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Abstract. - The neurogenic dysfunctions of
the detrusor and the sphincter are caused by ei-
ther a known congenital defect of the nervous
system or by acquired damage to the nervous
system. In patients with idiopathic bladder dys-
functions neurological examinations fail to re-
veal any pathology in the nervous system.

The treatment strategy for the patient with de-
trusor-sphincter dysfunction should be based
on a comprehensive functional and morphologi-
cal evaluation.

Clean Intermittent Catheterization is mandato-
ry if voiding is ineffective. Reduced bladder ca-
pacity related to detrusor overactivity and de-
creased bladder walls compliance is successful-
ly managed conservatively with oral anticholin-
ergics. Conservative treatment prevents compli-
cations in the majority of patients.

However, despite proper conservative treat-
ment, some patients still develop complications.

We propose our own practical classification of
complications characteristic for the bladder and
sphincter dysfunctions: 1. Urinary tract infec-
tions; 2. Urolithiasis; 3. Anatomic changes in the
lower urinary tract; 4. Anatomic changes in the
upper urinary tract; 5. Functional disturbances of
kidneys parenchyma; 6. Urinary incontinence.

Proposed practical classification of complica-
tions of bladder and sphincter dysfunctions is
clear and simple. This classification can be used
both in children with neurogenic and non-neuro-
genic dysfunctions. It is helpful in planning fol-
low-up procedures and evaluation of treatment
results.
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Introduction

The organs of the urinary system are tradition-
ally classified as belonging to the upper or the
lower urinary tract. The lower urinary tract

(LUT) anatomically comprises the bladder and
urethral sphincters, which together form one op-
erating unit. Due to the specificity of the per-
formed action, part of the bladder dome is known
as the detrusor, and the sphincters are classified
into the internal and the external one.

However, for practical reasons, we normally
simplify the issue and talk about functional dis-
orders of the LUT, i.e. detrusor-sphincter dys-
functions, also referred to in short as bladder
dysfunctions.

The distinction still holds between neurogenic
bladder dysfunctions (NBD) and non-neurogenic
(idiopathic) bladder dysfunctions (IBO). In pa-
tients with NBD, i.e. those having the neurogenic
bladder, dysfunctions of the detrusor and the
sphincter complex are caused by either a known
congenital defect of the nervous system or by ac-
quired, post-traumatic, post-inflammatory or
neoplastic damage to the nervous system. In pa-
tients with non-neurogenic (idiopathic) bladder
dysfunctions neurological examinations fail to
reveal any pathology in the nervous system'?.

In the developmental age, dysraphic malfor-
mations are the most common causes of NBD.
That group is characterized by a considerable va-
riety of clinical manifestations, from occult
spinal dysraphism, non-symphysis of single lum-
bar vertebral arches to extensive open
meningomyeloceles reaching the thoracic region
with co-existing hydrocephalus. The type of de-
tected urinary tract dysfunction is not clearly
linked to the defect morphology (open, closed),
the level of dysraphism or the extensiveness of
the cleft. Children with the so-called occult
spinal dysraphism form a specific group of pa-
tients in which the progressing damage of the
nervous system may initially manifest itself sole-
ly in bladder dysfunction with gradually increas-
ing incontinence.
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Other, more rarely encountered causes of NBD
in children include: sacral agenesis, hydrocephalus,
neoplastic tumours of the central nervous system,
particularly sacro-coccygeal ones, post-inflamma-
tory or post-traumatic lesions of the spinal cord,
cerebral palsy and developmental defects of the
small pelvis organs (imperforate anus)*>.

The symptoms reported by patients to a paedi-
atrician or an urologist are urinary tract infection
and incontinence (daytime urine incontinence
and nocturnal enuresis). Sometimes the patient is
referred to the specialist as a result of an ultra-
sonographic examination that has revealed cer-
tain abnormalities such as thickening of the blad-
der wall, various degrees of residual urine after
micturition, dilatation of the ureters or the renal
collecting systems>®.

The treatment strategy for the patient with a
neurogenic detrusor-sphincter dysfunction
should be based on a comprehensive functional
and morphological evaluation. That evaluation is
based on the results of performed diagnostic tests
individually chosen for the patient depending on
detected pathology.

Usually, such tests are performed in a certain
sequence, beginning from the urinalysis and
urine culture through biochemical tests, the
analysis of the morphology of the urinary tract
(ultrasonography, cystography, renal scans, intra-
venous pielography, computer tomography) up to
the evaluation of the bladder and sphincter func-
tions in urodynamic testing. Urodynamic evalua-
tions make it possible to describe bladder dys-
functions and the dysfunctions of the urethral
sphincters, while the other tests are used to eval-
uate the type and severity of complications
caused by the urinary system dysfunctions?.

The correct functioning of the bladder-sphinc-
ter unit is manifested by periodic, controlled uri-
nation in portions adequate to the patient’s age
with continence maintained between particular
acts of micturition.

The evaluation of the bladder function in older
children should begin with keeping for at least
three consecutive days of a Voiding Diary, also
known as ‘Frequency/Volume Chart’. It contains
data on the hours and volumes of passed or
catheterized urine. On the basis of that chart/di-
ary we are able to establish the three most impor-
tant parameters: the number of micturitions per
24 hours, the maximum volume of the urine
passed testifying to the anatomical capacity of
the bladder, and the functional bladder capacity —
an average voided volume.

An adult should pass urine every 3-4 hours in
portions of 400-600 ml.

Literature offers various formulas for the cal-
culation of age-related bladder capacity for chil-
dren. The results obtained with the use of those
various formulas are similar. The most frequent-
ly used is Hjalmas formula: Expected Bladder
Capacity (EBC): volume (ml) = 30 x age (in
years) + 3077

The Practical Division of

Urination Problems
Analysing the data obtained from the diary,

we may identify three groups of patients:

1. Those with normal/correct bladder function,

2. Those with urination irregularities, and

3. Those who have lost control over their bladder
and do not urinate at all.

Ad 1. The correct condition: regular urination,
fully controlled by the patient, in portions ade-
quate to age, without complaints.

Ad 2. The child passes urine periodically but the
volumes are not correct:

A) Frequent passing of urine in decreased vol-
umes: more than 8 times per 24 hrs, vol <
65% EBC, (OAB = overactive bladder syn-
drome) with frequency and urgency symp-
toms;

B) Sporadic passing of large portions of urine
vol > 150% EBC, (LBS = Lazy Bladder
Syndrome), voiding postponements;

C) Irregular miction characterized by consid-
erable differences in the volume of the
passed urine, which commonly is connect-
ed with various degrees of residual urine
after miction.

Each of the above-described conditions may

be accompanied with additional symptoms,

such as: symptoms of dysuria, urine inconti-
nence, infection of the urinary tract.

Ad 3. Total lack of control over passed urine. In
children with dysraphic malformations, the fi-
bres of the efferent and afferent, motor and
sensory pathways and spinal centers responsi-
ble for controlling bladder and sphincters
functions are seriously damaged. In children
who have no sensation of bladder fullness and
lack the urethra sensation or in whom that sen-
sation is considerably decreased we observe
the inability to pass urine in a voluntary, con-
trolled manner; the result is uncontrolled urine
leaking characteristic for severe cases of the
NBD.
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Having the data from the Voiding Diary, we
may perform urodynamic tests in a reliable man-
ner. We begin with the performance of the sim-
plest urodynamic test, i.e. uroflowmetry. In order
to obtain the complete picture of the miction ef-
fectiveness, ultrasonographic evaluation of the
quantity of urine remaining in the bladder after
urination is always necessary. Uroflowmetry is a
non-invasive test evaluating the function of the
urinary system in the voiding phase. More com-
plicated urodynamic tests, such as cystometry,
voiding cystometry, video-urodynamics are rec-
ommended for patients with multi-symptomatic
forms of bladder dysfunctions.

First urodynamic tests in children after spina
bifida surgery with suspected NBD should be
performed as early as in infancy; the subsequent
tests ought to be the control ones'.

An infant with suspected NBD post spinal
cord surgery should first undergo physical exam-
ination, with particular attention paid to the con-
dition of the genitourinary system. Physical ap-
pearance, sensation and neurological reflexes in
the perineal region should be evaluated. Special
attention should be paid to the manner of urinat-
ing; spontaneous urine discharge from the ure-
thra in droplets is often detected, sometimes
urine leakage after the pressing above the pubic
symphysis is observed.

The tonus of anal sphincters should be
checked, which is predominantly found to be to-
tally lacking. When introducing a catheter into
the bladder, the examining physician observes
the child’s reactions, which enables evaluation of
the urethra sensation.

From among many parameters evaluated in
the urodynamic test, the ones considered most
significant for the prognostic evaluation of the
risk of complications occurrence are the ‘Leak
point volume’ (LPV) and the ‘Leak point pres-
sure’ (LPP), i.e. the capacity and pressure at
which the urine from the filled bladder starts to
leak. The increased risk of development of com-
plications occurs in patients with LPP > 40 cm
H,0310-12,

The treatment of patients with neurogenic dys-
functions of the urinary system is a multi-direc-
tional and complicated process. Generally it may
be divided into treatment of causes and treatment
of complications.

The treatment of causes, i.e. the correction of
pathology in the function of the LUT, is consid-
ered fundamental. That treatment begins with the
conservative methods. The two most important

forms of treatment of severe NBD are clean in-
termittent catheterization and pharmacological
treatment of functional disorders found in urody-
namic studies*!>16,

Early institution of conservative treatment in
children diagnosed with the NBD is essential, as
serious complications in the urinary tract develop
in more than 40% of untreated patients after
spina bifida operations'’.

Long-term prophylactic therapy of urinary
tract infections has a debatable value in the pro-
tection against the development of complications
in the urinary system.

A child with a severe form of NBD (which is
the form encountered in a majority of children
with open meningomyelocele), having no ure-
thral sensation and no feeling of bladder fullness,
cannot urinate in a controlled manner. In such
children, urine leakage occur whenever the in-
travesical pressure is higher than the pressure
generated by sphincters. Therefore, condition
that is particularly dangerous for such patients is
overactivity of urethral sphincters, detrusor-
sphincters dyssynergy (DSD) i.e. absence of re-
laxation reaction of the sphincters during urina-
tion.

Thus, the main goal in the treatment of the
NBD is first of all improvement of the urine
voiding phase, i.e. enabling the efficient periodic
evacuation of urine from the bladder. This is pro-
vided predominantly through CIC, which may al-
so be supported with pharmacological treatment.
In order to improve miction, selective alpha-
blockers, myorelaxans are used. The effective-
ness of pharmacological treatment has not been
clearly confirmed and, therefore, the CIC should
be considered the safest®!3:18-20,

Literature on the subject brings more and more
reports on the effectiveness of procedures that
consist in injecting Botulinum-A toxin prepara-
tions into the bladder walls or sphincters in pa-
tients with NBD. Such procedures result in in-
creased bladder capacity with decrease in intraves-
ical pressure or lowered pressures at the leakage
of urine from the bladder with the accompanying
decrease of the volume of residual urine?'*.

Other non-pharmacological methods of treat-
ment of pathology in the voiding phase
(biofeedback, electrostimulation, electromodu-
lation) have a limited use in children with neu-
rogenic bladder and may only be employed for
patients with less severe damages to the nervous
system and with preserved sensation in the or-
gans of the LUT?*%7,
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In the storage phase, the most vital problem is
the detrusor overactivity (DO), that is overcon-
tractility of the bladder muscle uncontrolled by
the central nervous system. Those contractions
lead to the increase of intravesical pressure in the
storage phase and, together with lowered compli-
ance of the bladder walls, are responsible for de-
creased functional bladder capacity.

From the practical point of view, in children
with NBD we evaluate the maximal anatomic
bladder capacity (Vol,,,,) that is reflected by maxi-
mal volumes of catheterized urine and average
functional bladder capacity (Vol,,) i.e. the volume
at which normally urine leakage occurres.

A phenomenon characteristic for children with
NBD and DO is that from time to time parents
obtain large amounts of catheterized urine, corre-
sponding to EBC, while during the day amounts
of catheterized urine are various, often small,
leading to urine leakage relatively shortly after
catheterization. This leads to increased urinary
incontinence?®.

Other pathology more rarely found in urody-
namic tests in children with spina bifida and re-
quiring treatment are detrusor areflexia and
sphincter hypofunction. Sphincter incompetence
is mainly responsible for urine incontinence.

Types of Complications of the
Bladder Dysfunctions —
Our Own practical Classification

We propose the following classification of
complications characteristic for the bladder and
sphincter dysfunctions: (1) Urinary tract infec-
tions; (2) Urolithiasis; (3) Anatomic changes in
the lower urinary tract; (4) Anatomic changes in
the upper urinary tract; (5) Functional distur-
bances of kidneys parenchyma; (6) Urinary in-
continence.

Urinary tract infections (UTI)

The UTI are caused both by pathology in the
voiding phase, leading to residual urine after
miction, and the pathology in the storage phase
leading to the increase of pressure in the bladder
above the values considered as safe.

High pressure in the bladder in both the stor-
age phase and the voiding phase results in infec-
tions of the urinary tract, as it leads to decreased
blood perfusion in the vessels of the bladder
wall. The ischaemia, in turn, leads to damage of
the urothelium. The ischaemic urothelium be-
comes ineffective in its role of protecting the
bladder against the invasion of bacteria.

The consequences of UTTI are: prolonged treat-
ment with antibiotics and the resulting imbal-
ances in the patient’s bacterial flora, viral and
mycotic superinfections, as well as secondary
immunity disorders. Recurrent, chronic infec-
tions also have an impact on the development
and progressing anatomic changes in both upper
and LUT. The most often found ones include
thickening of bladder walls, upper urinary tract
dilatation and post-inflammatory scarring of the
renal parenchyma.

Symptomatic UTI must be differentiated from
asymptomatic changes in urinalysis in the form
of leucocyturia often encountered in catheterized
children. It is believed that such symptomless
changes in urinanalysis, do not require therapy
with antibiotics.

Performing routine urine culture in children
presenting no symptoms of active infection
should be considered pointless. Microbiological
tests are of fundamental importance for hospital-
ized children in which we suspect infection with
hospital bacterial strains that are characterized by
high resistance to antibiotics.

In patients with NBD we may encounter vari-
ous forms of symptomatic infections of the uri-
nary tract. The infection may be limited to the
bladder; it may be acute, but it often turns into
the chronic form. The specific varieties of the
chronic infection of the bladder are cystitis cysti-
ca or cystitis interstitialis. The infection may
progress to the upper urinary tract resulting in a
fully-developed pyelonephritis. If there is a coex-
istance of hydronephrosis, pyonephrosis may de-
velop, with septic course more frequently occur-
ring in younger children!”2%3!,

Urolithasis

Calculus deposits are found in the renal collec-
tion systems, in the ureters and in the bladder.

There are numerous factors that influence the
forming of stones, such as UTI, urinary retention
caused by anatomic changes in the urinary tract
(hydronephrosis, obstructive megaureter, vesi-
coureteral reflux, bladder diverticula) or residu-
als resulting from ineffective miction.

Other factors leading to urolithiasis include
decreased physical activity, remaining in one po-
sition and limited fluid intake.

Treatment of urolithiasis, particularly staghorn
calculi, in patients with NBD is a considerable
clinical problem. The choice of the treatment
method depends on the location and size of the
stone, its shape, as well as technical capabilities
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of the medical centre. In paediatric urology, min-
imally invasive techniques such as ESWL or PC-
NL become increasingly important. However,
some cases still require operative treatment®>’,

Anatomic Changes in the LUT Tract Are
he Consequence of High Pressures in
the Storage Phase and the Presence of
Subvesical Obstruction Combined with
a Chronic UTI

Bladder dysfunctions also lead to changes in
the histopathological structure of the bladder
wall manifesting themselves mainly by the atro-
phy of muscle fibres together with progressing
fibrosis and the muscle tissue being replaced by
the connective tissue.

Imaging studies reveal hypertrophy of the
bladder wall often coexisting with diverticula.

In cystoscopy, the bladder wall show trabecu-
lation; numerous diverticula of the bladder wall
are visible and in cases of the co-existing vesico
ureteric reflux, pathologies of the ureter orifices
are detected*!”-%,

Anatomic Changes in
the Upper Urinary Tract

Vesicoureteral reflux (VUR) is one of the con-
sequences encountered in patients with detrusor-
sphincter dysfunctions.

The classic five-degree grading is used to de-
scribe the severity of VUR. However, in the light
of the recent knowledge about the bladder func-
tion, that division seems insufficient for the plan-
ning of VUR treatment in children with bladder
dysfunctions.

The classic VUR grading seems to be unsatis-
factory, as it fails to take into account the influ-
ence of functional parameters on the image of the
bladder and ureters as seen on the monitor during
video-urodynamic studies.

The analysis of the results of video-urodynam-
ic studies indicates the predominant impact of
bladder dysfunctions on the origination of VUR
and on the appearance of the ureters into which
the urine flows. During video-urodynamic or flu-
oroscopic testing, transitory refluxes occurring
only during overactive bladder contractions are
observed in some patients. Another interesting
phenomenon is urine reflux from the bladder to
the dilated renal pelvis through the narrow ureter.

VUR may lead to considerable widening of the
ureters — the so-called ‘refluxing megaureter’, yet
in some patients urinary retention in dilated
ureters persists after bladder emptying with a

catheter testifying to the existence of an obstruc-
tion of the ureteral orifice in the bladder wall, the
so-called ‘refluxing stenotic megaureter’.

Apart from the above-listed shortcomings, the
classic five-degree grading fails to take into con-
sideration the key parameter which is the intrav-
esical pressure at which urine begins to flow
from the bladder into the ureter. That parameter
is possible to be determined only in video-urody-
namic study and affects the decision concerning
the choice of the treatment method.

In cases of reflux caused by high intravesical
pressures we recommend treatment of the reflux
cause, i.e. decreasing of pressures in the bladder
pharmacologically or operatively without the ne-
cessity to perform the anti-reflux surgery.

Occurrence of the reflux with low pressures is
a proof of a damage to the anti-reflux mechanism
in the bladder wall and indicates the necessity of
endoscopic treatment or even anti-reflux opera-
tion of the ureter®-%.

Associating hydronephrosis, a pathology es-
sentially consisting in the obstruction at the pye-
lo-ureteric junction, with the NBD remains dis-
putable, yet in some children with neurogenic
bladder the dilation of the renal pelvis without
ureter dilatation is observed.

The end stage form of renal damage caused by
improperly functioning LUT is renal atrophy
with renal failure. A small, non-functioning kid-
ney may require nephrectomy due to hyperten-
sion or when this kidney is a source of infections,
often caused by co-occurring urolithiasis?>-3844,

Functional Changes in the Kidney

Data about the impairment of the nephron
function in the situation of persisting high pres-
sures in the bladder are scarce. Still, functional
tests of the renal parenchyma do reveal impair-
ment of the secretory function of the kidneys in
cases of high-pressure dysfunctions of the blad-
der. High intravesical pressure is transmitted to
the upper urinary tract (kidney barotrauma) caus-
ing decreased blood circulation to the kidney, de-
creased glomerular filtration and deterioration of
urine flow from the renal collection system to the
bladder. Barotrauma may lead to progressing re-
nal failure4,17,29,38,45,46_

Urinary Incontinence

Regardless of the pathology found in urody-
namic tests, the most frequent complication of
detrusor-sphincter dysfunctions is urinary incon-
tinence.
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Urinary incontinence is uncontrolled leakage
of urine from the bladder in the storage phase or
loss of the ability to consciously postpone from
urination and to choose the time and place for
urination.

According to the definition proposed by the
WHO: health is a state of complete physical,
mental and social well-being and not merely the
absence of disease or infirmity. Urinary inconti-
nence may be considered an illness in all these
three categories.

Treatment of urinary incontinence in patients
with NBD requires a thorough analysis of partic-
ular urodynamic tests, beginning from the Void-
ing Diary through uroflowmetry with ultrasound
residual estimation to video-urodynamic studies.

Urinary incontinence may be treated with both
pharmacotherapy and non-pharmacological reha-
bilitation techniques of the LUT. Surgical inter-
ventions may also be suggested to patients, yet
are treated as a last resort.

Anticholinergics are the first choice in the
pharmacological treatment of children with in-
continence caused by bladder dysfunction. None
of those drugs is authorized for use in infants and
small children; only oxybutynin holds a formal
authorization, but for children above 5 years of
age. Solifenacin (Vesicare), mirabegron (Betmi-
ga), tolterodine (Uroflow), fesoterodine (Toviaz)
trospium chloride (Sanctura) and propiveryne
(Mictonorm) are drugs with an easier dosing
regime, once or twice daily. In comparative stud-
ies with oxybutynin carried out on adults, side
effects of those drugs were found to be less fre-
quent and less intense®*!31°,

According to the 7" report of the ICS Standard-
ization Committee, non-pharmacological rehabili-
tation techniques are: Kegel exercises, biofeedback
techniques, change of incorrect habits related to
urination, electrostimulation and electromodula-
tion, as well as catheterization'32>2647,

There are many techniques used in the opera-
tive treatment of patients with NBD that improve
both the functions of the urinary tract and quality
of life. Operative procedures may enlarge the na-
tive bladder or replace the bladder with an in-
testinal pouch.

Operative treatment is suggested to patients
who have been treated conservatively with no
satisfactory bladder capacity obtained or who
have developed complications; those operative
procedures include augmentation and autoaug-
mentation operations. For bladder augmentation
the small intestine, colonic segments, stomach,

or the dilated ureter of the non-functioning kid-
ney may be used. Augmentation operatios are
undertaken with the goal of increasing the func-
tional capacity of the bladder, decreasing intrav-
esical pressure through the liquidation of overac-
tive detrusor overactitvity and increasing the
compliance of the bladder wallg?*-434849,

However, those surgical interventions carry
the risk of perioperative and postoperative com-
plications>*-2,

In recent years, more reports have appeared in
literature on the results of using Botulinum-A
toxin preparations in the treatment of patients,
both adults and children, with NBD. The endo-
scopic administration of the Botulinum-A toxin
into the detrusor causes temporary paralysis of
muscle fibres, and consequently decreases the
pressure in the storage phase and increases the
functional capacity of the bladder. Positive ef-
fects of intravesical administration of Botulinum-
A toxin on both bladder function and the urinary
tract morphology have been demonstrat-
ed4,21,22,24,53.

In many patients who have undergone bladder
augmentation, a continent stoma is formed at the
same time in order to empty the bladder. Such a
stoma is most often made from the appendix (a
Mitrofanoff stoma), and in the absence of the ap-
pendix it may be made from the small intestine
(a Monti procedure)>*.

An issue still under discussion is the necessity
of neoimplantation of ureters in children with
vesicoureteral reflux who undergo bladder aug-
mentation®-43.

Other types of operative procedures are vari-
ous urine diversions, i.e. incontinent stomas.
Vesicocutaneous stomas offer a solution of rela-
tive technical simplicity and are well accepted by
parents of infants, mainly those with bilateral
changes in the upper urinary tract.

When changes relate to one ureter or kidney,
one may consider renal loop ureterocutaneosto-
my. Due to frequent complications and difficul-
ties during reconstructive surgeries, the perfor-
mance of terminal ureterocutaneostomies is not
currently recommended**36%7.

In children with the NBD, in rare cases opera-
tions are performed because of sphincter incom-
petence. Such surgery may be justified only in
rare cases of children with the Leak Point Pres-
sure below 20 cm H,O. For such operations,
sling techniques known from female stress in-
continence operations and even operations of ar-
tificial sphincter implantation are used>®’.
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Conclusions

Proposed practical classification of complica-
tions of bladder and sphincter dysfunctions is
clear and simple. This classification could be
used both in children with neurogenic and non-
neurogenic LUTD. It is helpful in planning fol-
low-up procedures and evaluation of treatment
results.
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