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Conservative Management in
Neuropathic Urinary Incontinence

H.MADERSBACHER,

J.J. WYNDAELE, Y. IGAWA,

M. CHANCELLOR, E. CHARTIER-KASTLER, A. KOVINDHA

A. INTRODUCTION

This chapter deals with the conservative treatment of
urinary incontinence due to neurological pathology,
which can be caused by (a) suprapontine, (b) spinal
cord and (c) subsacral (cauda equina and peripheral
nerves) lesions (Figurel).

Figure 1 : Nervous control of continence and micturition is
organised on a cerebral, spinal and peripheral level. All
three are cross-linked, the circuiting is complex and conten-
tious.
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I. SUPRAPONTINE LESIONS

In suprapontine lesions urinary incontinence results
from uninhibited detrusor contractions [Brocklehurst et
al 1985]. This detrusor hyperreflexia is caused by
damage to the cerebral inhibitory centers. Patients with
lesions above the level of the pons characteristically
demonstrate synergetic activity of the detrusor and the
external sphincter [Tsuchida et al 1983]. Patients with
suprapontine lesions may, however, purposely increase
sphincteric activity during an uninhibited detrusor
contraction to avoid urge incontinence. This guarding
reflex or pseudo-dyssynergia may be confused with
true dyssynergia by those less familiar with the inter-
pretation of urodynamic studies [Siroky et al 1982].

In the absence of other urinary disease, such as outflow
obstruction, as long as external sphincter activity
remains coordinated with detrusor contraction, intrave-
sical pressure should remain physiologic and therefore
preserve the function of the urinary tracts. Residual
urine may either be due to a coexisting morphologic
infravesical obstruction, rigidity and spasticity of the
pelvic floor (e.g. Parkinsons Disease) or due to a volun-
tary contraction of the external sphincter to control
unhibitable detrusor contractions, a phenomenon,
which has already become a reflex pattern in some
patients.

A frequent reason for supraspinal detrusor hyperre-
flexia, causing reflex incontinence, are cerebrovascular
accidents. A significant number of new stroke patients
develop urinary retention for several weeks before
detrusor hyperreflexia occurs. This phase of detrusor
areflexia may be named “cerebral shock™ much alike
the classic “spinal shock™ phase immediately after a
spinal cord injury. Parkinsons Disease is one of the
most common neurological entities causing voiding
dysfunction, classically resulting in detrusor hyperre-
flexia, detrusor bradykinesia and an impairment of
relaxation of the striated sphincter. According to Holli-



ger et al (2001, in press), detrusor overactivity increases
with progress and severeness of the disease and can
then be found in up to 90 % of patients [Berger et al
1987]. Another reason for supraspinal reflex inconti-
nence is dementia. The defect in cognitive function is
responsible for the lack of social continence in these
patients. In brain neoplasms alterations in lower urina-
ry tract function tend to relate directly to the area of the
brain affected.

Shy and Drager described a neurological syndrome
characterized by autonomic dysfunction consisting of
orthostatic hypotension, anhydrosis, impotence, extra-
pyramidal symptoms and poor urinary and fecal control
[Wulfsohn et al 1981], however, the term mutiple sys-
tem atrophy nowadays involves various syndroms,
resulting in degeneration of neurons and associated
fibers of motor and extrapyramidal systems including
the cerebellum and brain stem. The urinary symptoms
of incontinence are primarily caused by detrusor hyper-
reflexia although some element of external sphincter
weakness may be present, with an open bladder neck
during cystography indicating peripheral sympathetic
dysfunction. The combination of detrusor dysfunction
and sphincter denervation contraindicates the surgical
management of symptoms [Beck et al 1994].

I1. SPINAL CORD LESIONS

The degree of dysfunction is related to the disease pro-
cess itself, the area of the spinal cord affected by the
disease, and the severity of neurological impairment.
Neurological injury, which can involve parasympathe-
tic, sympathetic, and somatic nerve fibers, can result in
a complex combination of signs and symptoms. The
urodynamic investigation of those with neurological
impairment can provide objective information regar-
ding the nature and extent of the effect on lower urina-
ry tract function. For this reason, urodynamic testing
should be an integral part in the evaluation of all
patients with complete and incomplete spinal cord dys-
function. In spinal cord injury (SCI) nearly 55% of
patients develop tetraplegia, while 45% become para-
plegic, neurologically incomplete injuries are slightly
more common (53.8%) than complete injuries (46.2%)
[Watanabe et al 1996].

Neurogenic lower urinary tract dysfunction resulting
from SClI is an excellent model for the understanding of
neuro-urological dysfunction (see below).

In multiple sclerosis voiding dysfunction is mainly due
to spinal lesions, although cerebral lesions may contri-
bute. Impairment of neurological function results from
demyelinating plaques of the white matter of the brain
and spinal cord, especially the posterior and lateral
columns of the cervical cord, which serve as pathways
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for neurologic control over vesical and urethral func-
tion [Nathan & Smith 1982]. Symptoms of voiding dys-
function are appreciated by 90% of patients having the
disease more than 10 years. These include not only fre-
quency, urgency, and urge incontinence, but also urina-
ry hesitancy, intermittency, and poor urinary stream.

Urodynamically, the most common pattern seen is
detrusor hyperreflexia (in about 70%), 50% accompa-
nied by detrusor-external sphincter dyssynergia [Gold-
stein et al 1982; Weinstein et al 1988; Sirls et al 1994].
Detrusor areflexia, associated with lower cord and
cauda equina plaques, is seen in 20% to 30% of cases,
and these patients usually strained to void [Gonor et al
1985]. The latter symptoms are caused by plaque for-
mation in the sacral cord, impairing motor outflow to
the detrusor.

Beside these most important reasons many other neuro-
logical lesions, affecting the spinal cord, may cause sto-
rage and emptying problems, e.g. transverse myelitis or
the tethered cord syndrom, caused by a short filum ter-
minale, intraspinal lipoma or fibres adhesions resulting
from the surgical repair of spinal dysraphism [Al-Mefty
et al 1979]. Detrusor areflexia has been reported to
occur in 60% of the patients.

ITI. SUBSACRAL (CAUDA EQUINA
AND PERIPHERAL NERVES) LESIONS

These lesions may affect the cauda equina including the
sacral roots and the peripheral nerves. According to
neurological classifications lesions of the conus, cau-
sing dysfunction of the peripheral neuron, are classified
as peripheral lesions. For practical reasons these
lesions, named for decades as lower motor neuron
lesions of the spinal cord, are subsummarized under
spinal lesions.

Pelvic plexus injury, common with abdominal perineal
resection and hysterectomy, contains both parasympa-
thetic and sympathetic fibers in a branching array,
parasagittally adjacent to the rectum. Disruption of the
pelvic plexus function may occur with traumatic pelvic
fracture. Injury to the hypogastric, pelvic and some-
times also pudendal nerves results in damage to sympa-
thetic, parasympathetic and somatic nerve fibers and,
consequently, lower urinary tract dysfunction. Decrea-
sed parasympathetic innervation generally results in
decreased detrusor contractility and potentially are-
flexia, while impaired sympathetic transmission results
in incomplete bladder neck closure, internal sphincter
dysfunction, and stress incontinence. Up to 80% of
patients with voiding disturbances after significant pel-
vic procedures will resume normal voiding within 6
months [Blaivas, Chancellor 1995], if the urological
management inbetween is adequate.



Another common medical condition, which causes neu-
rogenic lower urinary tract dysfunction, is diabetes
mellitus.

Deficits in bladder sensation occur initially, with insi-
dious onset, usually associated with other sensory
impairment. Classically, patients experience decreased
urinary frequency, urinary hesitancy, and slowing of the
urinary stream, symptoms which may progress even to
urinary dribbling from overflow incontinence [Appel,
Whiteside 1991]. Urodynamic studies commonly
reveal impaired bladder sensation, increased cystome-
tric bladder capacity, decreased detrusor contractility,
an impaired uroflow, and an elevated post-void residual
urine volume [Blaivas 1988]. One urodynamically
controlled study showed detrusor hyperreflexia in 55%,
while only 33% had either impaired contractility or are-
flexia [Kaplan et al 1995]. Diabetics with voiding
symptoms are generally elderly people and subject to
infection, outlet obstruction, and uninhibited detrusor
contraction like others in this age group, which may
contribute to these results.

Moreover, herpes zoster affecting the dorsal ganglion,
Lyme disease with symptoms caused by encephalopa-
thy, polyneuropathy and leukoencephalitis as well as
Guillain-Barré syndrome, which represents an inflam-
matory demyelinating polyneuropathy affecting mainly
the peripheral nervous system with a predilection to the
nerve roots, may cause neurogenic voiding dysfunction
with recovery depending on the course of the neurolo-
gical disease.

Pattern of Lower Urinary Tract Dysfunction and The-
rapeutic Principles

Neurogenic urinary incontinence may be due to
1. dysfunction of the detrusor,

2. dysfunction of the sphincter and

3. a combination of both.

1. Detrusor hyperreflexia leads to reflex-incontinen-
ce, detrusor areflexia to incontinence associated
with poor bladder emptying (previously and in the
following named overflow-incontinence),

2. an areflexic (incompetent) sphincter causes neu-
rogenic stress-incontinence, a hyperreflexic (spastic)
sphincter overflow-incontinence and

3. quite often detrusor and sphincter are affected
simultaneously mostly from the same type by the
neurogenic lesions but also a dissociation may be pos-
sible, moreover, a normal functioning counterpart may
be present with basically eight combinations, as shown
in figure 2.

In most patients the storage problem, leading to inconti-
nence, is associated with an emptying problem; therefo-
re both aspects have to be considered at the same time.

Therapy of neurogenic incontinence is primarily a
conservative one. Timed bladder emptying, by whate-
ver means, controlled fluid-intake and avoidance of uri-
nary tract infections are the prerequisites for successful
treatment.

QO

Supraponting
Reflex Bladder

Spinal
Reflex Bladder

O o
Subsacral Lesion
complele

Lumbosacral Lesion
e.g. Myelomeningocele

Lumbosacral Lesion
e.g. Myelomeningocele

Intrapelvic Lesion of
Bladder Innervation

-

Sphincter
Hypo-! Areflaxia

Sphincier
Hyperreflexia only

Figure 2 : Patterns of neurogenic detrusor-sphincter dysfunction Heavy lines symbolize hyperreflexia, thin lines hypo- or are-
[flexia and green lines a normal innervation of the relevant structure, for further explanation see text.
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In I. Supraspinal lesions detrusor hyperreflexia is
mostly combined with normal sphincter function, reflex
incontinence is the main symptom and anticholinergic
therapy together with behavioural treatment, especially
in patients with cognitive impairment, is the method of
choice.

I1. Spinal lesions mostly cause simultaneous dysfunc-
tion of the detrusor and the sphincter.

In suprasacral lesions the combination of a hyperre-
flexic detrusor with a hyperreflexic sphincter is charac-
teristic for the spinal reflex bladder. Basically sponta-
neous reflex voiding is possible, however, it is uncon-
trolled, causing reflex-incontinence and is mostly unba-
lanced and basically unphysiologic. Detrusor contrac-
tions are mostly inadequate, and detrusor striated
sphincter dyssynergia is present, both leading to unba-
lanced voiding with the possibility of a dangerous high
pressure situation (Figure 3).

Figure 3 : Consequences of detrusor-sphincter dyssynergia:
it creates a functional infravesical obstruction with the pos-
sible consequence of an intravesical high pressure situa-
tion, causing reflux, hydronephrosis and kidney-detoriation

Triggered reflex voiding is recommended only if it is
urodynamically safe and reflex incontinence is mana-
geable. The method of choice nowadays to empty an
unbalanced reflex bladder and to manage reflex-incon-
tinence is intermittent (self-) catheterization. However,
to achieve the aims of therapy, - a low pressure situation
and continence between catheterizations - additional
pharmacotherapy may be necessary.

If bladder relaxing agents fail or are not tolerable, elec-
trotherapy is an alternative in incomplete lesions: ano-
genital electrostimulation (penile, clitoral, vaginal and
anal) can inhibit detrusor hyperreflexia by stimulating
pudendal nerve afferents.

If none of the above mentioned treatment modalities is
effective to control reflex incontinence and if operative
procedures are not indicated/possible, appliances are
the next choice, condom-catheters in males and pads in
females.
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The indwelling catheter — a suprapubic catheter is pre-
ferable to transurethral — remains the last resort for
conservative therapy.

For complete conus lesions, also named lower motor
neuron lesions, areflexia of the detrusor with are-
flexia of the sphincter is characteristic. Sphincter
incompetence causes neurogenic urinary stress inconti-
nence and may be combined with overflow-incontinen-
ce if adequate emptying is not achieved.

Basically, regular bladder emptying achieved by blad-
der expression, according to the individual bladder
capacity, in combination with controlled fluid intake
may decrease neurogenic urinary stress incontinence.
However, continence is hard to achieve. Bladder
expression is potentially dangerous. Pharmacotherapy
is not helpful in this situation, appliances and condom
catheters are therefore often necessary, continence can
often be achieved only by operative therapy.

Areflexia of the detrusor combined with hyperre-
flexia of the sphincter may occur in lesions, compri-
sing the conus and nearby areas above, however, this
pattern may be also due to a decompensation of a
hyperreflexic bladder after chronic urinary retention.

With this combination overflow incontinence can be
controlled by intermittent catheterization mostly
without additional pharmacotherapy. If intermittent
catetherisation is not possible an indwelling catheter,
preferable suprapubically, may be needed.

If hyperreflexia of the detrusor is combined with
areflexia of the sphincter, a pattern sometimes found
in epiconal lesions, especially in myelomeningoceles,
reflex incontinence is combined with neurogenic stress
incontinence. Bladder relaxant agents may abolish or
deminish detrusor hyperreflexia. In incomplete lesions
electrical stimulation of the pelvic floor musculature
may improve sphincter function. Thus the combination
of pharmacotherapy to treat reflex incontinence with
electrotherapy of the pelvic floor muscle improves
continence. However, with this type of neurogenic
lower urinary tract dysfunction conservative treatment
alone is generally unable to restore continence; therefo-
re either appliances or operative treatment must be
considered.

III. Subsacral (cauda equina and peripheral nerves)
lesion are often incomplete lesions, hyporeflexia or are-
flexia of the detrusor may be combined with a normal-
ly functioning external striated sphincter, a combination
which can be seen after intrapelvic surgery, when the
pudendal nerve remaines intact. On the other side if the
pudendal nerve is lesioned and the pelvic plexus
remaines more or less intact, a combination of a nor-
mally functioning detrusor with a hypo- or areflexic
external sphincter may be present. For a hyperreflexic



detrusor, again, pharmacotherapy is the first choice. In
the hyporeflexic detrusor cholinergics may increase the
tone. If the lesions were incomplete, intravesical elec-
trotherapy was reported to increase detrusor contractili-
ty. The chances for pharmacotherapy to improve exter-
nal sphincter weakness as well as to decrease external
sphincter spasticity are poor and operative therapy
remains the therapy of choice.

B. BEHAVIOURAL THERAPY

I. TRIGGERED REFLEX VOIDING

1. BACKGROUND

Following severe cord or cauda equina injury, the para-
lysed bladder behaves like an inert elastic bag and is
unable to adapt itself to its contents or expel them. This
areflexic phase is followed gradually by recovery of
detrusor activity. The true automatic or reflex bladder
occurs following recovery from spinal shock in spinal
cord lesions not involving the conus or cauda equina. If
the latters or the efferent branches of the pelvic nerve
are involved, the reflex emptying is much less comple-
te and considerable voluntary straining is required to
empty the bladder to a satisfactory degree. It was just
before World War II that Denny-Brown and Robertson
(1933) did recognise this evolution of disturbance of
micturition [Dick et al 1952].

With time concepts have been evolving and referring to
Bors & Comarr (1971), stimulation of the sacral and
lumbar dermatomes should be used to elicit reflex
contractions of the detrusor in cases with upper motor
neuron bladders and during treatment with intermittent
or continuous catheterization, to evaluate if reflex voi-
ding would be possible and an alternative.

The aims of regular triggered reflex voiding are to
achieve balanced voiding [Corcos, Schick 1996], to
decrease incontinence and/or to achieve continence
[Wein et al 1984]. The prerequisites for this type of
bladder emptying are: (1) the possibility of collecting
the urine in a socially acceptable way and (2) the time
needed for bladder emptying is adequate.

2. OBJECTIVES

To find evidence to answer the following questions:
1. How and when to do it?

2. Is it effective?

3. Is it safe?

4. Is it cost-effective?

5. Complications and how to treat them

3. CRITERIA FOR CONSIDERING STUDIES

The search was made from 1966 to 2000. Considering
the historical aspect of this voiding management of
bladder dysfunction, passed references are taken from
books reporting on neurogenic bladder before 1970’s
[Bors, Comarr 1971].

Through Pubmed the following keywords were sear-
ched: Bladder, Neurogenic/etiology; Bladder, neuroge-
nic/physiopathology. Case report. Child. Female.
Human. Infant. Male. Urination disorders/congenital.
Urination disorders/complications.

Qality of included studies. We did not find any pros-
pective cohort study of patients using triggered voi-
ding or any controlled or randomised study (Level
evidence 4).

There are a few new references published within the
last 3 years (1998- 2000) to be added to the previous
report (1st ICI 1998).

4. RESULTS

a) How and when to do it?

Referring to the ICS committee on standardisation of
terminology [Andersen et al, 1992] bladder reflex trig-
gering comprises various manoeuvres performed by
patients in order to elicit reflex detrusor contractions by
exteroceptive stimuli (Figure 4). The most commonly
used manoeuvres are: suprapubic tapping, thigh scrat-
ching and anal/rectal manipulation. Frequency of use,
intervals and duration have to be specified for each
patient. Integrity of sacral reflex are requested for such
voiding manoeuvres.

Figure 4 : Triggered reflex voiding comprises various tech-
niques, the patient must find the best individual trigger zone
and points (the technique on the left side is propably more
effective than that on the right side ...)

Stimuli consist of [Bors, Comarr 1971; Wein et al
1984]:

- squeezing of glans penis or scrotal skin

- pulling on the pubic hair

- tapping the suprapubic areas

- stroking the skin of the thigh or the sole of the foot

- rectal digital stimulation

The latter has been described as the most effective sti-



muli for “triggered voiding” [Rossier, Bors 1964].
However the most popular and probably the most effi-
cient and easy to do is inducing contractions with rhyth-
mic suprapubic manual pressure. These manoeuvres are
assumed to produce a summation effect on the tension
receptors in the bladder wall, resulting in an afferent
neural discharge, which activates the bladder reflex arc
[Wein, Barret, 1988].

Today, learning of triggered voiding should not be done
without taking care of:

1. Bladder outlet obstruction management;
2. Continence;
3. Appliances;
4. Gender; and

5. Level and type (complete or incomplete lesions).
Literature cannot be seriously interpreted due to retros-
pective studies with none or poor specification of blad-
der outlet obstruction management associated with trig-
gering reflex voiding.

There are two different steps in the management of
reflex voiding in the neuropathic. Guidelines could be
proposed as follows:

1. Period of recovery of bladder activity and type of
drainage waiting for it: Use intermittent catheteriza-
tion as soon as possible with voiding diary and do
urodynamic study when signs of bladder wake-up
are arriving (leakage, autonomic dysreflexia related
to filling of the bladder, bladder sensation)

. Period of full bladder activity: regular watching of
bladder pressures, dyssynergia and upper tract dete-
rioration (every six months).

Special attention must be taken to the problems of
balance between continence and protection of upper
tract, sex differences, level of the lesion and neurologi-
cal handicap (para- vs tetraplegic patients).

There are few data comparing different types of voiding
management. One is Bennett et al (1995) in female
(Level of evidence 4). It shows that a definite trend as
the management method of choice in contrast to reflex
voiding and padding (or also indwelling catheter) is
intermittent catheterization with anticholinergic thera-
py (statistically significant difference in long-term
groups from 11 to 23 years). Some authors, Yokoyama
et al, 1996 (Level of evidence 4) argue against trigge-
red voiding because of high risk of upper tract deterio-
ration during long periods with a full bladder.

The best choice of treatment for long-term use can be
done with help of the analysis of 8 factors described by
Maynard & Diokno (1982) (Level of evidence 4):
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- Type of neurogenic bladder

- Prognosis of recovery

- Incontinence

- History of urethral trauma

- Decreased host resistance

- Dependence in catheterization

- Compliance (of patient)

- Patient preference (with informed choices)

One additional indication could be a tetraplegic patient
who is unable to perform self-catheterization but able to
do tapping or triggered voiding. They choose this
option because it gives possible independence.

b) Is it effective?

The question of effectiveness of triggered voiding is
separated as follows:

Is it an effective way of protecting upper urinary tract?
Is it an effective way of emptying the bladder?

Is it an effective way of ensuring a good quality of life
for patients?

Is it an effective way of controlling incontinence?

So far no studies in the literature are able to give good
answers to all these questions.

¢) Is it safe?

This technique could be safe if patients are able to have
adequate follow-up and monitored (see recommenda-
tions). As it is reported that complications occur more
often in the first 15 years [Lamid 1988; van Kerre-
broeck 1993; Gupta, Chawla 1994; Weld 2000] (Level
of evidence 4), it is not recommended for patients who
may fail to return for regular urological follow-up.
Canupp et al (1997) reported reasons for poor com-
pliance with regular follow-up: belief that follow-up
was not necessary, cost of investigations, good local
doctors, distance and transportation. These indicate a
need to improve patient education.

According to Frankel et al (1998) reporting on a fifty
year investigation in a spinal cord injury cohort, the risk
of death related to a urological dysfunction is decrea-
sing 50% each ten years. This was due to improvement
of evaluation, indications, follow-up and urodynamics
study. In addition the rate of patients using CISC was
increasing and could be part of this success. Therefore
it is not possible to give conclusion on the safety of trig-
gered voiding (Level of evidence 4).

d) Is it cost-effective?

No studies on cost-effectiveness are available.



e) Complications

Complications such as clinically significant infections,
upper urinary tract alteration/deterioration, autonomic
dysreflexia have been reported in the past reports,
levels of evidence 4 or lower. New publications did not
report specifically on this topic [Weld 2000; Canupp et
al 1997; Sekar 1997; McKinley 1999; MacDiarmid
2000; Yavuzer et al, 2000].

CONCLUSIONS

Reflex voiding is based on an unphysiological sacral
reflex. It is potentially dangerous and has a limited
role in managing the reflex bladder at present.

The long-term complication rate is not as high as
with indwelling catheter, but enough to suggest a
trend to avoid this triggered reflex voiding in detru-
sor hyperreflexia.

Costs of appliances and of adjuvant therapies (phar-
macotherapy, surgery, urethral prosthesis etc) have to
be evaluated.

Treatment of infralesional spasticity and co-morbidi-
ty should be taken into consideration.

5. IMPLICATIONS FOR PRACTICE

Before considering triggered reflex emptying, check if
the bladder situation is urodynamically safe and if regu-
lar follow-up is guaranteed. The frequency of check-up
is not validates, depends on risk factors, but should be
between 6 months and 2 years.

Each patient has to find his best way of triggered reflex
voiding. Adequate management of reflex incontinence
is essential. Social continence may be achieved only by
controlling fluid intake and regular bladder emptying
according to each personal schedule.

Be sure that type of bladder emptying is socially (and
sexually) acceptable to permit an adequate quality of
life.

To improve emptying and control autonomic dysre-
flexia related to bladder filling and contraction, alpha-
blockers should be tried before sphincterotomy and/or
bladder neck incision is performed.

In a well-developed country, triggered voiding should
not be recommended as the first line management of
bladder hyperreflexia and micturition. Intermittent
catheterization has become the gold standard to achie-
ve continence, upper urinary tract protection and
improvement of quality of life (see recommendations in
the chapter of intermittent catheterization).
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RECOMMENDATIONS

Triggered voiding could be recommended for
patients whose situation has proven to be urodynami-
cally safe and stable, and who can manage reflex
incontinence. Moreover it is recommended for
patients after sphincterotomy and/or bladder neck
incision and/or alpha-blockers, in order to improve
spontaneous reflex voiding.

Reflex voiding can only be recommended if an ade-
quate follow-up is guaranteed. (Grande of recom-
mendation C)

6. IMPLICATIONS FOR RESEARCH

Due to lack of controlled studies and less patients using
such bladder management nowadays, clinical research
is recommended on the following issues:

- Alpha-blockers effect (see related chapter)

- Urodynamics pre- and post-sphincterotomy and/or
bladder neck incision

- Long-term retrospective cohorts comparing triggered
voiding with other types of management (e.g. CISC)

- Quality of life assessment

For future developments this topic should be analysed
in accordance to sphincter status (sphincterotomy or
not, alpha-blockers or not, bladder neck incision or not)
and not as an isolated voiding management.
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II. BLADDER EXPRESSION
(CREDE AND VALSALVA)

1. BACKGROUND

Bladder expression has been recommended since a long
time for patients with so-called lower motor neuron
lesions, resulting in a combination of an underactive
detrusor with an underactive sphincter or with an
incompetent urethral closure mechanism of other origin
(e.g. after sphincterotomy).



Figure 5

: Bladder expression comprises various
manouvres, aimed at increasing intravesical pressure to
enable | to facilitate bladder emptying.... (for details see
text).

Difficulties in emptying the bladder by expression may
be due to (1) an inability to open the bladder neck.
However, especially in men, these techniques induce
(2) a functional obstruction at the level of the striated
external sphincter despite complete paralysis of the
musculature of the pelvic floor. The pathophysiological
mechanism of the bladder expression via Valsalva and
Credé was evaluated by Madersbacher (1977) : voi-
ding-cystourethrograms during these techniques show a
typical bending, deformation and narrowing of the
membranous urethra at the level of the pelvic floor. The
interpretation of this phenomenon is, that during Val-
salva and Credé, the bladder and its outlet are forced
downwards and backwards, while the penile urethra is
fixed via the Lig. suspensorium penis to the pubic sym-
physis. Thus the urethra becomes compressed by the
musculature of the pelvic floor. Any further increase of
the intraabdominal pressure increases the deformation
of the membranous urethra and makes bladder emp-
tying worse. This functional narrowing cannot be reco-
gnized by a retrograde urethrogram, nor felt by cathete-
rization, nor it is visible endoscopically. However,
through experience, some patients have learned that
voiding can be improved by a manual counter pressing
against the perineum.

Moreover, Clarke & Thomas (1981) studied static ure-
thral pressure profiles in paraplegics with an acontrac-
tile bladder: (3) the urethral pressure in all flaccid male
paraplegics investigated was much higher at the exter-
nal sphincter than at the bladder neck. It was largely
abolished by alpha-blockers. They conclude in flaccid
male paraplegics the major component of urethral resis-
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tance is a constant, adrenergically innervated muscular
resistance in the external sphincter region; however,
this is still under discussion.

2. OBJECTIVES
To find evidence to answer the following questions:
1. How to do it?

. Is it effective?

. Is it safe?

. How to treat complications?

2
3
4. TIs it cost-effective?
5
6. Comparing between techniques
7

. Long-term results and quality of life

3. CRITERIA FOR CONSIDERING STUDIES AND
SEARCHING STRATEGY

All types of studies, adults and children only if neces-
sary for understanding, dealing with Credé- and the
Valsalva manoeuvre for emptying bladder in neuroge-
nic lower urinary tract dysfunction were included.

Search from Medline through Pubmed 1966-2001/April
and the list of publications used in the First Internatio-
nal Consultation on Incontinence 1998.

Keywords: Credé, Credé voiding, Valsalva, Valsalva
voiding in neurogenic bladder, in spina bifida, in spinal
cord injury, in cauda equina syndromes, intervertebral
disc protrusion, in lower urinary tract disorders, com-
bined with anal stretch

All studies were considered in regards to efficacy, safe-
ty and cost-effectiveness (languages English, German).

Eleven studies (1 in Japanese languages, but with an
abstract in English) were considered.

Quality of included studies. There were 7 case-series
(level of evidence 4); 2 were case-reports, 1 of them
with 1 patient and the other with 2 patients (level of
evidence 5); 2 comprise basic research of bladder
expression, one with operative therapy based also on
a case-series.

4. RESULTS
a) How to do it?

Bladder expression comprises various techniques
aimed at increasing intravesical pressure in order to
enable/to facilitate bladder emptying. The most com-
monly used are the Valsalva (abdominal straining) and
the Credé (manual compression of the lower abdomen).

b) Is it effective?

There is no randomised controlled study on bladder
expression, however, Barbalias et al (1983) prospecti-



vely evaluated the efficacy of Credé to promote voiding
in 207 patients with a variety of lower urinary tract
disorders using urodynamics, including urethral pressu-
re measurement. They found an increase in urethral
pressure during Credé manoeuvre while the vesical
neck remained closed. Only 2% in this series the blad-
der neck opened and the external urethral sphincter
relaxed. They concluded that Credé manoeuvre is an
inefficient method of bladder empyting, in the majority
of patients associated with a significant urethral obs-
truction.

Clinical experience shows that by straining and increa-
sing abdominal pressure patients are able to empty their
bladders, albeit mostly incompletely.

¢) Is it safe?

With the development of urodynamics/videourodyna-
mics, it could be demonstrated that despite high intra-
vesical pressures created by these techniques, the uri-
nary flow may be very poor and residual urine may also
be present. This echoes Watkins’ statement, 1936, that
micturition by the Valsalva or Credé can be impeded
despite flaccid paresis of the pelvic floor (see Back-
ground).

Reinberg et al (1984) reported a case of renal rupture
with development of a large perinephrec urinoma and
deterioration of renal function after the Credé technique
in a girl with neurogenic bladder and detrusor sphincter
dyssynergia (without vesico-ureteral reflux). Therefore
bladder expression is not safe unless urodynamics have
proved the contrast.

d) Is it cost-effective?

There are no data that evaluate the cost-effectiveness of
bladder expression.

e) How to treat complications?

Complications with this method are caused by high
intravesical pressure to overcome outflow resistance.
Therefore complications with bladder expression can
be treated either by lowering outflow resistance (see
below) or by replacing bladder expression by CISC.

J) Comparing between techniques

Only Momose et al (1997) compared the clinical signi-
ficance between Credé voiding (n=56, mean follow-up
period 14.6 years) and Valsalva voiding (n=22, mean
follow-up 13.7 years) in the urological management of
spina bifida patients. Although their findings suggest
a possible superiority of Valsalva voiding over Credé
voiding in the preservation of the urinary tract, the
differences between the two groups were not statis-
tically significant and they suggest further studies in
neurogenic bladder patients.
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In other papers [Leroi et al 1994; Fanciullacci et al
1989; Sperling 1978] Credé and Valsalva are mentioned
as part of the treatment without further judgement.
Only Redman (1976) report on two cases with upper
urinary tract improvement with Credé. Madersbacher
(1977) as well as Clarke & Thomas (1981) documented
a functional urethral obstruction at the level of the pel-
vic floor during bladder expression (as above-mentio-
ned).

g) Long-term results and quality of life

Madersbacher (1977) demonstrated that with increa-
sing time of using Valsalva and Credé techniques, more
than 50% of patients showed demonstrable influx into
the prostate and the seminal vesicles and other compli-
cations, e.g. epididymo-orchitis. Moreover, the high
pressures cause reflux into the upper urinary tract with
all known complications. The stress to the pelvic floor
with these techniques several times a day also has a
negative influence on existing minimal storage function
of these structures and therefore makes incontinence
worth, causing additional genital-rectal prolapse and
haemorrhoides.

Adjunctive therapy to decrease outflow assistance
includes alpha-blockers, if they are effective they usual-
ly cause or increase neurogenic urinary stress inconti-
nence. Juraschek et al (1974) and Wyndaele (1998)
advocated cystoprostatopexy to the abdominal wall to
prevent kink of the urethra, however, no long-term
results are available.

CONCLUSIONS

Bladder expression by Valsalva or Credé is poten-
tially hazardous for the urinary tract due to functio-
nal obstruction at the level of the pelvic floor.

It is contraindicated if it creates a high intravesical
pressure, or/and if prostatic reflux or/and a vesico-
uretero-renal reflux are present. In addition, hernias,
recto-genital prolapse and hemorrhoids as well as
urethral pathology (stricture formation) and recur-
rent symptomatic UTIs are further contraindications.

It may have a negative influence on an existing mini-
mal storage function of the flaccid pelvic floor and
therefore incontinence may become worse.

Alpha-blockers may reduce the outflow resistance,
and may also induce or increase urinary stress incon-
tinence.

5. IMPLICATIONS FOR PRACTICE

Bladder expression is often recommended especially
for patients with an underactive detrusor with an unde-
ractive / incompetent sphincter mechanism.



Expression of the bladder for voiding by Credé and Val-
salva is effective. To empty the bladder, the pressures
measured may be high and potentially dangerous for
the upper urinary tract. Bladder expression is not safe.

According to the above-mentioned, it is clear that
sphincter-hyperreflexia and detrusor-sphincter dyssy-
nergia are contra-indications for bladder expression.
However, there is one exception i.e., when used in the
reflex bladder with the anal sphincter stretch described
by Low & Donovan (1981). This method, by inserting
one or two gloved fingers into the anal canal and then
stretching the anal sphincter, does relax the external
urethral sphincter; and voiding is then achieved by
abdominal straining. Therefore, it can be used in those
who have a reflex bladder with unbalanced voiding due
to detrusor weakness and/or detrusor-sphincter dyssy-
nergia. There is no evidence that Credé or Valsalva are
superior or less dangerous as the other.

If complications, caused by high pressure during blad-
der emptying, occur, CIC is the alternative. Long-term
results are good only if no contraindication exists or
occurs over the years, urodynamic controlls are manda-
tory. If the situation remains safe and stable the method
is cost-effective and guarantees an adequate quality of
life. However if complications occur, patients have to
be persuaded to change to CIC.

RECOMMENDATIONS

Before recommending bladder expression by Valsal-
va or Credé, it must be proved that the situation in
the lower urinary tract is urodynamically safe. Basi-
cally the method is rather dangerous.

Exclude contraindications, such as a vesico-uretero-
renal reflux, prostatic reflux, genito-rectal prolapse,
hernias, urethra pathology and symptomatic UTIs
before recommending this type of bladder emptying.

In general, bladder expression should be replaced by
CIC in most patients with neuropathic bladder-
sphincter dysfunction.

Alpha-blockers are not recommended as they may
induce or increase urinary stress incontinence.

Valsalva and Credé only guarantee a good quality of
life and are cost-effective in long term when the
indication is proper and when the situation remains
stabtle throughout the years. (Grande of recommen-
dation C)

6. IMPLICATIONS FOR RESEARCH

A urodynamically controlled prospective study should
be conducted to prove that Crede and/or Valsalva are
really safe in patients with normal range intravesical
pressure created by these techniques.
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III. TOILETTING ASSISTANCE:
TIMED VOIDING, HABIT
RETRAINING, PROMPTED
VOIDING

Bladder retraining and toiletting assistance aim to resto-
re control over the urinary bladder. The different tech-
niques have been reviewed especially in older persons
with urinary incontinence, however, there are only few
references directly related to neuropathic incontinence.
Therefore in behalf of the bladder retraining and toilet-
ting assistance see chapter on Incontinence in the Elder-
ly. Randomised controlled studies are needed to get evi-
dence also in patients with neuropathic incontinence.

C. CATHETERS

I. INTERMITTENT
CATHETERIZATION [IC]

1. BACKGROUND

The use of catheters for bladder emptying dates back to
many thousands of years [Brosman 1965].

Intermittent catheterization (IC) and self-catheteriza-
tion (ISC) have become properly introduced during the
last 40 years [Guttmann, Frankel 1966; Lapides et al
1972].

The main aims of IC and ISC are to empty the bladder
and to prevent bladder overdistension in order to avoid
complications and to improve urological conditions.
Many studies showed good results in continence with
less complications leading to a better prognosis and a
better quality of life in many with neurologic bladder
[Maynard, Diokno 1982; Diokno et al 1983; Sutton et
al 1991].

IC and ISC are nowadays considered as the methods of
choice for the management of neurologic bladder dys-
function.

2. OBJECTIVES
To find evidence to answer the following questions:

1. What is the best technique and what are the best
materials for IC?



. Is IC effective for treating neurogenic urinary incon-
tinence and voiding dysfunction?

.Is IC safe?
. How to prevent complications?

. How to treat complications?

[ N B NSV

. Is IC preferable to other forms of bladder emp-
tying/catheter drainage in the neuropathic patients?

. What are the long-term results including the impact
on quality of life?
8. What does IC cost?

3. CRITERIA FOR CONSIDERING STUDIES AND
SEARCH STRATEGY

All types of studies in adults dealing with IC and ISC in
neurogenic bladder have been included in this search.

Medline through Pubmed from 1966-2000, and the list
of publications used in First International Consultation
Report if not included in the former list.

a) Keywords

Catheterization, catheterization, neurogenic, neuroge-
nic bladder, bladder, urinary, intermittent catheteriza-
tion, intermittent selfcatheterization

b) Method of review

All studies were considered in regards to outcome, effi-
cacy, safety and cost effectiveness, in all languages.
When written in Japanese the information in the Engli-
sh translation of the abstract was used.

¢) Description of the review

477 studies were reviewed and 119 were in first instan-
ce selected because dealing with conservative treatment
in adults with neurogenic bladder. Further analysis
excluded 25 articles dealing with suprapubic or indwel-
ling catheter. Fifty one articles were added to this list
from a previous survey, bringing the total number to
145.

d) Methodological quality of the included studies

The articles withheld for evaluation are 9 randomized
controlled trials, 23 propsective cohort studies, 12
retrospective case control studies, 87 case series, and 14
expert opinions.

4. RESULTS

a) What is the best technique and what are the
best materials for IC?

There exists not one best technique nor one best mate-
rial as both depend greatly on patients’ individual ana-
tomic, social and economic possibilities.
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Material and catheter type: Many types of catheters
are used for IC and ISC, e.g. Nelaton, O’Neil, Tiemann
and Foley. They are made of rubber, latex, plastic
(PVCQ), silicon. They may be siliconized or of teflon
coated rubber, glass or stainless steel. Some are packed
in a sheet/bag [Wu et al 1981], others are reusable. A
urethral introducer has been described which permits to
bypass the colonized 1.5 cm of the distal urethra and
which resulted in a significant lower infection rate in
hospitalized men with spinal cord injury [Bennett et al
1997]. Most catheters need the use of some kind of
lubricants, especially in men, e.g. jellies or aqueous
solution but no studies were found comparing these.
Lubricants are applied on the catheter or are instilled
into the urethra [Burgdorfer et al 1997]. In developing
countries, where resources are limited, patients some-
times use oil [Kovindha 1998] or just water [Orikasa et
al 1976] as lubricant. For those with preserved urethral
sensation, a local anesthetic jelly may be needed. Jel-
lies would seem most effective when instilled into the
urethra. This has been studied in endoscopy [Vogler
1980, Scholtmeijer, Dzoljic-Danilovic 1990] but can be
accepted for catheterization too. The advantage is mul-
tiple: Lubricants injected into the urethra permit the
catheter to glide in a film of jelly into the bladder; the
desinfectant effect of jellies containing antiseptic sub-
stances is optimal; the local anesthetic effect, if one
waits 5-10 min. after instillation, is fully developed.
Many female patients do not use catheter lubrification.
Some catheters have special properties such as a hydro-
philic and self lubricated surface which can be activa-
ted with tap or sterile water. Regarding the size of the
catheters, for adults 10—14 Fr for adult males and 14-16
Fr for adult females are mostly used but bigger
size/lumen may be necessary for those with bladder
augmentation. No studies on IC compared sizes in a
randomized way.

Studies comparing materials in a randomized control-
led way are scarce. Some recent studies evaluate the
hydrophilic catheters. In an animal study in the rabbit,
Lundgren et al (2000) found that osmolality of hydro-
philic catheters is important in regards to removal fric-
tion and urethral trauma. To minimize the risk of ure-
thral trauma high osmolality catheters are recommen-
ded especially when the catheterization times are a few
minutes or more. Waller et al (1997) compared two dif-
ferent hydrophilic catheters in a crossover study of 14
male spinal cord injury patients, as to the maximum
friction force during the removal of the catheters after
bladder emptying. The catheter with the highest osmo-
lality (approximately 900mOsm/kg) had much less stic-
king to the urethral epithelium and had a significantly
lower friction force. Biering-Sorensen et al (1999)
compared two types of hydrophilic catheters and found
no difference regarding the number of urethral epithe-



lial cells on the surface of the catheters after catheteri-
zation. Wyndaele et al (2000) evaluated the use of a
hydrofilic catheter in 39 male patients with neurogenic
bladder using conventional catheters for a long time.
The hydrophilic catheter proved as easy to use but was
better tolerated. Satisfaction was better especially in
patients who experienced problems with conventional
catheters. Some patients were unsatisfied for reasons of
practical use or for economical reasons. Very recently
Hedlund et al (2001) pleaded for a prospective, rando-
mized longterm multicentre study in order to reach
reliable conclusions. Studies comparing the use of
hydrophilic catheters with the use of ordinary catheters
and lubricant must take into account how this jelly is
used: applied on the catheter or injected into the ure-
thra.

Technique: Two main techniques have been adopted, a
sterile IC (SIC) and a clean IC (CIC) (Figures 6, 7).
The sterile non-touch technique advocated by Gutt-
mann and Frankel implicates the use of sterile materials
handled with sterile gloves and forceps. In an intensive
care unit, some advocate wearing a mask and a sterile
gown as well. In some centres, during a bladder training
programme, SIC has been done only by a catheter team,
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Figure 6 : Sterile non-touch technique of intermittent
catheterization (Guttmann & Frankel, 1966)

which has proven to obtain a very low infection rate
[Lindan, Bellomy 1971]. The sterile technique is used
only during a restricted period of time and in a hospital
setting. In the majority of cases a clean technique is
used. Catheterization is done in many different posi-
tions: supine, sitting or standing. Female patients may
use a mirror or a specially designed catheter to visuali-
ze the meatus [Bruijnen and Boer 1981]. After a while
most women do not need these aids anymore. The
catheter is introduced in a non-infecting and atraumatic
way. The requirements for this have been described
many times: non infecting means cleaning hands, using a
non infected catheter and lubricant, cleaning the meatal
region before catheter introduction. Here again different
ways of application are used: the use of sterile compo-
nents with the catheter introduced out of the sheath into
the urethra as well as the use of resterilized catheters
introduced by hand which have been washed before.

Individual variation can be found in every patient
group. Atraumatic requires a proper catheter size, suffi-
cient lubrification, gentle introduction through the ure-
thra, sphincter area and bladder neck [Wyndaele 1983,
Corcos 1996]. The catheter has to be introduced until
urine flows out. Urine can be drained directly in the
toilet, in a urinal, a plastic bag or other reservoir. The
catheter should be kept in place until urine flow stops.
Then it should be pulled out slowly while gentle Val-
salva or bladder expression is done in order to comple-
tely empty residual urine. When properly done the resi-
dual urine should be maximum 6 ml as demonstrated by
Stribran and Fabian with fenolftaléine washing (1961).
But routine can be different as shown by Jensen et al
(1995). They measured residual urine repeatedly with
ultrasonography and found rest urine in 70% of the
catheterizations in their group of 12 patients with spinal
cord lesion. The residual could exceed 50 ml and even
100 ml. Finally the end of the catheter should be bloc-
ked to prevent backflow of the urine or air into the blad-
der. Hydrophilic catheters can be left in place for a short
time only to prevent suction by the urethral mucosa
which may make removal difficult.

Figure 7 : Clean (self-) intermittent catheterization technique with catheterization out of the sheath.



During the rehabilitation phase clean ISC (CISC) can
be taught to patients with good hand function fairly
soon. Wyndaele and De Taeye compared the results of
25 paraplegic patients (23 men and 2 women) starting
on CISC at a mean of 35 days (7 to 85+ days) post trau-
ma with those of 48 paraplegic patients catheterized by
nurses with a non touch technique. They found compa-
rable results in final outcome of the bladder training
and infection rate. Early self-catheterization permitted
the patients to go home for weekends earlier and was
considered positive by the majority of those participa-
ting. Champion (1976) found no bacteriological diffe-
rence in urine specimens one year after 7 patients chan-
ged from sterile IC to CISC.

When resources are limited, catheters are reused many
times, up to weeks and months. Some re-sterilise or
clean them by soaking in an antiseptic solution or boi-
ling water. Microwave to re- sterilise rubber catheters
has been described by Silbar et al 1980. A silicone Japa-
nese type self catheter has been reused for a long time
[Igawa 1998, Kovindha 1998]. Van Hala et al (1997)
used a questionnaire in 97 patients with pediatric onset
neurogenic bladders to evaluate differences between IC
with a sterile new catheter and IC with reused material.
98% used a clean technique. Their data suggest that
reused supplies are not related to an increased likeli-
hood of urinary tract infection. As only 2% used a ste-
rile technique comparison between sterile and non ste-
rile technique is not possible.

Frequency of catheterization: This depends on many
factors as bladder volume, fluid intake, postvoid residual,
urodynamic parameters (compliance, detrusor pressure).
Usually it is recommended to catheterize 4 — 6 times a
day during the acute stage after spinal cord lesion. Some
will need to keep this frequency if IC is the only way of
bladder emptying. Others will catheterize 1 — 3 times a
day to check and evacuate residual urine after voiding or
on a weekly basis during bladder retraining [Opitz 1976].
Clinical utility of a portable ultrasound device in IC has
been evaluated in a randomized controlled trial by Anton
et al (1998). The results show that the device reduces the
number of required catheterizations and is associated
with a high degree of patient satisfaction. De Ridder et al
(1997) had used a similar device in multiple sclerosis
patients and found some decrease in incontinence over
24 hours and one catheterization less needed a day in a
small number of patients.

Adjunctive therapy: To overcome high detrusor pres-
sure anticholinergic drugs or bladder relaxants can be
indicated. As shown in the table 2 this is often needed
in most series published. For those who develop a low
compliance bladder, upper tract deterioration or severe
incontinence, injection of Botuline toxin into bladder
wall [Schurch et al 2000] or surgery as bladder aug-
mentation may be necessary. Where a too high diuresis
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is noted during the night due to diurnal variation of
antidiuretic hormone [Kilinc et al 1999], DDAVP can
safely and effectively be used [Chancellor et al 1994].
In cases of catheterization difficulty at the striated
sphincter, botulinum toxin injection in the sphincter can
help [Wheeler et al 1998]. In individuals with tetraple-
gia reconstructive handsurgery is indicated [Kiyono et
al 2000]. For those with poor handfunction or difficul-
ty in reaching the meatus assistive devices might be
needed [Bakke et al 1993].

Education: This is very important. Patients and caregi-
vers must understand what is wrong with the
bladder/sphincter, what the cause is and why IC is pro-
posed for treatment. They have to learn how to cathete-
rize properly. Teaching programmes have been success-
ful in non-literate persons in developing countries [Par-
mar et al 1993] and in quadriplegic patients [Sutton et
al 1991].

CONCLUSION

There is a wide variety of materials used and tech-
niques applied for IC which does not seem to change
the practical outcome much if the basic principles are
applied: good education and training, clean and
atraumatic technique, good patient compliance in the
longterm.

b) Is IC effective for treating neurogenic urinary
incontinence and voiding dysfunction?

In general, the purpose of catheterization is to empty
the bladder and of IC is to resume normal bladder sto-
rage and regularly complete urine evacuation. With IC
and ISC there is no need to leave the catheter in the
lower urinary tract all the time, thus avoiding compli-
cations of indwelling catheterization (ID). Data on the
results of continence in different neurological patholo-
gies are given in table 1. It is striking that before the
1970’s the articles on IC in neurogenic did not com-
ment on continence specifically. Later the continence
outcome was better reported. Some studies used blad-
der relaxants or surgery to obtain continence. (Table 1)

It is clear that IC can improve incontinence or make
patients with neurogenic bladder continent if bladder
capacity is sufficient, bladder pressure kept low, ure-
thral resistance high enough, and if care is taken to
balance between fluid intake, residual urine and fre-
quency of catheterization.

¢) Is IC safe? Several complications have been
described

1. URINARY TRACT INFECTION (UTI)

Prevalences of UTI vary widely in the literature. This is
due to the various evaluation methods used, different
techniques of IC, different frequencies of urine analy-



Table 1 : Outcome of continence

Authors Number of Follow-up Adjunctive treatment Result of continence
patients
Lapides et al 1976 168 3m- Sy Anticholinergic + alfa-adrenergic =~ Majority dry
Madersbacher
- Weissteiner 1977 12 women 2 -4y 50% dry, other 50% some
grade of incontinence
Wyndaele et al 1980 30 (18m,12f) 3m-30m 6 anticholinergic, 73% continent + 13%
1 colocystoplasty improvement
Iwatsubo et al 1984 60 spinal cord
lesion (sci) Overdistension during shockphase 100% continent
McGuire — Savastano 1986 22 f 2-11y Surgery 27% Continent 73%
Kornhuber — Schultz 1990 197 multiple Continence improved with
sclerosis elimination of residual
urine
Wyndaele —Maes 1990 75 (6 neurogenic) 1.5-12y 38 anticholinergics 47 dry, 22 seldom wet,
6 wet at least once a day
Kuhn et al 1991 22 sci Sy No Continence did not change
Lindehall et al 1994 26 meningo- 75-12y 24/26 better
myelocoele
Waller et al 1995 30 sci 5-9y 6 anticholinergics 22 dry, 8 incontinent
Vaidyanathan et al 1998 7 sci 14 -30 m Bladder relaxants intravesically 84 % dry, 3 dampness at

awaking

sis, different criteria for infection, the administration or
not of prophylaxis, the group of patients studied, et al.
Some publications give the percentage of sterile urine:
between 12% and 88% [Guttmann-Frankel 1966, Pear-
man 1971, Lapides et al 1974, Donovan et al 1978,
Maynard et al 1984, Murray et al 1984, Wyndaele et al
1990]; others of asymptomatic: 11% [Sutton et al 1991]
and others of symptomatic bacteriuria: 53% [Whitelaw
et al 1987]. Bakke (1993) found in 407 patients, 206
men and 201 women, 252 with neurogenic bladder,
during an observation period of one year, 24.5% with
asymptomatic UTI, 58.6% with minor symptoms,
14.3% with more comprehensive or frequent symptoms
while 2.6% claimed major symptoms. Also in other stu-
dies the prevalence of all types of UTI are given [Kass
et al 1979, Webb et al 1990, Thirumavalavan et al 1992,
Perrouin-Verbe et al 1995, Yadav et al 1993] with very
different results. Biering-Sorensen et al (1999) studied
77 SCI patients on CIC after 5 years and found that
81% had been treated for at least one UTI, 22% had 2 —
3 UTI/year and 12% had 4 or more/year. Still it remains
difficult from literature to get a proper estimate of the
risk of infection when IC is done in a short- and in a
longterm: the data differ so much that many factors
must play a role in the prevalence of this complication.

In the acute stage of SCI with proper management urine
can be kept sterile for 15-20 days without antibiotic
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prophylaxis and for 16-55 days if prophylaxis is given
[Ott-Rossier 1971, Rhame -Perkash 1979, Anderson
1980]. Prieto-Fingerhut et al (1997) determined in a
randomized controlled trial the effect of sterile and non
sterile IC on the incidence of urinary tract infection in
29 patients after SCI. With urine analysis on a weekly
basis they found in the group on sterile IC a 28.6% UTI
incidence while in the nonsterile catheterization group
42.4% incidence was found. The cost of antibiotics for
the sterile IC group was only 43 % of the cost for those
on nonsterile IC. However the cost of the sterile IC kits
was 371% of the cost of the kits used by the nonsterile
IC group bringing the total cost of the sterile program
on 277% of the other program. Rhame and Perkash
(1979) published the results of UTI prevalence in 70
SCI patients in the initial rehabilitation hospitalization
treated with sterile IC and a neomycin-polymixin irri-
gant. 54% developed an infection at an over-all rate of
10.3 infections per 1000 patient-days on IC. Bakke and
Volset (1993) studied factors that may predict the occu-
rence of bacteriuria and clinical UTI in 302 patients
using CIC. Predictive factors of clinical infection were
low age and high mean catheterization volume in
women; low age, neurogenic bladder dysfunction and
nonself-catheterization in men, in addition to urine lea-
kage in patients with neurogenic dysfunction. Bacteriu-
ria was a risk factor of future clinical infection. Risk



factors for bacteriuria were present in men: low fre-
quency of catheterization, high age and nonself-cathe-
terization. If antibacterial prophylaxis was used fewer
episodes of bacteriuria were noticed but significantly
more clinical UTI. Shekelle et al (1999) made a syste-
matic review of risk factors for UTI in adults with spi-
nal cord dysfunction. In this review article they evalua-
ted 22 studies from which many however had important
methodological deficiencies. They found two studies
that provide evidence supporting increased bladder
residual volume as a risk factor. Patients on IC had
fewer infections than those with ID. They found
conflicting evidence over the value of sterile or “non
touch” catheter techniques compared with CIC. They
found insufficient evidence to assess risk due to psy-
chological, behavioral and hygiene factors, sex, level of
function and time since injury.

Schlager et al (1999) examined how frequently periure-
thral bacterial species produced bacteriuria in children
followed longitudinally. Bacteriuria frequently occurs
after inoculation of periurethral E.coli into the urine
during CIC. Hull et al (1998) investigated virulence
factors of E. Coli isolated from patients with sympto-
matic and asymptomatic bacteriuria and neuropathic
bladders due to spinal cord and brain injuries. The
results suggest that E. Coli isolated from patients who
develop symptomatic UTI may be distinguished from
bacteria recovered from patients who remain asympto-
matic and possibly from normal fecal E. Coli. In order
to diagnose UTI, Barnes et al (1992) found arguments
that it should be recommended to obtain the urine by
catheterization. The frequency of examining urine
samples differs greatly between studies. Some advoca-
te daily use of a dipslide technique during the acute
phase after SCI, once a week during the subacute phase
and monthly or a few times a year in longterm care
[King et al 1992, Darouiche et al 1993, National Insti-
tute on disability and rehabilitation research consensus
statement 1992]. If a urine culture reveals more than
10,000 cfu/ml, it indicates significant bacteriuria. Pyu-
ria alone is not considered reliable in patients with neu-
rogenic bladder [Gribble et al 1989, Menon -Tan 1992].
The bacteria found are E. Coli, Proteus, Citrobacter,
Pseudomonas, Klebsiella, Staphylococcus aureus and
faecalis in most short-term cases while the same bacte-
ria plus Acinetobacter and Streptococcus faecalis are
found in the longterm IC patients [Noll et al 1988,
Yadav et al 1993]. E Coli is considered the dominant
species in several studies [Bakke 1993]. The detection
of E. Coli on the periurethra corresponded in much
higher percentage (93%) with bacteriuria than if other
bacteria were present on the periurethra (80% or less)
[Schlager et al, 1999]. Urinary sepsis is fortunately rare
[McGuire et al 1977, Sperling 1978, Barkin et al 1983].
Previous treatment with an ID represented a special risk
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to develop sepsis in the series of Barkin et al (1983). In
his thesis Wyndaele (1983) found sepsis in 21 of 115
patients with SCI during the in hospital rehabilitation.
The prevalence of sepsis was highest in those treated
beforehand with an ID. Factors of risk were the period
of 24 hours to 3 days after changing from ID to IC drai-
nage when UTI was present. The study of Wyndaele
and Maes on 69 patients with neurogenic bladder and a
literature survey till 1989 on CIC, found justification of
several conclusions concerning the relationship bet-
ween CIC and UTI: If catheterization is begun by
patients with recurrent or chronic UTI and urinary
retention, the incidence of infection decreases and
patients may become totally free of infection. If symp-
tomatic infections occur, improper CIC or misuse often
can be found. Chronic infection persists if the cause of
the chronicity remains.

2. GENITOURINARY COMPLICATIONS: Urethritis and epi-
didymo-orchitis have been reported in several case
series (table 2). Again the prevalence figures vary wide-
ly. This is probably due to the many differences in tech-
nique, material used, primarily treatment and investiga-
tion method. Genital infections can lower fertility in SCI
patients. In 1991 Allas reported on 14 paraplegics per-
forming CIC. In each patient he performed two spermo-
grams, one before and one after an episode of epididy-
mitis (unilateral in 13). Azospermia increased from 7%
to 50% when epididymitis occured. However if IC was
used to empty the neurogenic bladder, slightly better
sperm quality was seen. In a study by Ohl et al (1992)
on 29 SCI men on electroejaculation, much better pre-
gnancy rates than those patients using an alternative
bladder management was the outcome. Also Rutkowski
et al (1995) found in patients on IC a higher percentage
of mobile sperms compared to those using ID.

Prostatitis, either acute or chronic is difficult to diagno-
se in patients with neurogenic bladder. Special tests
have been developed [Kuhlemeier et al 1982; Wyndae-
le 1985]. The overall incidence was thought to be pro-
bably around 5% to 18% [Cukier et al 1976] but this
may be underestimated. Perrouin-Verbe et al (1995)
used the Meares-Steamy test and found a rate of 33%.

3. OTHER COMPLICATIONS: Urethral bleeding is fre-
quently seen in new patients and occurs regularly in one
third on a long-term basis [Webb et al 1990]. Trauma of
the urethra especially in men can cause false passage,
meatal stenosis but the incidence is rare (table 2). The
incidence of urethral strictures increases with a longer
follow-up. Wyndaele and Maes followed 75 patients on
CIC for a mean period of 7 years with a maximum of
12 years, the majority using CIC for neurogenic blad-
der. They found 11 urethral complications in 15
patients, mostly male, some of which were recurrent.
Most events occurred after 5 years of CIC. Also Per-



Table 2 : Genitourinary complications (m=men)

Authors Total no. Urethritis Meatal stricture  Epididymitis Urethral
of patients stricture
Lapides et al 1974 100(34m) 2m - - -
Lapides et al 1976 218 (90m) 2m - 2
Orikasa et al 1976 26 (13m) 1
Wyndaele et al 1980 30 (18m) 2m 2
Maynard,Diokno 1982 28 (m?) 4
(1 with infected
penile prosthesis)
Labat et al 1985 68 (48m) 9m 3
Maynard —Glass 1987 34 (m?) 3 2
Wyndaele-Maes 1990 75 (33m) 3 6 7
Webb et al 1990 2%
Hellstrom et al 1991 41 (26m) 3
Kuhn et al 1991 22 (11m) 1 1
Thirumavalan —Ransley 1992 12%
Bakke 1993 407 (206m) 1% 1%
Perkash —Giroux 1993 50 m 5
Perrouin-Verbe et al 1995 159 (113m) 10% short-term, 5.3%
28% long-term
Waller et al 1995 30 SCI (26 m) 2 4

rouin-Verbe et al (1995) found that the risk of urethral
stricture seems to increase with the number of years on
CIC. These authors also showed that patients who deve-
loped strictures had a slightly higher catheterization
rate than those who did not. Gunther et al presented in
2000 their results in 230 men on IC and found urethral
changes in 26.9% (3.7% strictures) when also in their
history an ID had been used. In men with IC and no his-
tory of ID the prevalence was 16.9% urethral changes
and no strictures. These results were compared with
those in 311 men not on IC. In this last group with his-
tory of ID 25.4% urethral changes (2.5% strictures) and
in those without history of ID 17.9% urethral changes
(1.5%) strictures were found.

Urethral changes were also documented by Kovindha et
al (2000) in 27 spinal cord injured men on CIC for an
average of 5 years (between 1 to 14 years) and using
one single re-usable silicone catheter for an average of
3 years (from 1 to 7 years). Urethrograms showed 70%
normal, 11% minor abnormalities, 15% narrowed ure-
thra and 4% with stricture (1 case) that needed opera-
tion.

The surface of the catheter is claimed to be an impor-
tant factor with less stricture development when hydro-
philic catheters are used. Vaidyanathan et all (1994) stu-
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died the degree of urethral inflammation by urethral
cytology in two groups on CIC, one using ordinary
catheters in PVC with lubricant, the other using hydro-
philic catheters. The group using hydrophilic catheters
had significantly less urethral inflammation. Waller et
al (1995) found no extra stricture occuring in their
patients using hydrophilic catheters after a mean fol-
low-up of 7 years. Such data are suggestive for an
advantage of using hydrophilic catheters to prevent
stricture formation in the long-term but comparitive
studies have not been published.

Other complications such as hydronephrosis, vesico-
ureteral reflux, bladder cancer seem to relate to infec-
tion, bladder trabeculation, detrusor pressure or neuro-
pathy but not to CIC [Damanski 1965]. Bladder calculi
caused by the introduction of pubic hair [Solomon et al
1980, Amendola et al 1983], loss of the catheter in the
bladder [Morgan et al 1990], bladder perforation and
bladder necrosis [Reisman, Preminger 1989] have been
case reports on rare complications of CIC.

d) How to prevent complications?

To prevent UTI a non-infecting technique is needed.
Barber et al (1999) evaluated the importance of nursing
education and found this educational intervention by a



clinic nurse to be a simple, cost-effective mean to
decrease the risk of UTI’s in SCI individuals on CIC
who are at risk. Some other factors have been found to
probably play a role in infection prevention: the fre-
quency of IC is important as shown in several studies.
Anderson (1980) found a fivefold incidence when IC is
done 3 times a day compared to 6 times a day. In addi-
tion prevention of bladder overdistention is important
[Lapides et al 1976, Shekelle et al 1999]. Cross infec-
tion is less if IC during hospitalization is done by a
catheter team [Lindan, Bellomy 1971] or by the
patients themselves [Wyndaele, De Taeye 1990]. As
residual urine plays a role in infection, attention must
be made to completely empty the bladder [Shekelle et
al 1999].

Several studies have evaluated the infection rate during
antibacterial prophylaxis. Randomized controlled trials
are scarce. Pearman (1979) compared 2 groups of
patients with acute SCI treated with non-touch IC: 22
had kanamycin colistin solution instilled into the blad-
der at the end of each catheterization and 25 patients
were not given such instillations. Those with the instil-
lation had only half the incidence of significant bacte-
riuria. The same effect could not be found in a compa-
rison study by Haldorson et al (1978) with instillations
of neomycin. Ascorbic acid has been used by several
authors. It is considered only useful as adjuvant thera-
py together with other antibacterial drugs [Murphy et al
1965, Stover and Fleming 1980]. Johnson et al 1994 did
a 3 months study of nitrofurantoin prophylaxis in 56
children with CIC. They found a reduction from 39%
on placebo to 19% on single daily dose prophylaxis.
Anderson (1980) in a randomized prospective study
compared infection rate between control patients,
patients treated with intravesical neomycin/polymyxin-
B, with low dose of nitrofurantoin and with a combina-
tion of the intravesical and oral prophylaxis. There was
a significant reduction in infection rates when oral and
intravesical antibacterials were used.

Kevorkian et al (1984) evaluated the effect of methena-
mine mandelate with acidification in a randomized
controlled trial with 17 and 22 patients. They found a
statistically significant difference in infection rate bet-
ween the group with methenamine and the group with
placebo. Mohler et al (1987) on the other hand found no
difference in infection rate in a controlled clinical trail
in 46 patients comparing trimethoprim-sulfamethoxa-
zole and placebo. Bakke (1993) found in 407 patients
on CIC significant bacteriuria in 57.5% of those who
used no prophylaxis while the corresponding figures in
patients using methenamine hippurate and antibiotics
were 42.5% and 37.5%. Cranberry juice has been eva-
luated recently. Schlager et al (1999) did a study in
children on IC and found no effect on bacteriuria. Hof-
stetter (1987) showed a positive effect in vitro of chlo-
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rhexidine in the lubricant but no clinical data have eva-
luated this finding. But more studies are needed to per-
mit a proper conclusion. Several studies have asked
attention for the risk to develop dangerous resistance
against antibiotics when either orally or by instillation
prophylaxis is given [Dollfus, Molé 1969; Pearman
1971; Vivian, Bors 1974; Pearman et al 1991]. Gallo-
way et al (1986) state that the threat of emergence of
resistant organisms, the risk to patients for side effects
of the antibiotics, the expense and the risk to other
patients from cross infection with resistant organisms
are strong arguments against prophylactic antibacte-
rials.

To prevent urethal strictures gentle introduction of the
catheter, lubrication of the catheter and perhaps the use
of hydrophilic catheters can play a role. Forceful mani-
pulation during catheter insertion and significant blee-
ding proved important contributory factors for the
development of urethral strictures in patients on CIC
studied by Mandal and Vaidyanathan (1993).

e) How to treat complications?

Treatment of UTI is necessary if the infection is symp-
tomatic. Waites et al (1999) treated 25 men with SCI on
IC to determine efficacy of ciprofloxacine 1 g per day
for 10 days in to eradicate susceptible organisms from
urine, urethra and perineum. Susceptible bacteria disap-
peared from urine in all and were significantly reduced
in perineum and urethra. However they were replaced
shortly after by resistant Gram-positive cocci. It is
important to reserve the drug for symptomatic patients
only and look closely into the antibiogram. This follows
the conclusions of a study by Lewis et al (1984) on the
significance of asymptomatic bacteriuria in neurogenic
bladder disease: their results in 52 patients indicate the
value of non-treatment for chronic non symptomatic
bacteriuria throughout hospitalization.

In neurogenic patients on CIC, urethral trauma with
false passages have been treated by Michielsen and
Wyndaele (1999) with 6 weeks indwelling catheter and
5 days antibiotics. The false passages disappeared on
cystoscopy and CIC could be restarted. Mandal and
Vaidyanathan (1993) succesfully treated urethral stric-
tures in 6 patients, with urethral dilatation in 4 and with
optical internal urethrotomy in 2, followed by urethral
stenting for 2 weeks.

f) Is IC preferable to other forms of bladder emp-
tying/catheter drainage in the neuropathic
patients including longterm results?

Almost all publications clearly state that IC is the pre-
ferable method for bladder drainage. It has less compli-
cations and give a better outcome. Most endorse this
opinion by comparing the outcome with previous treat-



ment methods. Wyndaele et al (1985) compared in a
series of 115 SCI patients four different methods of
bladder drainage used during spinal shock: suprapubic
fine bore cystostomy, indwelling Foley catheter, IC and
both ID and IC consecutively. The methods of bladder
drainage used did not influence the number of patients
becoming catheter-free but determined significantly the
length of period before they acquired catheter-freedom.
Patients on IC had the shortest time from injury to esta-
blished micturition. Patients on IC and on cystostomy
had few complications but the complication rate in the
group treated with ID was high. McGuire and Savasta-
no (1986) compared urological outcome in 35 women
from 2 — 12 years after SCI and found that the 13 with
ID had frequent and serious complications compared to
those on IC. Bennett et al (1995) compared the outco-
me in 70 female SCI patients retrospectively after a
mean follow-up of more than 15 years. The group on IC
had significantly better outcome than those on reflex
voiding and incontinence pads or the group on ID.
Giannantoni et al (1998) compared the renal outcome in
a small group of patients on IC with those on tapping,
abdominal straining and Credé. The incidence of both
urinary tract dilatation and vesicoureteral reflux was
significantly lower in the IC group. The finding of
upper tract complications also in patients on IC sho-
wing high intravesical pressures stresses the need of
adding anticholinergic drugs. Weld et al (2000) compa-
red the evolution in bladder compliance with time in
association with the type of bladder management in 316
SCI patients. Logistic regression analysis revealed that
IC and spontaneous voiding were associated more with
normal compliance than Foley catheterization. This
also explains why there are less upper tract complica-
tions in their IC group.

g) Reasons to stop IC.

Not all patients starting with IC continue this treatment.
Reasons for this are given in several studies summari-
zed in table 3.

Table 3 : Reasons for stopping IC

Perrouin-Verbe et al 1995 found in their global popula-
tion of 159 SCI patients that only 8 having practised
CIC for at least 2 years stopped the technique. This
indicates that in most SCI cases the definitive choice of
voiding is made after 2 years post injury. A main reason
to stop was continuing incontinence. The first factor of
acceptance of the technique was continence. The
second factor related to the patients’ autonomy for prac-
tising IC. In a population of 50 patients Perkash and
Giroux (1993) had also found that 4 out of 7 tetraple-
gics stopped IC because they needed to be catheterized
by others. In addition 66% stopped IC mainly after sur-
gery on sphincter and prostate or initiation of voiding.

Bakke and Malt (1993) found that among those who
practiced IC independently 25.8% were sometimes and
6% always averse to IC. Young patients and females
were more averse to CIC. In 30% aversion seemed to be
related to a subjective evaluation of their situation, to
an emotional status and above all to non-acceptance of
their chronic disability. In a recent study [Yavuzer et al
2000] a retrospective analysis was made on the com-
pliance with bladder management in SCI patients. Of
38 patients on CIC at discharge 52% discontinued the
method and reverted to ID during follow-up. Depen-
dence on caregivers, spasticity interfering with cathete-
rization, incontinence despite anticholinergic agents
and lack of availability of external collective devices
for female patients were the main reasons for stopping
CIC.

h) Is IC cost-effective?

There are no data about the cost and cost/efficacy avai-
lable. In a study mentioned above Prieto-Fingerhut et al
(1997) compared the cost of sterile and non-sterile IC
and found that clean IC was less costly taking into
account the price of sterile sets used for IC. Grundy et
al (1983) compared the price of IC and suprapubic fine-
bore catheterization after SCI and found the latter chea-
per for material, average antibiotic cost and labour.

Authors Catheter-free  Incontinence Inconvenient Infection Physical Choice of
status patient

Diokno et al 1983 17% 2% 2% 7%

Maynard-Glass 1987 12% 6%

Whitelaw et al 1987 5% 5% 5% 5%

Webb et al 1990 9% 3% 2% 2%

Timoney-Shaw 1990 36%

Sutton et al 1991 6% 6% 3% 3% 3%

Bakke et al 1993 10% 5% 4% 3%

Hunt et al 1996 10 %
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Duffy et al (1995) evaluated cost-effectiveness in a
population of male residents of VA nursing homes com-
paring CIC and SIC. In this randomized clinical trial
they found similar outcome but less expenses if a clean
technique was used.

5. IMPLICATION FOR PRACTICE

RECOMMENDATIONS

It should be recommended to use CIC as the first
choice of treatment for those with inability to empty
the bladder adequately and safely. It is a valuable
tool for achieving continence in the neuropathic voi-
ding dysfunction

Proper education and teaching are necessary to per-
mit a good outcome

To prevent and reduce complications, a non-trauma-
tizing technique with adequate frequency of cathete-
rization and complete emptying should be strictly
performed

Minimal requirements for regular follow-up are his-
tory taking, physical examination, imaging, labora-
tory results and urodynamic tests, in order to early
detect risk factors and complications

There is still need for research in different parts of
the world to determine the best catheter, the optimal
technique and the best means to prevent and treat
complications

Longterm results, cost and quality of life need to be
further documented

CONCLUSIONS

CIC is effective and safe to treat the neuropathic
bladder in the shortterm and in the longterm.

Complications such as UTI are regularely seen and
seem to be related to both the catheterization itself
and the existinglower urinary tract condition.

Urethral complication seem to be increase in the
longterm.

In order to reduce and prevent complications, appro-
priate materials and correct techniques should be
taught and performed

Adequate frequency of CIC, a non-traumatizing
technique and suitable materials are the key factors
for a successful outcome

So far, no study exists that proves that one catheter,
one lubricant, or one special technique is signifi-
cantly superior to another
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II. INDWELLING URETHRAL
CATHETERS -TRANSURETHRALLY/
SUPRAPUBICALLY

1. BACKGROUND

In early 19th century, a urinary catheter with a balloon
bag (Foley cathether) was developed. After the World
War I, majority of spinal cord injured (SCI) as well as
other neuropathic patients were treated with indwelling
urethral cathetherization (ID) or suprapubic catheteri-
zation (SC) due to difficulty in voiding or urinary
incontinence. Nowadays, intermittent catheterization
(IC) is recommended for neuropathic patients. Never-
theless many chose ID as a mean of treating urinary
incontinence due to difficulty in performing IC or per-
sistant leakage between catheterizations. In developing
countries ID is still the method of choice for those with
urinary retention or incontinence.

Studies have shown that ID caused and were associated
with various complications such as urethral trauma and
bleeding, urethritis, fistula due to pressure effect caused
by improper size of the urethral catheters and improper
technique of securing the catheters, bladder and renal
stones, cystitis, acute and chronic urinary tract infection
(UTI), bladder neck incompetence and urethral sphinc-
ter erosion, and bladder carcinoma. Many of these com-
plications were related to long-term usage. Therefore
instead of ID many experts advocate removal of the
urethral catheter as soon as possible, use other methods
such as IC or SC to decrease urethral complications.
However nowadays these complications are much less
due to better materials, using smaller size catheters and
proper technique of securing the catheter.

2. CRITERIA FOR CONSIDERING STUDIES AND
SEARCH STRATEGY

Types of studies: all types of studies.

Types of participants: mainly adults with spinal cord
injuries/lesions (myelodysplasia), stroke, MS; animals
and laboratories

Types of outcome measures: efficiency, safety, and qua-
lity of life

Search: Medline from 1966 to 2001



Keywords: neurogenic bladder, urethral catheter, ind-
welling catheteris(z)ation

Description of studies: randomised control trials
(RCT); clinical trials, conhort studies, retrospective
case-controlled studies, case series / case studies and
reviews

Over all: there were 50 paper sorted and reviewed.
3. RESULTS
a) Technique and Care of ID

Quality of included studies:

5 RCTs: Bull et al 1991; Liedberg, Lundeberg 1990;
Liedberg et al 1990; Talja et al 1990; Priefer et al
1982. (Level of evidence 1)

5 clinical trials: Sugarman 1982; Cox et al 1989;
Kunin et al 1987; Morris, Stickler 1998; Morris et al
1997. (Level of evidence 2/3)

1 case-controlled study: Burr et al 1993. (Level of
evidence 3)

3 case series/case report: Warren et al 1982; Feneley
1983; Cuttino, Clark 1987. (Level of evidence 4)

3 experts’opinions: Kunin 1997; Wong 1983; Burg-
doerfer et al 1997 (Level of evidence 5)

Transurethral ID needs a lot of meticulous skill and
care. Materials used should be sterile and handled pro-
perly by a well-trained person such as a physician, a
nurse, a patient or a carer. In some centers, a well-trai-
ned catheter team has proved to lessen complications
related to catheterizations.

The following are procedures of urethral catheterization
and catheter care recommended by Kunin (1997). First,
cleanse the urethral meatus/perineum with antiseptic
solution before catheterization. Followed by lubricating
the catheter, using (non-touch) aseptic technique (either
with sterile gloves or forceps). Then, gently insert the
catheter into the meatus. Make sure to insert the cathe-
ter 1 inch beyond the balloon to provide enough room
for inflation. In males fix the catheter and the penis to
the abdomen (Figure 8), in females fix the catheter to
the thigh. Wong (1983) also suggests maintaining asep-
tic closed drainage system according to the guidelines
for catheter care developed by the Center of Disease
Control. Besides, proper catheters and frequency of
changing the catheter are also important in preventing
complications related to the transurethral ID (Table 4).

e Materials

Nowadays there are various materials used for catheters
e.g. rubber, latex, silicone, siliconised latex, taflon coa-
ted latex, silver coated latex, hydrogel coating catheter
etc. Sugarman (1982) investigated different catheter
materials to determine the extent of and differences
among them in regards to bacterial adherance. He
found that the adherence was significant less to silico-
nised rubber than to pure latex or teflon coated rubber.
Generally, taflon coated rubber values exhibited inter-
mediate and latex rubber the highest adherence.

Cox et al (1989) studied infection of catheterised
patients by electron microscopy. Fifty catheters, of all-
silicone or silicone elastomer-coated latex construction,
studied were from long-stay geriatric patients. The
duration of each catheter used was not mentioned. They
found that bacteria had colonised the surfaces of nearly

Figure 8 : In males the catheter should be fixed to the abdomen, expecially in spinal cord injured patients in order to avoid a
pressure sore of the urethra with the possibility to develop abscess, fistula and diverticulum; when the penis is fixed to the lower

abdomen this punctual pressure to the urethra can be avoided.



Table 4 : Shows studies of different materials used for transurethral indwelling catheterisation

Authors Study

Results

Sugarman B (1982) Bacteria adherence to catheters

Cox Al et al (1989) Biofilm on catheter’s surface by

electron microscope

Liedberg H. RCT: Catheter-associated bacteruria
Lundeberg T. (1990)  after 6 days of catheterisation
Liedberg H, RCT: Rate of bacteriuria after 5 days
Lundeberg T, of catheterisation

Ekman P. (1990)

Talja M et al (1990)  RCT: Encrustation and degree of

urethral inflammation

Morris NS et al (1997) Encrustation

Significant less adherence to siliconised rubber than to others;
taflon coated rubber values exhibited intermediate and latex
rubber the highest adherence

Bacteria had colonised the surfaces of nearly all the catheters
examined (all-silicone or silicone elastomer-coated latex
catheters)

Much less in the silver-coated catheters than in the taflon-coated
latex catheters

Significant difference between a silver alloy and hydrogel-
coated Foley catheter (SHC) and a non-coated (NC) catheter.
No significant difference between the SHC catheter and a
hydrogel-coated (HC) catheter, between the HC catheter and the
NC catheter.

Hydrogel-coating catheter effectively prevented encrustation,
siliconised latex catheters were the least resistant to
encrustation.

Full silicone catheters induced the mildest degree of inflammation.

None of the 18 types of catheter tested, including those coated
with hydrogel or silver, were capable of resisting encrustation by
P.mirabilis biofilm

all the catheters examined. This thick layer of bacteria
(biofilm) appears not only to precede mineral deposi-
tion but also to bind the crystrals together as encrusta-
tion proceeds.

In 7990 Liedberg & Lundeberg did an RCT to study
catheter-associated bacteruria in hospitalised patients.
Sixty patients had a Foley catheter coated with silver
alloy and 60 others used a taflonised latex catheter.
After 6 days’ catheterization, there was a statistically
significant difference in the incidence of catheter-asso-
ciated bacteriuria in the 2 groups, much less in the sil-
ver-coated catheters group and in 1989 they showed
that Pseudomonas auruginosa cells did not grow on sil-
ver-coated. In addition, Liedberg et al (1990) did ano-
ther RCT study. They found the significant difference
in the rate of bacteriuria after 5 days of catheterization
between a silver alloy and hydrogel-coated Foley cathe-
ter (SHC) and a non-coated (NC) catheter (p less than
0.002). However there was no significant difference
between the SHC catheter and a hydrogel-coated (HC)
catheter, nor was there a significant difference between
the HC catheter and the NC catheter.

Besides, Talja et al (1990) did an RCT study and found
that the full silicone catheters induced the mildest
degree of inflammation in the urethra. Moreover, the
hydrogel-coating catheter effectively prevented encrus-
tation, while siliconised latex catheters were the least
resistant to encrustation.

Morris et al (1997) studied different ID catheters and
found that none of the 18 types of catheter tested, inclu-
ding those coated with hydrogel or silver, were capable
of resisting encrustation by P. mirabilis biofilm.

* Frequency of catheter change

An optimal interval between catheter changes remains
controversial. Some changes the catheters only when
obstruction occurs, others propose routine weekly to
monthly changes. Warren et al (1982) showed a high
incidence (98%) of bacteriuria in SCI patients with a
long-term ID (i.e. > 28 days).

According to a randomised study done in elderly
patients by Priefer et al (1982), it showed that the prac-
tice of monthly catheter change had fewer symptomatic
urinary tract infection (UTI) than those who changed
the catheters when obstruction or infection had already
occurred. However the number of patients in this study
were small and done in elderly male patients, not in
neuropathic patients; and types of catheters used were
not mentioned.

Regarding elderly persons, Kunin et al (1987) reported
the results of a clinical trial in which encrustation of
siliconised rubber catheters was significantly less than
that of teflon-coated latex or latex catheters. Bull et al
(1991) addressed the relative performance of hydrogel-
coated(HC)latex and silicone rubber coated (SC) latex
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catheters in a RCT involving 69 long-term catheter
users (elderly patients), about half of whom evaluated
each catheter. The HC latex catheters had to be changed
less frequently than those of SC rubber catheters (mean
times between changes of 8§9.6 and 56.7 days, respecti-
vely; p < 0.0014). Over the 16 weeks of the study, the
HC and the SC rubber catheters required 17 and 39
changes, respectively, and the main causes were bypas-
sing (6% and 41% of changes) and encrustation (77%
and 13% of changes).

The time it takes for encrustation to block a catheter
will be affected by the lumen size as well as the rate of
deposition of encrusting material. Morris & Stickler
(1998) have shown in experiments using a simulated
laboratory bladder containing real urine that the time to
blockage is proportional to lumen diameter for cathe-
ters made from a range of different materials. This sug-
gests that, for example, the tendency of silicone rubber
catheters to block less quickly than those made from
latex has more to do with the larger lumen in silicone
rubber catheters than to differences in material proper-
ties.

¢ Size of the catheters and the ballons

According to size of the Foley catheters for neuropathic
paitnes, Burgdoerfer et al (1997) recommended smaller
size such as 12-14F for men and 14-16F for women to
reduce the pressure effect to the urethral surface and to
minimise obstruction of the urethral glands in males. It
should be noticed that full-silicone catheters size of 12-
14F have bigger lumens than taflon-coated or siliconi-
sed catheters especially (Burr et al 1993).

Feneley (1983) studied 24 female with neuropathic
bladder with incontinence. Six patients had a patulous
and shortened urethra due to the use of large diameter
urethral catheters and the instillation of increasing
volumes of fluid into the self-retaining balloon. In addi-
tion, Cuttino & Clark (1987) reported a case that a 30
ml Foley balloon obstructed the ureteral orifices in a
neuropathic patient with a contracted bladder and cau-
sed obstructive nephropathy. After partial deflation of
the balloon by withdrawing 20 ml of fluid, the patient’s
creatinine fell from 1.8 on admission to 0.7 two days
later.

CONCLUSIONS

Whenever transurethral catheter is applied, full sili-
cone or hydrogel-coated catheters are preferable.

Catheters size 12-16F with as large a lumen as pos-
sible and smaller (5-10 ml) self-retaining balloons
are recommended for adults to minimise the pressu-
re effect on the bladder neck and to maximise time to
blockage by encrustation.
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Use sterile materials and aseptic technique followed
by the routine catheter care to maintain aseptic clo-
sed drainage system.

Catheters should be changed regularly, if possible,
before obstruction or infection occurs. Frequency of
change depends on materials and size of catheter
lumen e.g., every 1-2 weeks for siliconised latex
catheters, every 2-4 weeks or longer for silicone or
hydrogel-coated catheters.

In developing countries, siliconised catheters widely
available and costing less may be used with more fre-
quent change.

b) Effectiveness in controlling urinary inconti-
nence

Quality of included studies as mentioned
in 5.1 and

2 case series/case report: Stickler et al 1993; McGui-
re & Savastano 1986 (Level of evidence 4/5)

According to the above mentioned, ID with the Foley
catheter does control urinary incontinence as long as
there is no outflow obstruction or bladder neck or ure-
thral erosion due to the self-retaining balloon or the
strong bladder uninhibited contractions.

McGuire & Savastano (1986) studied SCI women, 13
with ID and 22 with IC. Incontinence occurred in 92%
of those with ID, and 54% suffered urethral erosion or
a totally incompetent or patulous urethra 2-4 years after
ID. These were caused by pressure necrosis of the self-
retaining balloon or by spontaneuos extrusion that
occur during bladder spasm.

Stickler et al (1993) reported an old woman whose ind-
welling urethral catheter became blocked regularly due
to ‘worm-like’ structures found either in the catheter,
completely occluding the lumen, or in the drainage tube
thereby blocking the valve of the drainage bag. These
structures were composed of bacteria e.g., Pseudomo-
nas aeruginosa, Escherichia coli, Enterococcus faecalis
and Proteus mirabilis.

CONCLUSIONS

To control urinary incontinence, ID is effective if
there is no blockade or urethral/bladder neck erosion.

¢) Safety for a short-term user

Quality of included studies

2 case-controlled studies: Jacobs & Kaufman 1978;
Lloyd et al 1986 (Level of evidence 3)



According to the study of Jacobs & Kaufman (1978)
the group of SCI patients who had a short-term ID
during the acute phase had the least complication rate
(0.11) compared to other groups with intermediate
(0.26) and long-term (0.25) ID. They were those of
bladder, genital and renal but not urethral complica-
tions. No bladder cancers were found in the short-term
ID group.

Lloyd et al (1986) studied initial bladder management
in 204 SCI patients during acute and rehabilitation
phases. Data showed no significant differences in
regard to fever and chill, urinary tract infection, upper
tract changes, and pyelocaliectasis between those with
ID and those with IC or SC. Moreover, after one-year
follow-up, they found that the duration of the initial
period of ID was not the major determinant accounting
for the high infection rate.

CONCLUSIONS

A short-term ID during the acute phase is still a safe
method for neuropathic patients.

d) Long-term Results and Complications

Quality of included studies

1 Cohort studies: Chen et al 2000 (Level of evidence
2)

4 case-controlled studies: Jacobs, Kaufman 1987;
Chao et al 1993; Jackson, DeVivo 1992; Burr
1993.(Level of evidence 3)

9 case series/case reports: West et al 1999; Chancellor
et al 1994; Shenot et al 1994; Trop, Bennett 1992; Hall
et al 1989; Andrews et al 1988; Lamid S 1988; Lindan
et al 1987; Feneley 1983. (Level of evidence 4)

e Urethral trauma

Andrews et al (1988) reported 16 SCI men with iatro-
genic hypospadias cuased by the downward pressure of
an indwelling urethral catheter. The majority of such
patients find the penile appearance unacceptable.

* Urine leakage

In neuropathic women with long-term ID, one major
complication seen is leakage around the Foley cathe-
ters. Frequently this is due to urethra and sphincter ero-
sion following ID with large urethral catheters and
large balloons. In addition, Lindan et al (1987) and
Feneley (1983) showed that the balloons provokes
detrusor contractions and sometimes the contractions
are strong enough to expel the catheter balloon and rup-
ture the urethra.
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In addition catheter blockage leads to urinary leakage.
Burr et al (1993) studies factors related to the blockage
of ID. They found that patients with frequent catheter
blockage had significantly elevated urinary pH and
ammonium and calcium concentration, and could be
avoided by adequate fluide intake and proper diet.

Chancellor et al (1994) reported a series of 14 female
with neurological disease and a patulous and non-func-
tioning urethra. The duration of ID ranged from 2 to 17
years. Half of them had bladder capacity less than 100
ml. Trop & Bennett (1992) reviewed 48 neurologically
compromised women treated primarily with ID. They
found that patulous urethra expelling catheter and uri-
nary incontinence were seen more over years.

¢ Renal function

In 1978 Jacobs & Kaufman reviewed the effect of per-
manent bladder catheter drainage on the course of 59
long-term SCI patients. Those with long-term use (> 10
years, average 20 years), had the lowest creatinine clea-
rance (CCr) and also had a significantly higher compli-
cation rate (0.25 per year) than those short-term ID
(0.11 per year). This means that a SCI patient with a
long-term ID should expect 1 major urinary tract com-
plication every 4 years, compared to 9 years for patients
who are free of ID. Among major complications, blad-
der cancer was found more in the long-term ID group.

Jackson & DeVivo (1992), did a prospective long-term
follow-up of renal function in SCI women with ID and
compared to SCI men with condom catheter (CC). They
found that renal function appears to be equally reduced
for both women and men with SCI. Regardless of
methods of bladder management, SCI women seem to
have a slightly lower risk for post-injury urological
complications than men do. This is supported by the
retrospective study of Chao et al (1993) done in 81 SCI
persons with more than 20 years post-injury. There
were no significant difference in either renal function or
upper tract images/complications except of a higher
prevalence of scarring and calicectasis in the ID/SC
group compared to the spontaneous group (with balan-
ced bladder or IC). In the latter group a mean total blad-
der capacity was 350 ml with a mean maximum voiding
pressure of 55 cm HyO and a mean residual urine of 85

ml. However there were no urodynamic data of the ID
and SC group and they did not mention whether an
adjunctive therapy such as bladder relaxants were used
in such group to prevent bladder contracture and invo-
luntary detrusor contractions.

¢ Reflux

According to the study of 32 SCI patients by Lamid
(1988), free drainage such as a Foley catheter did not
prevent reflux formation. It was not effective in reflux



treatment because in the long run it did not prevent pro-
gression of vesico-ureteral reflux (VUR) and did not
protect the refluxing kidney from damage. Moreover,
incidence of VUR was higher in those with an upper
motor neuron lesion.

¢ Bladder cancer

Chao et al (1993) 6 patients developed bladder cancer:
3 were in the ID/SC group, 2 in the spontaneous voi-
ding (SV) group and 1 had ileal conduit. The average
time from injury to bladder cancer development was
25.7 years (range 9 to 34 years). West et al (1999)
reported a large retrospective study on SCI patients
with chronic ID. They found that 0.39% (130 out of
33,565 patients) had bladder cancer. An average age at
diagnosis was 57.3 years. The histologic finding was
transitional cell carcinoma in 23 (55%), squamous cell
carcinoma in 14 (33%), and adenocarcinoma in 4
(10%). Bladder management of these patients was an
transurethral ID in 18 (43%), SC in 8(19%), CIC in 8
(19%) and CC in 6. Squamous cell carcinoma was com-
mon in those with ID/SC than those without chronic
catheterization.

e Stones

In the study of Trop & Bennett (1992), 22 out of 48
patients (46%) of long-term ID had bladder stones, and
only 6 (12%) had renal stones. Hall et al (1989) repor-
ted higher incidence of 53% of bladder stones and 36%
of renal stones.

Chen et al (2000) did a multi-center longitudinal study
estimating the current trend in the incidence of first kid-
ney stone among persons with SCI and delineating the
potential contributing factors. They showed that blad-
der management played a stronger role during year 2
and later. Those with catheter-free at discharge less than
2% were estimated to get stones within 5 years, while
7% in those with ID, 5% in CC, 5% in IC and 3% in SC

group.
* Allergy

Besides, urethral catheters induced latex allergy leading
to a life-threatening reaction. Shenot et al (1994) repor-
ted a SCI woman with chronic ID who underwent blad-
der augmentation surgery. Intraoperatively, she develo-
ped cardiovascular collapse. Subsequent skin testing to
a purified latex antigen revealed latex hypersensitivity.

CONCLUSIONS

Transurethral ID is not a safe method for a long-term
use in neuropathic patients.

Bladder screening for bladder cancer is mandatory
especially those with ID/SC more than 5-10 years.
(Level of evidence 4)

4. PREVENTION AND MANAGEMENT OF
COMPLICATIONS

Quality of included studies

3 RCTs: Garibaldi et al 1980, Muncie et al 1989;
Classen et al 1991; (Level of evidence 1)

6 case series/case study: Stickler et al 1985; Kunin et
al 1985, Elliot et al 1989; Trop & Bennett 1992;
McGuire, Savastano 1986; Feneley 1983.(Level of
evidence 4)

2 reviews: Galloway 1997, Wong, Hooton 1981.
(Level of evidence 4/5)

A proper catheter protocol is essential in order to
control and prevent complications. Wong & Hooton
(1981) gave strong recommendations for prevention of
catheter-associated UTI as follows: educate personnel
in correct techniques of catheter insertion and care,
catheterize only when necessary, use antiseptic tech-
nique and sterile equipment, secure catheter properly,
maintain closed sterile drainage.

Galloway (1997) did an extensive review of prevention
and management of urinary tract infection in SCI
patients. He proposed 4 essential strategies: choice of
drainage system, i.e. ID should be used for as short a
time as possible in the early stage; treatment of compli-
cating factors e.g., outflow obstruction and stones;
infection control by hygiene catheter care, staff and
patient education; and urological follow-up.

¢ Meatal care

Regarding catheter care, some suggest routine clean-
sing of external meatus, proper fixation of the catheter,
bladder irrigation etc. Garibaldi et al (1980) showed
evidence that the mucous sheath between the catheter
and urethra is the major pathway for entry of bacteria
into the bladder when closed drainage is used and that
colonisation of the urethral meatus with potentially
pathogenic bacteria is a major risk factor for subsequent
bacteriuria. However in RCT done in 17 adult patients,
a routine meatal care with providone-iodine twice a day
or with soap and water did not prove to be better than
non-treated group.

* Bladder irrigation

According to the study on infected Foley catheters of
Stickler et al (1985) and other study of Kunin et al
(1985) external agents such as antibiotics have difficul-
ty penetrating the encrustation and effecting bacteria
present on the catheter surface. In addition, bladder irri-
gation increased risk of infection from frequently brea-
king the closed drainage system, bacterial resistance
and chemical cystitis. Elliot et al (1989) showed that
bladder irrigation causes mechanical damage to the



bladder and may lead to bacterial invasion into deeper
mucosal layers.

Muncie et al (1989) performed a randomized crossover
trial comparing ten weeks of once-daily normal saline
irrigation with ten weeks of no irrigation in 32 long-
term catheterized women. They concluded that it is a
time-consuming and costly procedure that is unlikely to
have an impact on the morbidity associated with such
catheters.

¢ Combined measures

Classen et al (1991) conducted an RCT to assess the
prevention of bacteriuria, using a three-way system
including a hydrophilic polymer-coated and pre-
connected sealed catheter system, daily catheter care,
and disinfection of the outflow tube of the drainage bag
with povidone-iodine. They concluded that the use of
several simultaneous measures to prevent catheter-
associated urinary infections is no more effective than
the use of pre-connected catheters with junction seals
alone and is clearly more expensive.

CONCLUSIONS

Use less irritating catheters and closed drainage sys-
tem to minimise complications.

Bladder irrigation and antibiotic prophylaxis are not
recommended as a routine infection-control measu-
re.

Patient education on daily cleanliness and hygiene
care and a thoroughly urological check-up are man-
datory.

5. SUPRAPUBIC CATHETERIZATION — SPECIAL
ASPECTS

An alternative to indwelling urethral catheterization is
an indwelling catheter placed in the lower abdomen
into the dome of the bladder. This is most commonly
called the suprapubic catheter (SC).

Overall the benefit and risks of the SC is very similar to
the indwelling urethral catheter including the risk for
urinary tract infection, stone formation, bladder cancer,
and maintenance cost of catheter and bag. However,
there are several benefits for the SC and one key disad-
vantage. Its advantages include: (1) minimized risk of
urethra trauma in men and women, (2) minimized the
risk of the urethral destruction that can sometime be
seen in neurologically impaired women with even rela-
tively short-term indwelling urethral catheters, and (3)
minimized urethral pain. The key disadvantage is that it
requires a minor surgical procedure to insert the supra
SC with potential to injury adjacent structures to the
bladder especially the large intestine. There are a large
number of techniques described for the insertion of the
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SC. The preferred technique appears to be quite
variable by region and country. There is no evidence
that there is one best way to insert the SC.

Long-term management of the neurogenic bladder with
the SC is a controversial topic in neurourology. The
issue of controversy is that some rehabilitation centers
across the world highly favor the suprapubic catheter as
a safe and effective long-term management of the neu-
ropathic bladder. On the other hand, a large number of
experts have personal experience with suprapubic tube
complications during its long-term use.

a) Description of studies and their results

The literature on suprapubic catheterization is small
and most of them are 20 years or older. There are no
prospective studies and no RCT on suprapubic cathete-
rization. The bias of favorable single center case series
is that the follow-up is short with a worrisome large
number of patients who are lost to follow-up. It is
concerned that patients lost to follow-up may have
developed complications and have died or were treated
with alternative bladder management at a different hos-
pital.

There are 11 reports that discuss the management of the
neurogenic bladder with the suprapubic catheter. There
are no prospective randomized studies. All the studies
are also limited by short follow-up time frame. It is well
established that the risk of urological complications,
especially urethral destruction and bladder cancer
occurs most commonly beyond after 5-10 years. There-
fore a favorable report of SC after two years is relative-
ly meaningless [Grundy et al 1983; Barnes et al 1993]
(Level of evidence 3-4). There are evidence that the
complications associated with SC is similar to ID and
both higher than IC in the long-term management of
SCI patients [Weld & Dmochowski 2000] (Level of
evidence 3-4).

Complications of the SC have been reported in seven
case reports (Level of evidence 4). The unique compli-
cation associated with the suprapubic tube that non-uro-
logists who takes care of neurologically impaired
patients may not be aware of is bowel perforation
during the insertion of the suprapubic catheter [Farina
& Palou 1992]. Bowel injection would present with
acute peritonitis and warrants emergency care [Brow-
ning 1977].

There are eight reports of short-term use of suprapubic
catheter as adjunct management of abdominal or pelvic
operations (Level of evidence 3). The consensus is that
in the short-term in none neurogenic bladder patients
the suprapubic tube appears to be better than indwelling
urethral catheter. However, the risk of urinary tract
infection appears to be the same [Horgan et al 1992].



CONCLUSIONS

Suprapubic catheter is a reasonable alternative to
indwelling urethral catheter but both are clearly infe-
rior to intermittent catheterization.

It is a safe and effective short-term management of
urinary retention.

It is not recommended for the routine use for the
long-term management of the neurogenic bladder.

6. COMPARISON BETWEEN ID AND SC

Quality of included studies

6 case series/case study: MacDiarmid et al 1995;
Barnes et al 1993; Lloyd et al 1986; McGuire &
Savastano 1986; Feneley 1983; Hackler 1982.(Level
of evidence 4)

Regarding female incontinence after long-term ID,
Feneley (1983) managed by SC with urethral closure
and 19 out of 24 patients had satisfactory results.
McGuire & Savastano (1986) suggests that SC may
have advantage over ID with less urethral complica-
tions.

According to a comparison study between long-term
SC and ID or external drainage, Hackler (1982) evalua-
ted 31 SCI patients maintaining on SC for a least 5
years (average 8 years) by intravenous urography
(IVU) and cystourethrography (CUG). Results showed
that only 39% of 62 renal units were normal, 33% had
evidence of chronic pyelonephritis, 18% with stones
and 10% with hydronephrosis and hydroureters. He
then compared this study with his previous studies on
SCI patients with long-term (20 years) external applian-
ce or ID. The renal units remained normal in 66%
(128/195) of those with external appliance drainage, in
51% (77/152) of those with ID but in only 39% of those
with SC. The incidence of VUR was significantly
higher in the SC patients but the incidence of hydrone-
phrosis was higher in the ID patients. He concluded that
five years with SC might cause as much renal damage
as 20 years with ID. However, only 6 were on anticho-
linergic therapy.

Lloyd et al (1986) did a study on initial bladder mana-
gement in 204 SCI patients. Twenty-one patients were
initially treated with fine bore SC but there was only 1
with such drainage one year after discharge. When
compared those with SC to those with ID or IC, there
were no difference in rate of UTI, bladder calculi and
upper tract changes during acute and rehabilitation
phases.

In addition, Barnes et al (1993) studied 40 neuropathic
patients managed by SC. All received anticholinergics
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and daily clamped the catheter. Catheter-related pro-
blem reduced and 84% of the patients accepted it and it
did not accelerated renal deteriotation during the 2-year
follow-up.

MacDiarmid et al (1995) reported a case series of 44
SCI patients with SC for a mean duration of 58 months.
They used latex Foley catheters and weekly irrigation
with 500 ml to 1,000 ml of normal saline or 1:5,000
chlorhexidine solution; and changed the catheter every
2 weeks. In addition, after discharge the patients had
routine urological check-up with cystometry and renal
ultrasound every 6 months or annually. None of their
patients had renal deterioration, vesicoureteral reflux
(VUR) or bladder carcinoma. Uncomplicated infection
(43%), bladder calculi (41%), catheter blockage (36%)
and incontinence (11%) were reported.

CONCLUSIONS

Due to less urethral complications, SC is an alterna-
tive for a short-term management for neuropathic
patients.

Adjuctive anticholinergic therapy, to minimise lea-
kage and the development of bladder and renal
abnormalities, is necessary especially in those with
detrusor hyperreflexia.

7. LONG-TERM QUALITY OF LIFE

Quality of included studies

2 Case-control studies: Dewire et al 1992; Watanabe
et al 1996

Dewire et al (1992) did a retrospective study of 57
tetraplegic SCI patients who were followed for a mini-
mum of 10 years and compared urological complica-
tions between those with ID and without ID. They
found no difference between these 2 groups. They sug-
gest that the decision to manage tetraplegics with or
without an ID should not be based on relative risk of
complications or renal deterioration. The decision to
avoid ID in these patients should reflect patient com-
fort, convenience and quality of life.

Watanabe et al (1996) investigated the changes in
sexuality and quality of life in 18 neurologically impai-
red women treated with ID who underwent bladder
reconstruction. All patients were followed 6 to 40
months (mean 18) after reconstructive surgery using a
9-part questionnaire to score numerically the effect of
surgical reconstruction on sexuality and quality of life
issues. In 4 of the 15 women who were sexually active
preoperatively the frequency of sexual intercourse dou-
bled from a mean of 3 to 6 times per month, respecti-



vely, and all 4 women reported improved sexual satis-
faction.

RECOMMENDATIONS

Transurethral ID and suprapubic catheter are not
recommended as a safe method for long term use in
the neuropathic patients. (Grade of recommendation
C)

Nowadays with less irritating catheter materials,
improved closed drainage systems and regular urolo-
gical check-up long term complications can be
decreased, nevertheless ID/SC is still the last resour-
ce also in neuropathic women when other methods
fail or are not applicable or are not accepted by the
patient. (Grade of recommendation C)

One should consider patient comfort, convenience,
sexuality and quality of life before prescribe ID as a
long-term management for neuropathic patients.
(Grade of recommendation C)

IMPLICATIONS FOR PRACTICE
(Grade of recommendation B-C)

A silicone catheter with a smaller balloon of 5-10 ml
is preferable.

For developing countries, use a siliconised catheter,
change every 1-2 weeks or earlier, if possible, befo-
re obstruction or infection occurs.

Long-term ID may be safe only if a careful check-up
of urodynamic, renal function, and upper and lower
tract imaging are performed regularly at least yearly.

Annual cystoscopy and biopsy may be necessary for
those after 10 years of ID and those with an episode
of gross hematuria, chronic symptomatic UTI rafrac-
tory to therapy.

IMPLICATIONS FOR RESEARCH

More research to improve material used in the cathe-
ter’s construction.

RCT on a proper duration of use of each type of
catheters.

More research on impacts of ID on quality of life.

III. CONDOM CATHETER AND
EXTERNAL APPLIANCES

1. BACKGROUND

Patients with neurogenic bladder and urinary inconti-

nence usually need some kinds of urinary drainage sys-
tem. In male, a condom catheter (CC) has been one of
the choices (Figure 9). All CCs are connected to a urine
or leg bag to collect the urine. Till now, there have been
many variety of CCs available such as a simple thin
latex or plastic or silicone CC or condom sheath, a rub-
ber condom urinal which is a non-collapsable condom
with funnel weld at the end, a CC with a double row of
convolutions near the catheter tip to prevent kink with
a unique inner flap to prevent backflow of the urine to
the shaft of the penic and inner wall coated with a self-
adhesive [deHoll JD et al, 1992], a special condom with
a passage for catheterization without removal of the
condom [personal communication].

2. OBJECTIVES

To find evidence to answer the following questions:
1. How to apply the condom catheter?

2. Is it effective?

3. Is it safe?

4. Is it cost-effective?

5. How to prevent complications?

6. Comparison between different types of CCs
7.Long term results and quality of life

Figure 9 : Condom Urinal



3. CRITERIA FOR CONSIDERING STUDIES
SEARCH STRATEGY

Type of studies: all types of studies including experts’
opinions
Type of participants: adult men

Type of outcome measure: efficiency, tolerability, safe-
ty and cost-effectiveness

Search from Medline (Pubmed) from 1966-2000:

With the keywords of ‘condom catheter’ and ‘urinary
continence’ there were 37 papers sorted and only 15
papers were selected.

With the keywords of ‘condom cathether’ and ‘neuro-
genic bladder’ there were 18 papers sorted and only 10
were selected.

With the keywords of ‘condom drainage’ and ° neuro-
genic bladder’ there were 12 papers sorted and only 6
papers were selected.

With the keywords of condom sheath’ and ‘urinary
incontinence’ only 1 paper was searched.

Overall 26 papers were reviewed.

4. RESULTS

a) How to apply the condom catheter?

Quality of included studies:
1 Clinical trial: Peifer, Hanover 1997.

4 Case series and case reports: Brooks 1981; Pear-
man, Shah 1973; Smith et al 1980; Namiki 1984.

In the past, most of the CCs need devices to secure or
fasten them to the penis to prevent slipping or detach-
ment. They are as follows: an elastic tape/a fastener
[Brooks 1981]; a non-elastic tape, an adhesive band or
a strip; a supporting apparatus i.e., a proximal part of a
conventional rubber urinal (Stoke Mandeville type)
with straps and buckles [Pearman & Shah 1973]; skin
adhesives etc.

Nowadays many commercial CCs with self-adhesives
allowing easier application are available in developed
countries. Peifer & Hanover (1997) did a clinical study
comparing between a new ‘easy-flow catheter’ and
other CCs. All except one of the 20 subjects found the
new CC easier to apply and also easiest to remove.
Moreover, it increased daytime and nighttime dryness
in half of the studied group.

However they are some who have difficulty in applying
CCs. They are those with overweight and/or some
degree of penile atrophy. Smith et al (1980) success-
fully implanted penile prostheses to 10 patients who
had neurogenic bladder and wore CCs. All indicated
that the penile prosthesis helped keep the CC in place.
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Namiki (1984) reported a technique of teflon paste
injection in the subdermal area directly below the glans
penis to make a stopper to help maintain a secure posi-
tion of the CC on th penic of a SCI patient.

In addition, to prevent the pubic hair to become trapped
under the CC and to allow easy removal of the CC, the
pubic hair should be removed.

b) Is it effective in preventing leakage?

Quality of included studies
1 Clinical trial: Peifer, Hanover 1997.

1 Case series: Saint et al 1999.

Saint et al (1999) did a questionnaire study in male
patients and nursing staff. A major drawback of the CC
is leaking and a more secure CC is needed to improve
the management of male incontinence. Peifer & Hano-
ver (1997) evaluated a new CC, the Easy-Flow Exter-
nal Condom Catheter in 20 subjects who were expe-
rienced user of CC. They found that the new CC redu-
ced frequency of changing the CC, and increased day-
time and nighttime dryness. Without an anatomical
abnormality of the penis or overweight, cooperative
neuropathic patients successfully apply CC and have no
urine leakage.

¢) Is it safe?

Quality of included studies

2 Case-controlled studies: Hirsch et al 1979; Kovind-
ha & Wachirarat 1998.

7 Case series and case reports: Newman & Price
1985; de Holl et al 1992; Nanninga & Rosen 1975;
Bang 1994; Pidde & Little 1994; Shenot et al 1994;
Harmon et al 1995.

Hirsch et al (1979) studied urinary tract infection (UTI)
among neuropathic patients with incontinence and
using CCs. They found that 53.3% of those who were
not cooperative had UTI while cooperative ones did not
have UTT during the study. Newman & Price (1985)
reported hazards and complications in 60 SCI men
using CCs. Over 50% of patients in this study had posi-
tive urine cultures and 56% of patients with positive
cultures had evidence of tissue invasion by bacteria.
Many of these patients had numerous deficiencies in
voiding habits causing incomplete bladder emptying,
high residual urine and bladder overdistension. Stasis
of urine within the CCs due to twisting of the CCs or
kink of the drainage system was found especially when
using a simple condom sheath. To overcome the twis-
ting, those in developing countries an simple device
e.g., a fixator, easily made by patients themselves may



be added to the CC drainage system [Kovindha et al
1988] or those in developed countries non-collapsable
CCs may be used [de Holl et al 1992].

Nanninga & Rosen (1975) reported penetrating or non-
penetration lesions due to compressive effects of the
condom fasteners or the proximal hard roller ring of the
condom causing. Bang (1994) reported a neurogenic
patient who continuously used the CC. He developed
localised chronic edema on the dorsum of the penis and
urethral fistula on the ventral surface. Pidde & Little
(1994) reported a SCI patient with bilateral hydrone-
phrosis due to CC retention strap. The hydronephrosis
resolved when the strap was eliminated.

Other complications such as irritative or allergic reac-
tions to latex CCs, to skin adhesives and to urine were
also reported. Shenot et al (1994) reported 2 patients of
allergic reaction to the latex CCs. The first one was
paraplegic with 14 years managing with CC until the
development of chronic penile dermatitis. Because of
the morbidity associated with the latex CCs, he under-
went cystectomy and ileal conduit diversion. Immedia-
tely after entering the peritoneal cavity, he became acu-
tely hypotensive with evidence of bronchospasm. Last
he was diagnosed with latex allergy using RAST and
latex antigen skin testing. The other was also a paraple-
gic with 4 years managing with CCs. He presented with
sever dermatitis and breakdown of the phallic skin.
Subsequent skin testing to the latex antigen confirmed
latex hypersensitivity. He then used a silicone CC resul-
ting in the prompt resolution of the pathologic skin
changes. Harmon et al (1995) also reported a patient
after 25 years of wearing CCs, recurrent blister and
sloughing of the penile shaft developed. He was found
to have hypersensitivities to several allergenic compo-
nents of the CCs. The condition improved after swit-
ching to a silicone CC and topical application of ste-
roids.

d) Is it cost-effectiveness?

There have been no studies of cost-effectiveness of
CCs.

e) How to prevent complications?

Quality of included studies
1 Clinical trial: Edlich et al 2000.

4 Case series and case reports: Zoller et al 1988;
Hirsch et al 1979; Sotolongo & Koleitat 1990; Waites
et al 1993.

If a condom catheter is the choice of treatment, proper
size, type, material and application should be stressed
to the patients to prevent the above-mentioned compli-
cations.

Edlich et al (2000) did a pilot clinical study of latex
external condom catheters (ECCs) and silicone ECCs.
It demonstrated the superior performance of the silico-
ne ECC over that of the latex ECC. Moreover, the sili-
cone ECC has a self-adhesive that binds more securely
to human skin than the self-adhesive of the latex ECC.
The moisture vapour transmission through silicone is
significantly greater than through latex. Therefore sili-
cone CCs which are now available should be used for
those having allergic reaction to latex or those who
need long-term CC usage to minimize a chance to deve-
lop such allergic reaction.

Zoller at al (1988) evaluated the prevalence of sensiti-
zation to natural latex in 50 children with congenital
neurogenic bladder. They found that elevated latex-spe-
cific IGE values were statistically correlated with the
number of past operations and a history of atopic or
allergic reactions. They suggested serological examina-
tions of latex-specific IGE in addition to patient history
to better identify patient at risk.

Continuous use of the CC should be avoided. If used,
silicone CC with self-adhesive is preferable to lesser
both compressive and irritative effects.

Although bacteriuria is commonly found in those on
CCs, it might not cause serious damage to the urinary
tract. Hirsch et al (1979) found that no UTI developed
in 79 episodes of CC use in patients who were coope-
rative or not be able to manipulate the CC drainage sys-
tem. Sotolongo & Koleitat (1990) did a prospective
study of 56 male SCI patients on CCs within 5 months
of the injuries for 5 years. All had low bladder pressures
(filling maximum 35 c¢cm water and voiding maximum
of 70 cm water) ascertained by video-urodynamics.
And all patients had colonized urine (asymptomatic)
during the entire study period. However no patient sus-
tained deterioration of the urinary tract on imagine or
by serum creatinine. Therefore with low bladder pres-
sure, aymptomatic bacteriuria is of no consequence to
the integrity of the upper urinary tract.

Waites et al (1993) did a prospective study of 64 cathe-
ter-free SCI patients. They found that bladder manage-
ment technique (IC programme, ICP or CC) was not
associated with increased risk of UTI. The only factors
correlated with increased risk were black ethnicity, less
than excellent personal hygiene, and less than dailty
change of CCs.

J) How to treat complications?

Quality of included studies

2 Case series and case reports: Nanninga & Rosen
1975; Harmon et al 1995.



If there is a skin lesion, a CC should be removed and
the patient may have to resume IC or wear an ID until
the skin is dry or healed sufficiently to reapply the CC.
An additional surgical debridement may be necessary if
the lesion is ulcerated or necrotic [Nanninga & Rosen
1975]. Those with allergic dermatitis, the latex CC
should be removed and topical steroid should be
applied [Harmon et al 1995].

g) Comparing between different types of CCs

Quality of included studies

2 Clinical trials: Edlich et al 2000; Peifer & Hanover
1997.

Edlich et al (2000) conducted a study comparing bet-
ween a silicone CC with self adhesive and a latex CC.
The silicone CC is much better than the latex CC in
many ways. Peifer & Hanover (1997) found the new
CC easier to apply and also easiest to remove when
compared to previous CCs used. It also increased day-
time and nighttime dryness in half of the studied group.
(As mentioned above)

h) Long-term results related to quality of life

Quality of included studies
1 Case-controlled study: Sekar et al 1997.

Sekar et al (1997) did a comparison study of long-term
renal function after SCI using different urinary mana-
gement methods. They used effective renal plasma flow
(ERPF) to evaluate renal function and found that renal
function was adequately preserved in the great majori-
ty of persons and did not appear to be influenced to any
great extent by method of bladder management.
Although at discharge 33% of 913 patients used IC,
they found that the percentage of men using CCs
increased with advancing time post-injury while the
percentage using IC decreased. The majority of men
used CC in each time period while the majority of
women used ID.

CONCLUSIONS (Level of evidence 4)

CC still has a role in control urinary incontinence in
neuropathic male patients.

Long-term use may cause bacteriuria but it does not
increase the risk of UTI when compared to other
methods of bladder management.

Complications may be less if apply it properly with
good hygiene care, frequently change the CC and
maintain low bladder pressures.
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RECOMMENDATIONS
(Level of recommendation B-C)

To have better control of leakage, a more secure CC
should be used and patients should be educated and
cooperative.

To prevent latex allergy, a silicone CC should be
used and serological examinations of latex-specific
IGE is recommended in addition to patient history to
better identify patient at risk.

To prevent compressive effects, choose proper size
CC with self- adhesive.

To prevent infection, a CC should be changed at least
daily.

To prevent bladder and upper tract damage, regular
bladder emptying with low bladder pressures and
low PVR should be persued.

D. PHARMACOTHERAPY

I. BACKGROUND

Pharmacological treatment of urinary incontinence is
overviewed in the Chapter on the Pharmacological
Treatment. Therefore, this section focuses on special
aspects in regards to its indication and efficacy in
patients with neuropathic bladder/urethral dysfunction.
The principal causes of urinary incontinence in this
subpopulation are detrusor hyperreflexia (DH) and/or
incompetence of urethral closing function. Thus, to
improve urinary incontinence the treatment should aim
at decreasing detrusor activity, increasing bladder capa-
city and/or increasing bladder outlet resistance. Phar-
macologic therapy has been particularly helpful in
patients with relatively mild degrees of neurogenic
bladder dysfunction. Patients with more profound neu-
rogenic bladder disturbances may require pharmacolo-
gic treatment to augment other forms of management
such as intermittent catheterization (IC).

Although the two most commonly used classes of
agents are anticholinergics and alpha-adrenergic bloc-
kers, the drugs used for treating neuropathic
bladder/urethral dysfunction should be classified as fol-
lows:

a) Drugs for incontinence due to detrusor hyper-
reflexia and/or low compliant detrusor

1. BLADDER RELAXANT DRUGS
a) Oxybutynin



b) Propiverine

c) Trospium

d) Tolterodine

e) Propantheline

f) Oxyphencyclimine
g) Flavoxate

h) Tricyclic Antidepressants

2. DRUGS FOR BLOCKING NERVES INNERVATING THE
BLADDER

a) Vanilloids

1) Capsaicin

2) Resiniferatoxin

b) Botulinum toxin
b) Drugs for incontinence due to neurogenic
sphincter deficiency
1. ALPHA-ADRENERGIC AGONISTS
2. ESTROGENS
3. BETA-ADRENERGIC AGONISTS
4. TRICYCLIC ANTIDEPRESSANTS
¢) Drugs for facilitating bladder emptying
1.
2.

ALPHA ADRENERGIC BLOCKERS
CHOLINERGICS

II. OBJECTIVES

1. Is each of the drugs listed above effective for trea-
ting neurogenic urinary incontinence ?

. Is the drug safe?
. How to prevent complications?

. Is the treatment cost-effective?

O S I S

. What are the long-term results including the impact
on quality of life?

II1. CRITERIA FOR CONSIDERING
STUDIES AND SEARCHING
STRATEGY

All types of publications dealing with pharmacotherapy
in adult patients with neurogenic bladder/urethral dys-
function have been included in this search.

1. Medline through Pubmed from 1966-2000, and the
list of publications used in first International Consul-
tation Report if not included in the former list.

2. Keywords: Pharmacotherapy, urinary incontinence,
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neurogenic bladder, and the drug names listed above.

3. Method of review: all publications in adults (>=19
years old), humans were considered in regards to
outcome, efficacy, safety and cost-effectiveness, in
all languages.

4. Description of the review: There are 688 articles
found by searching with the keywords-combination
of “pharmacotherapy” & ‘“urinary incontinence”,
and 319 articles with “pharmacotheray” & “neuro-
genic bladder”. The number of the reviewed studies
dealing with each of the drugs listed above is descri-
bed separately in each section on the corresponding
subtopics. Methodological quality of the included
studies is indicated separately based on the subtopics
dealling with each of the drugs listed above in each
section on the corresponding subtopics.

IV. RESULTS/CONCLUSIONS

1. DRUGS FOR INCONTINENCE DUE TO DH
AND/OR LOW COMPLIANT DETRUSOR

a) Bladder relaxant drugs

Anticholinergic agents are by far the most useful phar-
macologic agents in the management of neurogenic
bladder. Anticholinergic agents are employed to sup-
press DH. Although there is an abundance of drugs
available for the treatment of DH, for many of them,
efficacy is estimated based on preliminary open studies
rather than on controlled clinical trials [Andersson
1988]. However, drug effect in individual patients may
be practically important. In developing countries, most
of the bladder relaxant drugs listed below are not avai-
lable mainly due to economical reasons, which makes
the pharmacological treatment of DH in these countries
difficult.

General indications of pharmacological treatment in
DH are (1) to improve or eliminate reflex incontinence,
(2) to eliminate/to prevent a high intravesical pressure
situation and (3) to enhance the efficacy of intermittent
catheterization (IC), triggered voiding and indwelling
catheters (ID). Spinal DH is mostly associated with a
functional outflow obstruction due to detrusor-sphinc-
ter-dyssynergia (DSD). For the most part, pharmaco-
therapy is used to suppress reflex detrusor activity com-
pletely and facilitate IC. On the other hand bladder
relaxant drugs decrease detrusor-contractility also
during voiding. With this situation residual urine
increases and must then be assisted or accomplished by
IC (Figure 10).

1. OXYBUTYNIN (total 178 articles reviewed, including
36 articles searched in combination with the keyword
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Figure 10 : The effect of bladder relaxant drugs on the
hyperreflexic detrusor (schematic drawing). Aims of treat-
ment are to change a hyperreflexic into a hyporeflexic
detrusor. In the spinal reflex bladder (a) voiding may beco-
me unbalanced, as the spastic striated sphincter muscle
remains unaffected; this problem does not occur in the
suprapontine reflex bladder (b), as the sphincter mostly
remains normally functioning)

of neurogenic bladder, 16 clinical trials (CTs) and 2
randomized controlled trials (RCTs), and 89 articles
with the keyword of urinary incontinence, 35 CTs and
20 CRTs).

Oxybutynin hydrochloride is a moderately potent anti-
muscarinic agent with a pronounced muscle relaxant
activity and local anesthetic activity as well [Andersson
1988; Anderson & Fredericks 1972; Yarker et al 1995;
Wein 1997].

- Oral Administration

Several double-blind controlled studies have shown its
efficacy for DH (Level of evidence 1) [Thompson &
Lauvetz 1976; Hehir & Fitzpatrick 1985; Gajewski &
Awad 1986; Koyanagi et al 1986; Zeegers et al 1987;
Thuroff et al 1991]. The overall rates of good results
(more than 50% symptomatic improvement) are 47 %
with 3 mg t.i.d. and 61-86% with 5 mg t.i.d. Side effects
were noted in all studies and severity increased with
dosage. The overall incidence of possible side effects is
24.5% for 3 mg t.i.d. and 12.5% to 68% for 5 mg t.i.d.
Most of them are related to antimuscarinic action with
dry mouth as the most common complaint (incidence of
12.2% with 9 mg/day and between 12.5% to 47.6%
with 15 mg/day).

A once-a-day controlled-release formulation of oxybu-
tynin, oxybutynin XL (Ditropan XL®) was recently
developed. Parallel-group, randomized, controlled cli-
nical trials comparing the efficacy and safety of cotrol-
led —release oxybutynin, oxybutynin XL with conven-
tional, immediate-release oxybutynin in patients with
overactive bladder demostrate that the urge urinary
incontinence episodes declined log-linearly, and no
significant difference was observed between the two
formulations (Level of evidence 1) [Anderson et al
1999; Birns et al 2000; Versi et al 2000]. However,
there was a trend toward higher efficacy with oxybuty-
nin XL than with immediate-release oxybutynin at the
same dose in one study. Dose-dry mouth analysis sho-
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wed that the probability of dry mouth with an increa-
sing dose was significantly lower with oxybutynin XL
than with immediate-release oxybutynin [Gupta et al
1999]. However, no studies have been published on the
efficacy and safety of oxybutynin XL dealing especial-
ly with neuropathic subgroup of patients.

Despite its adverse effects, oxybutynin (2.5-5 mg taken
twice or three-times daily), especially Oxybutynin XL,
a once-a-day controlled-release formulation of oxybu-
tynin, is recommended for the treatment of overactive
bladder (Grade of recommendation A). Further studies,
however, are necessary to determine whether its
controlled—release formulation has better tolerability
also in neuropathic subpopulation. Clinical practice
should aim at individual titration of drug dosage for a
maximum therapeutic effect with minimal side effects
[Yarker et al 1995; Wein 1997, Thuroff et al 1991].

- Intravesical application

Intravesical instillation of oxybutynin has been
demonstrated its efficacy in patients with DH in whom
oral oxybutynin failed or was not tolerated (Level of
evidence 4) [Brendleret al 1989; Madersbacher & Jilg
1991; Greenfield & Fera 1991; Weese et al 1993; Pra-
sad & Vaidyanathan 1993; Kasabian et al 1994; Mizu-
naga et al 1994; Connor et al 1994; Buyse et al 1995;
Kaplinsky et al 1996; Painter et al 1996; Palmer et al
1997; Saito et al 2000; Pannek et al 2000], although no
randomized controlled study has been reported. The
rate of symptomatic improvement ranged from 55% to
90%. No antimuscarinic systemic side effects have
been reported in early short-term follow-up studies. In
recent relatively long-term studies [Madersbacher &
Jilg 1991; Kasabian et al 1994; Buyse et al 1995],
however, the incidence of side effects was 25-55%, and
treatment was discontinued in 25-65 % mainly due to
inconvenience and also due to side effects.

Intravesical instillation of oxybutynin is recommended
for selected patients, who are already on IC but still
incontinent between, due to persistent DH, if oral medi-
cation is not successful or not tolerated [Yarker et al
1995; Madersbacher & Jilg 1991] (Grade of recom-
mendation C). The usual dose is a 5 mg pill dissolved
in 10-30 ml saline or water. The solution is instilled
intravesically twice daily and retained for at least 30
minutes. There has been no commercial preparation of
this medication for direct instillation into the bladder.

2. PROPIVERINE (total 22 articles reviewed, including
14 CTs and 4 RCTs , 4 CTs and 2 RCTs searched in
combination with the keyword of neurogenic bladder).

Propiverine hydrochloride is a benzylic acid derivative
with musculotropic (calcium antagonistic) activity and
moderate antimuscarinic effects [Tokuno et al 1993].
Several randomized double-blind, controlled clinical



studies of this drug in patients with DH have been
reported [Stohrer et al 1999; Takayasu et al 1990;
Madersbacher et al 1999]. In a placebo-controlled,
double-blind, randomized, prospective, multicentric
trial, Stohrer et al (1999) evaluated the efficacy and
tolerability of propiverine (15 mg t.i.d. for 14 days) as
compared to placebo in 113 patients suffering from DH
caused by spinal cord injury. The majority of patients
practised intermittent catheterization for bladder emp-
tying. The maximum cystometric bladder capacity
increased significantly in the propiverine group, on
average by 104 ml. Sixty-three % of the patients
expressed a subjective improvement of their symptoms
under propiverine in comparison to only 23% of the
placebo group. Takayasu et al (1990) conducted a
double-blind, placebo-controlled multicentric study in
70 neurogenic patients. During a treatment period of 14
days, 20 mg propiverine once daily or placebo were
administered. An increase of maximum bladder capaci-
ty, a decrease of maximum detrusor pressure and an
increase of residual urine were also obtained in this
Japanese study, all statistically significant compared to
placebo. Madersbacher et al (1999) in a placebo-
controlled, multicentre study demostrated that propive-
rine is a safe and effective drug in the treatment of DH;
it is as effective as oxybutynin, but the incidence of dry
mouth and its severity is less with propiverine (15 mg,
three times daily) than with oxybutynin (5 mg twice
daily).

Propiverine has a documented beneficial effect in the
treatment of DH, and seems to have an acceptable
adverse effect profile (Level of evidence 1). The drug is
recommended in the treatment of DH (Grade of recom-
mendation A). The standard oral adult dose is 10-15 mg
two or three times daily.

3. TROSPIUM (total 6 articles refer to the topic revie-
wed, including 6 CTs and 5 RCTs , and 3 RCTs sear-
ched in combination with the keyword of neurogenic
bladder).

Trospium is a quaternary ammonium derivative with
mainly antimuscarinic actions. In a placebo controlled,
double-blind study in 61 patients with spinal DH, signi-
ficant improvements in maximum cystometric capacity
and maximal detrusor pressure were demonstrated with
20 mg b.i.d for 3 weeks compared with placebo [Stoh-
rer et al 1991]. Few side-effects were noted, compa-
rable with placebo. Madersbacher et al (1995) compa-
red the clinical efficacy and tolerance of trospium (20
mg b.i.d.) and oxybutynin (5 mg t.i.d.) in a randomized,
double-blind, urodynamically controlled, multicentre
trial in 95 patients with spinal cord injuries and DH.
They found that the two drugs are equal in their effects
on DH (increase of the cystometric bladder capacity by
30% and decrease of the maximum detrusor pressure by
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30%), but trospium has fewer severe side effects (inci-
dence of severe dry mouth 5% with trospium vs. 25 %
with oxybutynin) [Madersbacher et al 1995].

Trospium has a documented effect on DH (Level of evi-
dence 1). The drug is recommended to use for DH
(Grade of recommendation A).

4. TOLTERODINE (total 28 articles refer to the topic
reviewed, including 15 CTs and 8 RCTs , and 4 CTs and
2 RCTs searched in combination with the keyword of
neurogenic bladder)

Tolterodine is a new competitive muscarinic receptor
antagonist [Nilvebrant et al 1997a; 1997b]. Recently,
several randomized, double-blind controlled studies in
patients with overactive bladder have demonstrated its
beneficial effect [Jonas et al 1997; Appel et al 1997;
Rentzhog et al 1998; Abrams et al 1998; Van Kerre-
broeck et al 1998; Goessl et al 2000; Malone-Lee et al
2001; Van Kerrebroeck et al 2001; Appel et al 2001]
(Level of evidence 1). Jonas et al (1997) reported on a
randomized, double-blind, placebo-controlled study of
tolterodine including urodynamic analysis in a total of
242 patients. Two mg b.i.d. was significantly more
effective than placebo in increasing maximum cysto-
metric bladder capacity and volume at first contraction
after 4 weeks treatment. However, there are no publi-
shed reports on the specific effect on DH. The better
tolerability profile of tolterodine compared to oxybuty-
nin has been confirmed in an another randomized stu-
dies on detrusor overactivity [Abrams et al 1998]. Tol-
terodine (2 mg b.i.d.) appears to be as effective as oxy-
butynin (5 mg t.i.d.), but is much better tolerated, espe-
cially in regards to dry mouth. In a meta-analysis of 4
multicenter prospective trial of 1,120 patients, modera-
te to severe dry mouth was reported in 6% of the place-
bo, 4% of the 1 mg bid tolterodine, 17% of the 2 mg
b.i.d. tolterodine and 60% of those patients receiving
conventional 5 mg t.i.d. oxybutynin [Appel et al 1997].
An another randomized controlled trial by Malone-Lee
et al (2001) demostrated superior tolerability than and
comparable efficacy to oxybutinin in individuals 50
year old or older with overactive bladder.

Van Kerrebroeck et al (2001) reported a comparative
study of the efficacy and safety of tolterodine extended
release (ER; 4 mg once daily), tolterodine immediate
release (IR; 2 mg twice daily), as well as placebo in
1,529 adult patients with overactive bladder. The pri-
mary efficacy variable was the change in mean number
of incontinence episodes per week, which decreased
53% from baseline in the tolterodine ER group, 45%
with tolterodine IR, and 28% in the placebo group. Tol-
terodine ER and IR provided a similar significant
reduction in incontinence episodes versus placebo.
Post hoc analysis of the data using median values,
based on rational of skewed data distribution, demons-



trated improved efficacy of tolterodine ER versus IR.
Dry mouth was significantly lower with tolterodine ER
than tolterodine IR (23% tolterodine ER 31% tolterodi-
ne IR, and 8% placebo). The incidence of other side
effects was similar to placebo in the tolterodine ER and
tolterodine IR groups.

A comparative study between controlled release oxybu-
tynin (oxybutynin XL) and immediate release tolterodi-
ne (tolterodine IR), was recently published [Appel et al
2001]. Three hundred seventy-eight patients were ran-
domized to receive either oxybutynin XL 10 mg.
(n=185) or tolterodine IR 4 mg. (2 mg. b.i.d.) (n=193).
The populations were evenly matched with respect to
demographics. Oxybutynin XL reduced the number of
weekly episodes of urge incontinence from 25.6 to 6.1
instances. Tolterodine IR decreased the number of
weekly episodes from 24.1 to 7.8 instances. Oxybuty-
nin XL demonstrated better efficacy (P=0.03) compa-
red to tolterodine IR. Dry mouth and central nervous
system side effects were similar between oxybutynin
XL and tolterodine IR.

Although tolterodine has a documented effect on ove-
ractive bladder (Level of evidence 1), futher studies on
the effect of the drug on DH in the neuropathic popula-
tion are neccesary. Comparative studies of tolterodine
ER with propiverine, trospium or oxybutynin XL, espe-
cially in regards to tolerability, could be useful to eva-
luate its position amongst other bladder relaxant drugs
beside conventional oxybutynin or tolterodine IR.

5. PROPANTHELINE (total 8 articles searched in combi-
nation with the keyword of neurogenic bladder) inclu-
ding 2 CTs. No RCT was found.)

Propantheline bromide was the classically described
oral antimuscarinic drug. Despite its success in uncon-
trolled case series [Andersson 1988; Blaivas et al 1980;
Level of evidence 5], no adequate controlled study of
this drug for DH is available. The usual adult oral dosa-
ge is 7.5 to 30 mg three to four times daily, although
higher doses are often necessary [Wein 1997].

6. OXYPHENCYCLIMINE (total 1 CT refer to the topic
reviewed)

Oxyphencyclimine is a cheap antimuscarinic that is
usually used for treatment of peptic ulcer.

Kitisomprayoonkul and Kovindha (2000) reported their
experience in 10 complete SCI patients who had urina-
ry incontinence, treated with oxyphencyclimine HCI
(15-20 mg/day) for 1-2 weeks.

All patients had clinical improvement even though
some reported dry mouth and constipation that were
tolerable. Significant improvement was observed regar-
ding the mean frequency of incontinence per day, mean
catheterization volume, mean maximum detrusor pres-
sure, mean volume at the initial detrusor contraction
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and the cystometric capacity at the first leaking point
(Level of evidence 4).

Due to its availability and very low cost, oxyphencycli-
mine may be an alternative bladder relaxant for SCI
patients in developing countries where other potent
bladder relaxant drugs are not available or too expensi-
ve (Grade of recommendation D).

7. FLAVOXATE (total 18 articles refer to the topic revie-
wed, including 11 CTs and 4 RCTs)

Flavoxate hydrochloride has a direct inhibitory action
on detrusor smooth muscle in vitro. Early clinical trials
with flavoxate have shown favorable effects in patients
with DH [Kohler & Morales 1968; Pedersen et al
1972]. Several randomized controlled studies have
shown that the drug has essentially no effects on detru-
sor overactivity (Level of evidence 1) [Zeegers et al
1987; Robinson & Brocklehurst 1972; Chapple et al
1990].

8. TRICYCLIC ANTIDEPRESSANTS (total 20 articles refer
to the topic reviewed with the keyword of imipramine,
including 3 CTs and 0 RCTs, and no CTs searched in
combination with the keyword of neurogenic bladder)

Many clinicians have found tricyclic antidepressants,
particularly imipramine hydrochloride, to be useful
agents for facilitating urine storage, both by decreasing
bladder contractility and by increasing outlet resistance
[Wein 1997; Barrett & Wein 1991]. However, no suffi-
ciently controlled trials of tricyclic antidepressants in
terms of DH in neuropathics have been reported.
Nevertheless in some developing countries tricyclic
antidepressants are the only bladder relaxant substances
which people can afford. The down side with tricyclic
antidepressants is the narrow safety profile and side
effects. The potential hazard of serious cardiovascular
toxic effect should be taken into consideration [Anders-
son 1988]. Combination therapy using antimascarinics
and imipramine may have synergistic benefits (Level of
evidence 5).

b) Drugs for blocking nerves innervating the
bladder

1. VANILLOIDS

The vanilloids, capsaicin and resiniferatoxin, activate
nociceptive sensory nerve fibers through an ion chan-
nel, recently discovered by Caterina et al (1997),
known as vanilloid receptor subtype 1 (VR1). This
receptor is a nonselective cation channel, and is activa-
ted by increases in temperature to within the noxious
range and by protons, suggesting that it functions as a
transducer of painful thermal stimuli and acidity in
vivo. When activated the channel opens, allowing an
influx of calcium and sodium ions that depolarizes the
nociceptive afferent terminals, initiating a nerve impul-



se that travels through the dorsal root ganglion into the
central nervous system. Noxious temperature uses the
same elements, which explains why the mouth feels hot
when eating chili peppers [Clapham 1997]. Previously
called the capsaicin receptor, VR1 has been localized in
the spinal cord, dorsal root ganglia and visceral organs,
including the bladder, urethra and colon. Activation of
VRI1 results in spike-like currents [Liu & Simon 1996],
and selectively excites and subsequently desensitizes
C-fibers. Capsaicin-desensitization is defined as long
lasting, reversible suppression of sensory neuron activi-
ty [Craft et al 1995]. How fast and for how long the
desensitization develops is related to the dose and time
of exposure to capsaicin, and the interval between
consecutive dosing [Szolcsanyi et al 1975; Maggi et al
1988]. The transient increase in intracellular concentra-
tion of calcium ions also leads to activation of intra-
celllar enzymes, peptide transmitter release and neuro-
nal degeneration [Szallasi & Blumberg 1990a; Kawata-
ni et al 1989].

1) Capsaicin (total 24 articles refer to the topic revie-
wed, including 3 RCTs and 8 CTs)

Recently, capsaicin, the "gold standard" in the vanilloid
class of drugs, has been tried as an intravesical drug
with limited success. If overactive bladder is due to
sensitization and/or recruitment of C-fibers resulting in
an overall increase in the C-fiber contribution to
mechanoreception, then functional desensitization of
C-fiber afferent neurons may decrease detrusor overac-
tivity (Figure 11). However, capsaicin causes initial sti-
mulation of the unmyelinated C-fibers, resulting in

Brain stem

Bladder

severe discomfort or pain, along with release of the
neurotransmitters substance P and/or neurokinin A in
the bladder. The use of capsaicin is still largely experi-
mental, and includes patients with DH, however some
trials are ongoing with the use of capsaicin for detrusor
instability, especially when the patient has failed other
forms of treatment. In a capsaicin study of DH, 44% of
patients had satisfactory continence, 36% were impro-
ved and only 20% failed treatment [De Ridder et al
1997].

¢ Clinical results of intravesical capsaicin

Detailed descriptions of the key clinical report of intra-
vesical capsaicin for treatment of detrusor hyperreflexia
can be seen in a recently published article by Chancel-
lor and de Groat (1999) (Level of evidence 4]. Most of
the clinical studies report that intravesical capsaicin
achieved over 60% urodynamic improvement 1-2
months after capsaicin instillation. The maximum cys-
tometric capacity increased from 27% to 220%. The
effect of capsaicin on clinical and urodynamic parame-
ters was long lasting, exceeding one year in some

patients. A meta-analysis of the six series on a total of
131 patients, mean pretreatment bladder capacity was
144 ml (range 72-195 ml). The mean post-capsaicin
cystometric capacity, although at different time points,
was 267 ml (range 185-321 ml). Mean symptomatic
improvement was 72% (range 40-100%).

Wiart et al (1998) reported on 12 paraplegic patients
treated either with 1 mM capsaicin in 30% alcohol or
placebo (30% alcohol alone). One hundred ml of either

Brain stem
F"Dntige micturition centre

—
X lesion

enl neura 5 Spinal afferent

neurons
v
C-Fib " l
e p Spinal efferent
Capsaicin
sensitive neumne
| R
| Ganglia |

Figure 11 : With spinal cord injury, at least in the animal experiment, afferent stimuli are conducted in unmyelinated C-
fibres (and not as normal, in myelinated ad -fibres ); vanilloids block the C-fibre reflexes in chronic spinal cat.
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capsaicin or alcohol placebo was instilled for 30
minutes using outpatient procedures without anesthe-
sia. Urodynamic studies and bladder diaries were com-
pared before therapy and 30 days later. All of the cap-
saicin patients reported clinical improvement with
significant regression of urine leakage episodes
(p=0.002), and sensory urgency (p=0.01). Only one
placebo subject had subjective improvement. This
double-blind, placebo-controlled trial confirmed the
efficacy of intravesical capsaicin for detrusor hyperre-
flexia (Level of evidence 2).

2) Resiniferatoxin (total 4 articles refer to the topic
reviewed, including 1 CTs and 3 case series)

Resiniferatoxin (RTX) is a much more potent sensory
antagonist than capsaicin. It is approximately 1,000
times more potent than capsaicin, based on the Scovil-
le Heat Scale [Lewis 1998]. Like capsaicin, it possesses
vanilloid receptor agonist activity, resulting in desensi-
tization. However, RTX acts without the potent neuro-
nal excitatory effect of capsaicin, and therefore elicits
less discomfort. The use of this vanilloid promises an
alternative to capsaicin that would be potentially thera-
peutic for overactive bladder and DH. However, formal
controlled trials still have to be performed to determine
the precise use and dosage for this agent. The key
advantage of RTX is that it is at least as effective as
capsaicin, without much of the local side effects, such
as pain and inflammatory neuropeptide release.

RTX is the principal active ingredient in the classic
drug Euphorbium, the air-dried latex (resin) of the cac-
tus-like plant Euphorbia resinifera Berg [Hergenhahn
et al 1975]. In 1990, RTX was recognized as an ultra-
potent analogue of capsaicin [Szallasi & Blumberg
1990a]. At the same time, however, it was also realized
that although RTX mimics most capsaicin actions, it
also has unique pharmacological effects [Szallasi &
Blumberg 1990b], such as the desensitization without
prior excitation of the pulmonary chemoreflex pathway
[Szolesanyi 1990]. The mechanisms underlying the dif-
ferences between RTX and capsaicin actions are just
beginning to be understood. RTX induces slowly acti-
vating, persistent currents in dorsal root ganglion neu-
rons as measured under patch-clamp conditions [Liu &
Simon 1994; 1996; Oh et al 1996]. These sustained cur-
rents prefer desensitization to excitation (the change in
membrane potential is not sufficient to cause action
potential formation, although the rising intracellular
calcium levels can activate biochemical pathways lea-
ding to desensitization), which is in accord with the
general pharmacological profile of RTX.

Cruz et al[Cruz et al 1997a; 1997b] instilled 50-100 nM
RTX, dissolved in 100 ml solution of 10% alcohol, for
30 minutes in seven neurologically impaired patients
with detrusor hyperreflexia. Itching or mild discomfort
were the only symptoms evoked in four patients during
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the first minutes of the treatment. In five of the seven
patients, urinary frequency decreased by 33-58%, and
this effect was detected as soon as the first day after
treatment. Three patients, who prior to treatment were
incontinent, became dry most days following treatment.
Improvement was sustained for up to 3 months. Four
patients had urodynamic improvement with a rise in
maximum cystometric capacity increasing from 50-
900% of pretreatment measures. Lazzeri et al (1997)
reported using intravesical RTX (10 microM) in eight
normal patients, and seven patients with overactive
bladder. RTX did not decrease the volume required to
elicit the first desire to void and did not produce warm
or burning sensations at the suprapubic or urethral level
during instillation in normal subjects. However, in
patients with overactive bladder, mean capacity increa-
sed from 175436 to 281493 ml (p<0.01) immediately
after instillation, but was not significantly increased
after four weeks (217+87 ml).

RTX has also been reported to be helpful in patients
who did not improve after capsaicin. Lazzeri et al
(1998) presented data on 7 SCI patients with DH trea-
ted with RTX. These patients were reported to have fai-
led intravesical capsaicin therapy. All nine patients
received 30 ml of 10 microM RTX for 30 minutes. Fif-
teen days after RTX, mean cystometric capacity signi-
ficantly increased from 188+21 ml to 399+120 ml
(p<0.01) and remained increased four weeks later
(402471 ml, p<0.01).

A recently completed North American multicenter RTX
clinical trial was designed as a prospective, dose esca-
lating, single-blind, placebo-controlled study compa-
ring the effects of seven concentrations of RTX (0.005,
0.025, 0.05, 0.1, 0.2, 0.5, 1.0 microM of RTX 10%
ethanol in saline) and placebo (10% ethanol) for treat-
ment of neurogenic bladder [Rivas et al 1999]. Each
patient received a single dose. Safety, tolerance and
bladder function assessments were made at screen,
immediately following dosing and at weeks 1, 3, 6, and
12 and quarterly thereafter, until a return to baseline
bladder function was obtained. The final analysis of the
results of this study is being complied a few trends can
be seen. First, there were no significant differences bet-
ween control and RTX at the lowest doses of 0.005-
0.01 microM. Second, in patients with decreased blad-
der capacity, the mean change in cystometric capacity
was markedly greater than for the placebo dose group.
Third, the mean number of incontinence episodes from
pretreatment of patients treated with 0.05 microM, 0.5
microM and 1.0 mM decreased by 1 to 2 fewer episodes
compared to placebo. Adverse events, considered to be
related to RTX, were generally mild to moderate and
transient. One patient discontinued from study due to
autonomic dysreflexia. In a patient population invol-
ving many SCI patients, the occurrence of autonomic
dysreflexia is an expected event especially during uro-



logic studies. Cystoscopic evaluation revealed no
adverse treatment effect due to RTX. No signs of are-
flexia or urinary retention were noted. Clinically signi-
ficant changes in laboratory abnormalities did not
occur.

RTX seems to have a beneficial effect on spinal DH
(Level of evidence 4). Ramdomized controlled studies
need to determine its place in the treatment of DH.

2. BOTULINUM TOXIN A (total 13 articles refer to the
topic reviewed, including 7 CTs)

Botulinum toxin A first isolated by van Ermengem in
1897, is the most potent biological toxin known to man
[Van Ermengem 1897]. Through basic research, clini-
cians have been able to transform this lethal toxin into
a health benefit. Clinicians have safely and successful-
ly used this agent for the treatment of focal dystonias,
muscle spasm and spasticity [Grazko et al, 1995; Jan-
kovic et al 1990]. The toxin acts by inhibiting acetyl-
choline release at the presynaptic cholinergic junction
(Figure 12). Inhibited acetylcholine release results in
regionally decreased muscle contractility and muscle
atrophy at the site of injection [Duchen 1970]. The che-
mical denervation that results in a reversible process as
axons resprout in approximately 3-6 months [Borodic
et al 1990].

Clinically, the urologic community has utilized botuli-
num toxin A to treat spinal cord injured patients who
suffer from detrusor external sphincter dyssynergia
(DESD) [Dykstra et al 1988; 1990; Schurch et al 1996;
Petit et al 1998; Phelan et al 2001].

The toxin acts at the neuromuscular junction of the
external sphincter to block vesicle transport of acetyl-
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Figure 12 : Botulinum Toxine acts by inhibiting acetylcholine release at the presynaptic cholinergic junction

choline; in essence, producing a chemical denervation,
areversible chemical “sphincterotomy”, which avoids a
major surgical procedure (external sphincterotomy)
with its attendant risks (bleeding, stricture, fistula). The
clinical effects begin within 3-5 days and are reversible
as terminal nerve sprouting occurs within 3-6 months
[Phelan et al 2001]. Phelan et al (2001) have expanded
the role of urethral injections to include patients with
urinary retention secondary to pelvic floor spasticity
and have even treated a female patient with MS and an
acontractile bladder who wished to void by Valsalva.

More recently, Schurch et al (2001) reported successful
treatment of spinal cord injured patients with DH using
intravesical injections of botulinum toxin A. Under cys-
toscopic control a total of 200 to 300 units of botulinum
toxin A (Botox®) were injected into the detrusor
muscle at 20 to 30 sites (10 units per ml. per site), spa-
ring the trigone. The authors demonstrated a significant
increase in mean maximum bladder capacity (296ml to
480ml, p<0.016) and a significant decrease in mean
maximum detrusor voiding pressure (65 to 35cm HpO,
p<0.016) in patients injected with the toxin when eva-
luated at 6 weeks after the injections. At the 6-week fol-
low-up complete continence was restored in 17 of the
19 patients examineed after the treatment. Ongoing
improvement in urodynamic parameters and inconti-
nence was already present in all 11 patients reevaluated
at 36 weeks after treatment.

Intravesical injection of botulinum toxin A into the
detrusor muscle is promising therapy for spinal DH
(Level of evidence 4) and this treatment may be recom-
mended when standard pharmacotherapy using bladder
relaxant drugs fails (Grade of recommendation C). Fur-
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ther studies, however, are nessesary to confirm the effi-
cacy of this treatment and to determine the duration of
the therapeutic effect.

2. DRUGS FOR INCONTINENCE DUE TO NEURO-
GENIC SPHINCTER DEFICIENCY

Several drugs, including alpha-adrenergic agonists
[Diokno & Taub 1975; Raezer et al 1977; Awad et al
1978; Ek et al 1978, Stewart et al 1976; Bauer 1994],
estrogens [Beisland et al 1981], beta-adrenergic ago-
nists [Gleason et al 1974] and tricyclic antidepressants
[Gilja et al 1984], have been used to increase outlet
resistance (Level of evidence 4). No adequately desi-
gned controlled studies of any of these drugs for trea-
ting neuropathic sphincter deficiency have been publi-
shed. In certain selected cases of mild to moderate
stress incontinence a beneficial effect may be obtained
[Andersson 1988; Grade of recommendation D].

3. DRUGS FOR FACILITATING BLADDER
EMPTYING

a) Alpha adrenergic blockers (total 61 articles refer
to the topic searched in combination with the keyword
of neurogenic bladder, including 13 CTs and 3 RCTs)

Alpha-adrenoceptors have been reported to be predo-
minantly present in the bladder base, posterior urethra
and prostate. Alpha-blochers have been reported to be
useful in neurogenic bladder by decreasing urethral
resistance during voiding. Recently, a multicenter pla-
cebo-controlled, double-blind trials of urapidil, an
alpha-blocker on neurogenic bladder dysfunction
[Yasuda et al 1996; Yamanishi et al 1999] by means of
pressure/flow study demonstrated significant improve-
ment of straining and of the sum of urinary symptom
scores, which was associated with significant improve-
ment of urodynamic parameters (decreases in the pres-
sure at maximum flow rate and the minimum urethral
resistance) over the placebo (Level of evidence 1).

Alpha adrenergic blockade also helps to prevent excess
sweating secondary to spinal cord autonomic dysre-
flexia. Sweat glands, primarily responsible for ther-
moregulatory factors, are innervated by postganglionic
cholinergic neurons of the sympathetic system. alpha
receptor blockade inhibits this postsynaptic neuronal
uptake of norepinephrine and reduces neurologic swea-
ting [Chancellor et al 1994].

b) Cholinergics (total 1 CT refer to the topic searched

in combination with the keyword of neurogenic blad-
der).

In general, bethanechol chloride seems to be of limited
benefit for detrusor areflexia and for elevated residual
urine volume. Elevated residual volume is often due to
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sphincter dyssynergia. It would be inappropriate to
potentially increase detrusor pressure when concurrent
DSD [Chancellor et al 1993].

CONCLUSIONS

Bladder relaxant drugs, including oxybutynin, pro-
piverine, trospium and tolterodine have a documen-
ted suppressive effect on incontinence by control-
ling overactive bladder, thereby improving storage
function (Level of evidence 1).

However, all of these drugs presently available have
considerably high incidence of side effects (dry
mouth, constipation, urinary retention, etc.), which
limits their usage. Tolterodine, propiverine, tros-
pium and controlled-release oxybutynin have signi-
ficantly less side effects compared to immediate-
release oxybutynin (Level of evidence 1).

Although the oral application is the usual way, intra-
vesical instillation (oxybutynin) may be an alterna-
tive (Level of evidence 4).

Intravesical instillation of capsaicin/resiniferatoxin
has been reported to improve spinal reflex inconti-
nence for several months after instillation (presuma-
bly blocking sensory input) (Level of evidence 4).

Botulinum toxin injections into the detrusor muscle
was reported to improve incontinence and increase
functional bladder capacity in spinal cord injured
patients with DH (Level of evidence 4).

There is no adequately designed controlled study of
any of drugs for neuropathic sphincter deficiency.

RECOMMENDATIONS FOR PRACTICE

Bladder relaxant agents should be recommended for
the treatment of reflex incontinence, in patients, in
whom IC alone is unable to control it (Grade of
recommendation A).

Titration of the dosage of these drugs individually
should be done to achieve maximum therapeutic
effect and minimal side effect. If one drug is not
tolerated, try another drug as it may have less side
effects (Grade of recommendation D).

In most of the developing countries bladder relaxant
drugs are not available or only at costs people are
unable to afford. Therefore the pharmaceutical
industry must be encouraged to provide cheaper
drugs (Grade of recommendation D).

Intravesical RTX and botulinum toxin injections
may be an alternative for DH if conventional thera-
py fails (Grade of recommendation C).



Further attempts for the treatment of DH should be
undertaken to develop the ideal drug in terms of
good efficacy, tolerability and safety (Grade of
recommendation D).

For neurogenic sphincter deficiency no effective
drugs are available up to now; further research is
needed (Grade of recommendation D).

4. IMPLICATIONS FOR RESEARCH

During the past few years research in neurourology has
stimulated the development of new therapeutic
approaches for incontinence, including the intravesical
administration of afferent neurotoxins, such as capsai-
cin and resiniferatoxin. What are the research priorities
for the future? It will be important to focus on the deve-
lopment of neuropharmacologic agents that can sup-
press the unique components of abnormal bladder
reflex mechanisms and thereby act selectively diminish
symptoms without altering normal voiding function. To
end this part we would like to speculate on a few areas
of research that we feel may payoff within the next 5
years with new and better treatment of neuropathic uri-
nary incontinence:

1. Bladder specific K channel openers. Can truly blad-
der smooth muscle or afferent neuron specific potas-
sium channel openers be developed? This treatment
may alleviate the overactive and sensitive bladder
without any dry mouth.

. Intravesical vanilloid treatment. Can the clinical uti-
lity of intravesical resiniferatoxin be perfected so
that the preferred therapy for neurogenic bladder is a
simple outpatient 30 minutes instillation of 30 ml
resiniferatoxin that will last 3 months without sys-
tem side effects?

. Can pharmaceutical companies develop a truly blad-
der specific and effective anticholingeric drug with
no dry mouth?

. Tachykinin antagonists are appealing in that it may
be effective without increasing residual urine
volumes. Can clinically useful and safe NK antago-
nists be developed?

. Urethral smooth and/or skeletal muscle specific
alpha agonist or 5-HT reuptake inhibitor that may
treat stress urinary incontinence. We need an effec-
tive drug for stress incontinence.

Beyond the horizon of near term advancement, we pre-
dict a brave new paradigm in neurourology. What has
already started are the evolution of unstoppable forces
of change in medicine that include pharmacogenomics,
tissue engineering and gene therapy. These will chan-
ge how we practice urology and gynecology:

1. Pharmacogenomics: Medicine will be tailored to the
genetic make up of each individual. Through
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microarray gene chip technology we will know how
a patient metabolizes medication, her receptors pro-
file and allergy risk. These factors can be screen
against a list of medications prior to therapy. A phy-
sician will then be able to always prescribe the best
drug for each patient without the risk of allergic
reaction.

2. Tissue Engineering: Rapid advances are being made
in tissue and organ reconstruction using autologous
tissue and stem cells feasible. We envision a day, in
the not too distant future, where stress incontinence
is cured not with a cadaver ligament and metal
screws into the bones but rather minimally invasive
injection of stem cells that will not only bulk up the
deficient sphincter but actually improve the sphinc-
ter’s contractility and function.

3. Gene Therapy: Diabetic neurogenic bladder and vis-
ceral pain maybe cured with one or more injection of
a gene vector that the physician will inject into the
bladder or urethra. Injection of nerve growth factor
via a herpes virus vector into the bladder of a diabe-
tic bladder may restore bladder sensation and inner-
vation. Can the introduction of a virus that express
the production of endorphin for site and nerve speci-
fic help alleviate pelvic visceral pain, regardless of
the cause?
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E. ELECTROSTIMULATION

I. ELECTRICAL
NEUROMODULATION

1. BACKGROUND

In the last decade sacral nerve neuromodulation
[Schmidt RA 1988] has been confirmed as a valuable
treatment option to treat patients with symptoms of the
overactive bladder. The success with sacral neuromo-
dulation has increased the interest in other neuromodu-
lation techniques.

To find evidence to answer the following questions:
2. OBJECTIVES
a) How to do it?

The current techniques of neuromodulation for treating
the overactive bladder — which includes per definition



also detrusor hyperreflexia as detrusor overactivity of
neurogenic origin - are (a) anogenital electrical stimu-
lation, (b) transcutaneous electrical nerve stimulation
(TENS), (c) sacral nerve neuromodulation, (d) percuta-
neous posterior tibial nerve stimulation (Stoller afferent
nerve stimulation, SANS) and (e) magnetic stimulation.

b) How does it work, is it effective?

It is not really known how neuromodulation works,
however, there is strong evidence that neuromodulation
works at a spinal and at a supraspinal level [Bemelmans
et al 1999].

The most important spinal inhibitory mechanisms of
the micturition reflex [Fall & Lindstrom 1991] are (1)
the guarding reflex: increased activity of the striated
urethral sphincter in response to bladder filling, reflexi-
vely reducing detrusor contraction; (2) Edvardsen’s
reflex: increased activity of the sympathetic nervous
system in response to bladder filling; (3) anal dilation
(afferent pathway: anorectal branches of the pelvic
nerve, prevents voiding during defecation), (4) gentle
mechanical stimulation of the genital region (afferent
pathway: dorsal clitoral or penile branches of the
pudendal nerve; prevents voiding during intercourse)
and (5) physical activity ( afferent pathway, muscle
afferents from the limbs prevents voiding during figh-
ting or fleeing).

At least two potential mechanisms are possible (1) acti-
vation of efferent fibres to the striated urethral sphinc-
ter reflexively cause detrusor relaxation and (2) activa-
tion of afferent fibres cause inhibition at a spinal and a
supraspinal level.

Interesting studies supporting the second theory are
those in which the dorsal or dorsal penile nerve, purely
afferent branches of the pudendal nerve, were electri-
cally stimulated: this induced a strong inhibition of the
micturition reflex and of detrusor hyperreflexia [Vodu-
sek et al 1986; Craggs et al 1998; Shah et al 1998].

Fowler et al [2000] measured the latency of the anal
sphincter contraction during a peripheral nerve evalua-
tion (PNE) and concluded that this response was
mediated by a polysynaptic reflex. Experimental work
in spinalized rats showed that neuromodulation reduced
the degree of hyperreflexia as well as the expression of
the c-fos after bladder instillation with acetic acid
[Wang & Hassouna 2000]. This result shows that inhi-
bition of afferent C fibre activity may be one of the
underlying mechanism of neuromodulation. However,
it does not explain the beneficial effects of neuromodu-
lation in patients with idiopathic detrusor instability or
urgency. However, stimulation of afferent pathways
seems to play the crucial role.

As this chapter deals with conservative therapy sacral
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nerve stimulation (S3), which has been proved to be
effective in refractory neurogenic urge incontinence,
will not be discussed in this chapter.

¢) Is it safe?

Neuromodulation has almost no complications, the
methods must be regarded as safe.

d) Is neuromodulation cost-effective?

Comparing with the costs for anticholinergic therapy
after one year of treatment the costs for pharmacothera-
py and for neuromodulation including stimulator are
equally, after one year electrical neuromodulation
becomes cheaper.

e) How to prevent | to treat complications?

There are almost no complications with this type of the-
rapy. According to the underlying working concept,
which implies that the treshold for effectiveness is
below the pain treshold even pains should not occur,
therefore pains and skin irritation at the site of electro-
de placement are not found with a correct technique.

) Comparing between techniques

There are no randomised controlled studies comparing
one technique with the other.

g) Long term results and quality of life

Although there is a certain carry over effect with these
methods about 75% of the patients in the neurogenic
group need to continue the treatment on an individual
schedule; if the patient accepts the manipulation invol-
ved with these techniques the quality of life is good
because there are almost no side effects, which is in
contrast to pharmacotherapy.

3. CRITERIA FOR CONSIDERING STUDIES AND

SEARCH STRATEGIES include all types of studies
with adults treated with one of the techniques of elec-
trical neuromodulation mentioned above.

From Medline through Pub.Med. 1966-2001/1V

Key words: Neurogenic bladder (4625) and urinary
incontinence (13392) combined with electrical neuro-
modulation

Three studies were found which report on the effect of
non-invasive electrical neuromodulation for detrusor
hyperreflexia (Level of evidence 4)

4. RESULTS

Only three papers report on results of non-invasive
electromodulation techniques for detrusor hyperre-
flexia. Anogenital electrical stimulation (vaginal/anal)
was used by Primus et al (1996), he found that the
symptomatic and urodynamic results were the same in
a group of patients with detrusor instability and a group
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Figure 13 : For electrostimulation of the dorsal clitoral nerve clip-electrodes and of the dorsal penile nerve strip electrodes
are used. Advantages: pure sensory nerves are stimulated with electrodes close to them.

of patients with multiple sclerosis. Madersbacher, Kiss
& Mair (1995), by using dorsal clitoral and dorsal peni-
le nerve stimulation (Figure 13) found even better
results in the neurogenic group (detrusor hyperreflexia)
than in the non-neurogenic group (detrusor instability)
in regards to the increase of maximum cystometric
bladder capacity and decrease of detrusor contractility.
To maintain the results, however, 75% of the patients in
the neurogenic group needed to continue the treatment
on an individual schedule (however only 50% of the
patients in the non-neurogenic group).

In contrast to these favourable results Prévinaire et al
(1998) found no benefit in 6 patients with detrusor
hyperreflexia due to suprasacral spinal cord injury by
using continuous electrical stimulation of the penis or
of the clitoris via bipolar surface electrodes and daily
stimulation periods of 20 min. One possible reason for
this discrepancy is the fact that in the two studies in
which a beneficial effect was found, patients suffered
from incomplete neurogenic lesions, however, the
patients without success had complete suprasacral cord
lesions. This may further support that effects of neuro-
modulation are mediated not only on a spinal, but,
maybe even more important on a supraspinal level. In
regards to percutaneous posterior tibial nerve stimula-
tion and magnetic stimulation no reports refer to
patients with neurogenic bladder dysfunction.

CONCLUSIONS

Electrical neuromodulation mostly is not the first line
treatment for detrusor hyperreflexia, however it is
indicated and beneficial in whom pharmacotherapy
does not work or is not tolerated.

Non-invasive eletrical neuromodulation should
always be applied and tested before invasive electri-
cal neuromodulation (sacral nerve stimulation of S3)
is considered.
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5. IMPLICATIONS FOR PRACTICE

Electrical neuromodulation is a valuable treatment
option for patients with an overactive bladder, the non-
surgical techniques can be applied as an alternative to
standard conservative therapy or may be tried if such
treatment fails. Experimental studies documented the
effect of electrical stimulation of pudendal nerve affe-
rents to inhibit detrusor hyperreflexia, however, only 3
published studies, using non-invasive techniques report
on the effects on detrusor hyperreflexia: patients with
detrusor hyperreflexia due to complete supraspinal cord
lesions did not respond, patients with incomplete
lesions did. Beneficial effects of invasive sacral neuro-
modulation (S3) are reported in the chapter of the sur-
gical treatment of neuropathic urinary incontinence.

RECOMMENDATIONS

If pharmacotherapy fails to relax the hyperreflexic
detrusor electrical neuromodulation is an alternative
in patients with incomplete lesions and non-invasive
electrical neuromodulation may be the first choi-
ce.(Grade of recommendation C/D)

Non-invasive electrical neuromodulation should
always be applied before invasive electrical neuro-
modulation (sacral nerve stimulation of S3) is consi-
dered. (Grade of recommendation C)

6. IMPLICATIONS FOR RESEARCH

There are no sham-controlled studies with electrical
neuromodulation in patients with detrusor hyperre-
flexia (although some studies exist for detrusor instabi-
lity), therefore randomised sham-controlled studies
should be undertaken in order to prove the efficacy of
this method.
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II. ELECTRICAL STIMULATION
OF THE PELVIC FLOOR
MUSCULATURE

1. BACKGROUND

The aim of electrical stimulation in patients with neu-
rogenic urinary stress incontinence is to improve the
function, that is strengh and/or timing of the pelvic
floor muscle contraction.

2. OBJECTIVES
To find evidence to answer the following questions:
a) How to do it?

Electrical stimulation is provided nowadays mostly by
portable battery powered stimulation. It offers a see-
mingly infinite combination of wave forms, frequen-
cies, intensities, electrode placements etc.

b) Is it effective?

The nomenclature used to describe electrical stimula-
tion has been inconsistent. Strength training theories
suggest that near maximal contractions are the most
significant factor in increasing strength and ideally,
contraction need to be sustained for 6-8 seconds to
recruit an increasing number of motor units and fast
twitch fibres [Astrand & Rodahl 1986]. There is a fixed
recruitment pattern during voluntary contraction: slow
twitch (ST) fibres are recruited first, but with increasing
resistance more and more fast twitch (FT) fibres are
recruited. All types of muscle fibres will have hypertro-
phy in response to strength and training, but FT fibres
have a greater potential for hypertrophy than ST fibres.
According to Bazeed et al (1982) it was shown that in
the animal experiment over months electrical stimula-
tion is able to transform FT fibres into ST fibres, which
basically should improve incontinence. As the strongest
stimulation for strength increase is the intensity of the
contraction (as close to maximum as possible), the
main objective would be to recruit as many motor units
as possible, regardless whether they are ST or FT fibres.
To improve the potential for strength gains, also electri-
cal stimulation should be conducted over sufficient
time that both, neural adaptation and hypertrophy can
occur. Thus, training periods of at least 20 weeks have
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been recommended [American College of Sports Medi-
cine 1990].

¢) Is it safe?

There are no complications reported with this type of
therapy, if the technique is appropriate.

d) Is it cost-effective?

More studies are needed to evaluate this aspect. (see
below)

e) How to prevent/treat complications?
There are no complications described
f) Comparing between techniques

There is a marked lack of consistancy in the electrical
stimulation protocols used in clinical practice. Even in
the group of women with urinary stress incontinence of
obviously non-neurogenic origin due to the variation of
stimulation protocols it is difficult to interpret the fin-
dings of trials comparing electrical stimulation with
placebo stimulation.

f) Long term results and quality of life

There are no adequate data available.

3. CRITERIA FOR CONSIDERING STUDIES
SEARCH STRATEGY

All studies dealing with adults suffering from neuroge-
nic urinary stress incontinence

From Medline through Pub.Med 1966-2001/1V

Keywords: Neurogenic urinary stress incontinence,
neurogenic sphincter weakness in combination of elec-
trical neurostimulation, electrostimulation

All studies would have been considered in regards to
efficacy, safety and cost-effectiveness (languages
English, German).

No study was found dealing with electrical neurostimu-
lation for neurogenic pelvic floor / striated sphincter
weakness.

4. RESULTS

Although from the theoretical point of view and based
on limited own clinical experience (Level of evidence
5) electrical stimulation via anal or vaginal plugs
should be able to improve the strength of pelvic floor
musculature including that of the striated sphincter
muscle, there is no study published which deals with
this matter. From our experience in selected patients
with neurogenic urinary incontinence — patients being
able to contract voluntarely pelvic floor musculature —
electrical stimulation via anal or vaginal approach is
able objectively, as assessed by perionometry, to impro-
ve the incontinence situation. In one of our patients the



change after electrical stimulation over 4 months was as
such that continence could be achieved even with sud-
den intraabdominal pressure rises.

5. IMPLICATIONS FOR PRACTICE

In patients with incomplete denervation of the pelvic
floor muscle and the striated sphincter electrostimula-
tion via anal or vaginal plugs performed over months,
may improve pelvic floor function, thus improve incon-
tinence. The incompleteness of the lesion should be as
such that the patient is able to contract voluntary the
pelvic floor, even if this is weak. (Grade of recommen-
dation D)

6. IMPLICATIONS FOR RESEARCH

It would be worthwhile to assess in a prospective
controlled study whether patient is likely to benefit or
not, whether electrical stimulation can improve the
situation. The amount of nerves damage to the pelvic
floor muscle may also be crucial.
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II1. INTRAVESICAL ELECTRICAL
STIMULATION (IVES)

1. BACKGROUND

Already in 1887 the Danish surgeon Saxtorph described
intravesical electrical stimulation for the “atonic blad-
der” by inserting a transurethral catheter with a metal
stylet in it and with a neutral electrode on the lower
abdomen. In 1899 two Viennese surgeons, Frankl-
Hochwart and Zuckerkandl, stated that intravesical
electrotherapy was more effective to induce detrusor
contractions than external faradisation. In 1975 Katona
introduced this method for the treatment of neurogenic
bladder dysfunction. Ebner et al (1992) demonstrated in
cat-experiments that intravesical electrostimulation
activates the mechanoreceptors within the bladder wall.

Further basic research was undertaken by Jiang & Lind-
strom (1991), who demonstrated that IVES at low fre-
quencies (= 20 Hz) had a better modulatory effect than
higher frequencies. Jiang (1998) proved in the animal
experiment, that IVES induced modulation of the mic-
turition reflex due an enhanced excitatatory synaptic
transmission in the central micturition reflex pathway.
The observed modulation may account for the clinical
benefit of IVES treatment.
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The afferent stimuli induced by IVES travel along affe-
rent pathways from the lower urinary tract to the cor-
responding cerebral structures. This “vegetative affe-
rention” [Katona 1975] results in the occurrence of sen-
sation for bladder filling/urge to void, with subsequent
enhancement of active contractions and possibly also in
voluntary control over the detrusor (Figure 14).

A feedback training is mediated by enabling the patient
to observe the change of the detrusor pressure on a
water manometer, thus the patient is able to realise,
when a detrusor contraction takes place. This also faci-
litates voluntary control (Figure 15).

2. OBJECTIVES
To find evidence to answer the following questions:
a) How to do IVES?

The technique involves a catheter with a stimulation
electrode in it, introduced into the bladder and connec-
ted to the stimulator. Saline (0,9 %) is used as the cur-
rent leading medium within the bladder. The neutral
electrode is attached to the skin in an area with preser-
ved sensation, usually in the lower upper abdomen.
According to Ebner et al (1992) the following stimula-
tion parameters have proved to be most effective in the
animal experiment: pulse width 2 ms, frequency 20 Hz
and current 1 to 10 mA. Each therapy session takes 90
minutes on a daily basis until the maximum response is
achieved. For patients, who have never experienced the
urge to void, e.g. children with myelomeningocele, or
who have lost this ability, IVES is combined with a bio-
feedback training: on a water manometer attached to
the system the patient is able to observe the change of
the detrusor pressure. This way he is able to realize that
the experienced sensation is caused by bladder contrac-
tion. This external feedback also facilitates achieve-
ment of voluntary control (see fig.4).

3. CRITERIA FOR CONSIDERING STUDIES AND
SEARCH STRATEGIES

All, clinical and experimental
from Medline 1966-2001

Intravesical electrostimulation, bladder stimulation,
intravesical bladder stimulation, transurethral electro-
stimulation of the bladder; intravesical, transurethral
bladder stimulation

30 studies were selected: 6 basic research papers (ani-
mal experiments and clinical research), only one rando-
mised controlled trial (Level of evidence 1), 2 reviews
within an editorial, one pro and contra IVES (Level of
evidence 2), the rest were case series (Level of eviden-
ced).



Figure 14 : Intravesical electrostimulation activates the mechanoreceptors within the bladder wall, thus increases the afferent
and consequently the afferent input from and consequently also the efferent output to the bladder (Ebner et al., 1992)

Figure 15 : With intravesical electrostimulation a feedback
training is mediated by enabling the patient to observe the
change of the detrusor pressure on a water manometer: the
patient is able to realize when a detrusor contraction takes
place.

4. RESULTS

Intravesical electrical stimulation of the bladder (IVES)
is still a controversial therapy for patients with neuro-
genic detrusor dysfunction, although basic research
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during the last decade has evidenced the mechanism of
action and its efficacy [Ebner et al 1992; Jiang 1998].
At least in animal experiments optimal parameters have
been determined [Ebner et al 1992; Buyle et al 1998]

Colombo et al (2000) demonstrated that intravesical
electrostimulation also induces electrical changes on
higher mictrution centres, measured by EEG. The eva-
luation of viscero-sensroy cortical evoked potentials
after transurethral electrical stimulation of the bladder
neck area has been proved to be useful in determine
whether a patient is suitable for IVES or not [Kiss et al
1998].

This controversy about the value of IVES for detrusor
(re-)habilitation is also reflected in an editorial recently
published, in which Kaplan (2000) reported favourable
results in 288 children, who received at least one series
(20 outpatient sessions 90 minutes long):

87% have control and void or catheterize with sensation
or have improved bladder compliance 18% have gained
full control, they void synergistically and are continent,
when before they were either voiding poorly and incon-
tinent or used clean intermittent catherization and were
more or less dry. Forty- four % void with sensation and
are in biofeedback to try and gain control. Finally in 13
% the treatment failed, but the patients maintained their
condition. Moreover, the results seen in an “early”
group were followed up 10 years. As long as no inter-
vening neurosurgical insult occurred, less than 3 % of
cases needed to return for a tune up to maintain their
“healthy bladder”. The average number of daily session
to achieve this results was 47.



In contrast the results reported by Decter (2000) were
less favourable. In 25 patients during a 5 year period
with all-together 938 sessions of stimulation, bladder
capacity increased greater than 20% in regards to the
age-adjusted and end-filling bladder pressure showed
clinically significant decreases in 28% of patients. In
response to a questionnaire, 56% of parents commented
a subjective improvement in their childrens bladder
function. However, the urodynamic improvements
achieved after IVES did not signifincantly alter the
daily voiding routine in these children [Decter et al
1994].

The only randomised controlled prospective clinical
trial [Boone et al 1992] could not find differences bet-
ween active and sham treatment, however, only 15 ses-
sions were performed at first and another 15 sessions of
IVES were applied after a 3-months hiatus. Moreover,
the inclusion criteria were not defined.

Other studies are either individual case-controlled stu-
dies (Level of evidence 3) or case series (Level of evi-
dence 4). They cannot be compared due to different or
non-defined inclusion criteria, different technique
details (different time of electrostimulation, varying
follow-ups) and some with only a small number of
patients included, [Eckstein & Katona 1974 - pro;
Nicholas & Eckstein 1975 - contra ; Denes 1975 — pro;
Janneck 1976 — pro; Seiferth et al 1978 — pro; Seiferth
et al 1978 — pro; Schwock & Tischer 1981 — pro;
Madersbacher et al 1982 - pro; Kaplan & Richards
1988 - pro; Madersbacher H 1990 - pro; Lyne & Bel-
linger 1993 — pro; Kbolle et al 1995 - pro; Cheng et al
1996 — pro; in one 7 patients, in a second study 568
patients; Primus & Trummer 1993 — pro; Kroll et al
1998 — pro; Pugach et al 2000 - contra].

None really focused particularly on the inclusion crite-
ria. According to basic research, only those with some
intact afferent fibres from the bladder to the cortex and
those with spinal cord lesions with the presence of pain
sensation in the sacral dermatoms S3 and S4 can bene-
fit from IVES. (according to Nathan the pathways of
the bladder proprioception and for pain are lying close
together). The value of viscerosensoric cortical evoked
potentials from the bladder neck was demonstrated by
Kiss et al (1999). A precise indication seems to be one
prerequisite for a good result. Regarding children with
myelomeningocele, one must also take into account
that myelomeningocele bladders at birth may have a
threefold increase in connective tissue and significant
decrease of cholinergic receptors compared to normal
controls [Shapiro et al 1991]. According to clinical
experience this tempers the enthusiasm for intravesical
electrical stimulation in this particular group of
patients.
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CONCLUSIONS

Basic research during the last decade has proved the
underlying working concept

The results reported in the literature are controver-
sial, mainly because of different inclusion and exclu-
sion criteria.

In the only sham-controlled study the treatment per-
iod is too short and the inclusion and exclusion crite-
ria are not really defined.

The alternative may be either life long intermittent
catheterization or bladder augmentation. In this
regards IVES is cost-effective

It is worthwhile to apply intravesical electrostimula-
tion, bearing in mind inclusion and exclusion criteria,
especially trying to varify functioning afferent fibres
between the bladder and the cortex.

5. IMPLICATIONS FOR PRACTICE

Basically intravesical electrotherapy is able to improve
neurogenic bladder dysfunction, primarily by stimula-
ting a-delta mechanoafferents inducing bladder sensa-
tion and the urge to void and consequently increasing
the efferent output with improvement of micturition
and conscious control. Therefore IVES is the only avai-
lable option to induce/improve bladder sensation and to
enhance the micturition reflex in incomplete central or
peripheral nerve damage. However, proper indication
is crucial and this type of therapy should only be
applied in those with at least some intact afferent fibres
between the bladder and the cortex if possible, proved
by the evaluation of viscerosensoric cortical evoked
potentials. If these premisses are respected, IVES is
effective.

Intravesical electrical stimulation is safe, no side-
effects have been reported, beyond an occassional uri-
nary infection. The question of cost-effectiveness was
raised by Kaplan, stating that the most commonly used
alternative for these patients is bladder augmentation,
which is “miles apart in terms of cost, discomfort and
short- and long-term complications”.

One benefit of IVES was noted by most of the authors:
improved sensation documents satisfactory long term
results. The patients with successful IVES get great
satisfaction from knowing when their bladder is full
and when it is time to catheterise or to void. Moreover,
even without direct bowel stimulation patients noted
significant improvement in the warning of bowel full-
ness and gained greater control for their bowel move-
ments.

IVES can only be effective with certain prerequisites,
the most important one are at least some afferent fibres



between the bladder and the CNS being intact and the
detrusor able to contract. The method is safe, there are
no real complications reported.

RECOMMENDATIONS

Intravesical electrotherapy is able to improve neuro-
genic bladder dysfunction, primarily by stimulating
a-delta mechano-receptor afferents inducing bladder
sensation and the urge to void and consequently
increases the efferent output with improvement of
micturition and conscious control.

IVES is the only available option to induce/improve
bladder sensation and to enhance the micturition
reflex in patients with incomplete central or periphe-
ral nerve damage.

Indication is crucial and IVES should only be applied
if afferent fibres between the bladder and the cortex
are still intact and if the detrusor muscle is still able
to contract.

If these premises are respected, IVES is effective.

The ideal indication is the neuropathic hyposensitive
and hypocontracile detrusor (Grade of recommenda-
tion C)

6. IMPLICATIONS FOR RESEARCH

There is definitely a need for placebo-(sham-)control-
led prospective studies with clear inclusion- and exclu-
sion-criteria and clear definitions of the aims. Recently
De Wachter & Wyndaele (J.Urology, accepted for
publication) demonstrated in the animal experiment
and models that the position of the stimulating electro-
de, as well as the amount of saline within the bladder
may be crucial for the effect. Additional research is nee-
ded to clarify these aspects of IVES.

7. ACKNOWLEDGEMENT:
None
8. POTENTIAL CONFLICT OF INTEREST:

None

REFERENCES

A. INTRODUCTION

Al-Mefty O, Kandzari S, Fox JL. Neurogenic bladder and the tethe-
red spinal cord syndrome. J Urol 179:112-115, 1979

Appel RA, Whiteside HV. Diabetes and other peripheral neuropathies
affecting lower urinary tract function. In Krane RJ, Siroky MB(eds.):
Clinical Neurourology second edition. Boston, Little, Brown and
Company, pp 365-373, 1991

Beck RO, Betts CD, Fowler CJ. Genitourinary dysfunction in mul-

744

tiple system atrophy: clinical features and treatment in 62 cases. J
Urol 151:1336-1341, 1994

Berger Y, Blaivas JG, DeLaRocha ER, Salinas J. Urodynamic fin-
dings on Parkinson’s disease. J Urol 138:836-838, 1987

Blaivas JG, Chancellor MB. Cauda equina and pelvic plexus injury.
In Practical Neurourology-Genitourinary Complications in Neurolo-
gic Disease. Boston, Butterworth-Heinemann, pp 155-163, 1995

Blaivas JG. Neurologic dysfunctions. In Yalla SV, McGuire EJ,
El-Badawi A, Blaivas JG (eds): Neurourology and Urodynamics-
Principles and Practice. New York, Macmillan Publishing Company,
pp 343-357, 1988

Brocklehurst JC, Andrews K, Richards B, et al. Incidence and corre-
lates of incontinence in stroke patients. J Am Geriatric Soc 33:540-
542, 1985

Goldstein I, Siroky MB, Sax DS, Krane RJ. Neurourologic abnorma-
lities in multiple sclerosis. J Urol 128:541-545, 1982

Gonor SE, Carroll DJ, Metcalfe JB. Vesical dysfunction in multiple
sclerosis. Urology 25:429-431, 1985

Holliger St, Kiss G, Poewe W, H.Madersbacher, 2001, in press

Kaplan SA, Te AE, Blaivas JG. Urodynamic findings in patients with
diabetic cystopathy. J Urol 153:342-343, 1995

Nathan PW, Smith NC. The centrifugal pathway for micturition with
the spinal cord. J Neurol Neurosurg Psychiatry 21:177, 1958

Sirls LT, Zimmern PE, Leach GE. Role of limited evaluation and
aggressive medical management in multiple sclerosis: A review of
113 patients. J Urol 151:946-950, 1994

Siroky MB, Krane RJ. Neurologic aspects of detrusor-sphincter dys-
synergia, with reference to the guarding reflex. J Urol 127:953-957,
1982

Tsuchida S, Noto H, Yamaguchi O, Itoh M. Urodynamic studies on
hemiplegic patients after cerebrovascular accident. Urology 21:315-
318, 1983

Watanabe T, Rivas DA, Chancellor MB. Urodynamics of spinal cord
injury. Urol Clin NA 23:459-473, 1996

Weinstein MS, Cardenas DD, O’Shaughnessy EJ, Catanzaro ML.
Carbon dioxide cystometry and postural changes in patients with
multiple sclerosis. Arch Phys Med Rehabil 69:923-927, 1988
Waulfsohn MA, Rubenstein A. The management of Shy-Drager syn-
drome with propantheline and intermittent self-catheterization: A
case report. J Urol 126:122-123, 1981

B. BEHAVIOURAL THERAPY

I. TRIGGERED REFLEX VOIDING

Andersen J, Blaivas J, Cardozo L, Thuroff J. Lower urinary tract
rehabilitation techniques: seventh report on the standardisation of ter-
minology of lower urinary tract function: Neurourol Urodyn, 11:593,
1992

Bennet CJ, Young MN, Adkins RH, Diaz F. Comparison of bladder
management complication outcomes in female spinal cord injury
patients: J urol, 153:1458-1460, 1995

Bors E, Comarr A. Neurological urology. Physiology of micturition,
its neurological disorders and sequelae, Karger, Basel, 1971

Canupp K, Waites KB, DeVivo MJ, Richards JS. Predicting com-
pliance with annual follow-up evaluations in person with spinal cord
injury: Spinal cord, 35:314, 1997

Corcos J, Schick E. Les vessies neurogenes de 1’adulte, Masson,
Paris, 1996

Frankel HL, Coll SW, Whiteneck GG, Gardner BP, Jamour MA, Kri-
shnan KR, Nuseibeh I, Savic G, Sett P. Long-term survival in spinal
cord injury: a fifty year investigation: Spinal Cord, 36:266, 1998
Gupta S, Chawla JC. Review of urinary tract abnormalities in 100
patients with spinal cord paralysis: Paraplegia, 32:531, 1994



Lamid S. Long-term follow-up of spinal cord injury patients with
vesicoureteral reflux: Paraplegia, 26:27, 1988

MacDiarmid S. Monitoring of renal function in patients with spinal
cord injury: BKU International, 85:1014, 2000

MacKinley W. Long term medical complications after traumatic spi-
nal cord injury: a regional model systems analysis: Arch Med Phys
Rehab, 80:1402, 1999

Maynard F, Diokno A. Clean intermittent catheterisation for spinal
cord injury patients: J Urol, 128:477, 1982

Mc Guire E, Savastano J. Comparative urological outcome in women
with spinal cord injury: J Urol, 135:730, 1986

Mitsui T, Minami K, Furuno T, Morita H, Koyanagi T. Is suprapubic
cystostomy an optimal urinary management in high quadriplegics?:
Eur Urol, 38:434, 2000

Rossier A, Bors E. Detrusor responses to perineal and rectal stimula-
tion in patients with spinal cord injuries: Urol Int, 10: 181, 1964

Sekar P. Comparison of long term renal function after spinal cord
injury using different urinary management methods: Arch Med Phys
rehab, 78: 992, 1997

van Kerrebroeck P. The morbidity due to lower urinary tract function
in spinal cord injury patients: Paraplegia, 31: 320, 1993

Wein A, Barrett D. Voiding function and dysfunction, a logical and
practical approach. in Treatment of voiding dysfunction 199 Year
Book Medical Publishers, 1988

Wein A, Van Ardsalen K, Reilly, N. Treatment of voiding dysfunction
in spinal-cord injured patients: non surgical. in Controversies in
neuro-urology eds. Barrett, D. & Wein, A. 453 Churchill Livingstone,
Edinburg, 1984

Weld J.: Effect of bladder management on urological complications
in spinal cord injuries patients: J Urol, 163: 768, 2000

Yavuzer G, Gok H, Tuncer S, Soygiir T, Arikan N, Arasil T. Com-
pliance with bladder management in spinal cord injury patients: Spi-
nal Cord, 38: 762, 2000

Yokoyama O, Hasegawa T, Ishiura Y, Ohkawa M, Sugiyama Y, Izu-
mida S. Morphological and functional factors predicting bladder
deterioration after spinal cord injury: J urol, 155: 271, 1996

II. BLADDER EXPRESSION (CREDE AND
VALSALVA MANOUVRE)

Barbalias GA, Klauber GT, Blaivas JG. Critical evaluation of the
Crede manoeuver: a urodynamic study of 207 patients. J Urol
Oct;130(4):720-723, 1983

Clarke SJ, Thomas, DG. Characteristics of the urethral pressure pro-
file in flaccid male paraplegics; BJU 53:157-161, 1981

Fanciullacci F, Sandri S, Politi P, Zanollo A. Clinical urodynamic and
neurophysiological findings in patients with neuropathic bladder due
to a lumbar intervertebral disc protrusion; Paraplegia Oct;27(5):354-
358, 1989

Juraschek F, Dollfus P, Mennecier A, Moustafa C. Problemes posés

par les paralysies flasques des muscles du périnée; Rapport au
Congres diUrologie 298-302, Ed.Masson e Cre,Pans, 1974

Leroi AM, Berkelmans I, Rabehenoina C, Creissard P, Weber J.
Results of therapeutic management of vesico-urethral and anorectal
disorders in 20 patients with cauda equina syndrome; Neurochirurgie
40(5):301-306, 1994

Low AI, Donovan WD. The use and mechanism of anal sphincter
stretch in the reflex bladder; BJU 53: 430-432, 1981

Madersbacher H. The neuropathic urethra: urethrogram and patho-
physiologic aspects; Eur Urol 3,321-332, 1977

Momose H, Kashiwai H, Kawata Y, Hirayama A, Hirata N, Xamada
K, Yamamoto M, Hirao Y. Difference between the clinical significan-
ce of Crede voiding and Valsalva voiding in the urological manage-
ment of spina bifida patients; Hinyokika Kiyo Nov;43(11):771-775,
1997

745

Redman JF. Crede expression of the bladder: a sometimes useful
maneuver; J Urol Dec;116(6)794-795, 1976

Reinberg Y, Fleming T, Gonzalez R. Renal rupture after the Crede
maneuver; J Pediatr Feb;124(2):279-281, 1994

Sperling KB. Intermittent catheterization to obtain catheter-free blad-
der function in spinal cord injury; Arch Phys Med Rehabil
Jan;59(1):4-8, 1978

Watkins KH. The bladder function in spinal injury; Brit J Surg
23:734-736, 1936

Wyndaele JJ. 1998; Personal communication

C. CATHETER

I. INTERMITTENT CATHETERIZATION

Allas T, Colleu D, Le Lannon D. Fonction génitale chez 1’homme
paraplégique. Aspects immunologiques. Presse Med 29:2119, 1986.

Amendola MA, Sonda LP, Diokno AC, Vidyasagar M. Bladder cal-
culi complicating intermittent clean catheterization. A J Roentgenol
141:751-3, 1983

Anderson RU. Prophylaxis of bacteriuria during intermittent cathete-
rization of the acute neurogenic bladder. J Urol 123: 364-366, 1980

Anton HA, Chambers K, Clifton J, Tasaka J. Clinical utility of a por-
table ultrasound device in intermittent catheterization. Arch Phys
Med Rehab 79:172-175, 1998

Bakke A. Clean intermittent catheterization-physical and psychologi-
cal complications. Scan J Urol Nephrol Suppl 150: 1 — 69, 1993

Bakke A, Digranes A, Hoisaeter PA. Physical predictors of infection
in patients treated with clean intermittent catheterization: a prospecti-
ve 7-year study. BJU 79: 85-90, 1997

Bakke A, Malt UF. Psychological predictors of sumptoms of urinary
tract infection and bacteriuria in patients treated with clean intermit-
tent catheterization: a prospective 7 year study. Eur Urol 34: 30-36,
1998

Bakke A, Vollset SE. Risk factors for bacteriuria and clinical urinary
tract infection in patients treated with clean intermittent catheteriza-
tion. J Urol 149: 527-531, 1993

Barber DB, Woodard FL, Rogers SJ, Able AC. The efficacy of nur-
sing education as an intervention in the treatment of recurrent urina-
ry tract infections in individuals with spinal cord injury. SCI Nurs 16:
54-56, 1999

Barnes D, Timoney A, Moulas G, Shaw P, Sanderson P. Correlation
of bacteriological flora of the urethra, glans and perineum with orga-
nisms causing urinary tract infection in the spinal injuries male
patient. Paraplegia 30:851-854, 1992

Barkin M, Dolfin D, Herschorn S, Bharatwal N, Comisarow R.The
urological care of the spinal cord injury patient. J Urol 129:335-339,
1983

Bennett CJ, Young MN, Razi SS, Adkins R, Diaz F, McCrary A. The
effect of urethral introducer tip catheters on the incidence of urinary
tract infection outcomes in spinal cord injured pateients. J Urol 158:
519-521, 1997

Biering-Sorensen F, Nielans HM, Dorflinger T, Sorensen B. Urologi-
cal situation five years after spinal cord injury. Scand J Urol Nephrol
33: 157-161, 1999

Biering-Sorensen F, Nielsen K, Hansen HV. Urethral epithelial cells
on the surface on hydrophilic catheters after intermittent catheteriza-
tion: cross-over study with two catheters. Spinal Cord 37: 299-300,
1999.

Brosman SN. History of the urethral catheter. ] Wadsworth Gen Hos-
pital 8:93-98, 1965

Bruijnen CLAH, Boer PW.Intermittent self-catheterization: a new
instrument.BJU 53:198, 1981



Burgdorfer H, Heidler H, Madersbacher H et al. Manual-Neuro-uro-
logy and Spinal Cord lesion. Edited by the working party on Urolo-
gical rehabilitation of Spinal Cord Injury Patients of the German
speaking area.

Champion VL clean technique for intermittent self —catheterization.
Nurs Res 25: 13-18, 1976

Chan H. Bladder management in acute care of stroke patients: a qua-
lity improvement project. J Neurosci Nurs 29: 187-190, 1997

Chancellor MB, Rivas DA, Staas WEJr. DDAVP in the urological
management of the difficult neurogenic bladder in spinal cord injury:
preliminary report. J Am Paraplegia Soc 17: 165-167, 1994

Corcos J. Traitements non médicamenteux des vessies neurogenes.
In: Les vessies neurogenes de 1’adulte. Corcos J, Schick E(Esd) Mas-
son paris pp 173-187, 1996.

Cukier J, Maury M, Vacant J, Mlle Lucet. L’infection de 1’appareil
urinaire chez le paraplégique adulte.Nouv Presse Med 24:1531-1532,
1976

Damanski M. Vesico-ureteric reflux in paraplegics.Br J Surg 52:168-
177, 1965.

Darouiche R, Cadle R, Zenon G 3rd, Markowski J, Rodriguez M,
Musher DM. Progression from asymptomatic to symptomatic urina-
ry tract infection in patients with SCI: a preliminary study. J Am
Parap Soc 16:219-224, 1993.

De Ridder D, Van Poppel H, Baert L, Binard J. From time dependent
intermittent selfcatheterisation to volume dependent selfcatheterisa-
tion in multiple sclerosis using the PCI 5000 Bladdermanager. Spinal
Cord 35:613-616, 1997

Diokno AC, Sonda LP, Hollander JB, Lapides J. Fate of patients star-
ted on clean intermittent self-catheterization 10 years ago. J Urol
129:1120-1122, 1983

Dollfus P, Molé P. The treatment of the paralused bladder after spinal
cord injury in the accident unit of Colmar.Paraplegia 7:204-205, 1969

Donovan W, Stolov W, Clowers D, Clowers M. Bacteriuria during
intermittent catheterization following spinal cord injury. Arch Phys
Med Rehab 59: 351-357, 1978.

Donovan WH, Hull R, Rossi CD. Analysis of gram negative recolo-
nization of the neuropathic bladder among patients with spinal cord
injuries. Spinal Cord 34:587-891, 1996.

Duffy LM, Cleary J, Ahern S, Kuskowski MA, West M, Wheeler L,
Mortimer JA. Clean intermittent catheterization: safe, cost-effective
bladder management for male residents of VA nursing homes. J] Am
Geriatr Soc; 43: 865-870. 1995

Fujimoto Y, Ueno K, Yamada S, Isogai K, Komeda H, Ban Y. Clini-
cal investigation of clean intermittent catheterization. Hinyokika
Kiyo; 40: 309-313. 1994

Galien P, Nicolas B, Robineau S, Le-Bot MP, Durufle A, Brissot R.
Influence of urinary management on urologic complications in a
cohort of spinal cord injury patients. Arch Phys Med Rehab; 79:
1206-1209. 1998

Galloway A, Green HT, Windsor JJ, Menon KK, Gardner BP, Krish-
nan RR. Serial concentrations of Creactive protein as an indicator of
urinary tract infection in patients with spinal injury. J Clin
Pathol;39:851-855. 1986

Giannantoni A, Scivoletto G, Di-Stasi SM, Silecchia A, Finazzi-Agro
E, Micali I, Castellano V. Clean intermittent catheterization and pre-
vention of renal disease in spinal cord injury patients. Spinal Cord;
36: 29-32. 1998

Gribble MJ, Puterman ML, McCallum NM.Pyuria: its relationship tp
bacteriuria in spinal cord injured patients on intermittent catheteriza-
tion.Arch Phys Med Rehab;70:376-379. 1989

Grundy DJ, Fellows GS, Gillett AP, Nuseibeh I, Silver JR. A compa-
rison of fine-bore suprapubic and an intermittent urethral catheteriza-
tion regime after spinal cord injury. Paraplegia;21:227-232. 1983

Gunther M, Lochner-Ernst D, Kramer G, Stohrer M. Intermittent

746

catheterization in male neurogenics: no harm to the urethra. Abstract
poster 93. Annual scientific meeting of IMSOP Sydney Australia
2000.Abstractbook p112.

Guttmann L, Frankel H The value of intermittent catheterization in
the early management of traumatic paraplegia and tetraplegia Para-
plegia;4:63-83, 1966

Haferkamp A, Stachler G, Gerner HJ, Dorsam J. Dosage escalation of
intravesical oxybutin i the treatment of neurogenic bladder patients.
Spinal Cord; 38: 250-254. 2000

Haldorson AM, Keys TF, Maker MD, Opitz JL. Nonvalue of neomy-
cin instillation after intermittent urinary catheterization. Antimicro-
bial agents and chemotherapy; 14: 368-370. 1978

Hedlund H, Hjelmas K, Jonsson O, Klarskov P, Talja M. Hydrophilic
versus non-coated catheters for intermittent catheterization. Scand J
Urol Nephrol; 35: 49-53. 2001

Hellstrom P, tammela T, Lukkarinen O, Kontturi M. Efficacy and
safety of clean intermittent catheterization in adults. Eur Urol 1991;
20: 117-121.

Herr HW. Intermittent catheterization in neurogenic bladder dysfunc-
tion. J Urol; 113: 477-479. 1975

Hill VB, Davies WE. A swing to intermittent clean self-catheterisa-
tion as a preferred mode of management of the neuropathic bladder
for the dextrous spinal cord patient.Paraplegia; 26: 405-412. 1988

Hirano A, Tanaka H, Kuroda S. Experience with non-aseptic inter-
mittent selfcatheterization. Hinyokika Kiyo; 34: 1751-1756. 1988

Hofstetter A. Antimikrobielle Wirksamkeit von Gleitmitteln. Urolo-
ge;27:359-360. 1987

Hunt GM, Oakeshott P, Whitacker RH.Intermittent catheterization:
simple, safe and effective but underused. BMJ;312:103-107. 1996

Hull RA, Rudy DC, Wieser IE, Donovan WH. Virulence factors of
Escherichia coli isolates from patients with symptomatic and asymp-
tomatic bacteriuria and neuropathic bladders due to spinal cord and
brain injuries. J Clin Microbiol; 36: 115-117. 1998

Igawa, 1998, personal communication. Iwatsubo E, Iwakawa A,
Koga H, Imamura A, Yamashita H, Komine S. Functional recovery of
the bladder in patients with spinal cord injury-prognosticating pro-
grams of an aseptic intermittent catheterization.

Hinyokika Kiyo; 31: 775-783. 1985 Iwatsubo E, Komine S, yama-
shita H, Imamura A, Akatsu T. Over-distension therapy of the bladder
in paraplegic patients using self-catheterisation: a preliminary study.
Paraplegia; 22: 201-215. 1984

Jensen AE, Hjeltnes N, Berstad J, Stanghelle JK. Residual urine fol-
lowing intermittent catheterisation in patients with spinal cord inju-
ries. Paraplegia; 33: 693-696. 1995

Johnson HW, Anderson JD, Chambers GK, Arnold WIJ, Irwin BJ,
Brinton JR. A short-term study of nitrofurantoin prophylaxis in chil-

dren managed with clean intermittent catheterization. Pediatrics; 93:
752-755. 1994

Kevorkian CG, Merritt JL, Ilstrup DM. Methenamine mandelate with
acidification: an effective urinary antseptic in patients with neuroge-
nic bladder. Mayo Clin Proc; 59: 523-529. 1984

Khoury JM, Freeman JA. Transitional cell carcinoma of the bladder
in a patient on clean intermittent catheterization. BJU Int; 84: 378-
379. 1999

Kilinc S, Akman MN, Levendoglu F, Ozker R. Diurnal variation of
antidiuretic hormone and urinary output in spinal cord injury. Spinal
Cord; 37: 332-335. 1999

King RB, Carlson CE, Mervine J, Wu Y, Yarkony SM: Clean and ste-
rile intermittent catherization methods in hospitalized patients with
spined cord injury Arch. Plys. Med. Rehabis 1992 - 73: 709-802
Kiyono Y, Hashizume C, Ohtsuka K, Igawa Y. Improvement of uro-
logical-management abilities in individuals with tetraplegia by
reconstructive hand surgery. Spinal cord; 38: 541-545. 2000

Kornhuber HH, Schutz A. Efficient treatment of neurogenic bladder



disorders in multiple sclerosis with initial intermittent catheterization
and ultrasound-controlled training. Eur Neurol; 30: 260-267. 1990

Kovindha, 1998, personal communication.

Kovindha A, Na W, Madersbacher H. Radiological abnormaliteis in
spinal cord injured men using clean intermittent catheterization with
a re-usable silicone catheter in developing country. Poster 86 presen-
ted during the Annual Scientific meeting of IMSOP Sydney 2000.
Abstract book p112.

Kuhn W, Rist M, Zach GA. Intermittent urethral self-catheterisation:
long term results (bacteriological evolution, continence, acceptance,
complications). Paraplegia; 29: 222-232. 1991

Kuhlemeier KV, Lloyd LK, Stover SL. Localization of upper and
lower urinary tract infections in patients with neurogenic
bladders.SCIDigest; 336-342. 1982

Labat JJ, Perrouin-Verbe B, Lanoiselée JM, Mathé JF, Buzelin JM.
L’autosondage intermittent propre dans la réeducation des blesses
medullaires et de la queue de cheval II. Annales de Réadaptation et de
Médicine Physique; 28: 125-136. 1985

Lapides J, Diokno A, Silber S, Lowe B. Clean intermittent selfcathe-
terization in the treatment of urinary tract disease. J Urol; 107: 458-
461. 1972

Lapides J, Diokno AC, Gould Fr, Lowe BS. Further observations on
self-catheterization. Trans Am Assoc Genitourin Surg; 67: 15-17.
1975

Lapides J, Diokno AC, Lowe BS, Kalish MD. Follow-up on unsteri-
le intermittent self-catheterization. J Urol; 111: 184-187. 1974

Lapides J, Diokno AC, Gould FR, Lowe BS. Further observations on
self-catheterization. J Urol;116:169-172. 1976

Lewis RI, Carrion HM, Lockhart JL, Politano VA. Significance of
aymptomatic bacteriuria in neurogenic bladder disease. Urology; 23:
343-347. 1984

Lindan R, Bellomy V. The use of intermittent catheterization in a
bladder training program, preliminary report. J Chron Dis;24:727-
735. 1971

Lindan R, Bellomy V. Effect of delayed intermittent catheterization
on kidney function in spinal cord injury patients-a long-term follow-
up study. Paraplegia; 13: 49-55. 1975

Lindehall B, Moller A, Hjalmas K, Jodal U. Long-term intermittent
catheterization: the experience of teenagers and young adults with
myelomeningocoele. J Urol; 152: 187-189. 1994

Lundgren J, Bengtsson O, Israelsson A, Jonsson AC, Lindh AS, Utas
J. The importance of osmolality for intermittent catheterizatio of the
urethra. Spinal Cord; 38: 45-50. 2000

Madersbacher H, Weissteiner G. Intermittent self-catheterization, an
alternative in the treatment of neurogenic urinary incontinence in
women. Eur Urol; 3: 82-84. 1977

Mandal AK, Vaidayanathan S. Management of urethral stricture in
patients practising clean intermittent catheterization. Int Urol
Nephrol; 25: 395-399. 1993

Maynard F, Diokno A. Urinary infection and complications during
clean intermittent catheterization following spinal cord injury. J Urol;
132: 943-946. 1984

Maynard FM, Diokno A. Clean intermittent catheterization for spinal
cord injured patients. J Urol;128:477-480. 1982

Maynard FM, Glass J. Management of the neuropathic bladder by
clean intermittent catheterization: 5 year outcomes. Paraple-
gia;25:106-110. 1987

McGuire EJ, Diddel G, Wagner Flr. Balanced bladder function in spi-
nal cord injury patients. J Urol;118:626-628. 1977

McGuire EJ, Savastano J. Comparative urological outcome in women
with spinal cord injury. J Urol; 135: 730-731. 1986

Menon EB, Tan ES. Pyuria: index of infection in patients with spinal
cord injureis. BJU;69:141-146. 1992

747

Michelsen D, Wyndaele JJ. Management of false passages in patients
practising clean intermittent self catheterisation. Spinal Cord; 37:
201-203. 1999

Mohler JL, Cowen DL, Flanigan RC. Suppression and treatment of
urinary tract infection in patients with an intermittently catheterized
neurogenic bladder. J Urol; 138: 3369-340. 1987

Morgan JDT, Weston PMT. The disappearing catheter-a complication
of intermittent self-catheterization.BJU;65:113-114. 1990

Murphy FJ, Zelman S, Mau W. Ascorbic acid as urinary acidifying
agent.Il:Its adjunctive role in chronic urinary infection. J
Urol;94:300-303. 1965

Murray K, lewis P, Blannin J, Shepherd A. Clean intermittent self-
catheterization in the management of adult lower urinary tract dys-
function. BJU; 56: 379-380. 1984

National Institute on Disability and rehabilitation Research Consen-
sus Statement Jan 27-29,1992.The prevention and management of
urinary tact infections among people with spinal cord injuries.J Am
Parap Soc;15:194-204. 1992

Noll F, Russe O, Kling E, Botel U, Schreiter F. Intermittent cathete-
risation versus percutaneous suprapubic cystostomy in th early mana-
gement of traumatic spinal cord lesions. Paraplegia; 26: 4 — 9. 1988
Ohl DA, Denil J, Fitzgerald-Shelton K, McCabe M, McGuire EJ,
Menge AC, Randolph JF. Fertility of spinal cord injuried males: effect
of genitourinary infection and bladder management on results of elec-
troejaculation. J Am Paraplegia Soc;15: 53-59. 1992

Opitz JL. Bladder retraining: an organized program. Mayo Clin
Proc;51:367-372. 1976

Orikasa S, Koyanagi T, Motomura M, Kudo T, Togashi M. Experien-
ce with non-sterile intermittent selfcatheterization. J Urol; 115: 141-
142. 1976

Ott R, Rosier AB. The importance of intermittent catheterization in
bladder re-education of acute spinal cord lesions. In: Proc Eighteent
Vet Admi Spinal Cord injury Conf;18:139-148. 1971

Ottolini MC, Shaer CM, Rushton HG, Majd M, Gonzales EC, Patel
KM. Relationship of asymptomatic bacteriuria and renal scarring in
children with neuropathic bladders who are practicing clean intermit-
tent catheterization. J Pediatr; 127:368-372. 1995

Parmar S, Baltej S, Vaidynanathn S. Teaching the procedure of clean
intermittent catheterization. Paraplegia;31:298-302. 1993

Pearman JW. Prevention of urinary tract infection following spinal
cord injury. Paraplegia;9:95-104. 1971

Pearman JW. The value of kanamycin-colistin bladder instillations in
reducing bacteriuria during intermittent catheterization of patients
with acute spinal cord injury. BJU; 51: 367-374. 1979

Pearman J, Bailey M, Riley L. Bladder instillations of trisdine com-
pared with catheter introducer for reduction of bacteriuria during
intermittent catheterization of patients with acute spinal cord trauma.
BJU;67:483-490. 1991

Pelosof HV, David FR, Carter RE. Hydronephrosis: silent hazard of
intermittent catheterization. J Urol; 110: 375-377. 1973

Perkash I, Giroux J. Clean intermittent catheterization in spinal cord
injury patients: a followup study. J Urol; 149: 1068-1071. 1993
Perrouin-Verbe B, Labat JJ, Richard I, Mauduyt De La Greve I, Buze-
lin JM, Mathe JF. Clean intermittent catheterization from the acute
period in spinal cord injury patients. Longterm evaluation of urethral
and genital tolerance. Paraplegia;33:619-624. 1995

Prieto-Fingerhut T, Banovac K, Lynne CM. A study comparing steri-
le and nonsterile urethral catheterization in patients with spinal cord
injury. Rehabil Nurs; 22: 299-302. 1997

Reisman EM, Preminger GM. Bladder perforation secondary to clean
intermittent catheterization. J Urol; 142: 1316-1317. 1989

Rhame FS, Perkash I. Urinary tract infections occurring in recent spi-
nal cord injury patients on intermittent catheterization. J Urol; 122:
669-673. 1979



Rutkowski SB, Middleton JW, Truman G, Hagen DL, Ryan JP. The
influence of bladder management on fertility in spinal cord injured
males. Paraplegia;33:263-266. 1995

Schlager TA, Anderson S, Trudell J,Hendley JO. Effect of cranberry
juice on bacteriuria in children with neurogenic bladder receiving
intermittent catheterization. J Pediat; 135: 698-702. 1999

Schlager TA, Hendley JO, Wilson RA, Simon V, Whittam TS. Corre-
lation of periurethral bacterial flora with bacteriuria and urinary tract
infection in children with neurogenic bladder receiving intermittent
catheterization. Clin Infect Dis; 28: 346-350. 1999

Schnider P, Birner P, Gendo A, Ratheiser K, Auff E. Bladder volume
determination: portable 3-D versus stationary2-D ultrasound device.
Arch Phys Med Rehab;81:18-21. 2000

Schurch B, Stohrer M, Kramer G, Schmid DM, Gaul G, Hauri D.
Botulinum-A toxin for treating detrusor hyperreflexia in spinal cord
injured patients: a new alternative to anticholinergic drugs? Prelimi-
nary results. J Urol; 164: 692-697. 2000

Sekar P, Wallaca DD, Waites KB, De Vivo MJ, Lloyd LK, Stover SL,
Dubovsky EV. Comparison of long-term renal function after spinal
cord injury using different urinary management methods. Arch Phys
Med Rehabil; 78: 992-997. 1997

Shekelle PG, Morton SC, Clark KA, Pathak M, Vickrey BG. Syste-
matic review of risk factors for urinary tract infection in adults, with
spinal cord dysfunction. J Spinal Cord Med; 22:258-272. 1999

Shenot P, Rivas DA, Kalman DD, Staas WEJr, Chancellor MB. Latex
allergy manifested in ruologiucal surgery and care of adult spinal cord
inhjured patients. Arch Phys Med Rehabil; 75: 1263-1265. 1994

Silbar E, Cicmanec J, Burke B,Bracken RB. Microwave steriliza-
tion.Method for home sterilization of urinary catheter. J Urol;141:88-
90. 1980

Solomon MH, Foff SA, Diokno AC. Bladder calculi complicating
intermittent catheterization. J Urol;124:140-141. 1980

Sperling KB.Intermittent catheterization to obtain catheter-free blad-
der in spinal cord injury.Arch Phys Med Rehab;59:4-8. 1978

Stover SL, Fleming WC. Recurrent bacteriuria in complete spinal
cord injury patients on external condom drainage. Arch Phys Med
Rehab;61:178-181. 1980

Stribrna J, Fabian F. The problem of residual urine after catheteriza-
tion. Acta Univ Carol Med; 7: 931-935. 1961

Sutton G, Shah S, Hill V. Clean intermittent self-catheterization for
quadriplegic patients-a five year follow up. Paraplegia;29:542-549.
1991

Sylora JA, Gonzalez R, Vaughn M, Reinberg Y. Intermittent selfca-
theterization by quadriplegic patients via a catheterizable Mitrofanoff
channel. J Urol; 157: 48-50. 1997

Takechi S, Nishio S, Yokoyama M, Iwata H, Takeuchi M. Clean inter-
mittent catheterization in neurogenic bladder patients with vesicoure-
teral reflux. Nippon Hinyokika gakkai Zasshi; 86: 1520-1524. 1995

Tomoney AG, Shaw PJ. Urological outcome in female patients with
spinal cord injury: the effectiveness of intermittent catheterization.
Paraplegia;28:556-563. 1990

Thirumavalan VS, Ransley PG. Eididymitis in children and adoles-
cents on clean intermittent catheterization. Eur Urol;22:53-56. 1992

Vaidyanathan S, Krishnan KR, Soni BM, Fraser MH. Unusual com-
plications of intermittent self-catheterisation in spinal cord injury
patients. Spinal Cord;34:745-747. 1996

Vaidyanathan S, Soni BM, Brown E, Sett P, Krisnan KR, Bingley J,
Markay S. Effect of intermittent uerthral catheterization and oxybuti-
nen bladder instillation on urinary continence status and quality of
life in a selected group of spinal cord injury patients with neuropathic
bladder dysfunction. Spinal cord; 36: 409-414. 1998

Van Hala S, Nelson VS, Hurvitz EA, Panzi A, Bloom DA, Ward MJ.
Bladder management in patients with pediatric onset neurogenic
bladders. J Spinal Cord Med; 20: 410-415. 1997

748

Vivian JM, Bors E. Experience with intermittent catheterization in the
southwest regional system for tretament of spinal injury. Paraple-
gia;12: 158-166. 1974

Vogler H. Untersuchungen zur desinfizierenden Wirkung von Gleit-
mitteln bei transurethralen Electroresektionen. Z Urol u
Nephrol;73:401-405. 1980

Waites KB, Canupp KC, Brookings ES, DeVivo MIJ. Effect of oral
ciprofloxacin on bacterial flora of perineum, urethra, and lower uri-
nary tract in men with spinal cord injury. J Spinal Cord Medicine; 22:
192-198. 1999

Waller L, Jonsson O, Norlén L,Sullivan L. Clean intermittent cathe-
terization in spinal cord injury patients: long-term followup of a
hydrophilic low friction technique. J Urol; 153: 345-348. 1995

Waller L, Telander M, Sullivan L. The importance of osmolality in
hydrophilic urethral catheters a crossover study. Spinal cord; 36: 368-
369. 1998

Webb R, Lawson A, Neal D. Clean intermittent self-catheterization in
172 adults. BJU;65:20-23. 1990

Weld KJ, Dmochowski RR. Effect of bladder management on urolo-
gical complications in spinal cord injured patients. J Urol; 163: 768-
772. 2000

Weld KJ,Graney MJ, Dmochowski RR. Differences in bladder com-
pliance with time and associations of bladder management with com-
pliance in spinal cord injured patients. J Urol; 163: 1228-1233. 2000

Wheeler JS Jr, Walter JS, Chintam RS, Rao S. Botulinum toxin injec-
tions for voiding dysfunction following sci. J Spinal Cord Med; 21:
227-229. 1998

Whitelaw S, Hamonds J, Tregallas R. Clean intermittent self-cathete-
rization in the elderly. BJU;60:125-127. 1987

Wau Y, Hamilton BB, Boyink MA, Nannninga JB. Re-usable catheter
for longterm intermittent catheterization. Arch Physic Med Rehab;
62: 39-42. 1981

Wyndaele JJ. Early urological treatment of patients with an acute spi-
nal cord injury. Thesis Doctor in Biomedical Science. State Universi-
ty Ghent 1983.

Wyndaele JJ. Chronic prostatitis in spinal cord injury patients. Para-
plegia;23:164-169. 1985

Wyndaele JJ. Clean intermittent self-cathetrization in the prevention
of lower urinary tract infections In: Dysfunction of the lower urinary
tract: present achievements and future perspectives,

Ph Van Kerrebroeck, F Debruyne (eds) Bussum: Medicom, pp187-
195. 1990 Wyndaele JJ, De Ridder D, Everaert K, Heilporn A,
Congard-Chassol B. Evaluation of the use of Urocath-Gel catheters
for intermittent self-catheterization by male patients using conventio-
nal catheters for a long time. Spinal Cord;38:97-99. 2000

Wyndaele JJ, De Sy A, Claessens H. Evaluation of different methods
of bladder drainage used in the early care of spinal cord injury
patients. Paraplegia; 23: 18-26. 1985

Wyndaele JJ, De Taeye N. Early intermittent selfcatheterization after
spinal cord injury. Paraplegia;28: 76-80. 1990

Wyndaele JJ, Maes D. Clean intermittent self-catheterization: a 12
year follow up. J Urol; 143: 906-908. 1990

Wyndaele JJ, Oosterlinck W, De Sy W. Clean intermittent self-cathe-
terization in the chronical management of the neurogenic bladder. Eur
Urol; 6: 107-110. 1980

Yadav A, Vaidyanathan S, Panigraphi D. Clean intermittent catheteri-
zation for the neuropathic bladder. Paraplegia; 31:380-380. 1993
Yavuzer G, Gok H, Tuncer S, Soyger T, Arikan N, Arasil T. Com-
pliance with bladder management in spinal ord injury patients. Spinal
Cord; 38: 762-765. 2000

Yokoyama O, Hasegawa T, Ishiura Y, Ohkawa M, Sugiyama Y, Izu-
mida S. Morphological and functional factors predicting bladder
deterioration after spinal cord injury. J Urol; 155: 275-276. 1996



II. INDWELLING CATHETERIZATION

Andrews HO, Shah PJ. Surgical management of urethral damage in
neurologically impaired female patients with chronic indwelling
catheters. Br J Urol; 82(6):820-824. 1998

Barnes DG, Shaw PJR, Timoney AG, Tsokos N: Management of the
neuropathic bladder by suprapubic catheterizaiton. Br J Urol 1993,
72(2): 169-172.

Browning, D.J.: Potential hazard of suprapubic catheterization. Med
J Aust; 22:580, 1977

Bull E, Chilton CP, Gould CAL, Sutton TM.Single-blind, randomi-
sed, parallel group study of the Bard-Biocatheter and a silicone elas-
tomer coated catheter.Br J Urol; 68(4): 394-9. 1991

Burgdoerfer H, Heidler H, Madersbacher H et al. Manual neuro-uro-
logy and spinal cord lesion: guidelines for urological care of spinal
cord injury patient. Koeln: Parco-Pharma Gmbh, 1997.

Burke JP, Garibaldi RA, Britt MR. Jacobson JA, Conti M. Prevention
of catheter-associated urinary tract infection. Am J Med; 70: 655-8.
1981

Burr RG, Chen C, Nuseibeh IM. Blockade of indwelling urinary
catheters: the roles of urinary composition, the catheter, medication
and diet. Paraplegia; 31: 234-241. 1993

Chancellor MB, Erhard MJ, Kiilholma PJ, Karasick S, Rivas DA.
Functional urethral closure with pubovaginal sling for destroyed
female urethra after long-term urethral catheterization. Urology;
43(4): 499-505. 1994

Chao E, Clowers D and Mayo ME. Fate of upper urinary tracts in
patients with indwelling catheters after spinal cord injury. Urology;
42(3): 259-62. 1993

Chen Y, DeVivo MJ, Roseman JM. Current trend and risk factors for
kidney stones in persons with spinal cord injury: a longitudinal study.
Spinal Cord; 38: 346-53. 2000

Classen DC, Larsen RA, Burke JP, Stevens LE. Prevention of cathe-
ter-associated bacteriuria: clinical trial of methods to block three
known pathways of infection. Am J Infect Control;19(3):136-42.1991
Cox AJ, Hukins WL, Sutton TM. Infection of catheterised patients:
bacterial colonisation of encrusted Foley catheters shown by scanning
electron microscopy. Urol Res; 17: 349-52. 1989

Cuttino JT, Clark RL. Bilateral ureteral obstruction caused by a Foley
balloon in a patient with a contracted bladder. Am J Roentgenol;
149(6): 1197-3. 1987

Dewire DM, Owens RS, Anderson GA, Gottlieb MS, Lepor H. A
comparison of the urological complications associated with long-
term management of quadriplegics with and without chronic indwel-
ling urinary catheters. J Urol;147(4):1069-71. 1992

Farina LA, Palou J. Suprapubic catheterization and bowel injury. Br
J Urol; 70: 212-213, 1992

Feneley RC. The management of female incontinence by suprapubic
catherisation, with or without urehtral closer. Br J Urol; 55: 203-7.
1983

Galloway A. Prevention of urinary tract infection in patients with spi-
nal cord injury — a microbiological review. Spinal Cord; 35: 198-204.
1997

Garibaldi RA, Burke JP, Britt MR, Miller WA, Smith CB. Meatal
colonization and catheter-associated bacteruria. N Engl J Med; 303:
316. 1980

Grundy, B.J., Fellows, G.J., Gillett, A.P., Nuseiheth, I., Silver, JR.: A
comparison of fine-bore suprapubic and intermittent urethral cathete-
rization regime after spinal cord injury. Paraplegia; 21: 227-232. 1983

Hackler RH. Long-term suprapubic cystostomy drainage in spinal
cord injury patients. Br J Urol; 54: 120-1. 1982

Hall MK, Hackler RH, Zampier TA et al. Renal calculi in spinal cord-
injured patient: association with reflux, bladder stones, and foley
catheter drainage. Urology; 34: 126-8. 1989

749

Horgan AF, Prasad B, Waldro DJ, O’Sullivan DC. Acute urinary
retention. Comparison of suprapubic and urethral catheterization. Br
J Urol 70; 149-151, 1992

Jackson AB, DeVivo M. Urological long-term follow-up in women
with spinal cord injuries. Arch Phys Med Rehabil;73(11): 1029-35.
1992

Jacobs SC, Kaufman JM. Complications of permanent bladder cathe-
ter drainage in spinal cord injury patients. J Urol; 119:740-1. 1978

Kunin CM, Chin QF, Chambers S. Formation of encrustation on ind-
welling urinary catheters in the elderly: a comparison of different
types of catheter materials in “blockers” and “non-blockers”. J Urol;
138: 899-902. 1987

Kunin CM, Steele C. Culture of the surfaces of urinary catheters to
sample urethral flora and study the effect of antimicrobial therapy. J
Clin Microbiol; 21: 902-8. 1985

Lamid S. Long-term follow-up of spinal cord injury patients with
vesicoureteral reflux. Paraplegia; 26: 27-34. 1988

Liedberg H, Lundeberg T, Ekman P. Refinements in the coating of
urethral catheters reduces the incidence of catheter-associated bacte-
riuria. An experimental and clinical study. Eur Urol;17(3): 236-40.
1990

Liedberg H, Lundeberg T. Silver alloy coated catheters reduce cathe-
ter-associated bacteriuria. Br J Urol;65(4):379-81. 1990

Liedberg H, Lundeberg T. Silver coating of urinary catheters prevent
adherence and growth of Pseudomonas aeruginosa. Urol Res; 17:
357-8. 1989

Lindan R, Leffler EJ, Bodner D. Urological problems in the manage-
ment of quadriplegic women. Paraplegia; 25: 381-5. 1987

Lloyd LK, Kuhlemeier KV, Fine PR, Stover SL. Initial bladder mana-
gement in spinal cord injury: does it make a difference? J Urol; 135:
523-7. 1986

MacDiarmid SA, Arnold EP, Palmer NB, Anthony A. Management of
spinal cord injured patients by indwelling suprapubic catheterization.
J Urol; 154: 492-4. 1995

McGauire EJ, Savastano J. Comparative urological outcome in women
with spinal cord injury. J Urol; 135:730-1. 1986

Morris NS, Stickler DJ, Winters C. Which indwelling urethral cathe-
ters resist encrustation by Proteus mirabilis biofilms? Br J Urol;
80(1):58-63. 1997

Morris NS, Stickler DJ. Encrustation of indwelling urethral catheters
by Proteus mirabilis biofilms growing in human urine. J Hosp Infect;
39: 227-34. 1998

Muncie HL Jr, Hoopes JM, Damron DJ, Tenney JH, Warren JW.
Once-daily irrigation of long-term urethral catheters with normal sali-
ne. Lack of benefit. Arch Intern Med;149(2):441-3. 1989

Priefer BA, Duthie EH, Gambert SR. Frequency of urinary catheter
change and clinial urinary tract infection. Urol; 20(2): 141-2. 1982
Shenot P, Rivas DA, Kalman DD, Staas WE Jr, Chancellor MB. Latex
allergy manifested in urological surgery and care of adult spinal cord
injured patients. Arch Phys Med Rehabil; 75:1263-5. 1994

Stickler D, Nickel JC, Gristina AG, Costerton JW. Electron micro-
scopic study of an infected Foley catheter. Can J Surg; 28: 50-2. 1985
Stickler DJ, King JB, Winters C, Morris SL. Blockage of urethral
catheters by bacterial biofilms. J Infect; 27(2): 133-5. 1993
Sugarman B. Adherance of bacteria to urinary catheters. Urol Res;
10: 37-40. 1982

Talja M, Korpela A, Jarvi K. Comparison of urethral reaction to full
silicone, hydrogen-coated and siliconised latex catheters. Br J Urol;
66(6):652-7. 1990

Trop CS, Bennett CJ. Complications from long-term indwelling
Foley catheters in female patients with neurogenic bladder. Semin
Urol; 10(2): 115-20. 1992

Warren JW, Tenney JH, Hoopes JM, Muncie HL, Anthony WC. A



prospective microbiologic study of bacteriuria in patients with chro-
nic indwelling urethral catheters. J Infect Dis;146(6):719-23. 1982

Watanabe T, Rivas DA, Smith R, Staas WE Jr, Chancellor MB. The
effect of urinary tract reconstruction on neurologically impaired
women previously treated with an indwelling urethral catheter. J
Urol; 156(6):1926-8. 1996

Weld KJ, Dmochowski PR. Effect of bladder management on urolo-
gical complication s in spinal cord injured patients. J Urol, 163:768-
772. 2000

West DA, Cummings JM, Longo WE, Virgo KS, Johnson FE, Parra
RO. Role of chronic catheterization in the development of bladder
cancer in patients with spinal cord injury. Urology; 53(2): 292-7.
1999

Wong ES, Hooton TM. Guidelines for prevention of catheter-associa-
ted urinary tract infection. Infect Control; 2: 125-30. 1981

Wong ES. Guidelines for prevention of catheter-associated urinary
tract infection. Am J Infect Control; 11: 28-33. 1983

III. CONDOM CATHETER AND EXTERNAL
APPLIANCES

Brooks ME. Spector R. A new device for fastening the condom shea-
th. Paraplegia;19: 187-188. 1981

Bransbury AJ. Allergy to rubber condom urinals and medical adhe-
sives in male spinal injury patients. contact Dermatitis;5:317-323.
1979

de Holl JD, Williams LA, Steers WD, Rodeheaver GT, Clark MM,
Edlich RF. Technical considerations in the use of external condom
catheter systems. J Burn Care Rehail;13(6):664-72. 1992

Edlich RF, Bailey T, Pine SA, Williams R, Rodeheaver GT, Steers
WD. Biomechanical performance of silicone and latex external
condom catheers. J Lon Term Eff Med Implants; 10(4): 291-299.
2000

Gear ALL, Nguyen WD, Bealle MA, Edlich RF. Evaluation of a new
external condom catheter system. Medical Progress through Techno-
logy; 21: 181-185. 1997

Golji H. Complications of external condom drainage. Paraplegia; 19:
189-197. 1981

Hirsch DD, Fainstein V, Musher DM. Do condom catheter collecting
system cause urinary tract infection? JAMA; 242(4): 340-341. 1979
Harmon CB, Connolly SM, Larson TR. Condom-related allergic
contact dermatitis. J Urol; 153(4): 1227-1228. 1995

Jayachandran S, Moopan UM, Kim H. Complications from external
(condom) urinary drainage devices. Urology; 25(1): 31-34. 1985
Johnson ET. The condom catheter: urinary tract infection and other
complications. South Med J; 76(5): 579-82. 1983

Kovindha A, Wachirarat N. Srikisai P, Soonya O. A fixator to prevent
twisting of a condom. Chiang Mai Med Bull; 37(1-2): 31-4. 1998
Lawson SD, Cook JB. An ergonomic appraisal of the use and func-
tional efficency of condom urinals in the male patient with spinal
cord paralysis. Paraplegia; 16: 317-21. 1978

Pearman JW, Shah SK, A new adaptor which obviates problems asso-
ciated with condom external urinary drainage of male patients. Para-
plegia; 11: 25-29. 1973

Pidde TJ, Little JW. Hydronephrosis due to improper condom cathe-
ter use. J Am Paraplegia Soc; 17(4): 168-170. 1994

Namiki T. Application of Teflon paste for urinary incontinence-
report of 2 cases. Urol Int; 39(5): 280-282. 1984

Nanninga JB, Rosen J. Problems associated with the use of external
urinary collectors in the male paraplegic. Paraplegic;13:56-8. 1975
Newman E, Price M. External catheters: hazards and benefits of their
use by men with spinal cord lesions. Arch Phys Med Rehabil; 66:
310-313.1985

Peifer DJ, Hanover RY. Clinical evaluation of the easy-flow catheter.
J Rehabil Res Dev; 34(2): 215-219. 1997

750

Saint S, Lipsky BA, Baker PD, McDonald LL, Ossenkop K. Urinary
catheters: what type do men and their nurses prefer? J Am Geriatr
Soc; 47(12): 1453-1457. 1999

Sekar P, Wallace DD, Waites KB, DeVivo MJ, Lloyd LK, Stover SL,
Dubovsky EV. Comparison of long-term renal function after spinal
cord injury using different urinary management methods. Arch Phys
Med Rehabil; 78: 992-997. 1997

Shenot P, Rivas DA, Kalman DD, Staas WE Jr, Chancellor MB. Latex
allergy manifested in urological surgery and care of adult spinal cord
injured patients. Arch Phys Med Rehabil; 75: 1263-1265. 1994

Smith AD, Sazama R, Lange PH. Penile prothesis: adjunct to treat-
ment in patients with neurognic bladder. J Urol; 124(3): 363-364.
1980

Sotolongo JR, Koleilat N. Significance of aymptomatic bacteriuria in
spinal cord injury patients on condom catheter. J Urol; 143: 979-980.
1990

Stelling JD, Hale AM. Protocol for changing condom catheters in
males with spinal cord injury. SCI Neur; 13(1): 28-34. 1996
Steinhardt G, McRoberts W. Total distal penile necrosis caused by
condom catheter. JAMA; 244(11): 1238. 1980

Waites KB, Canupp KC, DeVivo MJ. Epidemiology and risk factors
for urinary tract infection following spinal cord injury. Arch Phys
Med Rehabil; 74: 691-5. 1993

D. PHARMACOTHERAPY

Abrams P, Freeman R, Anderstrom C, Mattiasson A: Tolterodine, a
new antimuscarinic agent: as effective but better tolerated than oxy-
butynin in patients with an overactive bladder. Br J Urol,
81:801,1998.

Anderson GF, Fredericks CM: Characteriza-tion of the oxybutynin
antagonism of drug-induced spasms in detrusor. Pharmacology, 15:
31, 1972.

Anderson, RU, Mobley, D, Blank, B, Saltzstein, D, Susset, J, Brown,
JS: Once a day controlled versus immediate release oxybutynin chlo-
ride for urge incontinence. J. Urol. 161:1809, 1999.

Andersson K-E: Current concepts in treatment of disorders of mictu-
rition. Drugs, 35: 477, 1988.

Appell RA: Clinical efficacy and safety of tolterodine in the treatment
of overactive bladder: A pooled analysis. Urology ,50: 90.39,1997.
Appell RA, Sand P, Dmochowski R, Anderson R, Zinner N, Lama D,
Roach M, Miklos J, Saltzstein D, Boone T, Staskin DR, Albrecht D:
Prospective randomized controlled trial of extended-release oxybuty-
nin chloride and tolterodine tartrate in the treatment of overactive
bladder: results of the OBJECT Study. Mayo Clin Proc, 76:358. 2001.
Awad SA, Downie JW, Kiriluta HG: Alpha-adrenergic agents in uri-
nary disorders of the proximal urethra, part I: sphincteric incontinen-
ce. BrJ Urol, 50: 332, 1978.

Barrett D, Wein AJ: Voiding dysfunction Diagnosis, classification and
management. In Gillenwater JY, Grayhack JT, Howards SS and Duc-
kett JW, eds: Adult and pediatric Urology, 2nd ed. St Louis, Mosby-
Year book medical Publishers, pp 1001-1099, 1991.

Bauer S: An approach to neurogenic bladder: An overview: Problems
In Urology, 8: 441, 1994.

Beisland HO, Fossberg E, Sander S: On incompetent urethral closure
mechanism: treatment with estriol and phenylpropanolamine. Scand
J Urol Nephrol, 60 (Suppl): 67, 1981.

Birns J, Lukkari E, Malone-Lee JG: A randomized controlled trial
comparing the efficacy of controlled-release oxybutynin tablets (10
mg once daily) with conventional oxybutynin tablets (5 mg twice
daily) in patients whose symptoms were stabilized on 5 mg twice
daily of oxybutynin. BJU Int

Blaivas JG, Labib KB, Michalik J, Zayed AAH: Cystometric respon-
se to propantheline in detrusor hyperreflexia: Therapeutic implica-
tions. J Urol, 124: 259, 1980.



Borodic, GE, Joseph, M, Fay, L, Cozzolino, D, Ferrante, RJ: Botuli-
num A toxin for the treatmnent of spasmodic torticollis: dysphagia
and regional toxin spread. Head Neck, 12: 392,1990.

Brendler BCH, Radebaugh LC, Mohler JL: Topical oxybutynin chlo-
ride for relaxation of dysfunctional bladders. J Urol, 141: 1350, 1989.

Buyse G, Verpoorten C, Vereecken R , Casaer P: Treatment of neuro-
genic bladder dysfunction in infants and children with neurospinal
dysraphism with clean intermittent (self-) catheterisation and optimi-
zed intraversical oxybutynin hydro-chloride therapy. Eur J Pediatr
Surg, 5 Suppl 1: 31, 1995.

Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD,
Julius D: The capsaicin receptor: A heat-activated ion channel in the
pain pathway. Nature, 389: 816,1997.

Chancellor MB, DeGroat WC: Intravesical capsaicin and resinifera-
toxin therapy; spicing up the ways that we treat the overactive blad-
der. J Urol, 162: 3, 1999.

Chancellor MB, Erhard MJ, Hirsch IH, Staas WE: Prospective eva-
luation of terazosin for the treatment of autonomic dysreflexia. J
Urol, 151:111,1994.

Chancellor MB, Karasick S, Erhard MJ, Abdill CK, Liu J, Goldberg
BB, Staas WE: Intraurethral wire mesh prosthesis placement in the
external urinary sphincter of spinal cord injured men. Radiology
,187:551,1993.

Chapple CR, Parkhouse H, Gardener C and Milroy EJ: Double-blind,
placebo-controlled, cross-overbstudy of flavoxate in the treatment of
idiopathic detrusor instability. BrJ Urol, 66: 491, 1990.

Clapham DE : Some like it hot: spicing up ion channels. Nature, 389:
783,1997.

Connor JP, Betrus G, Fleming P, Perlmutter AD, Reitelman C: Early
cystometrograms can predict the response to intravesical instillation
of oxybutynin chloride in myelomeningcele patients. J Urol, 151:
1045, 1994.

Craft RM, Cohen SM, Porreca F: Long-lasting desensitization of
bladder afferents following intravesical resiniferatoxin and capsaicin
in the rat. Pain, 61:317,1995.

Cruz F, Guimaraes M, Silva C, Reis M: Suppression of bladder
hyperreflexia by intravesical resiniferatoxin [letter]. Lancet, 350:
640,1997a.

Cruz F, Guimaraes M, Silva C, Rio ME, Coimbra A, Reis M: Desen-
sitization of bladder sensory fibers by intravesical capsaicin has long
lasting clinical and urodynamic effects in patients with hyperactive or
hypersensitive bladder dysfunction. J.Urol, 157: 585,1997b.

De Ridder D, Chandiramani V, Dasgupta P, Van Poppel H, Baert L,
Fowler CJ: Intravesical capsaicin as a treatment for refractory detru-
sor hyperreflexia: a dual center study with long-term followup. J
Urol, 158: 2087,1997.

Diokno AC, Taub M: Ephedrine in treatment of urinary incontinence.
Urology 5: 624, 1975.

Duchen, L.W: Changes in motor innervation and cholinesterase loca-
lization induced by botulinum toxin in skeletal muscle of mouse: dif-
ferences between fast and slow muscles. J. Neurol. Neurosurg. Psy-
chiatry, 33: 40,1970.

Dykstra, D.D., Sidi, A: Treatment of detrusor-sphincter dyssyngeria
with botulinum A toxin: a double blind study. Arch. Phys. Med. Reha-
bil., 71:24,1990.

Dykstra, DD, Sidi, AA, Scott, AB, Pagel, JM, Goldish GD: Effects of
botulinum A toxin on detrusor-sphincter dyssyngeria in spinal cord
injury patients. J. Urol., 139: 919, 1988.

Ek A, Andersson K-E, Gullberg B, Ulmsten K: The effects of long-
term treatment with norephedrine on stress incontinence and urethral
closure pressure profile. Scand J Urol Nephrol, 12: 105, 1978.
Gajewski JB, Awad SA : Oxybutynin versus propantheline in patients
with multiple sclerosis and detrusor hyperreflexia. J Urol, 966, 1986.
Gilja I, Radej M, Kovacic M, Parazajdes: Conservative treatment of
female stress incontinence with imipramine. J Urol, 132: 909, 1984.

751

Gleason D, Reilly R, Bottaccini M, Pierce MJ: The urethral conti-
nence zone and its relation to stress incontinence. J Urol, 112: 81,
1974.

Goessl C, Sauter T, Michael T, Berge B, Stachler M, Miller K: Effi-
cacy and tolerability of tolterodine in children with detrusor hyperre-
flexia.. Urology, 55:414,2000.

Grazko MA, Polo KB, Jabbari B: Botulinum toxin A for spasticity,
muscle spasms, and rigidity. Neurology; 45: 712,1995.

Greenfield SP, Fera M: The use of intravesical oxybutynin chloride in
children with neurogenic bladder. J Urol, 146: 532, 1991.

Gupta SK, Sathyan G, Lindemulder EA, Ho PL, Sheiner LB, Aarons
L: Quantitative characterization of therapeutic index: application of
mixed-effects modeling to evaluate oxybutynin dose-efficacy and
dose-side effect relationships.Clin Pharmacol Ther 1999; 65:672.
Hehir M , Fitzpatrick JM: Oxybutynin and prevention of urinary
incontinence in spina bifida. Eur Urol, 11: 254, 1985.

Hergenhahn M, Adolf W, Hecker E: Resiniferatoxin and other esters
of novel polyfunctional diterpenes from Euphorbia resinifera and eus-
pina. Tetra Lett, 19: 1595, 1975.

Jankovic J, Schwartz K, Donovan DT : Botulinum toxin in the treat-
ment of cranial-cervical dystonias and hemifacial spasm. J. Neurol.
Neurosurg. Psychiatry., 53:633,1990.

Jonas U, Hofner K, Madersbacher H, Holmdahl TH: Efficacy and
safety of two doses of tolterodine versus placebo in patients with
detrusor overactivity and symptoms of frequency, urge incontinence,
and urgency: urodynamic evaluation. The International Study Group.
World J Urol , 15:144,1997.

Kaplinsky R, Greenfield S, Wan J and Fera M: Expanded followup of
intravesical oxybutynin chloride use in children with neurogenic
bladder. J Urol, 156: 753, 1996.

Kasabian NG, Vlachiotis JD, Lais A, Klumpp B, Kelly MD, Siroky
MB, Bauer SB: The use of intraversical oxybutynin chloride in
patients with detrusor hypertonicity and detrusor hyperreflexia. J
Urol, 151: 944, 1994.

Kawatani M, Whitney T, Booth AM, de Groat WC: Excitatory effect
of substance P in parasympathetic ganglia of the cat urinary bladder.
Am J Physiol, 257: R1450, 1989.

Kitisomprayoonkul W, Kovindha A: The efficacy of oxyphencyclimi-
ne hydrochloride in treatment of urinary incontinence in spinal cord
injured patients with detrusor sphincter dyssynergia. J Thai Rehabil,
10:23, 2000.

Kohler FP, Morales PA: Cystometric evaluation of flavoxate hydro-
chloride in normal and neurogenic bladder. J Urol, 100: 729, 1968.
Koyanagi T, Maru A, et al: Clinical evaluation of oxybutynin hydro-
chloride (KLOO7 tablets) for the treatment of neurogenic bladder and
unstable bladder : A parallel double-blind controlled study with pla-
cebo. Nishinihonhinyouki: 48: 1050, 1986 (in Japanese).

Lazzeri M, Spinelli M, Beneforti P, Zanollo A, Turini D: Intravesical
resiniferatoxin for the treatment of detrusor hypereflexia refractory to
capsaicin. Scand J Urol Nephrol, 32: 331,1998.

Lazzeri M, Beneforti P, Turini D: Urodynamic effects of intravesical
resiniferatoxin in humans: Preliminary results in stable and unstable
detrusor. J Urol, 158: 2093, 1997.

Lewis R: Why red-hot peppers are red-hot. Biophoto Int J,
50:40,1998.

Liu L, Simon SA: A rapid capsaicin-activated current in rat trigemi-
nal ganglion neurons. Proc Nat Acad Sci USA, 91: 738, 1994.

Liu L, Simon SA: Capsaicin-induced currents with distinct desensiti-
zation and Ca2+ dependence in rat trigeminal ganglion cells. J Neu-
rophys, 75: 1503,1996.

Madersbacher H, Halaska M, Voigt R, Alloussi S, Hofner K: A pla-
cebo-controlled, multicentre study comparing the tolerability and
efficacy of propiverine and oxybutynin in patients with urgency and
urge incontinence. BJU Int, 84:646,1999.

Madersbacher H, Jilg G: Control of detrusor hyperreflexia by the
intravesical instillation of oxybutynine hydro-chloride. Paraplegia,
29: 84, 1991.



Madersbacher H, Stohrer M, Richter R, Burgdorfer H, Hachen HJ
and mirtz G: Trospium chloride versus oxybutynin: a randomized,
double-blind, multicentre trial in the treatment of detrusor hyperre-
flexia. Br J Urol, 75: 452, 1995.

Maggi CA, Santicioli P, Patacchini R, Geppetti P, Giuliani S, Astolfi
M, Baldi E, Parlani M : Theodorsson E, Fusco B, Meli A, Regional
differences in the motor response to capsaicin in the guinea pig uri-
nary bladder: Relative role of pre- and postjunctional factors related
to neuropeptide-containing sensory nerves. Neuroscience, 27:
675,1988.

Malone-Lee J, Shaffu B, Anand C, Powell C: Tolterodine: superior
tolerability than and comparable efficacy to oxybutynin in individuals
50 years old or older with overactive bladder: a randomized control-
led trial. J Urol, 165:1452,2001.

Mizunaga M, Miyata M, Kaneko S, Yachiku S, Chiba K, Intravesical
instillation of oxybutynin hydrochloride therapy for patients with a
neurogenic bladder. Paraplegia, 32: 25, 1994.

Nilvebrant L, Andersson K-E, Gillberg P-G, Stahl M, Sparf B: Tolte-
rodine - a new bladder selective antimuscarinic agent. Eur J Pharma-
col, 327:195, 1997a.

Nilvebrant L, Hallen B, Larsson G.: Tolterodine - A new bladder
selective muscarinic receptor antagonist: preclinical pharmacological
and clinical data. Life Sci, 60:1129, 1997b.

Oh U, Hwang SW, Kim D: Capsaicin activates a nonselective cation
channel in cultured neonatal rat dorsal root ganglion neurons. J Neu-
rosci, 16: 1659, 1996.

Painter KA, Vates TS, Bukowski TP, Fleming P, Freedman AL, Smith
CA, Gonzalez R, Perlmutter AD: Long-term intravesical oxybutinin
chloride therapy in children with myelodysplasia. J Urol, 156: 1459,
1996.

Palmer LS, Zebold K, Firlit CF and Kaplan WE: Complications of
intravesical oxybutynin chloride therapy in the pediatric myelome-
ningocele population. J Urol, 157: 638, 1997.

Pannek J, Sommerfeld HJ, Botel U, Senge T: Combined intravesical
and oral oxybutynin chloride in adult patients with spinal cord injury.
Urology ,55:358,2000.

Pedersen E, Bjarnason EV, Hansen P-H: The effect of flavoxate on
neurogenic bladder dysfunction. Acta Neurol Scand, 48: 487, 1972.
Petit H, Wiart E, Gaujard E, LeBreton F, Ferriere JM, Lagueny A,
Joseph PA, Barat M: Botulinum A toxin treatment for detrusor-
sphincter dyssynergia in spinal cord disease. Spinal Cord, 36:91,
1998.

Phelan MW, Franks M, Somogyi GT, Yokoyama T, Fraser MO,
Lavelle JP, Yoshimura N: Chancellor MB: Botulinum toxin urethral
sphincter injection to restore bladder emptying in men and women
with voiding dysfunction. J. Urol., 165: 1107, 2001.

Prasad KV, Vaidyanathan S: Intravesical oxybutynin chloride and
clean intermittent catheterisation in patients with neurogenic vesical
dysfunction and decreased bladder capacity. Br J Urol, 72: 519, 1993.
Raezer DM, Benson GS, Wein AlJ, Duckett JR JW: The functional
approach to the management of the pediatric neuropathic bladder: A
clinical study. J Urol, 177: 649, 1977.

Rentzhog L, Stanton SL, Cardozo L, Nelson E, Fall M, Abrams P.:
Efficacy and safety of t olterodine in patients with detrusor instabili-
ty: a dose-ranging study. Br J Urol, 81:42,1998.

Rivas DA, Shenot P, Kim DY, Fraser MO, Erickson JR, de Groat WC:
Chancellor MB, ntravesical resiniferatoxin (RTX) treatment of detru-
sor hyperreflexia; results of prospective double-blind multicenter
trial. J Urol, 161: 276,1999.

Robinson JM, Brocklehurst JC: Emepronium bromide and flavoxate
hydrochloride in the treatment of urinary incontinence associated
with detrusor instability in elderly women. Br J Urol, 55: 371, 1983.
Saito M, Tabuchi F, Otsubo K, Miyagawa I: Treatment of overactive
bladder with modified intravesical oxybutynin chloride. Neurourol
Urodyn ,19:683,2000.

Schurch B, Stohrer M, Kramer G, Schmid DM, Gaul G, Hauri D:
Botulinum-A toxin for treating detrusor hyperreflexia in spinal cord

752

injured patients: A new alternative to anticholinergic drugs? Preli-
minary results. J Urol, 164: 692, 2000.

Schurch B, Hauri D, Rodic B, Curt A, Meyer M, Rossier AB: Botuli-
num A toxin as a treatment of detrusor-sphincter dyssyngeria; a pros-
pective study in 24 spinal cord injury patients. J. Urol., 155:1023,
1996.

Stewart BH, Banowski LHW, Montague DK: Stress incontinence:
conservative therapy with sympathmimetic drugs. J Urol, 115: 558,
1976.

Stohrer M, Bauer P, Giannetti BM, Richter R, Burgodrfer H, Murtz
G: Effects of trospium chloride on urodynamic parameters in patients
with detrusor hyperreflexia due to spinal cord injuries. A multicentre
placebo-controlled double-blind trial. Urol Int, 47: 138, 1991.
Stohrer M, Madersbacher H, Richter R, Wehnert J, Dreikorn K: Effi-
cacy and safety of propiverine in SCI-patients suffering from detru-
sor hyperreflexia—a double-blind, placebo-controlled clinical trial.
Spinal Cord, 37:196,1999.

Szallasi A, Blumberg PM : Vanilloid receptors: new insights enhance
potential as therapeutic target. Pain, 30: 571, 1990a

Szallasi A, Blumberg PM: Resiniferatoxin and its analogs provide
novel insights into the pharmacology of the vanilloid (capsaicin)
receptor. Life Sci, 47: 1399, 1990b.

Szolcsanyi J, Jancso-Gabor A, Joo F: Functional and fine structural
characteristics of the sensory neuron blocking effect of capsaicin.
Naunyn Schmied Arch Pharm, 287: 157,1975.

Szolcsanyi J : Effect of capsaicin, resiniferatoxin and piperine on
ethanol-induced gastric ulcer of the rat. Acta Physiol Hung, 75
(Supp): 267,1990.

Szollar SM, Lee SM: Intravesical oxybutynin for spinal cord injury
patients. Spinal cord, 34: 284, 1996.

Takayasu H, Ueno A, Tuchida S, Koiso K, Kurito T, Kawabe K,
Hanaoka K: Clinical Effects of propiverine hydrochloride in the treat-
ment of urinary frequency and incontinence associated with detrusor
overctivity: A double-blind, parallel, placebo-controlled, multicenter
study. Igaku no Ayumi, 153: 459, 1990 (in Japanese).

Thompson IM, Lauvetz R: Oxybutynin in bladder spasm, neurogenic
bladder, and enuresis. Urology, 8: 452, 1976.

Thuroff JW, Bunke B, Ebner A, Faber P, Degeeter P, Hannappel J,
Heidler H, Madersbacher H, et al: Ramdomized, double-blind, multi-
center trial on treatment of frequency, urgency and urge incontinence
related to detrusor hyperactivity: Oxybutynin versus propantheline
versus placebo. J Urol, 145: 813, 1991.

Tokuno H, Chowdhury JU, Tomita T: Inhibitory effects of propiveri-
ne on rat and guinea-pig urinary bladder muscle. Naunyn-Schmiede-
berg’s Arch Pharmacol 348: 659, 1993.

Van Ermengem E: Ueber einen neuen anaeroben Bacillus and seine
Beziehungen zum Botulisms. Ztsch Hyg Infekt, 26: 1, 1897.

Van Kerrebroeck P, Kreder K, Jonas U, Zinner N, Wein AJ: Toltero-
dine once-daily: superior efficacy and tolerability in the treatment of
the overactive bladder. Urology, 57:414, 2001.

Van Kerrebroeck PE, Amarenco G, Thuroff JW, Madersbacher HG,
Lock MT, Messelink EJ, Soler JM.: Dose-ranging study of tolterodi-
ne in patients with detrusor hyperreflexia. Neurourol Urodyn,
17:499,1998.

Versi E, Appell R, Mobley D, Patton W, Saltzstein D: Dry mouth with
conventional and controlled-release oxybutynin in urinary incontinence.
The Ditropan XL Study Group. Obstet Gynecol, 95:718, 2000.

Weese DL, Roskamp DA, Leach GE, Zimmern PE: Intravesical oxybu-
tynin chloride: Experience with 42 patients. Urology, 41: 527, 1993.
Wein AJ: Neuromuscular dysfunction of the lower urinary tract and
its treatment. In Walsh, Retik, Vaughan and Wein AJ Eds: Campbell’s
Urology, 7th ed. pp.953-1006, 1997.

Wiart L, Joseph PA, Petit H, Dosque JP, de Seze M, Brochet B, Demi-
niere C, Ferriere JM, Mazaux JM, N’Guyen P, Barat M: The effects
of capsaicin on the neurogenic hyperreflexic detrusor. A double blind
placebo controlled study in patients with spinal cord disease. Preli-
minary results. Spinal Cord, 36: 95,1998.



Yamanishi T, Yasuda K, Kawabe K, Ohshima H, Morita T: A multi-
center placebo-controlled, double-blind trial of urapidil, an a-blocker,
on neurogenic bladder dysfunction. Eur Urol, 35 : 45, 1999.

Yarker YE, Goa KL and Fitton A: Oxybutynin, Oxybutynin: A review
of its pharmacodynamic and pharmacokinetic properties, and its the-
rapeutic use in detrusor instability. Drugs and Aging, 6: 243, 1995.
Yasuda K, Yamanishi T, Homma Y, Kawabe K, Morita T: The effect
of urapidil on neurogenic bladder : a placebo controlled double-blind
study. J Urol, 156 : 1125, 1996.

Zeegers AGM, Kiesswetter H, Kramer AEJ and Jonas U: Conservati-
ve therapy of frequency, urgency and urge incontinence: a double-
blind clinical trial of flavoxate hydrochloride, oxybutinin chloride,
emepronium bromide and pracebo. World J Urol, 5: 57, 1987.

E. ELECTROSTIMULATION

I. ELECTRICAL NEUROMODULATION

Bemelmans BL, Mundy AR, Graggs MD. Neuromodulation by
implant for treating lower urinary tract symptoms and dysfunction.
Eur Urol; 36:81-91. 1999

Craggs M, Edhem I, Knight S, McFarlane J, Shah N. Suppression of
normal human voiding reflexes by electrical stimulation of the dorsal
penile nerve. Eur Urol; 33(Supp.1):60. 1998

Fall M, Lindstrom S. Electrical stimulation. A physiologic approach
to the treatment of urinary incontinence. Urol Clin North Am;
18:393-407. 1991

Kiss G, Madersbacher H, Poewe W. Cortical evoked potentials of the
vesicourethral junction — a predictor for the outcome of intravesical
electrostimulation in patients with sensory and motor detrusor dys-
function. World J Urol.;16(5):308-312. 1998

Madersbacher H, Kiss G, Mair D. Transcuataneous electrical stimu-
lation of the pudendal nerve for treatment of detrusor overactivity.
J.Neurourol Urodyn; 14: 501-502. 1995

Prévinaire JG, Soler JM, Perigot M. Is there a place for pudendal
nerve maximal electrical stimulation for the treatment of detrusor
hyperreflexia in spinal cord injury patients? Spinal Cord;36:100-3.
1998

Primus G, Kramer G. Maximal external electrical stimulation for
treatment of neurogenic or non-neurogenic urgency and/or urge
incongtinence. Neurourol Urodynam; 15:187-94. 1996

Shah N, Edhem I, Knight S, Shah J, Craggs M. Acute suppression of
provoked detrusor hyperreflexia by electrical stimulation of dorsal
penile nerve. Eur Urol; 33(Suppl.1):60. 1998

Schmidt RA. Applications of neurostimulation in urology. NeuroUrol
Urodyn; 7:585. 1988

Stoller ML. Afferent nerve stimulation for pelvic floor dysfunction.
Eur Urol; 37 (Suppl.):33. 2000

Vodusek DB. Light JK, Libby JM. Detrusor inhibition induced by sti-
mulation of pudendal nerve afferents. Neurourol Urodyn; 5:381-9.
1986

Wang Y, Hassouna MM. Neuromodulation reduces c-fos gene expres-
sion in spinalized rats: a double-blind randomized study. J Urol;
163:1966-70. 2000

II. ELECTRICAL STIMULATION OF THE PELVIC
FLOOR MUSCULATURE

American College of Sports Medicine. The recommended quantity
and quality of exercise for developing and maintaining cardiorespira-
tory and muscular fitness in healthy adults” Med Sci Sports Exerc.
Apr;22(2):265-74. 1992

Astrand & Rodahl. Personal communication by K. Boe, 2001
DiNubile NA. Strenght training. Clin Sports Med Jan;10(1):33-62.
1991

Plevnik S, Vodusek DB, Vrtacnik P et al: Optimization of pulse dura-
tion for electrical stimulation in treatment of urinary incontnience.
World J Urol;4:22-23. 1986

Bazeed MG, Thuroff JW, Schmidt RA, Wiggin DM, Tanagho EA.

753

Effect of chronic electrostimulation of the sacral roots on the striated
urethral sphincter. J Urol Dec;128(6):1357-62. 19982

III. INTRAVESICAL ELECTRICAL
STIMULATION (IVES)

Boone TB, Roehrborn CG, Hurt G. Transurethral intravesical elec-
trotherapy for neurogenic bladder dysfunction in children with mye-
lodysplasia: a prospective, randomized clinical trial. J Urol;148:550-
554. 1992

Buyle S, Wyndaele JJ, D"Hauwers K, Wuyts F, Sys S. Optimal para-
meters for transurethral intravesical electrostimulation determined in
an experiment in the rat. Eur Urol.; 33(5):507-510. 1998

Cheng EY, Richards I, Balcom A, Steinhardt G, Diamond M, Rich M,
Donovan JM, Carr MC, Reinberg Y, Hurt G, Chandra M, Bauer SB,
Kaplan WE. Bladder stimulation therapy improves bladder com-
pliance: results from a multi-institutional trial. J Urol; 156:761-764.
1996

Cheng EY, Richards I, Kaplan WE. Use of bladder stimulation in high
risk patients. J Urol Aug;156:749-5. 1996

Colombo T, Wieselmann G, Pichler-Zalaudek K, Steinbrenner B,
Jantscher M, Halbwedl I, Zapotoczky HG, Hubmer G. Central ner-
vous system control of micturition in patients with bladder dysfunc-
tions in comparison with healthy control probands. An electrophysio-
logical study. Urologe A Mar;39(2):160-5. 2000

Decter RM, Snyder P, Laudermilch C. Transurethral electrical blad-
der stimulation : a follow-up report. J Urol;152:812-814. 1994
Decter RM, Snyder P, Rosvanis TK. Transurethral electrical bladder
stimulation: initial results. J Urol;148:651-653. 1992

Decter RM. Intravesical electrical stimulation of the bladder:Contra.
Editorial. Urology;56(1):2-4. 2000

Denes J, Leb J. Electrostimulation of the neuropathic bladder. J
Pediatr SurgApr;10(2):245-247. 1975

Ebner A, Jiang CH, Lindstrom S. Intravesical electrical stimulation -
An experimental analysis of the mechanism of action. J Urol;
148:920-924. 1992

Eckstein HG, Katona F. Treatment of neuropathic bladder by trans-
urethral electrical stimulation. Lancet 1:780-781, 1974

Fall M, Lindstrom S. Electrical stimulation. A physiologic approach
to the treatment of urinary incontinence. Urol Clin North Am;
18:393-407. 1991

Frankel vL & Zuckerkandl O. in Die Erkrankungen der Blase, p 101,
Hrsg. H.Senator, Wien 1899, Alfred Hobler Verlag

Janneck C. Electric stimulation of the bladder and the anal sphincter
—anew way to treat the neurogenic bladder. Prog Pediatr Surg;9:119-
139. 1976

Jiang CH, Lindstrom S, Mazieres L. Segmental inhibitory control of
ascending sensory information from bladder mechanoreceptors in cat.
Neurourol Urodynam; 10:286-288. 1991

Jiang CH. Modulation of the micturition reflex pathway by intravesi-
cal electrical stimulation: an experimental study in the rat.
Neurourol Urodyn.; 17(5):543-53. 1998

Kaplan WE, Richards I. Intravesical bladder stimulation in myelo-
dysplasia. J Urol;140:1282-1284. 1988

Kaplan WE. Intravesical electrical stimulationof the bladder:Pro. Edi-
torial. UROLOGY;56(1):2-4. 2000

Katona F. Stages of vegetative afferentiation in reorganization of
bladder control during electrotherapy. Urol Int; 30: 192-203. 1975
Kiss G, Madersbacher H, Poewe W. Cortical evoked potentials of the
vesicourethral junction — a predictor for the outcome of intravesical
electrostimulation in patients with sensory and motor detrusor dys-
function. Worl J Urol.;16(5):308-312. 1998

Kolle D, Madersbacher H, Kiss G, Mair D. Intravesical electrostimu-
lation for treatment of bladder dysfunction. Initial Experience after
gynecological operations. Gynakol Geburtshilfliche Rundsch.;35
(4):221-225. 1995

Kroll P, Jankowski A, Martynski M. Electrostimulation in treatment
of neurogenic and non-neurogenic voiding dysfunction. Wiad



Lek.;51 Suppl 3:92-97. 1998

Lyne CJ, Bellinger MF. Early experience with transurethral electrical
bladder stimulation. J Urol;150:697-699. 1993

Madersbacher H, Pauer W, Reiner E, Hetzel H, Spanudakis St. Reha-
bilitation of micturition in patients with incomplete spinal cord
lesions by transurethral electrostimulation of the bladder. Eur
Urol;8:111-116. 1982

Madersbacher H. Intravesical electrical stimulation for the rehabilita-
tion of the neuropathic bladder. Paraplegia;28:349-352. 1990
Nicholas JL, Eckstein HB. Endovasical electrotherapy in treatment of
urinary incontinence in spina bifida patients. Lancet 2:1276-1277,
1975

Primus G, Trummer H. Intravesical electrostimulation in detrusor
hypocontractility. Wien Klin Wochensch;105(19):556-557. 1993
Pugach JL, Salvin L, Steinhardt GF. Intravesical electrostimulation in
pediatric patients with spinal cord defects. J Urol Sep;164:965-968.
2000

Saxtorph MH. Stricture urethrae - Fistula perinee - Retentio urinae.
Clinisk Chirurgi, Copenhagen: Gyldendalske Fortlag; 265-280. 1878
Schwock G, Tischer W. The influence of intravesical electrostimula-
tion on the urinary bladder in animals. Z KinderchirFeb;32(2):161-
166. 1981

Seiferth J, Heising J, Larkamp H. Intravesical electrostimulation of
the neurogenic bladder in spina bifida children. Urol Int;33(5):279-
284. 1978

Seiferth J, Larkamp H, heising J. Experiences with temporary intra-
vesical electro-stimulation of the neurogenic bladder in spina bifida
children. Urologe A Sep;17(5):353-354. 1978

Shapiro E, Becich MJ, Perlman E, Lepor H. Bladder wall abnormali-
ties in myelodysplastic bladders: a computer assisted morphometric
analysis. J Urol. May;145(5):1024-9. 1991

754



	Main Contents Index
	Chapter 10E - Conservative Management in Neuropathic Urinary Incontinence
	Chapter 10E Contents
	A. INTRODUCTION
	I. SUPRAPONTINE LESIONS
	II. SPINAL CORD LESIONS
	III. SUBSACRAL (CAUDA EQUINA AND PERIPHERAL NERVES) LESIONS

	B. BEHAVIOURAL THERAPY
	I. TRIGGERED REFLEX VOIDING
	II. BLADDER EXPRESSION (CREDÉ AND VALSALVA)
	III. TOILETTING ASSISTANCE: TIMED VOIDING, HABIT RETRAINING, PROMPTED VOIDING

	C. CATHETERS
	I. INTERMITTENT CATHETERIZATION [IC]
	II. INDWELLING URETHRAL CATHETERS –TRANSURETHRALLY/SUPRAPUBICALLY
	III. CONDOM CATHETER AND EXTERNAL APPLIANCES

	D. PHARMACOTHERAPY
	I. BACKGROUND
	II. OBJECTIVES
	III. CRITERIA FOR CONSIDERING STUDIES AND SEARCHING STRATEGY
	IV. RESULTS/CONCLUSIONS

	E. ELECTROSTIMULATION
	I. ELECTRICAL NEUROMODULATION
	II. ELECTRICAL STIMULATION OF THE PELVIC FLOOR MUSCULATURE
	III. INTRAVESICAL ELECTRICAL STIMULATION (IVES)

	REFERENCES
	LIST OF FIGURES
	Figure 1 : Nervous control of continence and micturition is organised on a cerebral, spinal and peripheral level
	Figure 2 : Patterns of neurogenic detrusor-sphincter dysfunction
	Figure 3 : Consequences of detrusor-sphincter dyssynergia
	Figure 4 : Triggered reflex voiding comprises various techniques
	Figure 5 : Bladder expression comprises various manouvres
	Figure 6 : Sterile non-touch technique of intermittent catheterization
	Figure 7 : Clean (self-) intermittent catheterization technique with catheterization out of the sheath
	Figure 8 : In males the catheter should be fixed to the abdomen
	Figure 9 : Condom Urinal
	Figure 10 : The effect of bladder relaxant drugs on the hyperreflexic detrusor (schematic drawing)
	Figure 11 : With spinal cord injury, at least in the animal experiment, afferent stimuli are conducted in unmyelinated C-fibre
	Figure 12 : Botulinum Toxine acts by inhibiting acetylcholine release at the presynaptic cholinergic junction
	Figure 13 : For electrostimulation of the dorsal clitoral nerve clip-electrodes and of the dorsal penile nerve strip electrodes
	Figure 14 : Intravesical electrostimulation activates the mechanoreceptors within the bladder wall
	Figure 15 : With intravesical electrostimulation a feedback training is mediated



	Chapters
	Chapter 1 - Gross Anatomy and Cell Biology of the Lower Urinary Tract
	Chapter 2 - Neurophysiology and Neuropharmacology
	Chapter 3 - Epidemiology and Natural History of Urinary Incontinence (UI)
	Chapter 4 - Pathophysiology
	Chapter 5 - Pelvic Organ Prolapse
	Chapter 6 - Symptom and Quality of Life Assessment
	Chapter 7 - Urodynamics
	Chapter 8 - Diagnostic Investigations
	Chapter 8A - Physical Examination
	Chapter 8B - Clinical Neurophysiology
	Chapter 8C - Imaging and other Investigations

	Chapter 9 - Pharmacological Treatment of Urinary Incontinence
	Chapter 10 - Conservative Treatment
	Chapter 10A - Conservative Management of Urinary Incontinence in Childhood
	Chapter 10B - Conservative Management in Men
	Chapter 10C - Conservative Treatment in Women
	Chapter 10D - Urinary Incontinence and Bladder Dysfunction in Older Persons

	Chapter 11 - Surgical Treatment
	Chapter 11A - Surgical Treatment of Urinary Incontinence in Children
	Chapter 11B - Surgical Treatment of Urinary Incontinence in Men
	Chapter 11C - Surgical Treatment of Incontinence in Women
	Chapter 11D - Surgery for the Neuropathic Patient

	Chapter 12 - Urinary Incontinence in the Developing World: The Obstetric Fistula
	Chapter 13 - Promotion, Education and Organization for Continence Care
	Chapter 14 - Economics of Incontinence
	Chapter 15 - Anal Incontinence
	Chapter 16 - Research Methodology in Urinary Incontinence

	Recommendations of the International Scientific Committee
	Main Index
	CSML:SmartTools;Incontinence
	Help;User Guide
	Search;Search
	Search Results;Search Results
	Previous Highlight;Previous Highlight
	Next Highlight;Next Highlight.
	Untitled;
	Quit;Quit




