subsets of bladder and
sphincter dysfunction with different manifestations. The disorder is defined as a condition
involving abnormalities during filling or emptying of the bladder and can come with urinary
incontinence, urge complaints, or urinary tract infections. In most cases, paediatric lower
urinary tract dysfunction occurs in children without anatomical or neurological lesions.
Rarely, the disorder is part of underlying anatomical or neurological anomalies. About
10% of school-age children (aged 5—13 years) are seen by a specialist for recurrent urinary
tract infections, urinary incontinence, or both because of non-neurogenic lower urinary

tract dysfunction. Quality of life is often severely reduced in these children.

In this Review, we discuss the prevalence, diagnosis, and management of lower urinary

tract dysfunction in children and adolescents.

SUBTYPES OF LOWER URINARY TRACT DYSFUNCTION

The International Children’s Continence Society (ICCS) recommends the term bladder
and bowel dysfunction for a combination of bladder and bowel disturbances. Bladder
and bowel dysfunction is an umbrella term that can be subcategorised into lower urinary
tract dysfunction and bowel dysfunction.? Lower urinary tract dysfunction symptoms
are classified according to their relation to the storage and voiding phases of bladder
function. Lower urinary tract symptoms can manifest as urgency, frequency, incontinence,
or recurrent urinary tract infection. The possible diagnoses in children with lower urinary
tract symptoms are overactive bladder, dysfunctional voiding, underactive bladder, voiding
postponement, stress incontinence, giggle incontinence, vesico-vaginal incontinence,

and enuresis nocturna (Table 2.1).3*

Overactive bladder is characterised by symptoms of urgency, with or without frequent
urinary incontinence (the involuntary loss of urine associated with urgency) or enuresis
nocturna. According to ICCS guidelines, the diagnosis of overactive bladder does not
require a test such as urodynamics. Autonomic dysfunction (detrusor overactivity) can
be of crucial importance in the pathogenesis of overactive bladder in childhood and can
be evaluated with cystometrics.*®

The dysfunctional voiding subtype occurs often in girls and rarely in boys. The subtype is
associated with repeated contractions of the pelvic floor muscles or urethral sphincter
during voiding. Consequently, children show prolonged staccato micturition with
subsequent residual urine after voiding, increasing the risk of urinary tract infection.
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Table 2.1: Symptoms and signs of four main subtypes of lower urinary tract dysfunction

Symptoms Signs
Overactive bladder (Cystometric) detrusor overactivity, Holding maneuvers, normal flow
frequency, voiding urgency, pattern, thick bladder wall, low-

incontinence, constipation, enuresis volume voids

Dysfunctional voiding Failure to relax the sphincter during Post-void residue, staccato or
voiding, normal micturition interrupted flow pattern, normal
frequency, incontinence, frequency of voids
constipation, urinary tract infections,
enuresis

Underactive bladder (Cystometric) weak detrusor Post void residue, staccato or
contractions, low micturition interrupted flow pattern, frequent
frequency, incontinence, large-volume voids

constipation, urinary tract infections

Voiding postponement Low micturition frequency, Normal flow pattern
incontinence

Classification of daytime lower urinary tract dysfunction, assessment and documentation should be based
on following parameters; incontinence (presence or absence, and symptom frequency), voiding frequency,
voiding urgency, voided volumes, and fluid intake.?

Inability to perceive the filling state of both the bladder and the rectum characterises
dysfunctional voiding, and incontinence occurs due to overflow as a result of voiding

postponement or bladder overactivity in an overdistended bladder.*

The term underactive bladder substitutes the old term lazy bladder. This condition is
characterised by insufficient or unsustained detrusor contraction during emptying.
Children with underactive bladder do not feel that their bladder is full and needs emptying,
resulting in incontinence due to overflow. Children might show infrequent micturition and
aninterrupted flow pattern. They need to strain during voiding and raise intra-abdominal
pressure to initiate, maintain, or complete voiding. The residue after voiding is usually
so large that recurrent urinary tract infections occur. A diagnosis of underactive bladder

is usually confirmed with urodynamics.*®

Voiding postponement has been defined as a habitual postponement of micturition using
holding manoeuvres. Children might postpone because they do not want to interrupt
activities like playing or gaming. Voiding postponement can present both as a symptom
and a condition, and includes low micturition frequency, a feeling of urgency, and possibly

incontinence from an overflowing bladder.*®

Stress incontinence is the involuntary leakage of small amounts of urine upon physical

exertion that increases intra-abdominal pressure, for example coughing or sneezing.
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Giggle incontinence is a rare condition in which extensive emptying or leakage occurs
during or immediately after laughing, although bladder function is otherwise normal.
For both stress and giggle incontinence, exact causes are unknown.

Vesico-vaginal (or urethro-vaginal) reflux is a condition which typically occurs in prepu-
bescent girls. The urinary stream is directed towards the vagina because of the position
of the urethral opening, entrapment of urine by the labia, or poor toilet posture with
compression by the thighs. Wetting occurs later, frequently during physical activities,
when trapped urine leaks from vagina. The hallmark of this condition is post-void wetting.

Besides daytime urinary incontinence, there is also nocturnal enuresis, which is defined
as all urinary incontinence during sleep. Monosymptomatic nocturnal enuresis means
bedwetting without any other lower urinary tract symptoms, and non-monosymptomatic
nocturnal enuresis represents bedwetting with any daytime lower urinary tract
symptoms.® Three main causes of nocturnal enuresis have been identified: nocturnal

polyuria, detrusor overactivity, and an increased arousal threshold during sleep.”

PREVALENCE OF DAYTIME INCONTINENCE

Daytime urinary incontinence is common in the paediatric population, but determining
the exact prevalence is difficult since bladder control develops gradually during
childhood. Over the past 25 years, 19 studies documented the prevalence of daytime
urinary incontinence.® The overall prevalence rate of any daytime urinary incontinence
in 7-year-old children varies from 3.2% to 9.0%,°** and approximately 1.0% have severe
(daily) daytime urinary incontinence.* In children aged 11-13 years, prevalence is lower:
between 1.1% and 4.2%, decreasing to 1.2—-3.0% at 15—17 years.>*> Prevalence is higher
in girls than boys, probably because of anatomical differences.'®*%!* Persistent wetting
in childhood is associated with an increased risk of daytime incontinence in adolescence

and even adulthood, although prevalence of the disorder at these older ages is low.'%*

Similarities between the two largest cohort studies from the UK and Korea show an
increase in daytime urinary incontinence in children between 5 years and 9 years of
age.'*!* The UK study found that daytime incontinence is common between 4.5 and 9.5
years of age.' The prevalence of any daytime urinary incontinence declined from 15.5% at
4.5 years of age to 4.9% at 9.5 years of age.!! Prevalence of daytime urinary incontinence
in the Korean cohort of children aged 5-13 years was 11.2%, and prevalence of urge
incontinence was 16.8%. The prevalence of any daytime urinary incontinence declined
from 31% at 5 years of age to 13.7% at 9 years of age.**
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Comparisons between these types of studies are difficult because of differing age groups
and definitions of urgency, frequency, and severity of incontinence. Most studies are
cross-sectional and are based on proxy reports from parents. Variations in prevalence

might also result from cultural differences.

Lower urinary tract dysfunction often coexists with constipation. Either constipation or fae-
cal incontinence is present in one in three children with daytime urinary incontinence.>416
Daytime incontinence occurs in association with nocturnal enuresis. Nocturnal enuresis is
a common condition that affects approximately one of ten 7-year-old children.?”

RISK FACTORS FOR LOWER URINARY TRACT SYMPTOMS

Multiple factors associated with lower urinary tract dysfunction have been identified,
but consensus on which are important does not exist. Risk factors can be divided into
genetic, demographic, environmental, behavioural, and physical.

Nocturnal enuresis and subtypes of daytime urinary incontinence appear to be heritable.
Family studies have repeatedly shown that nocturnal enuresis is a highly familial disorder.
Approximately 20-40% of fathers, 20-25% of mothers, and 60—70% of relatives of children
with nocturnal enuresis also experienced night-time wetting.” An association also exists

between overactive bladder symptoms in children and their parents.?”*°

Demographic and environmental factors, such as family history and female gender are
also associated with daytime incontinence. Daytime urinary incontinence in a child’s
father or brother increases the risk of occurrence—parents of children with an overactive
bladder and dysfunctional voiding have had similar symptoms in their own childhood—
as does being female.’®? The effect of socioeconomic status and educational level on
the prevalence of lower urinary tract dysfunction varies, but low socioeconomic status
and low educational level seem to be risk factors for daytime urinary incontinence.®?
Attending school might also be a risk factor for daytime urinary incontinence since school
teachers might limit bathroom use leading to voiding postponement, and children often

have a negative perception of school toilets.?%

Behavioural causes of daytime urinary incontinence might also exist. In children whose
wetting was frequent, studies found double the prevalence of problems associated with
anxiety, attention, hyperactivity, oppositional behaviour, and conduct compared with the
general population.?*?® Children with daytime urinary incontinence also exhibit sensory-
motor difficulties, which could explain both behavioural problems and an inability to

adequately act upon bladder signals.?®
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A physical cause of daytime urinary incontinence can be benign generalised joint
hypermobility, which occurs in approximately 15% of school age children.?”2% Children with
generalised joint hypermobility seem to have a higher prevalence of voiding dysfunction
than otherwise healthy children, probably due to their lax pelvic floor ligaments. In girls
with generalised joint hypermobility, the prevalence of daytime urinary incontinence,
nocturnal enuresis, and urinary tract infection is higher than in otherwise healthy girls.?®
For boys with generalised joint hypermobility, constipation and faecal incontinence are

more prevalent.?®

Another physical cause of voiding problems is obesity, which can cause constipation due
to dietary habits, low activity, hormonal effects, and autonomic dysfunction. Obesity is
associated with lower urinary tract symptoms, but this association is probably mediated

by the higher rate of constipation.3%3!

DIAGNOSTICS

The diagnosis lower urinary tract dysfunction can be made based on history, physical
examination, uroflowmetries, non-invasive ultrasound, and voiding diaries (Appendix
2.1).° The cornerstone of good diagnostics is primarily an extensive micturition history.
Frequency, urgency, when and how incontinence occurs, ways of dealing with bladder
overactivity, history of febrile urinary tract infections, and toileting position, all need to
be assessed. Defaecation history focused on the Rome IV criteria for constipation should
also be considered.? Because of a high rate of comorbid behavioural disorders in children
with incontinence, screening for psychological symptoms should also be considered.>®
In girls, special attention needs to be given to the direction of the urinary stream. Lower
urinary tract dysfunction might be provoked by an anteriorly deflected urinary stream, due
to triggering of the bulbocavernosus reflex by the stream on the clitoris, or by breaking
the stream unconsciously with the pelvic floor to prevent wetting of legs, buttocks, and
the toilet rim (Figure 2.1).%

A 2-day frequency and volume diary and a one-week defaecation diary are necessary to
evaluate lower urinary tract dysfunction. A 7-night recording of night-time incontinence
episodes should be used to evaluate enuresis.*** A complete bladder diary consists of
a daytime frequency and volume chart, incontinence episodes, and night-time urine

volume measurements.*3334

The second step of diagnosis is physical examination of the abdomen and inspection of
the genital regions to exclude congenital malformations. Special attention should be paid
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Raised ridge causing anteriorly
deflected urinary stream

Figure 2.1: Anteriorly deflected urinary stream.
(A) Anterior direction of the stream. (B) Meatus with raised ridge at 6 o’clock.

to the lumbosacral region and lumbosacral neurology.?* 3 Specific urogenital diagnoses

(e.g., meatus stenosis) can be found upon physical examination.

As a third step, uroflowmetry should be done. This is the graphical recording of the urinary
stream, which gives information on voided volume, flow time, velocity at start of the
stream, maximal flow (expressed in mL/s), and flow pattern. Interpretation of the flow
curve shape provides accurate information for diagnosis and treatment options.? A normal
flow will have a bell-shaped pattern and will be completed within 20 s. Dysfunctional
voiding typically comes with a staccato or interrupted flow pattern resulting in residual
urine (Figure 2.2).

Adding electromyography to the uroflowmetry allows for the assessment of pelvic floor
activity during voiding. The ICCS discourages uroflowmetry without electromyography,
because an interrupted or staccato flow can also be caused by a non-relaxing external
sphincter instead of pelvic floor activity.® Furthermore, uroflowmetry with electromyogra-
phy can distinguish between dysfunctional voiding and overactive bladder. In dysfunctional
voiding, the electromyograph is active while in overactive bladder the electromyograph is
quiet and the detrusor is overactive. Uroflowmetry alone, without the addition of pelvic
floor electromyography, is inadequate and often misleading, resulting in inappropriate
therapies.?® However, the reliability of electromyography alone is notorious, because
electromyography can even be affected by posture, talking, breathing, and especially
cross-talk from surrounding muscles.” Ideally, after uroflowmetry an ultrasound is done
to check residual urine in the bladder. According the ICCS at least two uroflowmetries
with typical staccato or interrupted flow patterns, followed by an ultrasound to measure
the residual urine, are needed to come to the diagnosis of dysfunctional voiding.>#3

Ultrasound can be used for more detailed diagnostic evaluations. Transabdominal ultra-

sound can be used to visualise the bladder, bladder wall thickness, an open or closed
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Figure 2.2: Flow patterns.
Four most common flow patterns. (A) Normal. (B) Fractioned. (C) Staccato. (D) Plateau.

bladder neck, the diameter of the rectum, and post-void residuals.38 The measurement
of the transverse diameter of the rectum shows the presence or absence of rectal faecal
impaction.**=*! Ultrasound of the pelvic floor enables the visualisation and measure-
ment of urethral length and pelvic floor musculature activity in real time.3”4>%* The most
important information is whether or not the child is able to command the pelvic floor

musculature at will.*

Invasive urodynamics should only be done when the outcome is likely to affect treatment
or when conservative treatment is not successful. Cystometry and urodynamics (or
video-urodynamics) are used for patients suspected of gross reflux, or refractory cases
suspected of substantial bladder neck pathology.® In boys, urodynamic studies can be
done to detect high voiding pressures, which are indicative of urethral obstruction.
Finally, during invasive video-urodynamic studies with fluoroscopy, the child can be asked
to do a hold-up manoeuvre to detect whether the child can command the pelvic floor

musculature correctly.
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QUESTIONNAIRES

Severity of lower urinary tract dysfunction can be assessed with several validated ques-
tionnaires. The Dysfunctional Voiding Symptom Score is the most commonly used tool
to evaluate and monitor treatment progress.***> Often, simple tools such as bowel and
bladder diaries provide enough information to evaluate lower urinary tract dysfunction.
Furthermore, behavioural questionnaires and quality of life questionnaires are important
tools to evaluate children’s functioning.?4¢ In 2018, the ICCS published an overview on

existing tools for the assessment and measurement of bladder and bowel dysfunction.*”

PSYCHOLOGICAL ISSUES

An increased rate of psychological and behavioural problems exists among children with
lower urinary tract dysfunction.*®# These issues interfere with treatment and result in less
favourable outcomes.>® Whether the psychological and behavioural problems are a cause,
a consequence, or have shared aetiology with daytime urinary incontinence is uncertain.
Persistent wetting (day and night) in childhood is associated with increased psychosocial
problems in adolescence.”*! Approximately 20—-40% of children with nocturnal enuresis
and daytime urinary incontinence have clinically relevant behavioural problems either as
a cause or result of nocturnal enuresis and daytime urinary incontinence. In the largest
epidemiological study on lower urinary tract dysfunction, children with incontinence had
increased rates of psychological disorders.'! The most common disorders were separation
anxiety (11.4%), attention deficit hyperactivity disorder (24.8%), oppositional behaviour
(10.9%), and conduct problems (11.8%).>*

Children with attention deficit hyperactivity disorder have more extensive lower urinary
tract symptoms. Furthermore, the disorder can negatively affect compliance and outcome.
These children also have maturational deficits in the CNS that lead to problems with
sensory processing, which might be the shared cause of both incontinence and attention
deficit hyperactivity disorder.?>2%52 Additional studies have shown that children with
autism spectrum disorder have increased rates of nocturnal enuresis and daytime urinary
incontinence in comparison to healthy children.*>3

The psychological effects of lower urinary tract symptoms are important to under-
stand. Quality of life is severely reduced in children with incontinence.>* Due to their
symptoms, many children have low self-esteem, low self-confidence, and psychological
distress. Incontinence affects a child’s family life and social life. Children are at risk of
social isolation, peer conflict, teasing, and classroom challenges.>*> One study showed

28



Daytime urinary incontinence in children and adolescents

that bullying is significantly associated with childhood lower urinary tract symptoms,
and affected children have more school-related anxiety than their peers without lower
urinary tract symptoms.>® Associations between child defecation incontinence or urinary
incontinence and abuse (including sexual abuse) exist but data are too scarce to make
firm conclusions. To our knowledge, only two studies have been done, and both describe
a significant association between constipation and physical, sexual, or emotional abuse.*’
However, one study found that the soiling rate in the abused group differed significantly
from the normative group, but not from a group of children with psychiatric problems.*®
Only two studies assessed the association between abuse and urinary incontinence in
children, both reported no difference between the proportion of incontinent children in
the abused and non-abused groups.°

TREATMENT STRATEGIES

The ICCS recommends urotherapy as first-line treatment for all types of daytime urinary
incontinence. Urotherapy is a non-surgical, non-pharmacological treatment for lower
urinary tract function involving bladder re-education or rehabilitation aimed at correcting
the filling and voiding function of the bladder-sphincter unit. Studies on the effectiveness
of urotherapy report success rates between 40% and 90%.5%62 A 2018 meta-analytic evalu-
ation of incontinence interventions reported that urotherapy is an effective treatment
for daytime urinary incontinence.®® However, no agreement exists on which elements
of urotherapy are essential for its effectiveness. Focused attention to the problem from
a trained professional seems to be key to success. Age also appears to be an important
factor: children older than 8 years achieve better results than younger children.® Children
younger than 6 years do not have sufficient body-awareness, discipline, or the ability
to self-reflect. Therefore, these children should not receive intensive urotherapy, and
instead, explaining to parents how to support their child is more important.

Urotherapy

Standard urotherapy combines education and demystification, behavioural modification
instructions, lifestyle advice regarding fluid intake, registration of voiding frequencies,
voiding volumes, and incontinence episodes, and support and encouragement for children
and their parents.®® The therapy starts with an age-appropriate explanation of bladder
and bowel function and dysfunction, to explain the causes of incontinence (Figure 2.3).
Parents need to know that the child does not have the ability to stay dry. Overactive

bladder is especially unpredictable for the child, who might be surprised by the occurrence
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Bladder
Sphincter

Kidneys
Pelvic floor muscle

Figure 2.3: Example of an educational illustration.
A picture to explain to a child how a normal bladder works. Image credit: the Urotherapy team, Wilhelmina
Children’s Hospital, University Medical Center Utrecht, Utrecht, Netherlands.

of urgent sensations, which can only be stopped by a hold-up manoeuvre. Parents often
perceive this action as a sign that the child knows when to urinate, but they must be
helped to understand that this is not the case. Furthermore, instructions should be given
on appropriate fluid intake and regular voiding during the day. Another part of urotherapy
is explanation of the correct toilet posture, teaching a proper press-breathing technique
(i.e., not pressing during voiding but breathing [or whistling] to prevent the child from
contracting their abdominal or pelvic floor muscles during voiding), and advice to use a
stepping stool for feet support. A bladder diary should be kept for self-monitoring and

motivation, and to provide the child and parents with insight into treatment progress.

After introducing the elements of urotherapy to the child and their parents, the child
practices at home for a maximum of three months. During this practice period, counsel-
ling is given during weekly follow-up appointments, which can be done in person, by
telephone, or by email. Regular visits to the clinic are recommended to evaluate progress
or to change the treatment plan, when necessary.
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Comorbid constipation should be addressed before treating daytime incontinence.
Management of constipation and reduction of faecal impaction can reduce pressure on
the bladder neck and urethra, causing lower urinary tract dysfunction.>!%%* In addition,
the educational components of constipation resemble those for urotherapy. In toilet
training for constipation, the child is advised to go to the toilet for 5 min after meals to
try to defecate. The results are recorded in a defecation diary, distinguishing between
spontaneous defecation and planned daefecation during toilet-sit. This will help the
child to relearn the sense of urgency. Besides toilet training, the importance of physical
exercise for good motility of the intestines, healthy food, and sufficient drinking should
be discussed.® A minority of children have such a dilated rectum without sense of filling-
state that wash-out enemas are needed.*

Standard treatment of urinary tract infections by prophylaxis starts, in case of residuals
as a causing factor, before the start of urotherapy.?® Treatment results can be objectively
assessed on the basis of the ICCS criteria: no response (0—49% reduction of symptoms),
partial response (50-99% reduction of symptoms, or complete response (100% improve-
ment). However, especially important for determining treatment success is the extent that
the child and parents are satisfied with the results. Satisfaction and improved quality of
life can be a reason to end treatment instead of persistently striving for optimal results.
When treatment is not successful, identifying the reason is important, in order to avoid
unnecessarily prolonged treatment. For example, young children might not have the
cognitive skills or motor abilities to understand and complete the training, and children
with comorbid behavioural problems such as attention deficit hyperactivity disorder

might struggle with understanding and following instructions.

When the results of standard urotherapy are unsatisfactory, specific urotherapy is recom-
mended. Specific urotherapy is multidisciplinary and combines specialist interventions
such as biofeedback from the pelvic floor, cognitive behavioural therapy, psychotherapy,
and education. In essence, the children learn how to void, when to void, and how often
they have to void. To reach optimal training results, these three learning elements need
to be repeatedly practised together.5%¢” Depending on the diagnosis, one or more of
these elements will be emphasised. For example, children with voiding postponement
focus on timed voiding while children with dysfunctional voiding focus on toilet posture
and emptying the bladder well.

Timed voiding is an important tool in specific urotherapy for children with voiding post-
ponement. These children need to learn to urinate at the appropriate time, and not when
they sense urgency. In this way, the child will learn to avoid waiting until the bladder is
too full and instead attempt to void with a more relaxed pelvic floor. A timer can help to
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remind the child to go to the toilet, thereby increasing compliance. One study reported
that with timer-assisted urotherapy, 60% of children achieved a greater decrease in
incontinence episodes than without a timer.®®

Children who urinate very often due to an extremely small bladder volume require another
approach. Initially, training is aimed at remaining dry by maintaining a high frequency of
micturition. When the child is confident that they can be dry, the second stage of training
begins, aimed at improving bladder volume. The child is instructed to gradually increase
the time to hold their urine.

Children with behavioural problems require a plan tailored to the unique needs of the
child. A child psychologist should be involved to establish this plan and to coach the
involved health professionals in having effective interactions with the child. Furthermore,
treating the symptoms of behavioural problems before the start of specific urotherapy,
if possible, is advised.*

Within specific urotherapy, a physical therapist can evaluate pelvic muscle function.®
Physical therapy focuses on strengthening and relaxing the supportive muscles of the
urinary system, primarily the pelvic floor muscles, consequently improving continence.”®”*
Evidence exists that nearly all children older than 6 years can learn how to use their
pelvic floor muscles.5%6%70

Biofeedback on the voiding pattern is an essential element of specific urotherapy. It
improves the physiological processes of micturition by teaching children how to urinate
with a relaxed pelvic floor and other good bladder-emptying techniques. Feedback on
correct voiding can be given in the following ways. First, real-time flowmetry in which
the child is able to observe the flow curve during voiding. In this method, children are
taught to recognise when they urinate incorrectly and are instructed to keep trying
(through a relaxed posture and softly blowing or whistling to relax the pelvic floor) until
they achieve a continuous, bell-shaped curve. Eventually the child learns to urinate with
arelaxed pelvic floor and normal urine volume. Second, ultrasound can be used to check
if the bladder is empty after urination and this measure can be reported to the child.*’
Finally, electromyography provides additional information on the use of the pelvic floor
during voiding, and can be used to teach the child to contract and relax the pelvic floor
muscles at will. An anal plug or surface electrodes can be used to register muscle activity.
It should be noted that some electromyographs give an unreliable picture, and analysing
this type of biofeedback requires some experience. In addition, electromyography is

strongly dependent on correct placement of the surface electrodes.
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Alarm therapy can also be a part of specific urotherapy. Although well documented in
children suffering from nocturnal enuresis, treatment is rarely used for daytime urinary
incontinence. Children with persistent daytime urinary incontinence often do not notice
wet garments. The daytime alarm can be used to restore this awareness and teach the
child to react adequately to their bladder signal. As this therapy is rather confronting
for the child, it should be only offered in a socially safe setting, preferably during clinical
treatment.5*#

When specific urotherapy is not effective, the reason should be identified. Evaluating
whether the initial diagnosis was correct is advisable, for example by doing an additional
physical examination and urodynamics. Psychosocial or behavioural problems can also
influence effectiveness of training and might require psychiatric evaluation or family
therapy (Appendix 2.2).

PHARMACOLOGICAL TREATMENT

Medication might be needed to control bladder overactivity, constipation, and urinary
tract infections.

Polyethylene glycol-based preparations are the most commonly used laxatives for consti-
pation. Children with recurrent urinary tract infections, especially girls with dysfunctional

voiding, might be depending on prophylaxis to bring down the number of infections.

Medication for daytime urinary incontinence is only suitable for children with an overac-
tive bladder. According to the ICCS, before medication is considered, conservative standard
treatment has to be completed. Furthermore, pharmacological treatment should always

be used in combination with other treatment modalities for refractory overactive bladder.

Currently, oxybutynin is the only antimuscarinic approved by the US Food and Drug
Administration for the treatment of overactive bladder symptoms in children older
than 5 years. Several studies have shown a significant improvement of symptoms with
oxybutynin.”? Oxybutinin is an unselective antimuscarinic drug and has a high side-effect
ratio especially in children, including dry mouth, constipation, abnormal vision, and
sporadic changes in behaviour. Contrary to all other anticholinergics, oxybutynin is short

acting, and dosage can be titrated to the time of maximal complaints.

Propiverine is a selective antimuscarinic, which is suggested to be both an anticholinergic
and a calcium channel blocker. This medication is considered to be more effective and

better tolerated in children with overactive bladder than oxybutynin.*
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Tolterodine was introduced as a bladder-selective agent for overactive bladder. The
drug has been tested in children and was considered safe, but efficacy results were
disappointing.®>”? Initial retrospective studies in children seemed promising, confirming
the superiority of tolterodine over oxybutynin in terms of side-effects. However,
subsequent randomised, double-blinded clinical trials (e.g., NCT03575702, NCT00795509,
NCT02476175, and NCT00332137) did not show tolterodine’s effectiveness.”™

Solifenacin is a selective antimuscarinic with moderate selectivity for M3 over M2
receptors. The medication has not been approved for paediatric use, but studies have
shown a good response (i.e., in decreasing complaints like incontinence and frequency),
and have shown tolerance of this agent in children previously resistant to oxybutynin
or tolterodine.” Besides solifenacin, several other anticholinergic medicines exist (e.g.,
mirabegron and imipramine).

Mirabegron is a promising novel drug, which is the first 83-adrenergic receptor agonist
that can be used for the treatment of overactive bladder. The treatment is efficacious
and safe in adult patients with overactive bladder, but its effectiveness has not been

established in children with the refractory form of the disorder.”

In the past, imipramine, which is a tricyclic antidepressant was prescribed for daytime
urinary incontinence. However, the ICCS considers the evidence for the drug’s effectiveness

weak, and it has serious sideeffects such as tachycardia.*

For severe symptoms of overactive bladder, the aforementioned medications might
not be sufficient in single use. Double anticholinergic therapy is an efficient and serious
alternative to optimise the pharmacotherapeutic therapy for children in whom single
agent anticholinergic therapy has not worked.”®

Botulinum A toxin injections are a third-line option for children with idiopathic detrusor
overactivity, refractory to non-invasive procedures such as urotherapy, pelvic floor
musculature training, pharmacotherapy, and neuromodulation. Studies show that
botulinum A toxin is safe and useful in these children.””

NEUROMODULATION

Neuromodulation can be administered as monotherapy or additional therapy in children
who prefer this treatment, children who refuse medication, and children in whom
anti-muscarinics are insufficient or have to be stopped because of side-effects. The

treatment methods currently available include parasacral transcutaneous electrical nerve
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stimulation, percutaneous tibial nerve stimulation or Stoller afferent neurostimulation,
and implanted sacral nerve stimulation. The most commonly used therapy is home-based
transcutaneous electrical nerve stimulation with transcutaneous electrodes.’®”

The neuromodulation technique is based on the principle that electrical current directly
affects the CNS by artificially activating neural structures, facilitating both neural plasticity
and normative afferent and efferent activity of the lower urinary tract. Several studies
suggest that neuromodulation is safe and useful for inhibiting detrusor contractions,?#!
although some controlled studies showed contrasting results—one with only a very high
placebo effect based on the attention given to the child’s problem,® one with convincing
differences between groups.®

ADDITIONAL SURGICAL TREATMENT

Surgical interventions should be considered for girls with a meatal anomaly. Half of these
girls become asymptomatic after meatotomy to correct the direction of the urinary
stream.?? For boys, surgery is indicated when they are suspect for infravesical obstruction,
on the basis of physical examination (meatal stenosis), uroflowmetry (plateau-shaped
and prolonged uroflowmetry curve), or urodynamics (high pressures during voiding).
Cystoscopy relieves the obstruction, when present.®*® Finally, a small group of girls
exist with congenital bladder neck insufficiency, mostly combined with generalised joint
hypermobility. These individuals might benefit from a laparoscopic colposuspension,
which is beyond the scope of this Review.

CONCLUSION

Treatment for daytime urinary incontinence is multidisciplinary and requires expert
knowledge. Urotherapy is a conservative treatment, which is the first choice for all types
of daytime incontinence. An essential element of urotherapy is focused attention to the
problem from a trained professional. Although usually successful, urotherapy is not always
effective due to the complex nature of incontinence problems. Causes of incontinence
can be intertwined, making it difficult to decide which problems should be tackled first.
Therefore, during urotherapy constant evaluation of progress to prevent overly long
treatment is important. In some cases, postponing treatment might be an option, for
example when children are too young to participate in the therapy. Quality of life of both
child and parents is essential in making treatment decisions.
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Search strategy and selection criteria

We searched the Cochrane Library, MEDLINE, Embase, and relevant specialty journals for articles
published between Jan 1, 2008, and Jan 1, 2018, with the terms: (“urinary incontinence” [MESH] OR
“incontinence” [title or abstract (tiab)] OR “wetting” [tiab] OR “lower urinary tract symptoms” [MESH]
OR “dysfunctional voiding” [tiab]) AND (“pediatrics” [MESH] OR “pediatric” [tiab] OR “paediatric”
[tiab] OR “children” [tiab] OR “infant” [tiab]) NOT “urinary bladder”, “neurogenic” [MESH] NOT “spinal
dysraphism” [MESH] NOT “neural tube defects” [MESH] NOT “nocturnal enuresis” [MESH] OR “under
10 years”). We reviewed all publications from 2008 to 2018, and prioritised those published after 2012;
however, commonly cited and highly regarded (defined by high citation count and journal impact factor)
older publications were included. We searched for articles published in English, or those translated into
English. We also searched the reference lists of articles identified by this strategy, and selected those
we judged relevant. Randomised controlled trials, observational studies, retrospective studies, meta-
analyses, review articles, and editorials, were included.

Key messages

e Daytime urinary incontinence is a common problem in school-aged children, which severely affects
quality of life

e Subtypes of daytime incontinence are overactive bladder, dysfunctional voiding, underactive bladder,
voiding postponement, stress incontinence, giggle incontinence, vesico-vaginal incontinence, and
nocturnal enuresis

e Comorbidities of urinary incontinence are constipation, urinary tract infections, and behavioural
problems

e Diagnostic tools include medical history, bladder diaries, questionnaires, flowmetry, and ultrasound

e The treatment of first choice is urotherapy, a conservative treatment which combines education
and demystification, behavioural modification instructions, lifestyle advice regarding fluid intake,
and registration of voiding frequencies, voiding volumes, and incontinence episodes, with added
support and encouragement for children and their parents

e Urotherapy can be supported by medication for constipation, infection prophylaxis, and specific
medication for overactive bladder

e Constant evaluation of progress is recommended for preventing prolonged treatment and motivating
patients and parents
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Short introduction: Overactive bladder (OAB) in children has an overall reported incidence
of 16.6-17.8%, with its prevalence of 0.2-9% varying largely between age and gender. OAB
is the most important burden in pediatric urology because of the limited effect of treatment.
OAB with imperative urge and/or urge incontinence can often be successfully treated with
urotherapy and pharmacological treatment. Nevertheless, approximately 20% of patients are
considered to be therapy resistant for common treatment options. For the latter group, an
inpatient cognitive and biofeedback training program for children has been developed.

Objective: To evaluate the effect of an inpatient cognitive and biofeedback training program
for children with urge complaints and urge incontinence based on overactive bladder (OAB)
after failed earlier treatment by anticholinergic medication and by outpatient urotherapy. A
search for predictors for success of treatment outcome is included in the study.

Patients and methods: 70 children with therapy refractory incontinence based on OAB went
through a 10-day in-hospital training program between 2007 and 2010. Age was between 7
and 13 years, mean 9.29 years. Essential part of this program is teaching the children central
inhibition of their bladder to suppress bladder overactivity. Patients had, on average, 41.1
months of fruitless treatment by urotherapy and medication before attending this training
program. Training result was evaluated 6 months after completion of the inpatient training
program. A questionnaire was subsequently conducted 2 years after the training to evaluate
the long-term efficacy of this program.

Results: Evaluation 6 months after training of these 70 patients diagnosed with OAB showed
that 30 patients (42.9%) were free of complaints, 22 (31.4%) had an important reduction of
complaints and 18 (25.7%) failed to have any improvement. Logistic regression analysis was
used to look at several variables predicting training outcome. A higher age during clinical
training was found to be a predictor for a good training outcome. After 2 years, 44 (62.9
%) patients were reached for long-term follow-up. Of these patients, 28 (63.6%) reported
a good effect of the training and 13 (29.5%) experienced no improvement in symptoms
when compared to before clinical training. Objectively, 26 (59.1%) were dry and 18 (40.9%)
were incontinent to some extent. A total of fourteen (31.8%) patients had relapsed into
urge complaints.

Conclusion: The inpatient cognitive and biofeedback training program for refractory OAB
complaints has demonstrated to cure or improve 74.3% of patients and conveyed favourable
long-term results in approximately 70.5% of patients. A higher age during clinical training
was found to be a predictor for a good training outcome.

Summary of results, n = 70, mean age 9.3 years (SD = 1.46, Min = 7 years, Max = 13 years)

Percent
Variables Result Frequency (100%) P-value
Result inpatient training short-term Bad 18/70 25.7 n/a
Improvement  22/70 31.4 n/a
Good 30/70 429 n/a
Multiple variables predicting training outcome  Higher age n/a n/a 0.034°
Result inpatient training long-term Bad 11/44 25 n/a
Improvement  5/44 11.4 n/a
Good 28/44 63.6 n/a
Urge complaints 2 years after training Yes 14/44 31.8 <0.05°
No 30/44 68.2

2 Using logistic regression analysis. ® Using McNemar’s test.



Central inhibition of refractory overactive bladder complaints

INTRODUCTION

Overactive bladder (OAB) in children has an overall reported incidence of 16.6—17.8%*
with its prevalence (0.2-9%)? varying largely between age and gender. OAB is the most
important burden in paediatric urology because of the limited effect of treatment. Roughly
half the patients benefit from conservative therapy. This over activity of the bladder
with imperative urge and/or urge incontinence can often be successfully treated with
urotherapy, mostly combined with pharmacological treatment. Urotherapy is defined by
the International Children’s Continence Society (ICCS)® as “treatment for children with
functional incontinence,” consisting of “instructions and lifestyle advice regarding mic-
turation frequency, fluid intake, toilet posture, and prevention of constipation, which is
complemented in more serious cases by biofeedback training, behavioural therapy, and
physiotherapy”.* Frustrating fact for therapists and patients is that success rates of this
treatment rarely pass 50% where a specific search and treatment of urethral anomalies
in boys may get this percentage up to 75%.° This leaves a 20% group of patients that are
considered to be therapy resistant for common treatment options.

Since 1982, at our hospital, if standard outpatient urotherapy is unsuccessful, patients
are offered inpatient urotherapy.*®” This inpatient 10-day cognitive training program
(voiding school) is the most intensive form of urotherapy and is reserved for the therapy
resistant patients. Children with OAB complaints under the age of 9 are preferably not
enrolled in this training program as their lack of motivation can be detrimental to the

success of both the upcoming and future training.

During this cognitive training program a urotherapist gives instructions on voiding habits, toilet
position, constipation and urinary tract infection prevention combined with extensive daily
supervision, motivational techniques, biofeedback of the pelvic floor, psychological counselling
and behavioural modification. Voiding patterns are objectively recorded by using uroflowme-
try and wetting is recorded by underwear ringing an alarm when wet, allowing the children
to develop awareness of the incontinence incidents, voiding frequency and flow patterns.

Six months after the training, the training result is evaluated and documented by using
ICCS guidelines. The result is considered ‘good’ when complaints have been reduced by
90% or more. A reduction of complaints by 50 to 89% is considered ‘improvement’ and
below 50% is considered as a ‘bad’ result; treatment failure.

In this study the inpatient urotherapy and follow-up results are reported from 70 therapy
refractory patients suffering from OAB, in an attempt to demonstrate the efficacy of the
method on both short and long-term in this difficult-to-treat cohort. A search for predic-

tors for success of treatment outcome is also described.
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PATIENTS AND METHODS

After having received permission from the local ethical committee, anonymous data of the
patients were retrospectively collected from their medical files. All patients with overactive
bladder complaints who underwent the inpatient cognitive and biofeedback training
program between years 2007 and 2010 were analysed for inclusion (n = 80). Patients with
neurological disorders or patients who underwent earlier surgery for urological congenital
anatomical abnormalities other than meatus correction or endoscopic desobstruction

of posterior urethral valves, were excluded from analysis (n = 10).

Data retrieved from the medical files were age, sex, diagnosis, outpatient training result,
clinical training result, location of outpatient training, age at first contact, months from
first contact until clinical training, urodynamic test results, anticholinergic drug effects
and type of surgery. Before starting clinical training, all patients had good uroflowmetry

curves and had tried anticholinergic drugs. A complete list can be found in Table 3.1.

Subsequently, all 70 patients and their parents/caretakers were sent an application form
by mail asking for permission to call them and conduct a questionnaire by phone. This
guestionnaire contained questions regarding follow-up, including current incontinence
status. All non-responders received a phone call from one of the urotherapists asking
whether they would fill out the application form. From all 70 patients, 44 patients accepted
the invitation whilst 14 patients declined and 12 patients could not be reached. Data

analysis was performed using IBM SPSS Statistics, version 22.

RESULTS

Mean age of the 70 children during hospitalized training was 9.29 years (SD = 1.46, Min
=7 years, Max = 13 years) and 48 (68.6%) were male. All patients were diagnosed with
urge complaints and 10% suffered from additional frequency complaints. All 70 patients
had earlier outpatient training, with bad resultin 51 (72.9%) patients, some improvement
in 4 (5.7%), and temporary good result with relapse in 2 (2.9%). Of all patients, 38
(54.3%) had their outpatient training in our hospital and the remaining group received
urotherapy in other centres. The mean age of first contact was 5.8 years (SD = 2.12, Min
= 0 years, Max = 10 years) defined as the age on the day of surgery before age 4 or the
first outpatient visit for urine incontinence. The months between first contact and clinical
training were mean 41.1 (SD = 22.98, Min = 11 months, Max = 126 months). Looking
at previous treatment, 44 patients (62.8%) had surgery before outpatient training, 16
(22.9%) underwent surgery after outpatient training but before clinical training, 1 (1.4%)
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Table 3.1: Demographics data retrieved from medical files, n = 70, mean age 9.3 years (SD = 1.46, Min = 7
years, Max = 13 years)

Variables N=70 Frequency Percent (100%)
Sex Male 48 68.6
Female 22 31.4
Diagnosis Urge + frequency 7 10
Urge 63 90
Outpatient training Our hospital 38 54.3
Elsewhere 32 45.7
Outpatient training result Bad 51 72.9
Improved 4 5.7
Good 2 2.9
Unknown 13 18.6
Anticholinergics Used, did not help 29 41.4
Used, did help 33 47.1
Used, unknown former result 8 11.4
Urodynamics study (UDS) No UDS 22 31.4
Normal UDS 4 5.7
OAB 13 18.6
Dyssynergy 2 2.9
Obstruction 14 20.0
UDS only after clinical training 7 10.0
Surgery No surgery 8 11.4
Endoscopy 5 7.1
Endoscopy + valve resection 34 48.6
Endoscopy + meatotomy 15 21.4
Other 4 5.7
Valve resection + meatotomy 4 5.7
Result inpatient training Bad 18 25.7
Improvement 22 31.4
Good 30 42.9

received surgery after clinical training and 9 (12.9%) did not receive any surgery at all. Out
of 70 patients, 33 (47.1%) had an earlier endoscopic urethral desobstruction, 14 (20%) a
meatal plasty, 4 (5.7%) received both, in 5 patients (7.1%) cystoscopy did not reveal any
anomalies, 5 patients (7.1%) underwent larger surgery and the remaining 9 (12.9%) did
not receive any surgery. In 42 (60%) of all patients a urodynamic study was done before
clinical training demonstrating pure OAB in 13 (31.0%), OAB plus another diagnosis in 9
(21.4%), detrusor- sphincter dyssynergia in 2 (4.8%) patients and obstruction in 14 (33.3%)
patients. Before starting clinical training, all patients had used anticholinergic drugs which
had a temporary positive effect in 34 (48.6%) of patients, no effect in 29 (41.4%) and
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for the other 7 (10%) patients there was no effect and it was unknown whether earlier
temporary effect existed (Table 3.1).

Clinical training of the 70 patients diagnosed with OAB demonstrated that, 6 months
after training, 30 patients (42.9%) were free of complaints, 22 (31.4%) had improved
and 18 (25.7%) had treatment failure. Hence, 74.3% of all patients had significant profit
from hospitalized urotherapy.

Logistic regression analysis was used to evaluate whether any of the variables could predict
training outcome. Firstly, as can be seen in Table 3.2, training outcomes ‘improvement’
and ‘bad’ were grouped and compared with a ‘good’ training outcome. Age was found
to be a predictor, with a higher age being more predictive for a good training outcome (P
=0.034; odds ratio 1.646). Secondly, the predictive value of the effect of anticholinergic
drugs and urodynamic test results on the training outcome was evaluated (data not
shown). No significant effect was found.

After 2 years, 44 (62.9%) patients were reached for long-term follow-up. Of these patients,
28 (63.6%) reported a good effect of the training and 13 (29.5%) experienced no improve-
ment in symptoms when compared to before clinical training. Objectively, 26 (59.1%)
were dry and 18 (40.9%) were incontinent to some extent. A total of 14 (31.8%) of these
patients had relapsed into urge complaints. Thus after 2 years 70.5% still demonstrated

improvement in symptoms.

Table 3.2: Multiple logistic regression analyses (n = 70) predicting the change of being categorized as having
good results after inpatient training vs having improved or bad effect

95% Cl for Odds Ratio

Covariable B (SE) Lower Odds Ratio Upper P-value (x?)
Age 0.498 (0.234) 1.039 1.646 2.606 0.034"
Sex 0.201 (0.669) 0.329 1.223 4.542 0.763
Surgery 0.737 (0.719) 0.511 2.090 8.552 0.305
Outpatient training -0.526 (0.557) 0.198 0.591 1.760 0.345
Diagnosis -0.800 (0.912) 0.075 0.450 2.687 0.381
Months until clinical -0.025 (0.013) 0.950 0.976 1.001 0.064
training

Constant -3.628 (2.607) 0.027 0.164

R? =.14 (Cox & Snell), .19 ( Nagelkerke). * Significant.
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The Fishers exact test was used to compare the training result after six months as reported
by the urotherapist versus the child and/or parents (Table 3.3). Significant difference could
not be identified (x? = 3.44, P = 0.068), hence indicating that the opinion of the child and/
or parent were analogous with the reported results from the urotherapists. Additionally,
a McNemar’s test was performed to evaluate whether a good clinical training result at
the end of the 10-day inpatient training would not be indicative of the child staying dry
for six months (Table 3.4). No significant result was obtained even though 11 children had
relapsed after 6 months, again indicating a definite positive effect of the training. This test
was also used to compare urge complaints before training and two years after training.
The result was highly significant (x> = 2.24, P < 0.05) indicating that far fewer children
are suffering from urge complaints (Table 3.4).

Table 3.3: Comparison of training result recorded by urotherapist versus the child and/or parents

N =44 (100%) Good/ improved result Bad result
Urotherapist 32 (72.7%) 12 (27.3%)
Child/parents 28 (63.6%) 16 (36.4%)

Fisher’s exact test, x? (1)= 3.44, P = 0.068.

Table 3.4: Selection of pre- and post-training questions on questionnaire

N = 44 (100%) Yes No X* (1) (P)
Urge complaints before training? 35 (79.5%) 9 (20.5%) >0.05
Urge complaints 6 months after training? 30 (68.2%) 14 (31.8%) >0.05
Urge complaints 2 years after training? 14 (31.8%) 30 (68.2%) <0.05%
Wet during last 6 months? 18 (40.9% 26 (59.1%) >0.05

2 McNemar’s test x* (1) = 2.24, P < 0.05.

DISCUSSION

It is impossible to unequivocally determine the key factors of success in this training
program. The children receive a tremendous amount of attention combined with constant
cognitive training on bladder and voiding habits to help them recognize and centrally
suppress bladder over activity, rather than using all available help musculature as an
emergency break. Regardless, age at clinical training, age at first contact, and months
until clinical training were expected to predict training outcome. Children under the
age of 9 are preferably not enrolled in this training program as their lack of motivation
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can be detrimental to the success of future training and a low age at first contact could
possibly indicate a more complex or serious underlying cause of the urine incontinence.
Also, certain types of surgery could indicate a more severe underlying problem and were
therefore expected to influence training outcome. Age was found to be a predictor of
a good training result, which is in line with the findings of other publications where
children above the age of 8 demonstrate better and faster training results.»® The low
number of participants may interfere with decent statistical analysis of any sub-group,

possibly explaining how other variables could not be found to predict training outcome.

This training by experienced staff with intensive daily supervision, feedback and guidance
has proven very effective. Of note, because of the years of clinical experience of the
urotherapists and the intention to treat, children considered lacking appropriate age
and/or motivation are not placed on the waiting list for clinical training yet as a certain
cognitive level and motivation is deemed mandatory for successful completion of both
the upcoming and future training. Questions that arise are whether a longer trajectory
of professional help enhances clinical training results by simply adding up to what has
been learned already by the children, or whether a longer trajectory is disadvantageous
for the motivation and confidence of the child and/or parents yielding worse clinical
training results. Hopefully, future research will demonstrate what is best for this therapy
refractory group. Based on clinical experience, a shorter trajectory of professional help is
expected to be favourable for the child’s psychological development. Moreover, a shorter
trajectory would also reduce medical expenses. Therefore, tertiary referral as soon as
possible after outpatient treatment failure might be of paramount importance as the
urotherapists in a tertiary referral centre have the best clinical experience to identify the
optimal moment for a patient to enrol in a clinical training program.

Of note, in this report only outpatient urotherapy by a trained urotherapist is considered
as true outpatient training. Medical advices or paramedical treatment is not considered
as such. No difference in outpatient therapy results were observed between patients
having received earlier outpatient urotherapy in our hospital when compared to being
trained elsewhere. This is coherent with previous research indicating that for outpatient

training, the attention offered to the child is of paramount importance.?

Additionally, a lower bladder volume observed in urodynamic testing when compared to
age was expected to indicate a more severe clinical substrate and thus predict treatment
outcome. Unfortunately, necessary data could not be retrieved as some medical files were
incomplete. This will be evaluated in the near future. The training does not merely battle
urine incontinence and OAB complaints. By treating urine incontinence, children have
noticed less bullying at school and parents have noticed increased bonding with their
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child.? Although not proven in a study when related to clinical training, one can imagine

the psychological burden of bullying and parental emotional detachment on a child.

Regarding long-term follow-up, a good effect of the training was seen with a clear
reduction in incontinence complaints. Far fewer children are suffering from urge
complaints, although some patient had a relapse in complaints. An attempt to compare
these results with the literature was unsuccessful as other publications combine patients
with OAB and dysfunctional voiding.?® In this study, 26 (27.1%) patients could not be
reached for follow-up and the reasons are unknown. Regardless, an intensive and
expensive clinical treatment conveys favorable long-term results on symptoms, quality of
life and psychological well-being of the child.? Taking these factors into account together
with the reduction of hospital visits, surgery and the use of medication, one may wonder
whether this inpatient training should be seen as expensive or rather as an investment.

Limitations

Retrospective study limitations and accompanying limited external validity apply to this
report. The absolute number of participants to perform statistical analysis on was low,
even though it was the number maximally achievable in this cohort. All patients were
carefully selected by urotherapists and doctors for eligibility for the clinical training.
The questions asked during follow-up regarding subjective experiences of patients and
parents were not posed before training onset hence introducing bias due to reliance on

memory. Lastly, long-term follow-up patient numbers were incomplete.

Perspective

Trusting on clinical experience, the number of months until clinical training is expected
to be relevant for clinical training outcome. This could not be demonstrated in the entire
70 patient cohort but was observed in several cases individually. To further elaborate on
the effects of the clinical training on quality of life.!® behavioral changes and the possible
predictors of treatment outcome in patients suffering from OAB, a controlled trial will
be set up with more patients in the near future.

CONCLUSIONS

This inpatient cognitive and biofeedback training program for refractory OAB complaints
has demonstrated to cure or improve 74.3% of patients and conveyed favourable long-

term results in approximately 70.5% of patients. A higher age during clinical training
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was found to be a predictor for a good training outcome. Other predictors could not be
identified and will be re-evaluated in the near future. For now, swift tertiary referral in
children with OAB and failed outpatient training is suggested.
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Introduction: Urinary incontinence is one of the most commonly treated disorders in
children at school age. Recently, a new, wearable bladder sensor became available,
the SENS-U Bladder Sensor. The SENS-U is a small, wireless ultrasonic sensor, which
continuously monitors the bladder filling and provides a personalized notification
when it is time to go to the toilet. In this study, the aim is to examine the performance
of the SENS-U as a full-bladder-based notification system in children during daily
life activities.

Patients and methods: In this pilot study, children (6—16 years) who were admitted
for an inpatient bladder training were included. Parallel to one training day, the
child would wear the SENS-U to estimate the bladder filling and it informed the
child when the bladder was almost full. When the child received a full-bladder
notification, the child was taught to inform the urotherapist/researcher, in order
to determine the level of response.

Results: Fifteen patients (boys/girls: 7/8; mean age: 11.5 + 1.7 years) were included.
Based on a personalized volume-based threshold, the SENS-U notified these chil-
dren of a full bladder with a median notification rate of 92.9%. In the remaining
cases, children voided before the threshold was reached (e.g. defecation). Children
responded positively to the notification of the SENS-U, resulting in a median level
of response equal to 100%.

Conclusion: The SENS-U was able to monitor the natural bladder filling accurately
during activities of daily living and provided a personalized notification to the
children when it was almost time to go to the toilet. Future research will focus on
investigating the efficacy of the SENS-U compared to daily clinical practices.



Clinical evaluation of a full bladder notification

INTRODUCTION

One of the most commonly treated disorders in children remains urinary incontinence.
The reported prevalence of daytime wetting varies from 6-9% at school age (6—10 years)
and decreases with age.! In accordance with the International Children’s Continence
Society, urotherapy is recommened for treating incontinence in children. Urotherapy is
conservative-based management program for lower urinary tract dysfunction. Urotherapy
includes explanation, demystification, lifestyle advice, pelvic floor training, biofeedback,
and behavioral modification.? An important part of the treatment is that children are
taught how to respond adequately to their bladder filling and bladder signal.

Recently, a new, wearable ultrasonic bladder sensor became available, the SENS-U Bladder
Sensor (SENS-U) (Novioscan, Nijmegen, the Netherlands), which is intended to support
children who have involuntary urine loss by increasing their awareness of a full-bladder
sensation. By continuously (i.e. 30 s) monitoring the bladder filling status, the SENS-U
provides the child a personalized notification when it is almost time to go to the toilet.

The SENS-U has previously been clinically evaluated in 30 children during (video) uro-
dynamics.? Parallel to the standard cystometric procedure, the SENS-U estimated the
anterior—posterior (A-P) bladder dimension to evaluate the filling status and relate it to
the infused volume. This resulted in a full-bladder detection rate of more than 90% over a
broad range of maximum voided volumes (71-463 ml). Next, relating the infused volume
to the estimated bladder dimensions resulted in a strong, positive correlation (medianr_=
0.94).2 Despite accurate performance during the (video) urodynamics, there were several
differences when comparing it to using the SENS-U in daily (clinical) practice. First, the
children maintained a static sitting position throughout the entire procedure. Next, the
personalized notifications of the SENS-U were deactivated to minimize the impact on the
clinically required (video) urodynamic procedure. Finally, (video) urodynamics is not the
same as natural bladder filling, which may result in a different voiding behavior compared
to daily life activities (e.g. differences in maximum voided volume). Therefore, this pilot
study clinically evaluated the performance of the SENS-U in a group of children during
regular physical activity and natural bladder filling. It was hypothesized that the SENS-U
would be equally accurate during activities of daily living as during (video) urodynamics.
In addition, the level of response to the provided full-bladder notification was assessed.
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PATIENTS AND METHODS

SENS-U bladder sensor

The SENS-U is a small (95 x 55 x 16 mm), wearable, battery-operated sensor, which is
positioned on the lower abdomen (each day) using a double-sided adhesive (combined
with standard ultrasound gel) (Figure 4.1). The sensor is based on a combination of
four ultrasonic transducers, arranged with a field of view of 30°.3 The SENS-U transmits
ultrasonic waves towards the bladder region and an internal algorithm automatically
processes the received ultrasonic reflections of the bladder walls. This results in an
average A-P bladder dimension which is related to estimate the bladder filling status.?
Based on the patient’s maximum voided volume, a personalized threshold is set by the
medical professional (i.e. pediatric urologist or a urotherapist) using the SENS-U mobile
application. The SENS-U uses Bluetooth® Low Energy to wirelessly connect with the mobile
application, which also allows the child, his or her caregivers and his or her physician to be
informed of the bladder filling status in real time. As soon as the personalized threshold
is (almost, at 80%) reached (at 100%), the SENS-U will provide a vibration notification
on the child’s abdomen and a message is sent to the mobile application, allowing to the
child to go to the toilet in time.

\\\\\\ Sens-u

bladder sensor

Figure 4.1: The SENS-U® Bladder Sensor is positioned on the lower abdomen by a skin-friendly adhesive and
provides the child a personalized (vibration) notification when it is almost time to go to the toilet.
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Experimental protocol

To evaluate the SENS-U as a full-bladder-based notification system during activities of daily
living, 15 patients were consecutively enrolled who were admitted to the Department of
Pediatric Urology (University Medical Centre Utrecht) for an intensive inpatient bladder
training program, which focuses on relearning, concentration, and awareness of the
bladder filling.*

Patients were included between the ages of 6 to 16 years. With a sample size of 15
patients, it would be possible to estimate a full-bladder notification rate of 90% within a
95% confidence interval of + 15.2%, which was considered to be acceptable in this pilot
study.® Patients were excluded based on their body mass index (BMI) (obese > 95 per-
centile, according to age and gender) and when they had abnormalities in the suprapubic
skin region (e.g. breached skin, open wounds, sutures or a suprapubic catheter).® These

two factors influence proper sensor positioning and therefore the accuracy of the SENS-U.3

After written informed consent was obtained, the patient wore the SENS-U during one
(daytime) training day, parallel to the inpatient bladder training. At the start of the training
day, the SENS-U was positioned on the lower abdomen using the required double-sided
adhesive (combined with standard ultrasound gel) just above (1 cm) the pubic bone, by
palpation of the pubic symphysis. For each child, a personalized threshold was set, based
on the uroflowmetry recordings from the previous training days. At 80% of this threshold,
the SENS-U would provide the first notification, enabling the patient to go to the toilet in
time. If the patient postponed micturition and ignored the device, a second notification
(at 100% of the threshold) would be given once more to remind and to encourage the
patient to go to the toilet. The patient was instructed to inform the urotherapist (or
researcher) when the (vibration) notification was provided by the SENS-U, in order to
determine the level of response. Furthermore, each time the patient needed to void,

uroflowmetry was performed in order to assess the voiding pattern and voided volume.

During the procedure, data were documented on age, gender, length, weight, diagnoses
(for medical files), micturition frequency, measured voided volumes, time of voiding,
number of wet incidents, the notification frequency, and the response rate using an online
case report form (Castor Electronic Data Capture, Ciwit BV, Amsterdam, the Netherlands).
The acquired data were analyzed by descriptive statistics using SPSS (version 25.0; SPSS
Inc., IBM Corp., USA). At the end of the training day, the SENS-U was removed from
the lower abdomen and a short usability questionnaire was completed, examining the
patient’s experience on receiving the current type of notification. The patient was asked

if he/she clearly felt the vibration notification and what kind of notification he/she would
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Table 4.1: Reponses to the Usability Questionnaire

N=15 Yes No
Did you feel the vibration notification clearly? 13 (87%) 2 (13%)
What kind of notification do you prefer? Vibration 14 (93%)
Push notification 2 (13%)
(mobile app)
Other, such as... 3 (20%) (i.e. sound)

prefer (Table 4.1). The SENS-U data itself were stored for offline postprocessing using
MATLAB R2018 (MathWorks, Natick, MA). This study was approved by the Local Ethical

Committee of the University Medical Centre Utrecht.

RESULTS

Population

In total, 15 patients (7 boys, 8 girls; mean age: 11.5 + 1.7 years; mean BMI: 18.5 + 2.9
kg/m?, range: 15.2-25.7 kg/m?] have been enrolled. Categorizing the population on
(differential) diagnosis results in the following distribution: 47% urge incontinence/
overactive bladder, 27% dysfunctional voiding and 26% others (i.e. underactive bladder,

small bladder capacity).

In this study, 56 uroflowmetry recordings were documented while the volume-based
threshold was activated. In 78.6% (n = 11/14 patients), the uroflow pattern was smooth
and bell shaped. In the remaining patients (21.4%, n = 3/14) the uroflow pattern was tower
shaped (n = 1), plateau shaped (n = 1), and staccato (n = 1). One patient was excluded
from analysis (patient no. 4, voided twice, plateau shaped) because despite receiving an
accurate notification of the SENS-U, he was unable to empty his bladder properly due
to his underactive bladder. As a result, the SENS-U kept on reminding this patient of a
full bladder. To minimize the impact on his bladder training, the full-bladder notification
of the SENS-U was deactivated (only used for observational purposes). Relating the
each child’s maximum voided volume (based on the 56 uroflowmetry recordings) to its
expected bladder capacity (EBC)” resulted in 11 children (78.6%) with a small maximum
voided volume (< 65% of EBC). For the other children (n = 3, 21.4%), the maximum
voided volume was considered normal (65-150% of EBC). Only in 1 of 56 uroflowmetry

recordings, a minor wet accident occurred (a few drops of urine).
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Notification rate (%)

In this study, the SENS-U was able to monitor the natural bladder filling during activities
of daily living (n = 14). It notified the child of a full bladder (based on the preset volume-
based threshold) with a median notification rate equal to 92.9% (range: 0—-100%) (Table
4.2, left skewed distribution). Patient no. 5 did not receive any notification (n = 2/56
micturitions, outlier [> 1.5 - interquartile range {IQR}]). In the remaining cases (13 of 56),
children voided before the volume-based threshold was reached.

To illustrate the functionality of the SENS-U in clinical practice, Figure 4.2 presents several

consecutive natural filling cycles of subject no. 13, a 10-year-old girl.

80 || mummm APaverage

E7o Voicing
= 60 v
k)
250
g ; 100%
= 40
- 80%
830
e}
3520
%10
1 1 1 . I L "
11:30 12:00 12:30 13:00 13:30 14:00 14:30
TIME (HH:MM)

Figure 4.2: Three consecutive natural filling cycles stating the time of a provided, personalized notifications
([£], at 80% (orange area) and at 100% (red area)) and the moment of voiding.

Level of response (%)

In total, 13 children received a (vibration) notification of the SENS-U, prior to voiding,
resulting in a total of 41 provided notifications. The children responded positively to the
notifications (n = 39/41), resulting in a median level of response equal to 100.0% (range:
0-100%) (Table 4.2, left skewed distribution). However, for one time, both patient no.
1 and no. 11 did not notify the urotherapist (or researcher) of a provided full-bladder
(vibration) notification (n = 2/41, both outliers [> 1.5 - IQR]).

Considering the final usability questionnaire, children clearly had a preference for the
discrete, vibration notification (93%) (Table 4.1). Next, 13% of the patients thought the
smartphone notification would be beneficial. Finally, 20% of the children also had other
ideas for a notification, like a (minor) sound, similar to the wetting alarms, or direct

notification between the device and the urotherapist (or researcher).
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Table 4.2: Descriptive statistics for the notification rate! (%) and the level of response! (%)

IQR
Range (25th—75t Outliers
Median (min—max) percentile) (>1.5-IQR)
Notification rate (%) [n = 14] 92.9 0-100 61.7-100 Patient no. 5 (0%)
Level of response (%) [n = 13] 100.0 0-100 100-100 Patient no. 1 (0%)

Patient no. 11 (66.7%)

! Left skewed distribution. IQR, interquartile range; min, minimum; max, maximum.

DISCUSSION

The current pilot study was initiated to clinically assess the performance of the SENS-U for
monitoring natural bladder filling in children during activities of daily living. This evaluation
demonstrated that the SENS-U is an accurate, easy to use, and patient-accepted method
for detecting the bladder filling and notifying children before a full bladder.

Notification rate (%)

However, in several cases, the SENS-U did not provide the child with a notification before
he/she went to the bathroom. Reasons for this can be divided into two categories: device
related and study design related. Considering device-related reasons, two patients (no. 2
and 5) were identified for whom the device could not detect the bladder properly because
of a (relatively) obese abdomen, resulting in a misalighment between the bladder position
and the field of view of the SENS-U.? Despite excluding subjects based on their BMI (obese
> 95" percentile, according to age and gender), these two patients were still classified
as overweight (85%—95%" percentile). Therefore, it is advised to be aware of the influence
of the abdominal curvature when implementing the SENS-U during clinical practice.
Next, initial sensor positioning also influenced the notification rate in some patients. For
example, in patient no. 9 and 12, the device was positioned slightly too low, resulting in
the acoustic interaction between the SENS-U and the pubic bone. As a result, the SENS-U
did not monitor the entire bladder region, underestimating the actual bladder volume
present and therefore unable to reach the personalized preset threshold. It is advised to
further optimize the internal algorithm to compensate for partial sensor misplacement.

When considering study designerelated reasons, first of all, the SENS-U was positioned at
the start of the training day, when the bladder was (often) empty after the firstmorning
void. Therefore, often no position verification (device functionality) could be initiated

because it requires a certain amount of volume present. Secondly, to minimize the
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impact on the child’s bladder training program, the children were informed to first act on
their own full-bladder sensation and training instructions. Consequently, some children
(especially with urge incontinence/overactive bladder or due to defecation) sometimes
went to the toilet before the bladder volume reached their personalized threshold (based
on their maximum voided volume). Finally, for the first two included patients (no. 1
and 2), the notification rate was relatively low (16.7% and 60.0%, respectively) because
their voiding behavior was significantly influenced by the fact that these patients were
monitored in parallel during their inpatient bladder training. Analysis of their voiding data
showed that as soon as patient no. 2 went to the toilet, patient no. 1 followed her within
minutes. In combination with a strictly followed voiding schedule, these two patients
both did not experience a natural bladder filling, emptying their bladder before they

reached their personalized, volume-based threshold.

Level of response (%)

From all the provided full-bladder notifications (n = 41), only twice (patient no. 1 and
11) the patients did not inform their urotherapist (or researcher). In patient no. 1, a
notification was provided by the SENS-U, followed by proceeding to the toilet. Despite a
clear change in facial expression (indicating the awareness of the vibration), she said that
she had not felt the notification of the SENS-U. Therefore, the level of response for this
particular patient was equal to zero (outlier [> 1.5 - IQR]). Next, patient no. 11 received a
notification three times of which she alerted the urotherapist two times (level of response:
66.7%, outlier [> 1.5 - IQR]). She did not alert the urotherapist because her attention
was too focused on a demanding activity, playing a game. Nevertheless, she responded
to the full-bladder notification naturally by going to the toilet in time and remained dry.
Finally, when considering the user experience, almost all children preferred the provided
vibration notification. Only one child preferred a direct notification between the device
and the urotherapist (or researcher).

Perspective

Future research will focus on investigating the efficacy of the SENS-U in comparison to
daily clinical practice, e.g. as a new adjunct in (inpatient or outpatient) bladder training
(compared toi.e. timed voiding, alarm wrist watches) and to assist in guiding the timing

for volume-dependent intermittent catheterization.
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CONCLUSIONS

This study demonstrated that the SENS-U Bladder Sensor is able to monitor the natural
bladder filling in children during activities of daily living and to notify them of a full bladder
with a median notification rate of 92.9% (based on a personalized volume-based thresh-
old) and a median level of response equal to 100%, supporting the initial hypothesis that
the SENS-U would be equally accurate during activities of daily living as during (video)
urodynamics. Despite the generally high clinical performance of the SENS-U, childhood
obesity and accurate sensor positioning are factors of influence which should be con-
sidered. Future research will focus on investigating the efficacy of the SENS-U compared

to daily clinical practices.
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Introduction: If children do not experience satisfactory reliefof lower urinary tract dysfunction
(LUTD) complaints after standard urotherapy is provided, other treatment options need to
be explored. To date, little is known about the clinical value of pelvic floor rehabilitation in
the treatment of functional voiding disorders.

Objective: Therefore, we compared pelvic floor rehabilitation by biofeedback with anal
balloon expulsion (BABE) to intensive urotherapy in the treatment of children with inadequate
pelvic floor control and functional LUTD.

Study design: A retrospective chart study was conducted on children with functional incon-
tinence and inadequate pelvic floor control. All children referred for both intensive inpatient
urotherapy and pelvic floor rehabilitation between 2010 and 2018 were considered for inclu-
sion. A total of 52 patients were eligible with 25 children in the group who received BABE
before inpatient urotherapy, and 27 children in the group who received BABE subsequently to
urotherapy. Main outcome measurement was treatment success according to International
Children’s Continence Society criteria measured after treatment rounds and follow-up.

Results: Baseline characteristics demonstrate no major differences between the BABE and
control group. There was a significant difference in improvement between BABE and inpatient
urotherapy after the first and second round of treatment (round 1: BABE vs urotherapy; 12%
vs 70%, respectively, round 2: urotherapy vs BABE; 92% vs 34%, respectively, both P < 0.001).
In both cases, the urotherapy group obtained greater results (Figure 5.1). When the additional
effect of BABE on urotherapy treatment is assessed, no significant difference is found (P =0.355)
in the children who received BABE; 30 (58%) showed improvement on pelvic floor control.

Discussion: Our findings imply that training pelvic floor control in combination with inpatient
urotherapy does not influence treatment effectiveness on incontinence. Intensive urotherapy
contains biofeedback by real-time uroflowmetry; children receive direct feedback on their
voiding behaviour. Attention offered to the child and achieving cognitive maturity with
corresponding behaviour is of paramount importance. It is known that combining several
kinds of biofeedback does not enhance the outcome. However, our results do not provide
a conclusive answer to the effectiveness of pelvic floor physical therapy in the treatment of
children with LUTD because we specifically investigated BABE.

Conclusion: In this study, we could not prove that pelvic floor rehabilitation by BABE has an
additional effect on inpatient urotherapy on incontinence outcomes. Considering the invasive
nature of BABE, the use of BABE to obtain continence should therefore be discouraged.

BABE (GROUP 1) UROTHERAPY (GROUP 2) | UROTHERAPY (GROUP 1) BABE (GROUP 2)

FIRST TREATMENT SECOND TREATMENT
HBAD ®mIMPROVED m GOOD

Figure 5.1: Treatment outcome (ICCS criteria).



Pelvic floor rehabilitation in children with functional LUTD

INTRODUCTION

Lower urinary tract dysfunction is an umbrella term for filling and voiding disorders that, if
untreated, can come with urinary incontinence and/or recurrent urinary tract infections,
compromised self-esteem and eventually even renal impairment.’* As stated by the
International Children’s Continence Society (ICCS), standard urotherapy is considered to
be the first-line therapy in the treatment of children with functional lower urinary tract
dysfunction (LUTD).* This conservative-based therapy aims on rehabilitating the lower
urinary tract and encompasses five key elements.** First, age-appropriate information is
provided to achieve demystification of the underlying dysfunction. Second, instructions
are given on voiding and bowel habits encouraging behavioural modification. Third, self-
awareness is created by the use of a bladder diary. Fourth, life-style advices are provided
as foothold to enhance therapy compliance. Finally, support is offered during the whole
process to patients and caregivers.*® First-line therapy comprising the aforementioned
elements of standard urotherapy has been provided for decades by a wide range of

healthcare professionals.>®

If children do not experience satisfactory relief of LUTD complaints after standard uro-
therapy is provided, other treatment options need to be explored. Specific interventions
within urotherapy that can be considered include diverse techniques of pelvic floor bio-
feedback, cognitive behavioural therapy and other forms of psychological treatment.*
Several publications describe the effect of pelvic floor biofeedback, wherein authors
assume that (re-)establishing voluntary pelvic floor control can be of added value in the
treatment of LUTD.”** Children can learn to encounter imperative urge by making use of
the perineal-detrusor inhibitory reflex, suppressing a detrusor contraction by an active
contraction of the pelvic floor muscles, whereas a dysfunctional voiding pattern can be
avoided by voluntary pelvic floor relaxation.'>* The ability to localize the pelvic floor
muscles (PFMs), or proprioception, is deemed crucial when performing such a voluntary
contraction or relaxation.>*° Although the relationship between pelvic floor function and
incontinence in adults has been portrayed in detail, in children, this relationship remains
unclear.’> |t is tempting to believe that, albeit the cause of incontinence in adults is
thought to be different, improving active control over PFM can be essential in both. In
current clinical practice, the elements of standard urotherapy and pelvic floor rehabilita-
tion (PFR) programs are already regularly being combined.»6810.17.18

At our institution, an inpatient intensive urotherapy program is offered to children who
received unsuccessful standard urotherapy alone or in combination with a PFR program
with pelvic floor exercises provided by a physiotherapist in general practice. This 10-day
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cognitive behavioural bladder training is considered to be the most intensive form of
urotherapy and embraces both pelvic floor biofeedback by real-time uroflowmetry as
well as extensive behavioural modification provided by urotherapists.

Being a tertiary referral centre, children with refractory complaints are frequently referred
for paediatric urological treatment to our outpatient clinic. As part of our standard proto-
col, a perineal ultrasonography is performed to determine whether the child can control
its PFM at will.” In case of inadequate control of the pelvic floor, children are sometimes
referred to the physiotherapist for additional physical therapy in the form of intensive PFR
by Biofeedback with Anal Balloon Expulsion (BABE). In an earlier study, the effectiveness
of this treatment has been reported but it was noted that the clinical value of adequate
pelvic floor control in the treatment of LUTD, in terms of decrease in number of wettings,
was still unclear.” The aim of this study was to assess the added value of PFR by BABE in
the urotherapeutic treatment of children with refractory LUTS and the inability to control
their PFM at will. We hypothesized that establishing voluntary pelvic floor control before
inpatient urotherapy would significantly enhance treatment outcome.

MATERIALS AND METHODS

The institutional review board committee classified the present study as exempt of the
Medical Research Involving Human Subjects Act. Data from medical charts have been
retrospectively collected and anonymized. All children who were referred for both
intensive inpatient urotherapy and additional pelvic floor rehabilitation by BABE between
2010 and 2018 were assessed for inclusion. This is only a selective group of children
treated for incontinence in our centre. Exclusion criteria were non-functional causes of
LUTD (i.e. neurologically or anatomically), normal voluntary pelvic floor control, surgery
for urological anatomical abnormalities other than endoscopic de-obstruction of posterior
urethral valves or meatus correction and referral for other reasons than LUTD treatment.
In addition, children who were still in training and children who could not be trained by
standard protocol because of behavioural problems were also excluded. This resulted in
52 eligible children (Figure 5.2).

Children were retrospectively divided into two groups based on treatment order. In the
“BABE first” group (n = 25), children who received BABE before inpatient urotherapy
were included. All “BABE first” patients received inpatient urotherapy subsequently. In
the “urotherapy first” group (n = 27), only children with insufficient response to inpatient

urotherapy who received BABE treatment subsequently were included.
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2010-2018
n =266

Excluded n = 60
Normal pelvic floor control

r Excluded n = 58
l Non LUTD referral/neurogenic

Eligible for analysis
n=52

I
{ {

[ Referrals physiotherapist ]

Excluded n = 49
Non-functional LUTD/anatomic

Excluded n = 40
No inpatient urotherapy

ITT

Excluded n =7
Behavioral problems

BABE first Urotherapy first
group group
n=25 n=27
BABE training Inpatient urotherapy
Outcome measure round 1 t * Outcome measure round 1
Inpatient urotherapy BABE training
Outcome measure round 2 Outcome measure round 2

Treatment outcome at 3 months
Measure round 3

Figure 5.2: Flowchart inclusion.

Functional LUTD and underlying pathophysiology were diagnosed from voiding history,
uroflowmetry patterns and the presence of PVR as measured by ultrasound immediately
after voiding. The diagnosis was not routinely confirmed by urodynamic studies. For our
refractory LUTS population, uroflowmetry and PVR alone are not sufficient to diagnose
inadequate pelvic floor control. Electromyography can be unreliable and was therefore
used only when results from other diagnostic instruments were not conclusive. A perineal
ultrasonography therefore forms part of our standard protocol. Inadequate control of the
pelvic floor was assumed if confirmed by both the urologist and physiotherapist. Children
with all types of LUTS were included because we did not assess a specific diagnosis but
a symptom complex. Therefore, the main outcome of the study was overall symptom
reduction.

Perineal ultrasonography

Perineal ultrasonography was performed in all children and interpreted as described in
a previous study.” PFM control is determined by assessing the change in length of the

urethra and the displacement of the urethral structures when the patient is asked to
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voluntarily contract the PFM. Adequate command of the pelvic floor is present when a
displacement of the bladder neck towards the inferoposterior margin of the symphysis
pubis and a simultaneous elongation of the urethra is observed.”*® A combined downward
movement of the bladder neck towards the sacrum and shortening of the urethra is
defined as the pelvic floor paradox.” If a displacement cannot be sustained for several
seconds, is of insufficient force (i.e. < 50 mmHg) or is completely absent, the presence
of inadequate pelvic floor control is diagnosed.

BABE training

Before the PFM is assessed by a physical therapist, age-appropriate information about
the problem is given to patients and parents. To exclude underlying neurological patho-
physiology, the lumbosacral neurology is examined. Anal sphincter and pelvic floor con-
tractions are examined rectally by digital examination. If manual examination indicates
inadequate pelvic floor control, explanation of the physiological PFM function is provided
and biofeedback treatment by anal pressure balloon expulsion is offered.

During the 1-h consultation, the patient is instructed on how to perform an adequate PFM
contraction, while being supported by biofeedback due to real-time pressure registration
by anal balloon. If normalization of the pelvic floor control is not achieved during the first
visit, children are granted a portable biofeedback device for a three-week home training
program with subsequent re-assessment by the physical therapist. Treatment effect on
the pelvic floor is regarded positive if children are able to perform a voluntary, adequate
pelvic floor contraction of sufficient force (50-100 mm Hg) for several seconds.”

Inpatient urotherapy

Children refractory to first-line therapy are offered a 10-day inpatient urotherapy program
with intensive supervision by experienced urotherapists.?’ This urotherapy program
emphasizes bladder awareness and is classified as a form of intensive urotherapy.
In addition to the five key elements of standard urotherapy as stated by the ICCS, it
encompasses specific interventions such as pelvic floor biofeedback on the urinary stream
by real-time uroflowmetry and cognitive behavioural therapy.* At the start of clinical
urotherapy, all anticholinergic medication is stopped. After completion of the 10-day
course, follow-up includes three months of supportive phone calls and, where needed,
additional personalized instructions to encourage and maintain the child’s motivation.
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Treatment order

All children included in this study received first-line therapy including standard urotherapy
in general hospitals before they were referred to our tertiary referral centre (Table 5.1).
For children with an inability to control their pelvic floor at will, we have two treatment
options. The first is urotherapy and the second is BABE (Appendix 5.1). BABE is never
considered as a first treatment option, but all referred children have at least received
standard urotherapy elsewhere, and therefore, we sometimes choose to start our
treatment with BABE. Retrospectively, we cannot trace back why some children received
BABE and others received clinical urotherapy as first treatment. Clinician, parental, and

child preferences probably play a role in this treatment choice.

When BABE does not give the desired results, clinical urotherapy is usually started. This
was the case in all children that received BABE as first treatment in our centre. BABE is

considered as an additional treatment after clinical urotherapy when children relapse

Table 5.1: Patient characteristics

Group 1 — BABE first Group 2 — Urotherapy first
Variables n=25 n=27
Sex (% females) 15 (60%) 19 (70%)
Mean age years,-date of entry (SD) 8.9 (3.8) 7.9 (2.4)
LUTD symptoms (%)
Daytime urinary incontinence (DUI) 18 (94.7%) 21 (100.0%)
Frequency > 9x (40%) > 7x (48%)
Urgency 18 (72%) 21 (78%)
Post-void residual 8(32%) 13 (48%)
Recurrent urinary tract infections 10 (40%) 16 (59%)
Constipation 11 (44%) 16 (59%)
Enuresis 15 (60%) 16 (59%)
Flowmetry
Bell-shaped 8(32%) 4 (15%)
Staccato-shaped 13 (52%) 16 (59%)
Other 4 (16%) 7 (26%)
Diagnosis (%)
Overactive bladder (OAB) 15 (60%) 8 (30%)
Dysfunctional voiding (DV) 4 (16%) 6 (22%)
Combined OAB/DV 4 (16%) 10 (37%)
Other 2 (8%) 3 (11%)
Treatment before referral
Urotherapy 20 (80%) 15 (56%)
Physiotherapy 15 (60%) 10 (37%)
Anticholinergics 17 (68%) 10 (37%)
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and are still unable to control their pelvic floor at will. This represents a select group
of children in our centre because usually when children relapse after urotherapy, they
receive urotherapy again. Nonetheless, 74% of children become dry after one clinical

urotherapy training.2%

Because the aforementioned policy has created a group of patients with the same diagno-
sis who has received two treatments in a different order, we have a natural experiment.

Outcome measures

Outcome is assessed by the evaluation of changes in five predetermined variables
(number of wettings, urgency, frequency, flow pattern and the existence of urinary tract
infections) and quantified in accordance with the ICCS standardization paper, resulting in
the categories good, improved and bad.> To compare treatment effect between groups,
outcome was dichotomized into good/improved and bad. Outcome was assessed at three
moments, as shown in Figure 5.2.

Statistical analysis

Statistical analyses were performed using IBM Statistical Package for Social Sciences
software (version 25; SPSS). Categorical data between both groups were compared using
Fisher’s exact test. In all tests, the level of statistical significance was predefined at P <
0.05 (two-sided).

RESULTS

Data of the 52 included children are presented in Table 5.1; child characteristics are given
by group. The mean age at the start of treatment was 9.6 years (SD = 3.0) in the BABE
first group and 9.4 years (SD = 1.8) in the urotherapy first group.

During intake at the outpatient clinic visit, a staccato voiding pattern was found in half
of the children, equally divided over both groups. Ninety-two percent of children in the
BABE first group and 89% in the urotherapy first group had an overactive bladder (OAB),
dysfunctional voiding (DV) or a combination of those. One of the urologists referred most
of the children (n = 29) to the physical therapist for PFR by BABE.

When outcome is compared after the first treatment round, 12% improved after BABE
and 70% achieved an improved or good result after inpatient urotherapy. The group that
received BABE first received urotherapy immediately after finishing BABE. The group
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that received inpatient urotherapy first had BABE when their results declined, which was
about a year after the start of urotherapy. When outcome is compared after the second
treatment round, 34% achieved an improved or good result after BABE and 92% gained
a comparable result after intensive urotherapy. After both the first and second treatment
rounds, results were significantly better for the urotherapy group. After follow-up, when
both groups had received both BABE and inpatient urotherapy, no significant difference
is found between groups (Table 5.2). There are no large differences in outcomes for each
individual diagnosis (Table 5.3).

Table 5.2: Treatment result

Group 1 —BABE first  Group 2 — Urotherapy first Fisher’s

Variables n=25 n=27 exact test P
First treatment BABE Urotherapy
Age, meany (SD) 9.6 (3.0) 9.4 (1.8)
Treatment result (ICCS) 18.12 <0.001
Good - 7 (26%)
Improved 3(12%) 12 (44%)
Bad 22 (88%) 8 (30%)
PFR results
Good 14 (56%) -
Improved 4 (16%) -
Bad 7 (28%) -
Second treatment Urotherapy BABE
Age, meany (SD) 9.8 (3.6) 10.8 (1.7)
Treatment result (ICCS) 18.88 <0.001
Good 11 (44%) 4 (15%)
Improved 12 (48%) 5(19%)
Bad 2 (8%) 18 (67%)
PFR results
Good - 16 (59%)
Improved - 5(19%)
Bad - 5(19%)

Long-term effect (3 m)

Treatment result (ICCS) 1.38 0.355
Good 12 (48%) 6 (22%)
Improved 6 (24%) 11 (41%)
Bad 5 (20%) 10 (37%)
Unknown 2° -

2 Still in follow-up.
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Table 5.3: Outcome treatment per individual diagnosis

Group 1 — BABE first Group 2 — Urotherapy first

Variables n=25 n=27
Result first treatment Bad Good Bad Good
Per diagnosis

OAB 12 (48%) 3 (12%) 2 (74%) 6 (22%)

DV 4 (16%) - 3(11%) 3(11%)

Combined OAB/DV 4 (16%) - 3 (11%) 7 (26%

Other 2 (8%) 3 (12%) 2 (7%) 3 (11%)
Result second treatment Bad Good Bad Good
Per diagnosis

OAB 1 (4%) 14 (56%) 2 (19%) 3 (11%)

DV - 4 (16%) 2 (7%) 4 (15%)

Combined OAB/DV 1 (4%) 3 (12%) 8 (30%) 2 (7%)

Other - 2 (8%) 3(11%) -
Result long term Bad Good Bad Good
Per diagnosis

OAB 2 (9%) 11 (48%) 2 (7%) 6 (22%)

DV 1(4%) 3(13%) 3(11%) 3(11%)

Combined OAB/DV 1 (4%) 3 (13%) 3 (11%) 7 (26%)

Other 1(4%) 1(4%) 4 (15%) 1 (4%)

We also explored the additional effect of BABE on urotherapy, by comparing the results
of BABE p urotherapy in the BABE first group vs urotherapy alone in the urotherapy first
group. No significant difference was found between these groups (Fisher’s exact test =
3.91, P=0.08).

DISCUSSION

Our results show that inpatient urotherapy is more effective than PFR by BABE in obtain-
ing continence based on ICCS criteria. The effectiveness of inpatient urotherapy was in
line with an earlier study on children with first-line therapy refractory OAB.?° Inpatient
urotherapy does not seem to improve pelvic floor functioning. No additional clinical
value was found of neither before nor after inpatient urotherapy. Our findings imply that
the presence or absence of adequate pelvic floor control does not seem to influence

urotherapy effectiveness.

To date, the exact relationship between voluntary pelvic floor control and incontinence
complaints in children has still not been clarified.’>® In a report®® that assessed a norma-
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tive population of children free of bladder and bowel disorders, it was described that 30%
of the children showed an inappropriate displacement direction of the pelvic floor during
voluntary contraction. The researchers concluded that the displacement direction and
coordination of the pelvic floor in healthy children is highly variable.!* Although several
studies report on the existence of inadequate or absent pelvic floor command, they do
not mention the clinical relevance of their findings nor the effect of PFM rehabilitation
on LUTD symptomatology.>®°2! A prospective study on children with functional LUTD
showed that improvement of the pelvic floor function was statistically significant after
an inpatient urotherapy program that includes biofeedback by anal plug EMG and real-
time uroflowmetry.! An additional evaluation of the long-term effects of treatment after
32 months noted that, albeit the incontinence complaints did not increase, voluntary
pelvic floor control had significantly declined.? Although the authors did report on pelvic
floor control and its rehabilitation, the influence of voluntary pelvic floor control on the
treatment outcome was not discussed.

To evaluate and compare our results, it is essential to consider the context of the study.
We assessed therapy refractory children who were unable to command the pelvic floor
at will. Before being referred to our tertiary referral centre, most children had received
standard urotherapy alone or in combination with a PFR program provided by a physi-
otherapist. There is some difference in both groups between the length and the diversity
of treatment before referral to our centre, with longer treatment in the BABE first group.
This may introduce some bias; however, we do not know in which direction. Children who
received longer first-line treatment could be more refractory or more eager to receive
third-line care. We note that our study includes a select patient group, as only 52 children
in eight years received specialized physical therapy in the form of PFR by BABE in combi-
nation with inpatient urotherapy, while 90 children are yearly admitted to our inpatient
urotherapy program. Though not stated in our standard protocol, the urologist may
consider enhancing proprioception by additional PFR preparatory to inpatient urotherapy.

Additional PFR by BABE did not enhance the outcome of our inpatient urotherapy program
that also includes biofeedback (i.e. real-time uroflowmetry). At long-term follow-up, there
was no significant difference between the group that received BABE before urotherapy
and the group that received BABE after urotherapy. Although not significant, the BABE
first group performed somewhat better. This may be because in their case, the follow-up
measure took place more shortly after finishing urotherapy. Our findings are in line with
a previous study that concluded that the biofeedback method of choice is of no interest
for the treatment outcome and that applying several kinds of biofeedback does not influ-

ence the outcome.?? If LUTD complaints cannot be satisfactorily relieved, the burden of
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functional LUTD is high. Whereas adequate treatment is paramount, we must conclude
that our results on additional intensive PFM rehabilitation must incite to re-evaluate the
need for this invasive treatment. Because several reports with heterogeneous methodolo-
gies have shown mutually comparable results, making it difficult to determine the key to
success, we consider that minimal invasiveness needs to be a major consideration in the
choice of treatment.>!*?22 |n the group of children with LUTD, attention to all aspects
of the child’s problem seems to be the cornerstone of therapy.?* Achieving cognitive

maturity with corresponding behaviour might be what counts most.?*%

Our study is the first to report on the added value of specialized physical therapy in the
form of PFR by BABE in the urotherapeutic treatment of children with functional LUTD.
Our findings indicate that rehabilitation of voluntary pelvic floor mobility, in combination
with urotherapy seems to have no influence on training outcome. Nevertheless, our results
do not provide a conclusive answer to the place of conventional pelvic floor physical
therapy in the treatment of children with LUTD because we specifically investigated BABE.
Although Wennergren and Oberg? introduced pelvic floor exercises for children in 1995, to
date, no standard protocol is available. To our knowledge, pelvic floor exercise has always
been combined with elements of standard urotherapy or biofeedback methods.#%17.27-29

Limitations to our study include the retrospective, nonrandomized assessment of data.
Because of the retrospective study design, a perineal ultrasonography was not routinely
performed during follow-up. This is a shortcoming of our study because no statement can
be made with reference to the effect of inpatient urotherapy on voluntary pelvic floor
mobility. Another limitation is the small sample size, although all children with LUTS who
received BABE in our centre in the last decade were included. The small sample may reduce
the power of our findings. Nevertheless, we consider our study as a valuable addition to
existing literature; it displays the daily clinical practice in our incontinence university clinic.

CONCLUSION

Based on these results, we conclude that PFR by BABE is significantly less effective than
inpatient urotherapy and does not improve the effect of inpatient urotherapy. Considering

the invasive nature of BABE, use of BABE should therefore be discouraged.
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APPENDIX 5.1

Diagnostics and treatment Physiotherapy Wilhelmina’s Children Hospital

Urinary
incontinence

Daytime
incontinence

RUWIs without incontinence

Physiotherapy only when there is
a paradoxal PF movement

Enuresis

A\ 4

Overactive bladder

Dysfunctional voiding
Underactive bladder

Return to urologist/
paediatrician P

Urotherapy second/third line

Age appropriate information
Posture

Uroflowmetry

Voiding frequency

Fluid intake

Adequate reaction on urgency
Constipation

Pelvic floor
paradox?
Insufficient force or
unable to relax
PFM?

PFM
assessment by
physical
therapist
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INFOBOX |
Treatment by urotherapist:
Instructions and therapy
- How to void
o Listen to stream
o Don't strain, relax
o Real time biofeedback
uroflowmetry
- How often to void (bladder
diary)
- When to void

INFOBOX Il

Diagnosed by:
- Perineal ultrasound
- Urodynamic investment
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Introduction: Urotherapy is considered the treatment of choice for children suffering daytime
urinary incontinence (DUI). Urotherapy intends to improve bladder dysfunction for children
with DUL. For children with refractory DUI, an intensive inpatient bladder training program
exists, which focuses on relearning, concentration on, and awareness of the bladder. Children’s
motivation and adherence are key determinants of a successful training outcome. It is
hypothesized that motivation endurance throughout the treatment process may be enhanced
by a serious game training tool, which could make the training more appealing and rewarding.

Objective: The study explores intrinsic motivation in children receiving bladder training for
DUI and whether using a serious game improves their intrinsic motivation.

Study design: In this pragmatic study, 50 children were allowed to choose among receiving
bladder training with (intervention group) or without the application of a serious game (control
group). At 4, 8, and 12 weeks of training, children and parents were asked to complete the
Intrinsic Motivation Inventory (IMI). Children also completed the Pediatric Urinary Incontinence
Quality of Life Tool (PinQ) before the start of the training and 6 months thereafter. At 6-month
follow-up, patients were ask to participate in two focus groups, wherein the children discussed
how they used the serious game and which improvements they would prefer.

Results: Children who received standard bladder training with the addition of a serious game
did not differ in terms of intrinsic motivation from children who underwent standard bladder
training only. Training results were equal in both the groups, with 80% good or improved.
Incontinence-related quality of life (QoL) improved accordingly.

Discussion: In contrast to the study expectations, this game did not increase intrinsic
motivation. Findings on training and QoL results are consistent with those of previous studies
in both interventions. Although a randomized design could have yielded more valid results
than this preference-based approach, the latter is more congruent with clinical practice.
In contrast to existing bladder diary apps, this game offers a combination of child-friendly
instructions, explanation of bladder (dys)function, and keeping a bladder diary. Mobile
devices are playing an increasingly important role in health care; therefore, an urotherapy
app can be a complementary therapeutic tool.

Conclusion: Most children find it attractive to combine bladder training with a serious game.
However, no added value was found regarding intrinsic motivation and training results. All
children with persistent DUI in this cohort were highly motivated to complete an intensive
bladder training program.

v = 2
S
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INTRODUCTION

Lower urinary tract (LUT) dysfunction is one of the most common conditions in children.!
Between 7 and 10% of school-aged children have recurrent urinary tract infections and/or
incontinence. Daytime urinary incontinence (DUI) has been shown to have a detrimental
impact on children’s quality of life (QoL).2? It is conceived as a physical impairment that
generates feelings of shame, sadness, and depression. Incontinence negatively impacts
children’s body image, self-esteem, and their social interactions. However, these can be
improved significantly with urotherapy, alleviating not only incontinence problems but
also associated negative psychosocial consequences.>™* A positive treatment outcome is
associated with improvement of QoL in all different types of incontinence.? Therefore,
improved QoL is an important treatment outcome after a child has successfully completed

urotherapy.®

For children suffering from functional DUI, urotherapy is considered the treatment of
choice. Urotherapy is a conservative treatment that intends to improve bladder dys-
function for children with LUT dysfunction symptoms. Standard urotherapy includes
psycho-education regarding bladder function, instructions about voiding habits, toileting
position, and treatment and prevention of constipation and urinary tract infections.*®
Specific interventions within urotherapy include pelvic floor biofeedback, neuromodu-
lation, behavioral modifications, and psychotherapy.®” Furthermore, specific cognitive
bladder training programs exist for children with refractory DUl which focus on relearning,
concentration on, and awareness of the bladder.5®° In the study hospital, the specific
outpatient urotherapy program usually exists as guided training at home for 12 weeks.
When outpatient urotherapy is unsuccessful, patients are offered inpatient urotherapy.
This 10-day cognitive training program is the most intensive form of urotherapy and is
reserved for therapy-resistant patients. The added value of cognitive training has been
demonstrated in various studies.>*®

For successful completion of training, motivation and adherence are essential, as in all
forms of cognitive behavior therapy (CBT).!! Urotherapy has integrated many components
of CBT, focusing on irrational and dysfunctional cognitions, thoughts, and beliefs. In
CBT, motivation to comply with treatment recommendations is crucial for successful
treatment, and a lack of motivation is associated with less favorable treatment outcomes,
poor treatment adherence, and premature termination of treatment.!! Because CBT and
specific urotherapy are closely intertwined, the same crucial importance of motivation in
urotherapy is expected, especially because it is lengthy and usually requires much effort
from the child and his/her parents.® Elementary principles and techniques for motivation
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are necessary to induce and maintain the child’s adherence to training. For example,
during the training phase at home, the child receives weekly supportive phone calls from
the urotherapist, trying to increase the child’s motivation to follow instructions, reducing

the risks of non-adherence, and improving training outcomes.

Increased motivation to follow training instructions could be achieved by making training
more appealing and rewarding. Serious games may satisfy these requirements and seem
viable alternatives for traditional forms of therapy in terms of effectiveness.!? Serious
games are interactive applications designed as a game but developed for ‘serious’
purposes: to educate and motivate users in educational, health, and other settings.
If executed properly, serious games are hypothesized (support training programs) by
making the learning process more enjoyable and increasing motivation by providing
incentives. Serious games can contribute toward a winning attitude; children want to
‘win the game’.'*1* Game-based approaches in health care are in an early developmental
phase. Initial studies suggest potential benefits for psychological and behavioral changes
and subsequent symptom relief.?® Serious gaming has ‘engaging potential’ by using
various mechanisms for change, including therapeutic processes and gaming features.'>'¢
Evidence for the effectiveness of games in the treatment of DUI is not available yet. It
is not known whether serious games can contribute to a higher intrinsic motivation for

treatment.

The study’s aim is to investigate whether urotherapy using a serious game is more moti-
vating for children in contrast to the traditional form of training with a pen and paper.
Higher motivation and consequently improved treatment results and QoL were expected

in the serious game group.

METHODS

Participants

Children starting urotherapy at the urotherapy clinic of the Wilhelmina Children’s Hospital
between January 2015 and July 2016 were invited to participate in this study. Children
were eligible if they aged between 8 and 14 years and if they and their parents were able

to complete Dutch questionnaires.
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Intervention

Children in the intervention and control group both received urotherapy according to a
standard protocol. In the intervention group, children additionally used a serious game
(see screenshots, Appendix 6.1). The voiding diary plays a key role during the training,
being a crucial feedback tool that makes the child aware of his or her voiding behavior.
The difference between both the groups was that children who play the game get an
extra incentive because they gain points by keeping the diary and extra points when they
do not leak for a whole day. With the gathered points, as a reward, children can play a
game at the end of each training day.

Procedure

The study was exempt from the Medical Research Involving Human Subject Act according
to the institutional review board. Children and parents were invited by their urotherapist
to participate in the study. If interested, parents and children (> 11 years) signed informed
consent. The allocation between groups was preference based, provided that the family
had an iPad at hand, needed for the serious game. If families did not have an iPad, they

could only train with a pen and paper.

Questionnaires, including the Pediatric Incontinence Questionnaire (PINQ), Parental
Motivation Inventory (PMI), and Intrinsic Motivation Inventory (IMl), were completed
at 5 different time points. Before the start of the bladder training, the child completed
the PINQ and parents completed the PMI. After 4, 8, and 12 weeks of training, the child
and parents completed the IMI. When training was completed, 6 months after the start,
the child completed the PINQ again.

One year after introducing the serious game, school-aged children and adolescents
were stratified into two separate groups. Subsequently, interviews were conducted to
investigate how children used the serious game and which improvements they would
prefer.

Instruments

Pediatric Incontinence Questionnaire
Children’s incontinence-related QoL was measured with the PINQ.*” The Dutch version
of the questionnaire consists of 28 items with a 5-point scale ranging from ‘0 = never’ to

‘4 = always’. Total scores range from 0 to 112, with higher scores indicating lower QoL.
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Parental Motivation Inventory

Parents’ motivation to participate in their child’s bladder training was assessed with the
PMI.** The PMI consists of 25 items with a 5-point scale ranging from ‘1 = strongly disagree’
to ‘5 = strongly agree’. Items are, for example, ‘Il am willing to work in changing my own
behavior as it relates to manage my child bladder problem’. The PMI has three subscales:
parents’ desire for the child to change (7 items), readiness to change parenting behavior
(14 items), and parents’ perceived ability to change parenting behaviors (4 items). High
scores indicate more motivation.

Intrinsic Motivation Inventory

Children’s motivation was measured with the IMI.28 The original IMI is used to assess
motivational structures for targeted activities such as sports, school, and medical
treatment. Originally, the IMl is a self-report questionnaire, so a parent-proxy version of
the IMI was constructed by replacing ‘I’ with ‘my child’. The IMI consist of 7 subscales of
which the enjoyment subscale (5 items) and the effort subscale (7 items) were used for
both children and parents. Items have a 5-point scale ranging from ‘1 = not true’ to ‘5 =
true’. Example items are ‘Il enjoy doing this training very much’ and ‘I put much effort in

this training’. Higher scores indicate more motivation.

Sample size calculation

The sample size was based on the possibility to detect a group difference of 1 point
on the IMI subscales at the last measurement. Based on a standard deviation of 1.24
derived from the literature,* 80% power, and 5% significance (two-sided), this results in
26 children per group. With an estimated attrition rate of 50%, a minimum sample size

of 52 children per group was needed.

Analysis

The difference between groups on the IMI was assessed using linear mixed models
with baseline correction. Fixed effects were included for treatment group and time of
measurement; no random effects were included. Effect size Cohen’s d was used to quantify
the difference between the groups on the IMI at the last measurement.?’ An effect size of
0.2 reflects a small effect, 0.5 a medium, and 0.8 a large effect.? For the PINQ and PMI,
group differences were analyzed using analysis of variance. In all analyses, a P-value <
0.05 was considered significant. Analyses were performed in IBM SPSS, version 21.0.2
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RESULTS

Patient characteristics

After invitation, 89 children and parents agreed to participate, but only 50 children and
both their parents returned a complete informed consent form. These 50 children did not
differ fromthe 89 original children on demographic ormedical characteristics, except for
low number of divorces in the consenting group. A large proportion (64%) of children had
earlier unsuccessful treatment elsewhere. After inclusion, 27 children trained with the
serious game (intervention), and 23 children trained with pen and paper (control) (Figure

6.1). Baseline characteristics of both groups are presented in Table 6.1.

Treatment results

Training results were measured in accordance with International Children’s Continence
Society (ICCS) standards." Training results were similar between groups: In the intervention
group, 52% (n = 14) had good results, 33% (n = 9) improved, 11% (n = 3) had bad results,
and 4% (n = 1) stopped training. In the control group, 48% (n = 11) had good results, 30%
(n=7)improved, 13% (n = 3) had bad results, and 9% (n = 2) stopped.

Total excluded:

89 children and parents agreed to participate
37 did not return informed consent

2 declined
ENROLLED 27 children ENROLLED 23 children
Intervention group (iPad) Control group (pen & paper)
| Child Parents I | Child Parents |
PMI PMI
T0 22 PINQ 11 fathers, 23 mothers 18 PINQ 5 fathers, 17 mothers
IMI-1 IMI-1
T 19 IMI-1 10 fathers, 18 mothers 18 IMI-1 10 fathers, 18 mothers
IMI-2 IMI-2
T 15 IMI-2 8 fathers, 13 mothers 12 IMI-2 10 fathers, 11 mothers
IMI-3 IMI-3
T3 12 IMI-3 8 fathers, 11 mothers 13 IMI-3 8 fathers, 13 mothers
T4 8 PINQ
Training results Training results
14 (52%) good, 9 (33%) improved, 11 (48%) good, 7 (30%) improved,
3 (11%) bad, 1 (4%) stopped 3 (13%) bad, 2 (9%) stopped

Figure 6.1: Participant flow.
IMI, Intrinsic Motivation Inventory; PMI, Parental Motivation Inventory; PINQ, Pediatric Incontinence Ques-
tionnaire.
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Table 6.1: Baseline characteristics

Intervention group Control group

Child characteristics (n=27) (n=23)
Age, mean (SD) 9.0 (1.5) 9.7 (1.6)
Girls 11 (41%) 10 (44%)
Diagnosis

Overactive bladder (OAB) 9 (33%) 13 (57%)

Dysfunctional voiding (DV) 12 (44%) 7 (30%)

Postponement (PP) 6 (22%) 3 (13%)
Failed urotherapy elsewhere 16 (59%) 16 (70%)
Family situation

Nuclear family 25 (93%) 22 (92%)

Step family 2 (7%) 2 (8%)
School situation

Regular elementary school 27 (100%) 22 (96%)

Special education - 1
PINQ score, mean (SD) 35.5(6.0) 36.1(12.4)

PINQ, Pediatric Incontinence Questionnaire; SD, standard deviation.

Quality of life

At baseline, the intervention group had a score of 35.5 (standard deviation [SD] = 6.0)
points on the PINQ, and the control group had a score of 36.1 (SD = 12.4) points. In both
the groups, scores decreased after 6 months to a score of 23.4 (SD = 8.0) points in the
intervention group and a score of 31.7 (SD = 14.9) in the control group. In both the groups,
this was a statistically significant improvement in the QoL (F (1,55) = 7.85, P < 0.001),
with a mean improvement of 13 points on the PINQ per month. Although the raw data
seem to suggest a faster increase of QoL in the intervention group, analysis showed no
significant interaction effect (F (1,55) = 1.73, P < 0.194).

Because the PINQ has no clinical norms, total scores are difficult to interpret. Nonetheless,
50% of all children reported that they would feel better about themselves if they did not
have their bladder problem. The PINQ also contains a question on how children expect
to feel after they complete training (the same/a bit better/much better/completely
better). These scores were related to children’s total outcomes on the PINQ. Children
who indicated at baseline that they would feel a bit better had a total score of 32.4 after
completion of training. Children who indicated that they would feel much better had a
total score of 26.4, and children who indicated that they would feel completely better
had a score of 23.2. This suggests that children can adequately estimate the effect that
training will have on their QoL (Appendix 6.2).
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Parental motivation

Parental motivation was high in both the groups, with PMI scores around 4 on a scale of
1-5 (Table 6.2). Both mothers and fathers estimated their ability to change their parenting
behaviors somewhat lower than their desire for the child to change and their readiness
to change their parenting behavior. There were no statistically significant differences

between the intervention and control group in parental motivation.

Table 6.2: Parental motivation in the intervention and control group measured at baseline with the PMI

Mother Father

Intervention Control Intervention Control

Subscales PMI n Mean SD n Mean SD n Mean SD n Mean SD

Desire 24 4.1 0.5 18 4.1 0.5 11 4.2 0.5 5 4.0 0.7
(7 items)

Readiness 23 43 0.4 18 4.2 0.4 11 4.2 0.5 6 4.1 0.7
(14 items)

Ability 24 3.7 0.6 18 3.7 0.6 11 3.9 0.6 6 3.4 0.8
(4 items)

Child motivation

Children self-reported effort in both the groups was high with scores around 4 on a scale
of 1-5. Children who expected to obtain a good treatment result on the PINQ also scored
higher on motivation (r = 0.44, P < 0.05). Parent reports of child effort were a bit lower,
with fathers having lower estimates than mothers. The same correlation was found for

enjoyment, although all scores were somewhat lower than those for effort.

Table 6.3 shows that there were no significant differences between the groups on child-
reported effort and enjoyment. Furthermore, both effort and enjoyment remained
stable during the training period. For child motivation reported by mothers, there were
no significant effects for effort and enjoyment. For father-reported effort of the child,
no significant effects were found, but there was a significant effect for father-reported
enjoyment. Fathers in the intervention group showed reduced enjoyment at 8 weeks,
whereas fathers in the control group scored unchanging enjoyment during the training
period. For all models, the effect sizes were small (Cohen’s d = 0.2-0.44).
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Focus group

Both school-aged children and adolescents in the focus groups reported to like training
with the serious game. They would like to get updates of their training progress during
the game. The adolescents would like to have detailed information about their bladder

problem included in the game.

DISCUSSION

Over the years, several studies have been conducted to improve urotherapy effectiveness
in children.® The present study investigated whether the addition of a serious game might
increase motivation. No significant differences were found in intrinsic motivation between
children after urotherapy with a serious game or pen and paper. Training results in both

the groups were also similar.

The study findings on training results are consistent with those of previous studies, which
demonstrated cure or improvement rates after urotherapy ranging from 60 till 75%.7-°1°
In this study, both the groups were trained according to a standard protocol, receiving
the same instructions and weekly supportive phone calls. In this study, a serious game
had no added value regarding training results.

In the both groups, children had high intrinsic motivation, and parents were motivated
to support their child during treatment. The study center is a last resort for refractory
incontinence, and this might explain the high intrinsic motivation. Application of the
serious game in another setting with less motivated patients before treatment might
influence treatment results, especially the added value of a serious game.

With support and therapy, self-esteem can improve. The cognitive components of
this urotherapy program address incontinence and associated negative psychosocial
consequences. Incontinence-related QoL in the both groups was found to be improved
significantly after six months of urotherapy. These findings are consistent with those
of other studies reporting on QoL in children with incontinence.’”*2* The extensive
improvement of QoL in the study sample may reflect the severity of children’s bladder
problems because their QoL was severely affected before intervention by having years
of bladder problems. Others have showed that children with higher incontinence
frequencies have a more significant improvement of QoL after treatment than children
with lower incontinence frequencies.® In addition, multiple studies reported comparable
improvements in self-confidence and impact on the families in relation to a child with

bladder problem. %323
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In contrast to the authors’ expectations, no significant differences were found between
the groups on the intrinsic motivation components effort and enjoyment. This serious
game, in its current form, has no added value over standard practice. Many children
prefer to train with a serious game, but it did not increase their motivation or training
results. However, the functional value of the application was not examined, which also can
predict engagement in a positive way. Research into a bladder diary app showed higher
engagement of children, although impact on treatment results remains unknown.* The
benefits of serious games in terms of motivation and engagement are often attributed
to their entertainment aspect.®'® However, the game element in this serious training
was probably not sufficiently entertaining to increase motivation. Information from the
focus groups showed that children preferred a more active game that keeps track of their
training progress. Furthermore, instead of playing the same game repeatedly, they would
like to play a game with a storyline with cliff-hangers at the end of each day.

Strengths and limitations

The strength of this study is that this is the first study into the effectiveness of a serious
game to complement standard urotherapy. In addition, not only training results but also
important factors in the process of achieving these results by longitudinal measurements
of intrinsic motivation of children and parents during treatment were looked at.

The most important limitation of this study is the reduced statistical power because the
calculated sample size was not reached due to loss to follow-up. Owing to the reduced
power, a difference between the serious game and pen and paper group was not detected
although it exists in the population (type Il error). However, small effect sizes in motivation
were found; therefore, it is expected that with a larger sample size and accurate power,

group effects will remain modest.

A second limitation is the fact that longitudinal measurements were hampered by
study dropout. Another limitation is the enrollment of the children. The inclusion was
preference based and depended partly on the availability of an iPad. A randomized design
could have yielded different results, but the preference-based design resembles clinical
practice in which only children with a suitable device use the serious game. Therefore,
the results obtained by this preference-based approach are valid for clinical care. The
use of medical apps is becoming more prevalent and is a typical example of the impact
technology has on medical practice nowadays.'>!? Several apps exist to capture bladder
diaries, but no gaming apps are available which offer a combination of child-friendly
instructions, explanations of lower urinary tract function, and keeping a bladder diary.
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Perspective

Although this serious game had no beneficial effects, serious games could be a promising
new tool for urotherapy.’?>** The combination of serious and fun components provide a
playful interaction and give the child a playful insight into complex subject matters. In
current society, serious games are welcome complementary tools for standard urotherapy,
and they can bring support for children in situations during which they receive less

intensive treatment of an urotherapist.

CONCLUSION

Children with persistent bladder problems are highly motivated to complete a bladder
training program. Although children find a serious game attractive, no added value was
found regarding intrinsic motivation or training results in a tertiary urotherapy center.
Training results were good in both the groups, with 80% good or improved. Incontinence-
related QoL improved accordingly. Children indicated that certain aspects of the game
could be improved to increase its motivational strength. However, as it is now, this serious
game has no added value in the treatment of lower urinary tract symptoms in children.
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APPENDIX 6.1: EXPLANATION OF THE SERIOUS GAME

The serious game is based on the cognitive behavioral aspects of the specific urotherapy
program as given in the Wilhelmina Children’s Hospital, a tertiary reference center.
Looking for new ways to improve therapy adherence by stimulating children’s agency
and self-efficacy, we asked a game developer to design the app. The voiding diary plays
a key role during urotherapy and has been made digital and interactive. Printed graphics
and rules about training and bladder function were converted into digital educational
animations, providing information on how the bladder and pelvic area function and what

causes incontinence.

The game is based on a layered story in which the child has to save princess Mina. At
the start of the game, princess Mina is kidnapped by monsters. The child can fight these
monsters to free Mina at the end of the game (which is the end of the treatment).
Depending on how well the child battles the monsters, he or she gains coins. With these
coins the child can buy equipment to become a better fighter. Lives can be gained by
completing the voiding diary every day. If children stay dry and void sufficiently, they

gain more lives. Important is that children are always rewarded for completing the diary.

Below we will walk you through screenshots of the game.

Screenshots game

GEEM POSGEM, I WELT TIOE DAT £
WET ] DI N D TRAMING
M VAR GORD EDERE KITR B OF € HAT
OF DR0OG WaS.

»

. LUTS! | am stuck af the boralory
-@ Ploise coma halp mal
L

Storyline, princess Mina explains the how the game works and bladder training strategies.
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Start page, each bullet is a training day (90 bullets = 3 months training). The child crosses
a landscape during training. After each week of training, there is a new monster to fight
and the landscape changes.

After a click on the bullet the bladder diary appears.

t () of droog (8] vi

Kltm Middag nda Frvond
atan  middeg Nemiddeg  eten

When the child stays dry or voids more than 7 times during the day, the child will gain extra
bonus hearts = lives for the battle and also written compliments appears (grey box) as
positive reinforcement. After filling out the bladder diary the child has to play the battle.
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After keeping the bladder dairy the child Youhave won, Mina encourages the child to
plays the battle against the monsterstofree  hold on to the training rules.
Princess Mina.

¥ L L

Menu to bladder function animations, voiding  Screenshot of training progress; each training
rules, and training rules. week can be evaluated by voiding frequencies
and wetting accidents per day.
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APPENDIX 6.2

Quality of life items on which most children indicate problems

Answer ‘often’ or ‘always’ (%)

Before training After training
Do you think that you would feel better about yourself if 50% 18%
you didn’t have a bladder problem?
Does your bladder problem ever make you feel bad about 34% 6%
yourself?
How often does your bladder problem make you feel 30% 8%
different to other people?
Do you think that dad or mum worry about you because 28% 10%
of your bladder problem?
Do you get embarrassed because of your bladder 28% 8%
problem?
How often do you think that the bladder problem will 18% 16%

never go away?
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GENERAL DISCUSSION

In the following part of this thesis, the previous chapters are summarized and discussed
in a broader perspective. This thesis concerns urotherapy, which is an essential part
of treatment for children with daytime incontinence, constipation, and bedwetting.
Functional daytime urinary incontinence is a common problem in school-aged children
and a frequently presenting condition in pediatric health care.? Over the last decades,
insight into pathophysiology, clinical symptoms, and treatment of this problem has
increased. The major change has been from routine referral for psychological or behavioral
problems up till the early 1990s into the realization that incontinence is a multifactorial
problem that can be solved. Nowadays, diagnostic and therapeutic pathways are clear
and applicable to most of the children with functional incontinence.>>> Many studies
have established the effectiveness of urotherapy. However, the effects of individual
components of urotherapy need to be studied in more detail, to provide more efficient

approaches tailored to the needs of individual children.

Incontinence: a multifactorial etiology

There is high variability in the reported prevalence of day-and nighttime urinary incon-
tinence. Although, consensus as to what constitutes a wet episode, the definitions of
deviant voiding frequency, the severity of complaints, and urgency in the diagnosis of
functional incontinence varies. For example, regarding the definition of daytime incon-
tinence Sureshkumar et al. classify all children with a wet episode once every 6 months
as incontinent, whilst Swithinbank et al. classify children as incontinent when they are
wet > 2 per week.5” This makes it difficult to combine studies in a review. Furthermore,
the studies include different ages, are mainly based on proxy-reports by parents, and
the majority is cross-sectional in design. Variations in incontinence prevalence may also
result from societal norms and cultural differences. In several non-Western countries,
for example, parents start toilet training at a much earlier age than parents in Western

countries, due to tradition and because of a lack of diapers.®

No single factor can be identified as a cause of functional incontinence. The etiology of
functional incontinence is multifactorial and there are complex interactions between
different causes. There is evidence for demographic, environmental, genetic, physical,
and behavioral causes.® Children with children with Autism Spectrum Disorder (ASD) may
be at risk for incontinence due to their sensory and attention problems.* Dirty toilets in
school may increase this risk for dysfunctional voiding because children may avoid going

to the toilet. Also bladder anomalies may play an important role. A better understanding
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of the unique role of each risk factor is important for early recognition and prevention,

and for more efficient and effective personalized treatment.

Up to now, we do not know why some children with functional incontinence are refrac-
tory to treatment. Older studies regarded incontinence as a behavioral problem, while
current research focusses primarily on genetic and neurobiological factors contributing to
incontinence.'** We propose that some neurobiological factors such as sensory problems
may physically influence incontinence and may also elicit behavior that contributes to
incontinence.' Although, not in this thesis because inclusion is not complete, we are cur-

rently investigating the role of sensory problems in the etiology of functional incontinence.

Urotherapy: a multidisciplinary approach

The best treatment approach to functional incontinence is in a multidisciplinary team.
Specific indications for treatment are established during a multidisciplinary intake
leading to a clinical diagnosis. For most children with functional incontinence, a standard
diagnostic assessment is sufficient to detect incontinence and comorbid disorders and
to rule out organic causes. This standard assessment consists of a physical examination,
uroflowmetry, ultrasound, a bladder diary, micturition anamnesis, and psychosocial
anamnesis. The diagnostic process should result in the identification of a specific sub-
type of incontinence and comorbid physical and psychosocial problems.’> Apart from
diagnostics and diagnosis, the multidisciplinary approach comprises prescription of
pharmaceutical medication for constipation, overactive bladder and, when present,
urinary tract infections by the attending physician. In select cases, botulinum-toxine
injections in the detrusor muscle may be considered and some may try alpha blocking
agents for dysfunctional voiding.® The evaluation of the effects of this medication and
the need to adapt treatment schedules is coordinated by the urotherapist in cooperation
with the physician. Urotherapy is performed by trained healthcare professionals with a

nursing, physiotherapeutic, psychological, and/or medical background.

Urotherapy is a treatment that addresses all aspects of incontinence, leading to the
best clinical outcome. This includes somatic, psychosocial, and behavioral problems and
quality of life. The latter is an important indicator of the severity of incontinence and
comorbidities.'” Although urotherapy is becoming the gold standard as the treatment
of functional incontinence, it is still not a standardized treatment.? The pitfall of this
lack of standardization is that every professional practices urotherapy according to their
own profession, thereby ignoring aspects of the problem that are beyond their own
specialization.
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The most elaborate form of urotherapy is specific urotherapy. In this form of urotherapy,
knowledge from different professions is combined to treat children refractory to standard
urotherapy.’® Biofeedback, cognitive behavioral therapy, psychotherapy, and education
are essential elements of specific urotherapy. These elements help children to learn
how to void, when to void, and how often to void. Repeated practice is necessary to
habituate the new voiding behavior. Our study in Chapter 3 on the outcomes of clinical
bladder training shows that 10 days of direct feedback and support from the urotherapist

contributes to a successful outcome.

Within specific urotherapy, the focus is often on pelvic floor rehabilitation using biofeed-
back training. The theoretical benefit of biofeedback is that children are able to directly
visualize the activity of their pelvic floor muscles by EMG or uroflow curve.? This helps
them to adequately relax the pelvic floor, thereby decreasing their dysfunctional void-
ing pattern. But it is a misunderstanding that biofeedback alone is sufficient to achieve
continence. In practice, professionals inadvertently combine biofeedback with education
and instructions. By doing this, they also provide behavioral modification whilst thinking
that they only provide biofeedback training. In urotherapy, biofeedback is merely one
of the elements of treatment, type of biofeedback is not a decisive factor in treatment
outcome.?® Our study in Chapter 5 showed that biofeedback with anal balloon expul-
sion was significantly less effective than specific urotherapy with real-time uroflow
biofeedback and that anal balloon expulsion did not improve the effect of this specific

urotherapy treatment

A unique element of specific urotherapy in the Wilhelmina Children’s Hospital is the
central inhibition training for children with a refractory overactive bladder and/or small
bladder volume, as described in Chapter 3. The first step in central inhibition training is
remaining dry by maintaining a high voiding frequency, without the use of anticholiner-
gics. Secondly, when the children are confident that they can stay dry, they are instructed
to gradually increase the time to hold their urine (inhibit their urge). Central inhibition
training is an intensive treatment, but the psychological benefits for children are large
and they usually show a steep learning curve. As far as we know, other centers do not
provide central inhibition training. They often treat children with overactive bladder with
urotherapy in combination with medication suppressing bladder overactivity, botulinum
toxin injections and/or neuromodulation.?*2® Although also effective, this method does
not give children the satisfaction of overcoming their problems themselves, as central

inhibition training does.

When standard or specific urotherapy is not effective, the reason has to be identified.

In our experience, the reason for failed training is often that children were too young in
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development to benefit from the treatment, thus immature at the start of urotherapy.
When the child reaches school age, parents experience social pressure about the
incontinence of their child (Chapter 2). In the Netherlands, this means that children are
expected to be continent at the age of four years whilst urotherapy is only possible from
the age of six onwards. Despite this, many therapists are inclined to address parents’
problems by starting urotherapy at too early age. Most parents can be satisfied by
reassuring them that there is no threatening medical problem and that treatment is less
frustrating and more successful when the child is more mature. In Chapter 3 and from
literature, we found that a higher age during specific urotherapy was a predictor for a
good treatment outcome.

The role of pelvic floor rehabilitation in urotherapy

In Chapter 5, we describe that pelvic floor rehabilitation by biofeedback with anal
balloon expulsion is significantly less effective than specific inpatient urotherapy and
does not improve the effect of specific inpatient urotherapy. This question arose because
opinions in our team were divided on the effect of intensive pelvic floor rehabilitation
on different types of incontinence. Our findings imply that the presence or absence of
adequate pelvic floor control does not influence the severity of incontinence. Other
studies corroborated these findings.2>?*% However, physiotherapists generally provide
pelvic floor rehabilitation exercises for incontinence complaints. When the exercises
are properly understood and executed by the child, voluntary control of the pelvic floor
may be reached. In general, physiotherapeutic treatment is then completed. This does
not mean that children achieved continence since up till now it is unclear whether there
is a relation between adequate pelvic floor control and incontinence. Approximately
30% of the normative population has inadequate pelvic floor control without being
incontinent.? In our opinion, pelvic floor rehabilitation is one of the tools in urotherapy
to teach children to recognize feelings of urgency and to empty their bladder in a proper

way. Gaining complete control of the pelvic floor is not a goal in itself.

Innovations in urotherapy

The rapid development of new technologies in healthcare also influences treatment
opportunities for incontinence. Usually, existing treatment practices are translated into
digital solutions. An example of this is the development of our serious game for urotherapy
(Chapter 6). This game encompasses education, instructions, bladder diaries, and feedback
in a playful environment. The purpose of the game was to motivate children to maintain
their bladder training over a 3-month period. In Chapter 6 we found that the game in its
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current form had no added value over the standard practice. Although children prefer
to train with a serious game, it did not increase their motivation. Probably, the game did
not fulfill the children’s expectations. In general, games for healthcare purposes lack the
graphics and storyline that children expect based on their experience with commercial
games. In our opinion, effective serious games need the same level of expertise and
resources as the professional gaming industry. Furthermore, they should not be a direct
translation of the healthcare practices, but be developed based on game design principles.

In urotherapy, it is important that technological innovations support the therapeutic
process and do not take over functions. An example of the difficult balance between
these two mechanisms is seen in the pilot study of the SENS-U bladder sensor (Chapter
4). The SENS-U measures bladder filling and alarms the child when it is time to go to
the toilet. Although the device functions well, there is a high risk that children become
dependent on the device instead of learning how to change their voiding behavior. This
reflects the different insights between health technicians and healthcare professionals.
In the urotherapy practice, the SENS-U will be used differently than the intended use by
the developers. In our opinion, it is not the final solution for functional incontinence, but
can be a valuable new tool that spurs the learning process of the child to timely react
upon the bladder signal.

Urotherapy in science and society

In the Netherlands, by now, urotherapy is an established treatment in most general
hospitals. However, urotherapy protocols differ between providers and therefore results
are difficult to compare. Furthermore, treatment outcomes are reported rarely. Because
of this, there is a lack of knowledge about best treatment practices in terms of outcome
and cost-effectiveness. The group of children with incontinence is very heterogeneous
which complicates scientific research because it is difficult to gather large uniform samples
with sufficient power. The usual solution for research with small samples is a multicenter
design. Due to differences in diagnostics, treatment protocols, and the definition of a good
outcome, multicenter studies do not completely solve this problem. To enable research
into the etiology of incontinence and the effectiveness of urotherapy, standardization
of diagnostics, urotherapeutic treatment, and registration is paramount. Currently the
ICCS is writing a standardization paper on urotherapy protocols.

Given the above-mentioned problems, the literature on the etiology of incontinence
and the effectiveness of urotherapy is sparse and many questions remain unanswered.
Thus, urotherapy relies on the literature on cognitive behavioral therapy, physiotherapy,
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and pediatric urology and nephrology. It is important to gather knowledge on new
insights in these disciplines and constantly consider whether they may have an added
value for urotherapy. The ultimate goal is to develop urotherapy into an evidence-based
specialization. Therefore, there is a need for more scientifically educated urotherapists
and continuous education for urotherapists is essential.

Besides educating specialized professionals such as urotherapists, enhancing knowledge
aboutincontinence in both the general population and professionals working with children
is important. For example, primary schools refuse children that are not toilet trained,
whilst part of the children is not physically and/or developmentally mature enough to be
completely continent at this age. Furthermore, in school classes children are often not
allowed to go to the toilet at will which can lead to postponement behavior and makes
them stand out in the group if they need to go often.?” Part of health care professionals
lack knowledge about functional incontinence, resulting in referrals that may be either
too early or too late. Nonetheless, except for major congenital anomalies, diagnosing
incontinence at a young age remains difficult, because the diagnostic criteria are not
clear cut.”® The research outcomes could facilitate the diagnostic process by enabling
early detection of incontinence through the determination of risk-factors. In the last
decades, we gathered a lot of knowledge that improved the way to treat incontinence

in children. Many questions remain unexplored and will be a source for future studies.
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SUMMARY

The aim of this thesis was to study specific urotherapy as treatment of functional incon-
tinence in children, in order to improve of care for incontinent children. Daytime urinary
incontinence is a common problem in school-aged children and severely affects quality
of life. Urotherapy is an effective treatment for all forms of functional incontinence, it
has a success rate of 56% within one year, compared to a spontaneous recovering rate
15% per year.

In Part I, What is functional incontinence and how to treat it, we described the etiol-
ogy, definition, and treatment of daytime urinary incontinence. Chapter 2: Daytime
incontinence in children and adolescents is a review on functional incontinence and its
treatment from a urological, pediatric, and urotherapeutic point of view. Daytime urinary
incontinence is common in the pediatric population and affects approximately 8% of
7-year-old children. Risk factors for incontinence can be genetic, demographic, environ-
mental, behavioral, and physical. There are several subtypes of daytime incontinence,
which are classified according to their relation to the storage and/or voiding phase of blad-
der function. These subtypes are overactive bladder, dysfunctional voiding, underactive
bladder, voiding postponement, stress incontinence, giggle incontinence, and nocturnal
enuresis. Treatment of functional incontinence is multidisciplinary and complex due to
the intertwined causes of incontinence and an adequate diagnosis is needed to be suc-
cessful. Diagnostic instruments are the medical history, bladder diaries, questionnaires,
flowmetry, and ultrasonography. Urotherapy is the first treatment of choice for all types of
functional incontinence. It combines education, instructions, demystification, behavioral
modification, lifestyle advice regarding fluid intake, registration of voiding frequencies,
voiding volumes and incontinence episodes, added with support and encouragement to
children and their parents. Comorbid problemes, like constipation, urinary tract infections,
and behavioral problems should be treated before and during urotherapy. For some
comorbidities and severe bladder overactivity, medication may be necessary. Although
usually effective, urotherapy does not always resolve incontinence. More specific diag-

nostics, specific urotherapy and in special cases surgical treatment may be necessary.

In Part ll, Results of specific urotherapy, we evaluated the outcome of specific inpatient
urotherapy for children with overactive bladder. Chapter 3: Central inhibition of refractory
overactive bladder complaints, results of an inpatient training program concerns children
with an overactive bladder (OAB), a subtype of incontinence that is characterized by
symptoms of urgency, often combined with frequent urgency urinary incontinence or
nocturnal enuresis. Approximately 20% of children with OAB are considered to be therapy
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resistant for urotherapy. In our hospital, we have developed inpatient urotherapy with
cognitive and biofeedback training, for refractory incontinence. Essential part of this training
is teaching the children central inhibition of bladder signals to suppress bladder overactivity.
We evaluated the effect of inpatient urotherapy for children with OAB after failed urotherapy
elsewhere. For 70 children, we evaluated the training results 6 months and 2 years after
completion. Refractory OAB complaints were cured or improved in 74.3% of participating
children 6 months after training. After 2 years, 70.5% of children were cured or improved
according to International Children’s Continence Society (ICCS) criteria. A higher age during
inpatient urotherapy was found to be a predictor for better training outcome.

In Part 11, A critical appraisal of innovations in urotherapy we discussed current practices
and innovations in urotherapy. In Chapter 4: Pelvic floor rehabilitation in children with
functional LUTD: does it improve outcome? we compared specific urotherapy with and
without pelvic floor rehabilitation by biofeedback with anal balloon expulsion (BABE). We
included 52 children with functional incontinence and inadequate pelvic floor control.
The group that received BABE prior to inpatient urotherapy consisted of 25 children, and
the group that received BABE after inpatient urotherapy consisted of 27 children. There
was no significant additional effect of BABE on specific inpatient urotherapy, based on
treatment success according to ICCS criteria. Of the children that received BABE, 58%
showed improvement on pelvic floor control. This implies that training pelvic floor control
in combination with inpatient urotherapy does not influence treatment effectiveness
on incontinence. Our results do not provide a conclusive answer to the effectiveness of
pelvic floor physical therapy in the treatment of children with LUTD, since we specifically
investigated BABE. Considering the invasive nature of BABE, the use of BABE to obtain
continence should therefore be discouraged.

A potential new tool for urotherapy is described in Chapter 5: SENS-U: clinical evaluation
of a full-bladder notification — a pilot study the feasibility of the SENS-U as a full-bladder
notification system in active children during inpatient urotherapy is investigated. The
SENS-U is a small, wireless ultrasonic sensor, which continuously monitors the bladder
filling and provides a personalized notification when it is time to go to the toilet. As soon
as the personalized threshold (almost full bladder, 90%) is reached, the SENS-U provides
a signal. Fifteen children participated one day each and in total 41 notifications were
sent by the SENS-U. In some cases, children voided before the threshold to get a signal
was reached. Children responded positively to the notification of the SENS-U every time,
except once when a child was distracted. The SENS-U provided a notification at a median
bladder filling of 92.9%. The SENS-U was able to monitor the natural bladder filling, during

regular physical activity in children as required.
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The contribution of apps to adherence to urotherapy is studied in Chapter 6: Does a
serious game increase intrinsic motivation in children receiving urotherapy? In this
chapter, we investigate whether a bladder training app improves intrinsic motivation to
comply with urotherapy, which is a key determinant of a successful outcome. A serious
game could make the training more appealing and rewarding. We included 50 treatment
refractory incontinent children that were allowed to choose between receiving specific
inpatient urotherapy with or without the application of a serious game. Children who
received standard bladder training with the addition of a serious game did not differ in
terms of intrinsic motivation from children who underwent standard bladder training only.
Results of the motivation questionnaire showed that all children were highly motivated to
train. Training results were equal in both groups, with 80% good or improved according
to ICCS criteria. Incontinence related quality of life improved accordingly. Most children
found it attractive to combine bladder training with a serious game. Children indicated
that certain aspects of the game could be improved to increase its motivational strength.
However, as it is now, our serious game has no added value in urotherapy.

In Chapter 7: Summary and general discussion we discussed the multifactorial etiology
of incontinence and the importance of a multidisciplinary treatment approach. Different
aspects of urotherapy such as pelvic floor rehabilitation, biofeedback, and technological
tools are considered. We conclude that specific urotherapy is a successful treatment for
children with functional incontinence. It addresses all aspects of incontinence, requires
expert knowledge, and leads to the best clinical outcome. Urotherapy has become
the gold standard for treatment of functional incontinence, although it is still not a
standardized treatment. The ultimate goal is to develop urotherapy into an evidence-
based specialization within the multidisciplinary treatment of incontinence.
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SAMENVATTING

In dit proefschrift onderzoeken we specifieke urotherapie als behandeling voor functionele
incontinentie voor urine bij kinderen, met als doel het verbeteren van de zorg voor deze
kinderen. Incontinentie overdag is een veel voorkomend probleem bij kinderen in de
basisschoolleeftijd en heeft een negatieve invloed op kwaliteit van leven. Urotherapie is een
effectieve behandeling voor alle vormen van functionele incontinentie, met een succesvolle
uitkomst van 56% binnen één jaar, tegenover een spontaan herstel van 15% per jaar.

In Deel I, Wat is functionele incontinentie en hoe wordt het behandeld beschrijven we
de etiologie, definitie en behandeling van urine-incontinentie overdag. Hoofdstuk 2:
Incontinentie overdag bij kinderen en adolescenten is een literatuurstudie naar functi-
onele incontinentie en de behandeling daarvan, vanuit urologisch, kindergeneeskundig
en urotherapeutisch perspectief. Incontinentie overdag komt voor bij ongeveer 8% van
de 7-jarigen en veel van deze kinderen worden verwezen naar de kinderarts. Genetische,
demografische, omgevings-, gedragsmatige en lichamelijke factoren kunnen een risico
zijn voor het ontwikkelen van functionele incontinentie. Er wordt onderscheid gemaakt
tussen problemen met blaasopslag en blaaslediging. Gebaseerd op dit onderscheid is er
een verdeling in verschillende subtypen van incontinentie: overactieve blaas, dysfunctio-
nal voiding, onderactieve blaas, uitstelgedrag, stress-incontinentie, giechel-incontinentie
en bedplassen. De behandeling van functionele incontinentie is multidisciplinair en
vaak complex vanwege de onderlinge verwevenheid van de oorzaken. Om functionele
incontinentie succesvol te kunnen behandelen is een adequate diagnose noodzakelijk.
Diagnostische instrumenten zijn de medische anamnese, plasdagboek, vragenlijsten,
uroflowmetrie (registratie van de plasstraal) en echografie van nieren, blaas, endeldarm
en bekkenbodem. Urotherapie is de eerstelijnsbehandeling voor alle vormen van func-
tionele incontinentie. Het bestaat uit uitleg van normale en abnormale werking van de
urinewegen, instructies, demystificatie, gedragsverandering, leefstijladvies over vochtge-
bruik, registratie van plasfrequentie, plasvolumes, natte incidenten en ondersteuning van
kind en ouders. Bijkomende problemen zoals obstipatie, urineweginfecties en gedrags-
problemen moeten vooraf of tijdens de urotherapie behandeld worden. Bij sommige
bijkomende zaken zoals obstipatie en bij ernstige klachten van een kramperige blaas kan
medicatie noodzakelijk zijn. Urotherapie is vaak effectief. Als kinderen met urotherapie
niet continent worden kan meer uitgebreide diagnostiek, specifieke urotherapie, extra

medicatie en soms chirurgie nodig zijn.

In Deel Il, Resultaten van specifieke urotherapie evalueren we de uitkomsten van
klinische urotherapie voor kinderen met een overactieve blaas. Hoofdstuk 3: Centrale
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inhibitietraining voor therapieresistente kinderen met een overactieve blaas, uitkom-
sten van klinische urotherapie gaat over kinderen met een overactieve blaas (OAB). Dit
is een subtype van incontinentie met als hoofdkenmerk symptomen van onbeheersbare
plasdrang en eventueel in combinatie met een hoge plasfrequentie en/of bedplassen.
Ongeveer 20% van de kinderen met OAB zijn therapieresistent voor urotherapie. Voor
deze kinderen hebben we in ons ziekenhuis een klinische training ontwikkeld op basis
van cognitieve gedragstherapie en biofeedback. Een essentieel onderdeel van deze trai-
ning is het leren onderdrukken van signalen van aandrang van een overactieve blaas.
Dit noemen we centrale inhibitietraining. We onderzochten de effectiviteit van de klini-
sche training bij 70 kinderen met therapieresistente OAB. Uitkomsten werden gemeten
volgens International Children’s Continence Society (ICCS) criteria. Zes maanden na het
afsluiten van de training was 74,3% van de kinderen genezen of waren de klachten van
OAB verbeterd. Twee jaar na de behandeling bleek dat bij 70,5% van de kinderen de
klachten waren verdwenen of verbeterd. De leeftijd van het kind bleek de uitkomst van
de training mede te voorspellen, hoe ouder het kind, hoe beter de uitkomst.

In Deel ll1, Een kritische evaluatie van innovaties in urotherapie bespreken we de huidige
praktijk en innovaties binnen de urotherapie. In Hoofdstuk 4: Bekkenbodemtraining voor
kinderen met functionele LUTD: verbetert het uitkomsten? Vergelijken we specifieke
klinische urotherapie met en zonder bekkenbodemtraining met anale ballon biofeedback
(BABE). We includeerden 52 kinderen met functionele incontinentie en een onvermogen
om op commando hun bekkenbodem te sturen/aan te spannen. Eén groep bestond uit
25 kinderen en kreeg BABE voor start van de klinische urotherapie. De andere groep
kreeg BABE na klinische urotherapie en bestond uit 27 kinderen. Het toevoegen van
BABE had geen significant effect op de uitkomsten van specifieke klinische urotherapie,
gemeten volgens ICCS criteria. BABE had wel effect op de bekkenbodem, bij 58% van de
kinderen verbeterde de aansturing. Dit suggereert dat het trainen van de bekkenbodem
in combinatie met specifieke urotherapie geen aanvullend effect heeft op het bereiken
van continentie. Omdat we alleen naar BABE hebben gekeken, kunnen de resultaten van
deze studie niet naar andere vormen van bekkenbodemtraining in de behandeling van
incontinente kinderen worden gegeneraliseerd. Omdat BABE een invasieve behandeling

is, ontmoedigen we het gebruik van BABE in de behandeling van incontinentie.

Een potentieel nieuw hulpmiddel voor de urotherapie is beschreven in Hoofdstuk 5: De
SENS-U: klinische evaluatie van een blaassensor — een pilotstudie. Tijdens klinische
urotherapie werd bij normaal actieve kinderen de bruikbaarheid van de SENS-U onder-
zocht. De SENS-U is een draagbare echografische sensor, die continu de vulling van de

blaas meet en een signaal geeft als de blaas vol is en het kind naar het toilet moet. Er kan
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vooraf een persoonlijk niveau van blaasvulling worden ingesteld (bijvoorbeeld een bijna
volle blaas, 90%) waarop de SENS-U een signaal geeft. Aan deze pilot deden 15 kinderen
ieder één dag mee en werden in totaal 41 signalen gegeven door de SENS-U. De signalen
werden soms niet gegeven omdat kinderen naar het toilet gingen voordat het ingestelde
niveau van blaasvulling was bereikt. Kinderen reageerden vrijwel altijd adequaat op de
signalen van de SENS-U, op één keer na toen een kind was afgeleid. De SENS-U gaf bij
een blaasvulling met een mediaan van 92,2% een signaal. De conclusie is dat de SENS-U
in staat is om bij actieve kinderen de stand van zaken van de blaasvulling vast te leggen.

De bijdrage van apps aan therapietrouw in urotherapie wordt onderzocht in Hoofdstuk
6: Verhoogt een serious game de intrinsieke motivatie van kinderen die urotherapie
krijgen? in dit hoofdstuk onderzoeken we of een blaastraining-app de intrinsieke motivatie
van kinderen verhoogt om urotherapie vol te houden. Intrinsieke motivatie en therapie-
trouw zijn beide essentieel voor een succesvolle uitkomst. Een serious game kan helpen
om de blaastraining aantrekkelijker en belonend te maken. Aan deze studie deden 50
therapieresistente kinderen mee. De kinderen konden zelf kiezen tussen specifieke klini-
sche urotherapie met of zonder ondersteuning van de serious game. Er is geen verschil in
intrinsieke motivatie gemeten tussen kinderen die met of zonder serious game werden
getraind. Uit de motivatievragenlijst bleek dat alle kinderen een hoge motivatie hadden
om te trainen. De trainingsresultaten waren gelijk in beide groepen, bij 80% van de kin-
deren waren de klachten verdwenen of verbeterd (volgens ICCS criteria) en verbeterde
de kwaliteit van leven. De meeste kinderen vonden het aantrekkelijk om met de serious
game te trainen. Ze gaven aan dat bepaalde onderdelen van de game verbeterd zouden
kunnen worden om de motivatie te verhogen. Hoewel aantrekkelijk in opzet bleek de
serious game in zijn huidige staat geen toegevoegde waarde te hebben voor de positieve
uitkomst van urotherapie.

In Hoofdstuk 7: Algemene discussie bespreken we de veelheid van mogelijke oorzaken
van incontinentie voor urine en het belang van een multidisciplinaire benadering. Verschil-
lende aspecten van urotherapie zoals bekkenbodemtraining, biofeedback en technische
hulpmiddelen passeren de revue. We kunnen concluderen dat specifieke urotherapie
een succesvolle behandelmethode voor kinderen met functionele incontinentie is. Het
omvat alle aspecten van incontinentie, vereist specialistische kennis en draagt bij aan de
best mogelijke klinische uitkomst. Urotherapie wordt steeds meer gezien als de gouden
standaard in de behandeling van functionele incontinentie. Toch is urotherapie nog steeds
geen gestandaardiseerde behandeling. Het ultieme doel is om urotherapie te ontwik-
kelen tot een zelfstandige evidence-based specialisatie, binnen de multidisciplinaire
behandeling van incontinentie.
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DANKWOORD

Graag wil ik een aantal mensen bedanken die direct en indirect hebben bijgedragen aan
dit proefschrift. Het schrijven van dit proefschrift gebeurde naast en als onderdeel van
mijn werk als urotherapeut. Veel mensen hebben mij de afgelopen jaren bij dit werk
trouw ondersteund, gemotiveerd en warme belangstelling getoond. Ik had nooit verwacht

dat ik zou promoveren en zonder alle steun was ik niet geslaagd in deze onderneming.

Terwijl ik dit dankwoord schrijf, beheerst de Coronacrisis ons dagelijks leven en is het
nog niet zeker of deze geplande promotieplechtigheid in zijn normale vorm door kan
gaan. Het kan zijn dat de situatie of aanwezigheid van personen anders zal zijn dan dat
ik me nu voorstel.

In de eerste plaats wil ik al de kinderen en hun ouders bedanken die hebben meegewerkt
aan verschillende onderzoeken. Bedankt voor jullie deelname en alle moeite voor het

invullen van vragenlijsten.

Prof. dr. T. PV.M de Jong, beste Tom, dank je wel voor de fijne samenwerking en voor
alles wat ik van je geleerd heb op het gebied van kinderurologie en incontinentie. Je
hebt me geinspireerd om de weg van de wetenschap in te slaan. “Eventjes een artikel
schrijven” is voor mij niet weggelegd, maar met veel geduld en inzet lukt het ook. Jouw
aansporingen, het vertrouwen dat je had in een goede afloop, zijn fundering geweest

van dit proefschrift. Bedankt voor je vertrouwen in me!

Prof. dr. E.M. van de Putte, beste Elise, bedankt dat je zo enthousiast ermee instemde om
mijn promotor te worden. Urotherapie was voor jou deels onbekend terrein, maar jouw
inbreng en kijk leidde tot interessante en soms stevige discussies. Jouw nauwkeurigheid
en kritisch houding hebben eraan bijgedragen dat het proefschrift nog beter is geworden.

Je feedback is leerzaam voor me geweest, dank daarvoor.

Dr. R. Schappin, beste Renske, dank voor alles, je was voor mij, zeker in laatste en ook
de meest moeilijke fase een ‘running mate’. Zonder jou had ik het zeker niet gered. lk
wil je bedanken voor de ruimte en aanmoediging die je me hebt gegeven om mezelf op
academisch vlak verder te ontwikkelen. Je was een steun en toeverlaat bij het opzetten van
onderzoek, de statistische analyse en bij het schrijven van artikelen. Jouw enthousiasme
voor kwalitatief goed onderzoek doen heb je overgedragen, ik begin er zelfs aardigheid in te

krijgen. Ik hoop dat ondanks verschillende werkplekken onze samenwerking nog niet eindigt.

M.AW. Vijverberg, beste Marianne, jouw werk is voor mij een belangrijke bron van kennis
en inspiratie geweest. Toen ik ooit startte als urotherapeut, maakte je de opmerking dat

een therapeutische rol andere vaardigheden vergt dan de verpleegkundige rol. Dit heeft
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me getriggerd om psychologie te gaan studeren. Hierdoor heb ik me kunnen ontwikkelen
tot een expert binnen de urotherapie. Mede door jouw aanmoedigingen en je oprechte
waardering voor de zorg voor kinderen met incontinentie heb ik dit promotietraject

doorgezet. Veel dank daarvoor!

Mijn dank gaat ook uit naar de overige leden van de beoordelingscommissie die bereid
waren dit manuscript te beoordelen, te weten Prof. dr. de Kort, Prof. dr. Chrzan, Prof. dr.
Benninga, Prof. dr. de Jonge en Dr. Klijn. Ik wil u hartelijk bedanken voor uw tijd om mijn
proefschrift te beoordelen en ook de bereidheid om zitting te nemen in de oppositie. Prof.
dr. Jongmans, Prof. dr. Frenkel en Prof. dr. Hoebeke dank om als één van de opponenten,

hier of online, aanwezig te zijn. Ik voel me zeer vereerd.

Beste mede-auteurs, zonder mede-auteurs geen artikelen, dank voor al jullie tijd, inzet

en hulp.

Natuurlijk wil ik graag de collega’s en ook mijn voormalige collega’s van het Urotherapie-
team bedanken. Beste Edith, Martine, Lottie en Welmoed, dank voor jullie collegialiteit,
gezelligheid en belangstelling, het is een voorrecht met jullie te werken aan een thema
dat ons na aan het hart ligt. Ook veel dank voor de momenten dat jullie mijn zorg aan
patiénten hebben overgenomen, als ik weer eens moest schrijven of weer eens op weg

was om presentaties te geven.

Graag bedank ik het team van kinderurologen; beste Aart, Keetje, Rogier, George, en
assistenten, jullie altijd warme steun en betrokkenheid bij al mijn inspanningen heb ik
bijzonder gewaardeerd. Dank voor jullie adviezen en momenten, om tijdens een bakje
koffie het hart te kunnen luchten.

En niet te vergeten, beste overige collega’s binnen de urologie; medewerkers van de
polikliniek, stafsecretariaat, verpleegkundige specialisten, afdelingsverpleegkundigen, ver-
pleegkundigen functiekamer, nefrologen, collega’s fysiotherapie en collega’s kinderurologie

Amsterdam UMC, dank voor jullie belangstelling en de prettige jaren van samenwerking.

Zonder co-auteurs geen artikelen, zonder stagiaires geen hulp bij verwerking van
gegevens. Beste stagiaires; Eelco Meijer, Frank van Geen, Roxanne Yanegh, Annemarie
Wobben, Milly Schakel, Nienke Idsardi, Jorinde Kortenbout, Jildou van de Zwaag, Iris
Boot, Hung Wong en Sophie Wijnen, dank voor jullie inzet voor het onderzoek binnen
het WKZ Urotherapieteam.

Beste Paul van Leuteren, onze wegen kruisten met dank aan Pieter Dik zijn ideeén, die
leidden tot innovaties waar jij vooral, ik in een hele kleine rol, aan kon bijdragen. Dank

voor de discussies en de gezamenlijk projecten.
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Collega’s van Monkey Bizniz, dank voor de prettige samenwerking, voor het ontwikkelen
van de urotherapie apps, LUTS en de misspissers, Luts Uro app en Luts en de plasacademie.
Beste Dimme, dank voor de illustraties en vooral dank voor alle gezellige kletsmomenten,

onder het genot van koffie en gebak.

Beste collega’s urotherapeuten, oud-stagiaires, uit heel Nederland, in het bijzonder

Marloes en Marleen, dank voor alle collegiale momenten, voor jullie aandacht en steun.

Beste oud-bestuursleden van de Vereniging Urotherapie (nu NVCK), dank voor de fijne

samenwerking.

Dear colleagues from the ESPU Nurse group, the ICCS Board and ESPU research team; it is
an honour and privilege working with true experts in the field. Thank you for the fruitful

collaboration, the meetings, discussions and knowledge conveyed.

Beste Jet Strijker, dank je wel voor de steun en ruimte die je me gegeven hebt om dit
proefschrift tot stand te brengen.

Beste Mariélle en Lisette, dank voor jullie steun tijdens het plannen en organiseren van de

opleiding urotherapie en de jaarlijks terugkerende bijscholingsdagen. Jullie zijn een topteam!

Beste collega’s van de afdeling medische psychologie en maatschappelijk werk, dank voor

jullie interesse en tips van collega’s die dit pad al eerder hebben bewandeld.

Natuurlijk wil ik hierbij ook mijn paranimfen Marjanne Cordia-de Haan en Anita
Reinders heel erg bedanken dat jullie deze dag van zo dichtbij met mij willen delen!
Marjanne, had je ooit gedacht dat wij, sinds dat we 10-jarige schoolmeisjes waren,
vreugde- en soms droevige momenten mochten delen en vele uren konden kletsen
over alles wat ons bezighoudt, nu samen in het Academiegebouw zouden staan bij mijn
promotie?

Beste Anita, je was ooit die ene medestudent tijdens een statistiekopdracht, we kregen
een goede klik en vervolgens hebben we ons gezamenlijk door de studie psychologie
heengeslagen. Samen studeren en met veel stress op weg naar de tentamens. Samen de
teleurstellingen en vreugdemomenten beleven, van het net niet of juist wel halen van
de tentamens en uiteindelijk tegelijk onze masterthesis afronden.

Lieve Renske, inmiddels ben je veel meer dan een collega een fijne vriendin geworden!

Lieve (schoon)familie, ik heb mijn promotietraject altijd een beetje onder de radar
gehouden, niet te veel aandacht, dat gaf ook niet zoveel stress. Ik ben heel gelukkig en
dankbaar dat jullie deze verdediging meevieren.
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Lieve pa en ma, ik weet; jullie vinden me een ‘dappere meid’, maar dat was ik nooit
geweest zonder jullie vertrouwen, lieve zorgen, nuchterheid en fijne aandacht. Dank
voor alles!

Lieve Mart en lieve Florian, ik ben trots op twee van zulke stoere jongens. Jullie hebben
me eigenlijk wel eens moeten missen, maar gelukkig was er ook altijd tijd voor ons samen,
voor humor en plezier, voor muziek, voor samen eten, voor al die fijne fantastische mooie
vakanties en wederzijdse lieve zorgen. Dank dat jullie me de steun gaven om vol passie

mijn werk te doen. Er komen vast rustiger tijden, hoewel... jullie kennen me vast beter!

Lieve Klaas, je stimuleerde en volgde de vorderingen van al mijn studies —van kinderver-
pleegkundige tot aan psycholoog —, en nu dit promotietraject met tomeloos geduld en met
een altijd bevrijdende relativering. Ik kreeg alle ruimte om te doen waarvan ik meende
dat gedaan moest worden, op voorwaarde dat het ons goed bleef gaan. Zonder jouw
belangeloze steun, aanmoediging en liefde was dit proefschrift niet geschreven. Dank!

Dankbaar ben ik voor alle zegeningen in mijn leven.
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