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Summary
An overview of the current concepts of the neurological
control of the bladder is given, based on laboratory

experiments and PET scanning studies in human subjects.

This is followed by a description of the various causes of
the neurogenic bladder, discussed in a hierarchical order
starting with cortical lesions and descending through the
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cauda equina to disorders of peripheral innervation. Then
follows a description of the condition of isolated urinary
retention in young women. The article concludes with a
review of the methods available for treating neurogenic
bladder disorders. These are largely medical but brief
mention of appropriate surgical procedures is made.
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Introduction

Some knowledge of the neurophysiological control of thefor physiological bladder control is extensive, requiring

bladder is essential to understand the many and variousuprapontine inputs, intact spinal connections between the

urinary complaints that can arise as a result of neurologicapons and the sacral cord, as well as intact peripheral nerves.

disease. The bladder performs only two functions—storagé&rinary continence is a severe test of neurological integrity:

and emptying. The modern view of the control of these twoa fact that has been recognized ever since neurology texts were

mutually exclusive activities is that neural programs towritten. Some of the great neurologists and neuroscientists at

perform each exist in the pons and that suprapontinghe turn of the century were interested in the neurology of

influences act to switch from one state to the other. Micturitionbladder control and the book by Becter@éw Fundamentals

frequency in a hea|thy adult with a bladder Capacity OfOf Brain FUnCtion(in RUSSian, 1903) includes a Chapter on

~500 ml is likely to be about once every 3-4 h, dependinghis topic. L. R. Muler after observing Victor Horsley

on fluid intake. Since the act of voiding lasts 2-3 min, thisPerforming human spinal surgery, carried out experiments

means that for-98% of life the bladder is in its storage mode. 0N dogs’ lower spinal cord to observe bladder function
In health and continence the decision when to void is(Neundorfer and Hilz, 1998) and was greatly interested in

determined by the perceived state of bladder fullness togeth&finical aspects of the neurogenic bladder”(iy 1920).

with an assessment of the social appropriateness to do so.

To effect both storage and voiding, connections between the

pons and the sacral spinal cord must be intact as well as tHdeurophysiological control of the bladder—

peripheral innervation which arises from the most caudahnimal experiments

segments of the sacral cord. From there the peripherah the 1920s, Barrington, working on decerebrate cats at

innervation passes through the cauda equina to the sacrdhiversity College Hospital, London, demonstrated that the

plexus and via the pelvic and pudendal nerves to innervateniddle pons was the level in the brain at which the motor

the bladder and sphincter. Thus, the innervation needetbne of the bladder arises’ (Barrington, 1921). Some 40 years
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later Kuru carried out further studies in cats and suggestedt al, 1997, 1998). Right-handed volunteers were trained to
that the group of cells in the pons which when electricallyvoid whilst lying in the scanner, but in both studies a
stimulated resulted in a detrusor contraction be callegroportion of both the male and female subjects were unable
‘Barrington’s nucleus’ (Kuru and Yamamoto, 1964). to do this. The differences seen between the ‘successful’ and
Subsequent studies by de Groat's group (de Groat, 1975unsuccessful’ voiders were of great interest. Focusing on
Noto et al,, 1991) and later Holstege’s group refined detailsthe dorsomedial tegmentum of the pons it was shown that in
of the brainstem activity involved in bladder storage andsuccessful voiders there was activity in a region of the medio-
voiding in animals (Holsteget al., 1979, 1986; Griffiths posterior pons and it was suggested that this is the human
et al, 1990). Stimulation of a medial region in the dorsum homologue of the so called ‘M-region’ in animals (Blok and
of the pons results in an immediate decrease in urethrdfiolstege, 1994). In the ‘unsuccessful’ voiders, during the
pressure and silence of pelvic floor EMG signal, followedtime when the subjects were attempting to void but failing,
by a rise in detrusor pressure. This region which Holstegea region in the ventrolateral pontine tegmentum was seen to
and colleagues called the ‘M-region’ (medial) is the samebe activated (Fig. 1). It was proposed that this is the region
area as the pontine micturition centre or Barrington’s nucleushomologous to the ‘L-region’ of the cat.
Tracing studies demonstrated direct projections from the In the cerebral cortex there was significant activity in the
‘M-region’ to the intermediolateral cell column of the sacral right inferior frontal gyrus and the right anterior cingulate
cord and the parasympathetic preganglionic bladder motogyrus during voiding which was not present during the
neurons in the cat (Blok and Holstege, 1997). Stimulation ofwithholding phase. This area of the cortex is thought to be
a nucleus at the same level of the pons but more lateralljnvolved in the performance of intended actions about which
placed, the so-called ‘L-region’ (lateral), results in a powerfula planned decision has to be made. A significant difference
contraction of the urethral sphincter (Holstegteal., 1986).  was also seen in the right cingulate gyrus, this being activated
Injection of radioactive leucine into the ‘L-region’ produced more in the posterior and superior region during voiding, but
labelled fibres in Onuf’s nucleus (Holstege al, 1986) reduced during withholding of voiding. The significance of
which is the motor nucleus containing the anterior horn cellghis is thought to be that this area is involved in alertness—
innervating the sphincters. It was therefore proposed that thi¢ is an area which is activated if an action is facilitated and
‘L-region’ be regarded as important for continence andreduced if there is inhibition of an activity (Blat al., 1997).
‘M-region’ the site of activation for micturition (Griffiths A report had been published a few months earlier from a
et al., 1990). group in Japan who had used single proton emission computed
A brainstem mechanism whereby the bladder is ‘switchedtomography (SPECT) to study micturition (Fukuyaetaal.,
from one mode of activity to the other is now generally 1996). However, whereas the PET studies looked at the
accepted in experimental animals and, as a result of the PEmitiation of micturition, the protocol used in the SPECT
scanning studies also in humans. However, there are a numbstudy examined the later phases of sustained micturition. On
of other segmental reflexes controlling bladder and sphinctethe basis of increased cerebral blood flow during voiding
behaviour which have been identified in experimentalcompared with that of the resting state, small areas in the
animals; the importance and relevance of these to humans isidpons extending into the midbrain, the left sensorimotor
uncertain. The control of the bladder in newborn kittens, ratcortex, the right lateral frontal cortex and bilateral
pups, etc. is quite different from that in adult animals, andsupplementary motor areas were thought to be activated by
it seems likely that, although various sacral segmental reflexebie process of bladder emptying. The ponto-midbrain area
may be of functional significance in infancy, with maturation which enhanced during micturition was thought to be in the
pontine and supra-pontine mechanisms become theegion of the periaqueduct grey matter, a region which had
controlling influence. However, in pathological states thesébeen shown to be acting as a sensory-integration relay centre
‘primitive’ or infantile reflexes may re-emerge and in humansfor micturition in animals (Blok and Holstege, 1994).
become clinically relevant. Most important in this respect Although the PET studies (Bloét al., 1997, 1998) showed
is the C-fibore mediated reflex which emerges followingpronounced right-sided involvement in control of bladder
disconnection from pontine regulatory influences as d&unction, the authors advised caution in assuming significant
consequence of spinal cord disease. The undesirable clinickteralization since in the experimental cat, bilateral pontine
effects of this may be alleviated by intravesical capsaicinoidslesions are necessary before an effect is noticed.

o Frontal lobe lesions and bladder control
Studies in humans of the neural control of Prior to the findings of these functional brain imaging
bladder function experiments in humans, all that was known about the cortical
The recent publication of PET studies in male and femalecontrol of the bladder was based on clinical studies of patients
subjects of voiding have demonstrated that the neurologicakith brain lesions. The most influential study was that by
control of the bladder in man is essentially similar to thatAndrew and Nathan (Andrew and Nathan, 1964) in which
which had been demonstrated in experimental animals (Blokhose authors described 38 patients who had disturbances of
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Successful micturiton minus empty bladder Unsuccessful micturition minus empty bladder

Fig. 1 Brainstem activation in women who couliff) and could not voidright). The number —28 refers to the distance in millimetres
relative to the horizontal plane through the anterior and posterior commisgleésdtion). The numbers on the colour scale refer to the
correspondingZ-scores (significance); pme positive micturition centre. From Blokt al. (Blok et al, 1998) with permission from the
editor.

micturition resulting from lesions in the anterior frontal lobe. and hypothesized that it was the disconnection of the frontal
In their series there were 10 patients with intracranial tumourspr anterior cingulate regions from the septal and hypothalamic
two with anterior frontal lobe damage following rupture of areas which allowed micturition to proceed automatically
an aneurysm, four who had penetrating brain wounds and 2&nd involuntarily following brain damage.
patients who had undergone leucotomy. The authors explain Although the 1964 paper by Andrew and Nathan has been
that the leucotomy cases were the most useful in terms dhe most influential in the study of frontal lobe control of
localization of the important brain structures and from studythe bladder, it was not in fact the first. In 1960 Ueki had
of these patients the authors concluded that the area shovpublished a paper which Andrew and Nathan were unaware
in Fig. 2 was critical for bladder control. of at the time they were writing (Ueki, 1960). Ueki, a
The typical clinical picture of frontal lobe incontinence Japanese neurosurgeon, had analysed the urinary symptoms
they described was of a patient with severe urgency andf 462 patients who had come to surgery for brain tumours,
frequency of micturition and urge incontinence, without34 cases of frontal lobectomy and 16 cases of bilateral
dementia, the patient being socially aware and embarrassethterior cingulectomy. He illustrated his conclusions with a
by the incontinence. Micturition was normally co-ordinated, diagram showing a strong positive influence on micturition
indicating that the disturbance was in the higher control ofof an area in the pons and an inhibitory input from the frontal
these processes. The infrequency with which such patientsbe and bilateral paracentral lobules.
are encountered is stressed by the authors, explaining thatin 1901 Czyhlarz and Marburg had published on this
they had each been collecting cases separately over a perisdbject in German (Czyhlarz and Marlburg, 1901) and this
of 24 years and only just prior to writing did they learn of author is grateful to Dr Peter Nathan for a translated summary.
each other’s interest and combine to present a joint paperhe paper consists of a description of two cases identified
(Andrew and Nathan, 1964). by the authors and other cases taken from the literature. One
Two years later Andrew and colleagues (Andretval.,  of the inevitable defects with such a study at that time was
1966) described six cases with disturbances of micturitiorthat tumours could only be localized on clinical grounds and
due to aneurysms of anterior communicating or anterioby the time a post-mortem was performed, the lesions
cerebral arteries. In this paper they reviewed the animatesponsible for the clinical condition were considerably larger
experimentation literature on neurological bladder controland inevitably poorly localized. From the clinical evidence
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Fig. 2 Photograph of coronal section of frontal lobes with the shaded area covering the area involved in
the lesions described as causing disturbances of micturition, from Andrew and Nathan (Andrew and
Nathan, 1964). The plane of the section is the plane through which leucotomies were made that caused
the syndrome they described.

available it was concluded that the cortical field of the bladdeipermanent incontinence was associated with bilateral damage

was in the motor zone in a region between the arm and théMochizuki and Saito, 1990).

leg and the clinical manifestation of a disturbance in this Urinary retention has also been described in patients with

region was difficulty initiating micturition and thus urinary brain lesions. In the series by Andrew and Nathan, two of

retention. The author reported cases with lesions in othetheir patients were in urinary retention at some stage (Andrew

parts of the CNS in whom micturition was affected, and inand Nathan, 1964). More recently there have been three case

particular lesions in the pons. Dr Nathan concludes higistories of elderly females with various forms of right frontal

translation notes with the comment ‘this paper was writterlobe pathology who had urinary retention. In two, one with

because people did not believe that there was such a thirgn abscess and the other with a haematoma, successful

as cerebral disturbance of the bladder’. treatment brought recovery of bladder function (Yamamoto
Following the paper by Andrew and Nathan, Maurice-€t al, 1995; Langet al, 1996).

Williams reported a series of 50 consecutive cases of frontal

lobe tumours and found seven patients exhibiting the

syndrome previously described (Maurice-Williams, 1974). ItBladder dysfunction studied urodynamically

was not found in 100 consecutive non-frontal intracranialfo|lowing cerebrovascular accidents

tumours, indicating the localizing value of the syndrome.There have been a number of urodynamic studies of groups
The author also observed that ‘it is odd that the syndromef patients who have had cerebrovascular accidents (CVAs)

may be relieved by excision of both the causative lesiongnd subsequently developed urinary symptoms. The
and the area of brain it involves’ because in five of the casegonclusions drawn from these groups of patients with

resection of a tumour relieved the micturition symptoms fordisparate cortical lesions are that in general, voiding is
up to 2 years (Maurice-Williams, 1974). From this it was normally co-ordinated, no patients showing evidence of
concluded that the phenomenon was a positive rather thagetrusor sphincter dyssynergia, and that the commonest
negative one, the lesion activating some system rather thagystometric finding is detrusor hyperreflexia (Khah al.,
releasing one from control. This author also noted an appareni981; Tsuchidaet al, 1983; Kuroiwaet al., 1987; Khan
preponderance of right-sided tumours—six out of seven casest al., 1990).

in his series. Another paper looking at patients with frontal Most recently Sakakibara and colleagues (Sakakibad,

lobe lesions concluded damage to the right superior prefrontdl99&) reported on the bladder symptoms of 72 patients who
region was associated with transient incontinence, whereasad been admitted with an acute hemispheric stroke. When
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assessed at 3 months, 53% were found to have significasecondary to cortical disease, as was once thought. The
urinary complaints. The commonest problem was of nocturnatommonest demonstrable abnormality of bladder function in
urinary frequency which affected 36%, while urge the institutionalized elderly is detrusor overactivity (Resnick
incontinence affected 29% and difficulty in voiding 25%. et al, 1989). The combination of involuntary detrusor
Urinary retention was seen in the acute phase of illness icontraction, i.e. detrusor hyperreflexia leading to urge
6%. A significant positive correlation was found between theincontinence together witlimpaired contractile function
occurrence of a urinary disturbance and hemiparesis and @using incomplete bladder emptying has been termed DHIC
negative correlation with hemianopia. Brain imaging (Resnick and Yalla, 1987), but whether this is a single
techniques confirmed a more anterior location of brain lesionsondition or due to the ageing detrusor malfunction occurring
in the former group. Urodynamic studies of 22 of thein combination with cortical dysfunction causing overactivity
symptomatic patients showed detrusor hyperreflexia in 68%emains the subject of some discussion.
detrusor-sphincter dyssynergia in 14% and uninhibited The cause of urinary incontinence in dementia is probably
sphincter relaxation in 36%. Patients with urinary retentionmulti-factorial. Not all incontinent elderly are cognitively
had detrusor areflexia and an unrelaxing sphincter. Nampaired, nor are all cognitively impaired elderly incontinent.
statistically significant correlation could be demonstratedA study which looked at the association between cognitive
between any particular lesion site and urodynamic findingsimpairment and bladder dysfunction concluded that urge
Although there was some indication that lesion size wasncontinence and reduced bladder sensation were associated
related to the occurrence of urinary symptoms, awith reduced frontal lobe perfusion on SPECT brain imaging
preponderance of right sided lesions was not found. ThéGriffiths et al, 1994). In a study of patients with cognitive
findings suggested that damage to the anteromedial frontalecline, incontinence was associated with severe mental
lobe and its descending pathway and the basal ganglia filure in pure Alzheimer’s disease, but preceded by severe
mainly responsible for micturitional dysfunction in stroke cognitive impairment in diffuse Lewy body disease (Del-Ser
patients. et al, 1996). A much less common cause of dementia, low-
pressure hydrocephalus has incontinence as a cardinal feature
(Hakim and Adams, 1965) and improvement in urodynamic

Epidemiological studies of incontinence function has been demonstrated within hours of lumbar
following CVA puncture in patients with this disorder (Ahlbergal., 1988).

. . - Thus, in addition to the various possible neurogenic causes
Analysis of the symptoms of 532 patients seen within 7 days . . ' o
; . : . of impaired bladder control and the contribution of abnormal
of their stroke found that the presence of urinary incontinence Co : .
detrusor behaviour in the elderly, the existence of concomitant

appeared to be a more powerful prognostic indicator for poo logical disorders should be considered in each patient.

survival and eventual functional dependence than a depress%rf X : . -

) . . . rinary incontinence in an elderly person is likely to be a
level of consciousness in this period (Wade and Hewertom lex problem and it is often the onset of incontinence
1985; Barer and Mitchell, 1989). It was suggested either blex p

; . which leads to institutionalization. The scale of the problem
incontinence was the result of a severe general rather thahn

o ; ) . as significant socio-economic consequences and the cost of
specific loss of function or that those who were incontinent

. . containment of incontinence forms a significant proportion
were less motivated to recover both continence and moré . . . .
. ; of the national budget for healthcare in countries with

general function. Outcome was so much better in those whQ . .
. . . advanced medicine (Royal College of Physicians, 1995).
remained or became dry that it seems possible that recovery
of continence may promote morale and self-esteem which

can actually hasten overall recovery.

Bladder symptoms in patients with
) _ ) _ parkinsonism

Urinary incontinence in the elderly and Although the basal ganglia have been shown to have an
institutionalized effect on micturition reflexes in experimental animals, there
Detrusor function appears to decline with age so that therare several possible causes of urinary symptoms in a patient
is a trend towards a reduction in strength of contraction ofwith parkinsonism. These include a number of possible
the detrusor and impairment of emptying efficiency leadingneurogenic causes depending on the exact underlying
to larger post-void residual volumes with increasing ageneurological diagnosis as well as local urological problems.
(Malone-Lee and Wahedna, 1993). It has been proposed thhat Parkinson’s disease bladder symptoms usually occur at an
these changes are due to degenerative changes in detrusmlvanced stage of the disease and prostatic outflow
muscles  with  characteristic  electron  microscopicobstruction should first be excluded in an elderly man.
abnormalities (Elbadawet al, 1993) and, although debate However, in a patient with severe urinary symptoms yet
continues as to the specificity of the ultrastructural changeselatively mild parkinsonism a diagnosis of multiple system
described, it now seems clear that there is primary detrusatrophy (MSA) should be considered.

pathology with aging and not all bladder dysfunction is The onset of urogenital symptoms in MSA may precede
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Tabl_e 1 Urogenital criteria which favour a diagnosis of term side-effects of levodopa. They complain of urgency,
multiple system atrophy frequency and sometimes urge incontinence. Urodynamic
Urinary symptoms preceding or presenting with parkinsonism studies in series of patients with P_arklnsons (_j|s_ease have
Urinary incontinence found that the commonest urodynamic abnormality is detrusor
Post-micturition residual volumz-100 ml hyperreflexia (Pavlakist al., 1983; Fitzmauriceet al., 1985;
Erectile dysfunction preceding or presenting with parkinsonism  Bergeret al., 1987; Christmast al, 1988; Hattoriet al.,
Worsening bladder control after urological surgery 1992; Aranda and Cramer, 1993) and there are several

possible causes for this. The hypothesis which has been most
widely proposed is that in health the basal ganglia have an
overt neurological involvement by some years and in a studynhibitory effect on the micturition reflex, and with cell loss
of the duration of symptoms, erectile dysfunction and bladdeim the substantia nigra, detrusor hyperreflexia develops. There
complaints began 4-5 years prior to the diagnosis and, ois experimental data to support this since marmosets with
average, 2 years before more specific neurological symptomdPTP  (1-methyl-4  phenyl-1,2,3,6-tetrahydropyridine)
appeared. Almost half the male patients had had énduced parkinsonism were found to have detrusor
transurethral prostatectomy with a beneficial result in veryhyperreflexia (Albaneseet al, 1988) and stimulation of
few (Becket al., 1994). the substantia nigra in cat experiments inhibited distention
The neuronal atrophying process of MSA probably affectanduced rhythmical contractions of the bladder (Lewtiral.,
the CNS at several different locations which are importantl967; Yoshimura et al, 1992). Further studies on
for bladder control, explaining why urinary complaints occur anaesthetized cats demonstrated that rhythmic contractions
early and are so severe. It has been suggested that detrusegre inhibited by intracerebroventricular administration of a
hyperreflexia is due to cell loss in the brainstem regionD1 receptor agonist but were not affected by a D2 receptor
whereas incomplete bladder emptying is due to loss ofgonist (Yoshimurat al., 1992). From this it was concluded
parasympathetic drive on the detrusor following atrophy ofthat the dopamine D1 receptor is the main inhibitory influence
cells in the intermediolateral cell columns (Kirbst al,  on the micturition reflex in the cat and studies in the MPTP
1986). In addition, anterior horn cell loss in Onuf’s nucleustreated marmoset confirmed the same was true for the primate
(Sung et al,, 1979) results in denervation of the urethral model (Yoshimuraet al., 1993).
sphincter so that the patient has a combination of bladder The results of clinical studies which have looked at the
overactivity, together with incomplete emptying and a weakeffect of L-dopa or apomorphine on bladder behaviour in
sphincter. There may be a marked clinical change in bladdepatients with Parkinson’s disease have been conflicting. In
dysfunction during the progression of MSA. Although patients showing ‘on-off’ phenomena cystometry done in
patients often present with detrusor hyperreflexia, over théoth states showed a lessening of hyperreflexia wittopa
course of ensuing months or years a failure of bladdein some patients and a worsening in others (Fitzmaurice
emptying may develop so that the post-micturition residuakt al., 1985). A similar unpredictable effect was found on
volume increases (Sakakibagaal., 1993). detrusor hyperreflexia when subcutaneous apomorphine was
Because of the motor neuron loss in Onuf's nucleusgiven in one study (Christmast al, 1988), although in
changes of chronic reinnervation in the motor units of bothanother all those with detrusor hyperreflexia improved
sphincters may be demonstrated and sphincter EMG may h@randa and Cramer, 1993). From the animal studies it would
contributory in making the diagnosis (Pramstalletr al., seem sensible to treat patients with bladder symptoms with
1995; Palaceet al, 1997). However, if this test is not a D1 receptor agonist, and pergolide with its dual D1
available there are clinical urological criteria which may and D2 receptors activity has been tried in patients with
assist in recognizing patients with MSA (Table 1) andParkinson’s disease and bladder symptoms. A significant
should make a urological surgeon cautious about operatingnprovement both symptomatically and urodynamically was
(Chandiramangt al., 1997). reported in a small series of patients (Yamamoto, 1997).
Bladder symptoms in other parkinsonian syndromes are Although the hypothesis that bladder dysfunction is due
less prominent (Sakakibaet al., 1993) and, although they primarily to basal ganglia disease is generally accepted there
may occur as part of the patient's general disability, areare other factors which should be considered. A potentially
rarely so severe or occur at a stage of the disease whencarrectable cause such as prostatic outflow obstruction should
neurological pathogenesis is not evident so that urologicabe considered in an older male patient. The poor reputation
surgery might be considered. for outcome following prostatic surgery that patients with
In patients with Parkinson’s disease and bladder symptom®&arkinson’s disease have may well have been due to the
there may be considerable difficulties in establishing thenclusion of patients with MSA in the studies of ‘Parkinson’s
exact cause, and treatment is often problematic. Typicallgisease and the bladder’ (Bergatral., 1987; Staskiret al.,
patients present at an advanced stage of the neurologica888). However, most publications of this decade recognize
disease. The bladder symptoms usually come on after marthe potential problem and give some statement about the
years of treatment for Parkinson’s disease (Chandiramardertainty of neurological diagnosis. If there is convincing
et al, 1997) and patients often show features of the longevidence of prostatic occlusion, a prostatectomy should be
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considered, bearing in mind that some men with Parkinson’fighly likely in patients with pontine pathology causing a
disease do benefit from this operation (Stasiiral, 1988; voiding disorder.
Chandiramanét al., 1997).
There may also be outflow obstruction in Parkinson’s
disease due to impaired relaxation or ‘bradykinaesia’ of the ) ] ]
urethral sphincter (Galloway, 1983; Christmeisal, 1988). Pathophysiological consequences of spinal cord
A study in which domperidone was followed by subcutaneougdisease for bladder function
apomorphine in patients with Parkinson’s disease and urinaryrans-spinal pathways connect the pontine micturition centres
symptoms found that apomorphine reduced bladder outflowo the sacral cord and intact connections are necessary to
resistance and improved voiding in all 10 patients in theeffect the reciprocal activity of the detrusor and sphincter
study (Christmaset al., 1988). It was proposed that this needed to ‘switch’ between storage and voiding. Following
method of investigation be used to demonstrate thelisconnection from the pons this synergistic activity is lost
reversibility of outflow obstruction in men with Parkinson’s and the result is that the sphincter tends to contract when the
disease before prostatic surgery be undertaken. detrusor is contracting, a condition known as ‘detrusor-
A final consideration is the possible effect of the sphincter dyssynergia’. In addition new reflexes emerge to
dopaminergic medication on the detrusor muscle itselfdrive bladder emptying and cause detrusor hyperreflexia.
Dopamine D1 and D2 receptors have been demonstrated Immediately following spinal cord transection and during the
bladder biopsies using radioligand binding andphase of spinal shock, the bladder is acontractile but gradually
autoradiographic techniques (Escaff al, 1994), but the over the course of some weeks, reflex detrusor contractions
long-term effect on these receptors of exposure-ttopa is  develop in response to low volumes of filling. The
not known. neurophysiology of this recovery has been studied in the cat
and it has been proposed that following spinal injury and
damage to the pontine micturition centre, C fibres emerge as
Bladder dysfunction and brainstem lesions the major afferents forming a spinal segmental reflex which
In 1926 Holman noted that voiding difficulty could be a sign results in automatic voiding (Thoet al, 1986; de Groat,
of posterior fossa tumours (Holman, 1926) and in the serie§990). It is assumed that the same pathophysiology occurs
of patients with brain tumours voiding difficulty was reported in man and the response to intravesical capsaicin (a C fibre
to occur in 46 (30%) out of 152 patients with posterior fossaneurotoxin) of patients following acute traumatic spinal cord
tumours while urinary incontinence occurred in only 3 (1.9%;injury (Wiart et al., 1998) or the chronically progressive
Ueki, 1960). Renier and Gabreels (Renier and Gabreelspinal cord disease multiple sclerosis suggests this may be
1980) found urinary retention in 12 out of 17 children with the case (Fowleet al., 1994).
pontine glioma. There have also been a number of case The abnormally overactive small capacity bladder which
histories of patients presenting with difficulty with micturition characterizes spinal cord disease means that patients are
and various brainstem pathologies (Bettal., 1992; Manente troubled by urgency and frequency, and if the detrusor
et al, 1996; Sakakibarat al., 1998). hyperreflexia is severe and particularly if there is also a
Sakakibara and colleagues (Sakakibata al, 19961)  spastic paraparesis, urge incontinence is likely since impaired
reported the urinary symptoms of 39 patients who had hadnobility may contribute to difficulty in reaching the toilet
brainstem strokes. Almost half the patients had urinaryin time.
symptoms, nocturnal urinary frequency and voiding difficulty Poor neural drive on the detrusor muscle during attempts
in 28%, urinary retention in 21% and urinary incontinenceto void (Mayo and Chetner, 1992) together with an element
in 8%. The problems were more common following of detrusor-sphincter dyssynergia means that there is likely
haemorrhage, probably because the damage was usuatly be incomplete bladder emptying and this may in turn
bilateral. Urinary symptoms did not occur in those with exacerbate the symptoms due to detrusor hyperreflexia.
lesions of midbrain, but it did in 35% of those with pontine Although the neurological process of voiding may have been
lesions and 18% with medullary stroke. A correlation wasequally severely disrupted by spinal cord disease as the
found between urinary symptoms and sensory disturbancg@rocess of storage, the symptoms of difficulty emptying may
abnormal eye movement and with inco-ordination.be relatively minor compared with those of urge incontinence.
Urodynamic studies in 11 symptomatic patients showedt may be that it is only on direct questioning that a patient
detrusor hyperreflexia in eight (73%), low compliance bladdemwill admit to difficulty initiating micturition or an interrupted
in one (9%), detrusor areflexia in three (27%; 3 months, Gtream, or possibly a sensation of incomplete emptying (Betts
months and 3 years after the occurrence, respectively), nomt al., 1993).
relaxing sphincter on voiding in five (45%) and uninhibited A valuable clinical point is that, because the innervation
sphincter relaxation in three (27%). The proximity of the of the bladder arises more caudally than the innervation of
medial longitudinal fasciculus to the presumed pontinethe lower limbs, any form of spinal cord disease which
micturition centre in the dorsal pons means that a disordecauses bladder dysfunction is likely to produce clinical signs
of eye movement such as an internuclear opthalmoplegia i® the lower limbs, unless the lesion is completely restricted
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Cortical 9%

IPD
8%

Undiagnosed 10%
MSA

Subsacral 4%, A Retention 10%

Other spinal cord
12%

41%

Fig. 3 Pie chart showing underlying neurological problems
of 140 patients presenting over a 12-week period with
bladder symptoms. IPB= idiopathic Parkinson’s disease;
MSA = multiple system atrophy; subsacral cauda equina;
MS = multiple sclerosis.

Progressive spinal cord disease and bladder

dysfunction

The pathophysiological consequences of progressive
neurological disease affecting the spinal cord are similar to
those of spinal cord injury, but the medical context of
increasing disability is such that the patient's management
must be quite different. There is likely to be general
neurological involvement which must be considered together
with impaired bladder function. Multiple sclerosis is the
commonest example of the problem.

Multiple sclerosis

In patients with multiple sclerosis there is a strong association
between bladder symptoms and the presence of clinical spinal
cord involvement including paraparesis and upper motor
neuron signs on examination of the lower limb (Bedtsal.,
1993). Both clinical studies and more recently MRI studies

to the conus. Indeed this is a sufficiently reliable rule to behave shown that ~75% of those with a diagnosis of multiple
of great value when considering whether or not a patient hasclerosis have spinal cord involvement (Kigd al., 1993).

a neurogenic bladder due to spinal cord involvement.

The estimated incidence of bladder dysfunction in multiple

Figure 3 shows the results of an unpublished study of theclerosis is similar (Milleret al., 1965).
neurological cause of bladder symptoms in patients attending The commonest urinary symptom that patients with
the Department of Uro-Neurology at The National Hospital, multiple sclerosis complain of is urgency. All series of
Queen Square over a period of 12 weeks. Given that the siterodynamic studies of patients with multiple sclerosis have
of responsible pathology in multiple sclerosis is spinal (Bettsshown that this is due to underlying detrusor hyperreflexia
et al.,, 1993), the diagram shows that spinal cord disease wa&hancellor and Blaivas, 1995). Urge incontinence is likely
responsible for bladder dysfunction in almost half the patientsto be a problem if the patient also has impaired mobility and
This conclusion is borne out by a study of the urinarythis together with frequency means that many patients are
complaints of 786 patients with neurological disordersreluctantto be far away from access to a toilet. The symptoms
consecutively admitted to hospitals in Catania, Sicily. Fifty-of impaired voiding are often less prominent and may only
six percent had bladder symptoms and in 10% these werge elicited by direct questioning. Patients may volunteer or
thought to be urological. Of the 438 patients with neurogenicadmit on direct questioning to hesitancy of micturition, but
bladder dysfunction, 74% had some form of spinal cordthe more disabled may find themselves unable to initiate

disease (Ventimigliet al., 1998).

Spinal cord injury

micturition voluntarily, only emptying their bladders with an
involuntary hyperreflexic contraction. In addition to hesitancy,
an interrupted urinary flow pattern may be reported. Evidence
of incomplete emptying may not come from a reported

Much has been written about the urological aspects ofensation of continued fullness after voiding, but rather the
bladder dysfunction following spinal cord injury. Detrusor observation by the patient that having passed urine once they
hyperreflexia, loss of compliance and detrusor-sphincteare able to do so again within 5-10 min (Bet$ al,
dyssynergia that occur as a consequence of spinal cort993). A very similar clinical picture may be seen in
injury can be of such severity as to cause ureteric refluxadrenomyeloneuropathy (Moser al., 1991).

hydronephrosis and eventual upper renal tract damage. BeforeAs the neurological condition progresses the bladder
the introduction of modern treatments, renal failure was alysfunction may become more difficult to treat. This is
common cause of death following spinal cord injury. Thebecause of worsening detrusor hyperreflexia, decreasingly
bladder problems of those with spinal cord injury mustefficient emptying in the context of worsening paraparesis,
therefore be managed in such a way as to lessen the possibilitgcurrent urinary infections, spasticity and general immobility
of upper urinary tract disease as well as provide the patiersand possibly also cognitive impairment. However, unlike

with adequate bladder control for a fully rehabilitated life. the bladder dysfunction that follows spinal cord injury,
Those with spinal cord injury are often young and otherwiseprogressive neurological diseases very rarely cause upper
fit and it may be better for them to undergo surgery on theittract involvement (Sirlet al., 1994; Koldewijnet al., 1995).
lower urinary tract with a view to fulfilling these two aims This is even the case when long standing multiple sclerosis
of management rather than be managed by the medicélas resulted in severe disability and spasticity. The reason
means which are most suitable for patients with progressivéor this is not known but means that in such diseases, the
neurological disease. emphasis of management needs to be on symptomatic relief.
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Bladder dysfunction in other non-traumatic Arteriovenous malformations of the spinal cord may be
spinal cord disease difficult to recognize clinically, but commonly cause bladder

Cervical myelopathy disturbance as a prominent early feature. Although the

Early reviews stated that bladder disturbance was very rar%?rc;r(;tglu;La?rtrirl?gr?nglljtzra?c?rl:sr?;ag(c))?c? b?gggr ﬂ(l;\:v ;hr? d
in patients with cervical spondylosis although more recengubse ent conusgisch’aemiam nthat th tient m resent
studies have refuted this (Kat&t al, 1988; Hattoriet al., d can thatthe patie ayprese

199(). A variable combination of detrusor hyperreflexia andWlth what appears to be a conus or cauda equina lesion

detrusor sphincter dyssynergia is the commonest urodynamf(‘:o‘minOﬁc and Logue, 1974). Symptoms of voiding difficulty

finding and the majority of patients with these abnormalitiesar;a Ct(')mml\(jln at an (taarlly f;gge’ followed later by urinary
have long tract symptoms and signs. However, only recentl;ce ention (Murayamat al, )- . .
A mixture of upper and lower motor neuron signs in the

was a relationship between bladder overactivity and pyramidal : . . e
signs in patients with cervical cord pathologies demonstrate gs together with unnary symptoms 1S c.haracterlstlc of a
(Sakakibarat al, 1995). The neurogenic features of voiding tethe_red_ cgrd. Typically asymmetric wasting of the cqlves
disorder, i.e. hesitancy, poor stream and incomplete emptyinﬁnOl intrinsic muscles of the feet occurs, but the prominent
can be easily confused with those that occur due to obstruct adder symptoms_ and possibly ex.tensor plantar responses
outlet (Hattoriet al, 199G). suggest a dlagn03|§ of a conus Ig§|on rather than perlpheral
Syringomyelia, although a benign pathology, can causdeuropathy or previous poliomyelitis. Although th'e majority
progressive spinal cord dysfunction due to expanding quio_Of cases present in childhood, symptomatic onset in ao!ulthood
within the central spinal canal. Bladder dysfunction usually!S Probably not as rare as once thought (Pang and Wilberger,
occurs after other neurological deficits are established982)- Urodynamic studies show a mixed picture of detrusor
(Sakakibareet al, 199@), although a case where retention "YPerreflexia and incomplete bladder emptying and although
was an early symptom has been described (Amoiridi€" improvement in blad<_jer function foIonvmg a de—tetherlng
et al, 1996). procedure has been claimed, the operation is usually carried
An unusual but consistent feature of transverse myelitis i©Ut t reat pain or prevent progression of neurological deficit

that, although there may be an excellent clinical recovenfAdamsonet al, 1993).
from a tetraparesis of such severity that at its nadir artificial
ventilation is necessary, bladder dysfunction may be the sole .
residual neurological sequela (Sakakibatal., 1996). The Cauda equina _ . .
explanation for this is not known but it may relate to the Damage to the innervation of the bladder in the cauda equina
emergence of spinal segmental reflexes during the period &% Iike_ly_ to affect l_Joth the anterior and posterior sacral roots
‘spinal shock’ which then persists as a dominant functionafontaining somatic and parasympathetic fibres. The clinical
mechanism. This begs the question as to whether bladd®icture is therefore typically of perineal sensory loss caused
function could ever be normalized if treatment were foundPy damage to the S2—S4 roots together with loss of voluntary
which enabled regrowth of axons through regions of damaggontrol of both anal and urethral sphincter, as well as
in the spinal cord. sexual responsiveness. The second order parasympathetic
Tropical spastic paraparesis, the progressive mye|opathiynervation running to the detrusor from the spinal cord in
due to infection by HTLV1 virus, is seen in UK patients of the cauda equina terminates in the parasympathetic ganglia
Caribbean origin and in Japan. The myelopathy is slowlywhich lie in the bladder wall. The detrusor is therefore not
progressive over the course of a decade or more with afenervated but decentralized following a cauda equina injury
onset usually before the age of 40 years. Back pain is ofteAnd the sympathetic innervation of the bladder neck may be
prominent (Montgomergt al., 1964). Urge incontinence due Preserved. Arange of bladder dysfunctions has been described
to detrusor hyperreflexia occurs as an early feature and mdf) patients with cauda equina lesions (Nordlieigal., 1982;
even be a presenting symptom (Cruickshastkal, 1989; Pavlakiset al, 1983; Light et al, 1993) including detrusor
Imamuraet al., 1991) and detrusor hyperreflexia is the mosthyperreflexia (O'Flynret al., 1992).
commonly found urodynamic abnormality (Saéttal., 1991). The bladder dysfunction that occurs may not be a major
Recently a characteristic thickening of lamina propria nervegomplaint, the patient being more preoccupied by the
seen on detrusor biopsy specimens from patients with tropicalrofound genital sensory loss or inability to defaecate
spastic paraparesis has been reported (Dasgtipia 1996), normally. Although there are a number of papers reporting
the full significance of which remains to be determined.  the bladder dysfunction that can occur with a cauda equina
Once a common cause of bladder dysfunction,lesion, there have been few reports on the devastating effect
neurosyphilis is now rarely seen, btdbes dorsaliswas on the quality of life such a lesion can have. However, the
classically said to result in an areflexic, hyposensitive bladdelevels of compensation awarded in medicolegal cases are
due to involvement of the dorsal columns and roots (Brodigeflecting the fact that the loss of control of the pelvic organs
et al,, 1940). Recent studies of small groups of patients withand perineal sensation is catastrophic.
tabesdemonstrated a variety of abnormal urodynamic findings Urinary retention has been described following various
(Garberet al., 1990; Hattoriet al., 199(). types of viral sacral myeloradiculitis (Herbaet al., 1987;
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Table 2 Generalized neuropathies with small fibre reduced awareness of bladder filling and involvement of
involvement parasympathetic efferent fibres to the detrusor decreasing the
Diabetes ability of the bladder to contract. The density of
Amyloidosis—inherited (familial amyloid polyneuropathy) and acetylcholinesterase positive staining nerves in the bladder
secondary wall has been shown to be reduced in diabetics (Van Poppel
Immune mediated neuropathy et al, 1988).

Distal autonomic neuropathy (pan/cholinergic dysautonomia)
Inherited neuropathies (inherited congenital sensory neuropathy)

Amyloidosis
Autonomic involvement occurs early in both inherited familial
Herbautet al, 1990; Zeman and Donaghy, 1991) including amyloid polyneuropathy and when amyloidosis is secondary
herpetic infections (Oates and Greenhouse, 1978; Greenstei® myeloma or benign plasma cell dyscrasia. Typically there
et al, 1988). are features of somatic sensory involvement such as loss of
pain and temperature sensation in the feet when the disease
) ) has advanced to produce autonomic involvement. A study of
Bladder dysfunction due to disorders of the urogenital complaints of 12 patients with Spanish familial
peripheral innervation amyloid polyneuropathy type | amyloidosis showed reduced
The innervation of the detrusor muscle is largely by pelvicbladder contractility and a reduced flow rate in most of them
parasympathetics which originate from S2-S4 and pasand two patients had a significant post-micturition residual
through the pelvic plexus and pelvic nerves. The striatedsolume (Villaplanaet al, 1997). All were generally very
external sphincter muscle is innervated by the same spinainwell and undergoing liver transplantation and had evidence
segments via the pudendal nerves. The clinical significancef severe generalized neuropathy.
of sympathetic bladder innervation from the thoraco-lumbar
outflow is uncertain although the sympathetic innervation of
the bladder neck region in men, causing bladder neck closuknmune mediated
during ejaculation, is recognized as being important. AllAbout one-quarter of patients with Guillain—Bagndrome
three divisions of bladder innervation, parasympathetichave bladder symptoms (Zochodne, 1994; Sakakibaed.,
sympathetic and somatic, contain afferent fibres (de Groat,997). These are usually the patients with more severe
1990). neuropathy and the bladder symptoms appear after weakness
Because of its extensive autonomic innervation, bladdeis established. Both detrusor areflexia and bladder overactivity
dysfunction is most commonly seen in those generalizedhave been described (Sakakibataal., 1997).
neuropathies which involve small nerve fibres (Table 2). In It is likely that the condition of acute distal autonomic
countries with advanced medicine, diabetes is the commonesteuropathy is a form of the Guillain—Barsyndrome and
cause of small fibre neuropathy. Small fibre involvementthere have been a number of reports of distal autonomic
usually occurs as part of a distal, generalized sensorpeuropathy affecting both the sympathetic and
neuropathy but autonomic neuropathy can less commonlparasympathetic systems. Painful urinary retention usually
occur relatively independently. occurs in both cholinergic and pan dysautonomia (Kirby
et al, 1985).

‘Diabetic cystopathy’ (Moller, 1976)

Bladder involvement was once considered an uncommoiinherited neuropathies

complication of diabetes but the greater use of technique$here is a recessively inherited type Il congenital sensory
for studying bladder function have shown that the conditionneuropathy in which a sensory disturbance of bladder function
is often asymptomatic and discovered incidentally (loanidhas been described with preservation of voluntary micturition

et al,, 1981). Bladder dysfunction in isolation does not occur(Bardosiet al., 1987).

and other symptoms and signs of generalized neuropathy

may be demonstrated in affected patients. The onset of the

disorder is insidious over the course of several years witdnjury to pelvic nerves

progressive loss of bladder sensation and impairment ofhe peripheral innervation of the pelvic organs can be

bladder emptying eventually culminating in chronic low damaged by extirpative visceral surgery such as resection of
pressure urinary retention (Moller, 1976; Ellenberg, 1980)rectal carcinoma, radical prostatectomy or radical

Urodynamic studies demonstrate impaired detrusohysterectomy. The dissection necessary for rectal cancer is
contractility, reduction in urinary flow rate and increasedlikely to damage the parasympathetic innervation to the

post-micturition residual volume and reduced bladderbladder and genitalia as the pelvic nerves take a medio-
sensation (Buclet al., 1976). It seems likely that there is lateral course through the pelvis either side of the rectum
involvement of both the vesicle sensory afferent fibres causingnd the apex of the prostate. The nerves may either be



Neurogenic bladder: causes and treatment 1223

removed together with the fascia which covers the lowemwhich are as outlined above and showed that on concentric
rectum or may be damaged by a traction injury as the rectumeedle electrode examination of the striated muscle of the
is mobilized prior to excision (Mundy, 1982). A prospective urethral sphincter a striking EMG abnormality could be
study of patients undergoing sphincter sparing surgery fodemonstrated. The abnormal EMG activity is localized to the
low rectal carcinomas in which each patient acted as their ownrethral sphincter and consists of atype of activity whichwould
control, showed that post-operatively there was a significanbe expected to cause inappropriate contraction of the muscle.
increase in post-micturition residual urine volume. In 15%Superficially it sounds like myotonia but detailed EMG
there appeared to have been severe damage to tlamalysis shows there are significant differences and the
parasympathetic innervation of the detrusor resulting in longsphincter activity consists of two components, complex
term painless retention, a poor stream, loss of normal bladdeepetitive discharges (CRDs) and decelerating bursts (Dyro
sensation during filling and near loss of detrusor contractioret al., 1983; Fowleret al., 1985). It is known from other
pressure (Nealet al, 1981). The incidence of bladder electromyography studies that complex repetitive discharges
dysfunction following an abdomino-perineal resection forare due to direct spread of electrical activity from one muscle
rectal carcinoma is given as considerably higher than 15%ibre to another. If single fibore EMG analysis of a CRD is
if the study is retrospective (Yalla and Andriole, 1984). performed a very low ‘jitter’ can be demonstrated indicating
Urinary incontinence following a radical prostatectomy or athat the potentials forming a CRD are not the result of
radical hysterectomy, which includes the upper part of theneuromuscular transmission (Trontelj and’li&¢ag, 1983;
vagina, is probably also due to damage to the parasympathetitowler et al., 1985), but are due to ephaptic spread. CRDs
innervation of the detrusor and, at least in the case of &ave a characteristic sound over the audio output of the EMG
radical prostatectomy, direct damage to the innervation ofmachine and sound either like a motorcycle or helicopter. The
the striated urethral sphincter (Yalla and Andriole, 1984;other type of activity, the ‘decelerating bursts’ have been said
Leveckiset al., 1995). to produce a sound reminiscent of recordings of whales singing

in the ocean (Butler, 1979). Indeed patients with urinary

retention in the author’s laboratory are referred to as being
Myotonic dystrophy either ‘whale noise’ positive or negative. The hypothesis that
Although myotonic activity has not been found in the sphincterthe activity impaired sphincter relaxation was confirmed
or pelvic floor of patients with myotonic dystrophy, bladder recently in a study by Deindl and colleagues (Deiatil.,
symptoms may be quite prominent (Sakakibetral., 199%) 1998) who used special hooked-wire recording electrodes to
and difficult to treat presumably due to involvement of bladderrecord simultaneous EMG from the urethral sphincter, bladder
smooth muscle. pressure and urine flow measures.

Why this type of EMG activity should develop particularly

in the urethral sphincter is not known. It is a type of activity
Urinary retention in young women which the striated urethral sphincter and to some extent the
Urinary retention or symptoms of obstructed voiding in youngstriated anal sphincter muscles are prone to develop, but is
women in the absence of overt neurological disease have lomarely encountered in skeletal striated muscle (Jensen and Stien,
puzzled urologists and neurologists alike and in the absence 4B96). It is possible that this relates in some way to the size of
any convincing organic cause the condition was often said tthe muscle fibres of the sphincters which are known to be
be hysterical. Indeed the largest body of medical literaturef relatively small diameter (Goslingt al., 1981), but the
on the disorder refers to a condition of ‘psychogenic urinaryobservation by Fowler and colleagues (Fowd¢ral., 1988)
retention’ (Knox, 1960; Larsost al., 1963; Margolis, 1965; that the women with urinary retention often have polycystic
Allen, 1972; Barrett, 1976; Montague and Jones, 1979; Birdpvaries raises the possibility that the activity is linked in some
1980; Basset al., 1988; Siroky and Krane, 1991). way to impaired muscle membrane stability allowing direct

Typically the clinical history is of a young woman aged spread of electrical impulses throughout the muscle, due
between 20 and 30 years who presents with retention and @ossibly to a hormonal abnormality. The disorder may possibly
bladder capacity in excess of 1 I. The history is often that ovebe the manifestation of a focal, hormonal dependent
the preceding 12 h she has found herself unable to void, anchannelopathy. This would explain why the condition is seen
although by the time of presentation she may be highlyonly in pre-menopausal women.
uncomfortable, she does not have the sensations of extremeWhatever the exact cause or nature of the EMG abnormality,
urgency that might be expected. There are no other clinicat is the commonest finding on concentric needle EMG of the
neurological features or laboratory investigations to support atriated muscle of the urethral sphincter in young women with
diagnosis of multiple sclerosis, and MRI of the brain, spinalretention. The clinical picture of a woman with this primary
cord and cauda equina are normal. The lack of sacradphincter abnormality, however, depends on the reaction of her
anaesthesia makes the possibility of a cauda equina lesiatetrusor muscle to relative outflow obstruction and the same
improbable. EMG finding has been reported in women with obstructed
Fowler and colleagues (Fowlet al, 1988) described a voiding and detrusor instability (Potenzatial., 1983). Others

syndrome of urinary retention, the typical clinical features ofhave reported finding this activity in the urethral sphincter
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(Butler, 1979; Dibenedetto and Yalla, 1979; Dwtral, 1983)  dry mouth. Where neither oxybutynin nor tolterodine is
with a variety of bladder disorders. In a survey of 477 patientsavailable, alternatives such as propantheline bromide or
referred for neuro-urological evaluation the EMG activity wasimipramine can be tried.
found in 10% of women and often in association with an Desmopressin (DDAVP) spray is a nasal spray preparation
increased post-micturition residual volume or a history ofof a synthetic antidiuretic hormone, first introduced to treat
recurrent infections (Jensen and Stien, 1996). Webb andiabetes insipidus. Nowadays it is widely used by children
colleagues (Webbt al., 1992) found the same activity in eight with nocturnal enuresis but in the UK is also licensed for
out of 18 women in urinary retention, but also found EMG treatment of patients with multiple sclerosis and night-time
abnormalities in the anal sphincter, whereas Jensen and Stiénequency (Hiltonet al,, 1983). One or two nasal puffs of
(Jensen and Stien, 1996) found the activity only rarely in theDDAVP from a metered-dose spray (Desmospray)
anal sphincter. administered on retiring reduces urine output for the following
The natural history of this disorder was investigated recenth6—8 h, and an oral preparation of DDAVP (Desmotabs) is
by means of a questionnaire sent out to 155 women seen oveow available with the same effect. Some patients with
the last 10 years. The peak age incidence was 25 and retentionultiple sclerosis who were given Desmospray at night chose
could have been either of acute or chronic onset, chronic urinaryp use this during the day instead and a placebo controlled
retention being partial and somewhat more common in oldetrial showed a significant reduction in voiding frequency in
women. The EMG abnormality described above is very rarelythe 6 h following treatment and a strong patient preference
found in women over the age of 45 years and almost never ifor the active treatment phase of the study. An increased
post-menopausal women. Many of the women have had anight-time frequency does not seem to occur in those who
interrupted urinary stream, but been unaware that this isise the medication during the day nor is there a significant
abnormal, so that a voiding history can be quite misleadinghange in serum sodium levels of the group (Hoverd and
unless carefully taken. To the patients the difference betweeRowler, 1998). If hyponatraemia does occur, it usually
being in complete retention and able to pass some urine isappens within the first week or so of starting the medication
tantamountand they may reportrecovery fromformer retentiomnd the chief symptoms are general malaise, headache and
if they are able to pass any urine. Being unaware of the extentisible oedema of the face and ankles. Rapid restitution of
of their incomplete emptying, they may continue in partialthe sodium level occurs when the medication is stopped.
retention with abnormal voiding for months or even years Although the prospect of using a nasal spray to control
(Swinn et al., 1998). Unfortunately none of the women had urge incontinence is obviously more appealing to a patient
themselves discovered an effective treatment and efforts than performing self-catheterization for the same result,
treat the condition by the hormonal manipulation, injections ofprescription of DDAVP should be restricted to patients who
botulinum toxin (Fowleet al., 1992) or application of topical understand that the medication is acting on the kidneys rather
nitric oxide cream have been unsuccessful. However, théhan the bladder and it can only be used once in 24 h.
results of using the recently introduced sacral nerve stimulator
are promising (Vapnek and Schmidt, 1991; Elabbatiyl.,
1994; Everaeret al,, 1997) and preliminary results indicate Intravesical capsaicin
the urinary retention of women with Fowler’s syndrome is Intravesical capsaicin has been used to treat intractable
highly responsive to neuromodulation (Swienal., 1998): a  detrusor hyperreflexia due to spinal cord disease on the basis
woman who has not passed urine per urethram formany monttisat it has a neurotoxic effect on the C fibre afferents
or even years will find that within 24 h of the insertion of a which drive volume determined reflex detrusor contractions.
temporary stimulating lead through an S3 foramen and byCapsaicin has a biphasic action; it is initially an irritant, but
connection to an external stimulator she is able to void. Théf applied in sufficiently high concentration its secondary
mechanism of action of this therapeutic intervention is beingeffect is as a selective neurotoxin acting on unmyelinated
actively researched. afferent C fibres. Patients with detrusor hyperreflexia report
an initial deterioration in their bladder symptoms lasting up
to 10 days followed by a lessening of urgency and frequency
which may last up to 6 months, when the instillation needs

Tr_eatmgnt of neurological disorders of to be repeated (Fowlet al., 1994). A controlled study using
micturition capsaicin dissolved in alcohol versus the alcohol solution
Detrusor hyperreflexia alone has shown capsaicin is the active ingredient (de Seze

Anticholinergic medication is currently the most effective et al., 1998; Wiartet al., 1998).

treatment for detrusor hyperreflexia. Until the recent A study looking at the effectiveness of intravesical
introduction of tolterodine, oxybutynin was most commonly capsaicin in a group of patients with multiple sclerosis found
used in the UK. This has a relatively selective effect on thet was most effective in those who were still ambulant (De
parasympathetic innervation of the detrusor muscle but haRidder et al, 1997). An instillation of lignocaine prior to

a frequently complained of side-effect—a dry mouth. It iscapsaicin does not appear to lessen the efficacy of the
claimed that tolterodine has the same efficacy but causes lesapsaicin and greatly improves the patient’s tolerance of the
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procedure (Chandiramaat al., 1996). Although intravesical and feed themselves they are likely to be able to perform
capsaicin has been valuable in demonstrating that the principte technique. Sometimes tremor, impaired visual acuity,
of deafferenting the bladder is effective in treating detrusorspasticity, adductor spasm and rigidity may make itimpossible
hyperreflexia, it remains an experimental therapy and irfor the patient to do self-catheterization and in such
future is likely to be replaced by the ultrapotent capsacinoidcircumstances it may be performed by a partner or care
resiniferatoxin. This is an extract from a plant in the genusassistant.
Euphorbiaand has been demonstrated to be 1000 times more Since the principle of this technique is to reduce the post-
neurotoxic than capsaicin for the same degree of pungenayicturition residue, most patients are advised initially to
as capsaicin. Promising preliminary results have been reportgeerform the technique at least twice a day. There is, however,
using resiniferatoxin to deafferent the bladder of patientso fixed limit on how often it should be performed, but it
with multiple sclerosis (Cruzt al, 1997). Thus, it would should be performed regularly. Doing it only very
seem probable that in the not too distant future detrusooccasionally provides the opportunity to introduce bacteria
hyperreflexia, at least of spinal origin, will be treated bywithout the benefit of regular, complete bladder emptying.
painless deafferenting bladder instillations. Although bacteriuria is noted in 50% of patients doing clean
intermittent self-catheterization, the incidence of symptomatic
urinary tract infections is fortunately low. Haematuria in the
) ] early stages of learning the method is common (Bakke, 1993).
Incomplete bladder emptying or urinary In spinal cord disease, a combination of intermittent self-
retention catheterization together with an oral anticholinergic manages
Incomplete emptying can exacerbate detrusor hyperreflexidoth aspects of bladder malfunction, incomplete emptying
and an overactive bladder constantly stimulated by a residuand detrusor hyperreflexia. In a patient with a borderline
volume will respond by contracting and producing symptomssignificant residual volume, starting an anticholinergic may
of urgency and frequency. Incomplete emptying is particularlyhave the effect of further impairing bladder emptying. This
likely to occur in patients with spinal cord disease due to ashould be suspected if the anticholinergic has some initial
combination of detrusor sphincter dyssynergia occurringefficacy which then disappears. Also, it is advisable for a
during attempts to void and poorly sustained detrusopatient who has marked hesitancy and difficulty in initiating
contractions during the voiding phase. micturition to wait to start anticholinergic medication until
Since there is no medication which causes effectivantermittent catheterization has been established, since there
detrusor contraction at a convenient moment the best optiois otherwise a risk of developing complete urinary retention.
to deal with incomplete emptying or retention has been toThis combined approach works well in all patients with
use intermittent catheterization. Sterile intermittentneurogenical bladder dysfunction who have a combination
catheterization was first introduced in the 1960s (Guttmanmf hyperreflexia and incomplete emptying, provided the
and Frankel, 1966), but it was then found that a clean rathgpatient is not too severely disabled.
than sterile technique was adequate (Lapidesl., 1976).
Performed for children with spina bifida and the elderly with
disorders of complete bladder emptying (Wedttal, 1990) Permanent indwelling catheters
it has proved highly effective in many patients with multiple Although a combination of anticholinergic medication
sclerosis and various other bladder disorders characterizadgether with intermittent catheterization is the optimal
by incomplete emptying. management for patients with detrusor hyperreflexia and
Patients are often unaware of the extent to which theyncomplete bladder emptying, there comes a point when the
empty incompletely, and for this reason measurement of thipatient is no longer able to perform self-catheterization, or
parameter is the single most important measurement to b&hen urge incontinence and frequency are unmanageable. In
made when planning bladder management (Fowler, 1996patients with spinal cord disease this may be reached when
The post-void residual volume may be measured either witlthe patient is no longer weight-bearing and is chair-bound
ultrasound or using in-out catheterization. The advantage adnd at this stage an indwelling catheter becomes necessary.
the latter procedure is that it familiarizes the patient with The mostimmediate simple solution is an indwelling Foley
catheterization and so makes teaching the technique of sel€¢atheter, but the long-term ill effects of these are well known.
catheterization more readily acceptable. A generally accepte@ne of the major problems may be leakage of urine around
figure for significant residual volume is 100 ml. the catheter which occurs when strong detrusor contractions
Intermittent catheterization is best performed by the patienproduce a rapid urine flow that cannot drain fast enough. A
themselves who should be taught by someone experiencedmmon reaction to this is to insert a wider-calibre catheter,
in the method. In the UK nurse specialist continence advisorsiith the effect that the bladder closure mechanism becomes
are particularly expert. A main requirement for success withprogressively stretched and destroyed. The detrusor
this technique is patient motivation; a degree of physicakontractions may be of sufficient intensity to extrude the 10-
disability may be overcome provided the patient is sufficientlyor 20-ml balloon from the bladder, further rupturing the
determined. As a general rule, if patients are able to writbladder neck. The end result is then a totally incompetent



1226 C. J. Fowler

bladder neck and urethra. Bladder stones and recurrenyerve root stimulators
resistant infections are also more likely in a bladder with ann patients who have suffered a complete spinal cord
indwelling catheter. transection but in whom the caudal section of the cord and
A preferred alternative to an indwelling urethral catheterits roots are intact, the implantation of a nerve root stimulator
is a suprapubic catheter which can be inserted under locghould be considered. This device was pioneered by Professor
anaesthetic. However, the procedure should only begsiles Brindley and his collaborators, and more than 2000
undertaken by a trained urologist since there is a danger thgfave been implanted worldwide (van Kerrebroeek al,
bowel overlying the bladder may be punctured, especially in993: Brindley, 1994). Stimulating electrodes are applied
patients with small, contracted bladders. Oniesitu, the  intrathecally to the lower sacral anterior roots (S2-S4) and
catheter is left on constant drainage because this minimizefe posterior roots are cut. After the implant, adjustments are
the complications which might otherwise result from volumemade to the stimulation parameters so that the patient obtains
induced hyperreflexic contractions. Closing the urethra is @ahe maximum benefit from the stimulator, in terms of making
difficult urological procedure which is not usually attempted,the bladder contract for voiding, assisting defaecation or
so that continence depends on the suprapubic drain remainifgoducing a penile erection. This is achieved by stimulating
patent. Should the catheter become blocked or kinked, thgdividual roots or combinations of roots. The major benefit
patient leaks urethrally. Although by no means a perfecfrom the stimulators is an improvement in urinary continence.
system, a suprapubic catheter is a better alternative to amijs is usually achieved by a combination of increasing
indwelling urethral catheter and is often the method of choiceyjadder capacity, due largely to the posterior rhizotomy that
in managing incontinence in patients for whom other meanss performed, and improving bladder evacuation. Brindley
are no longer effective (Barnes al,, 1993). (Brindley, 1994) has argued that women have greater potential
gain from these stimulators than men since incontinence in
) women is more difficult to manage. Moreover, in men the
External device dorsal rhizotomy that is a necessary part of the procedure
If urge incontinence is the main problem and the bladdekyill abolish any reflex erections that might otherwise be
empties completely, some men are able to wear an externgbssible. These stimulators are only suitable for patients with

device attached around the penis. The simplest and leagbmplete spinal cord lesions rather than partial cord lesions
obtrusive is a self-sealing latex condom sheath, which cagr progressive neurological disease.

be put on each night or kept in place for up to 3 days. More
elaborate body-worn appliances are also available, but an
expert must fit these. An effective external appliance for

women has yet to be devised. Urological surgery

Various urological procedures can be carried out to treat
incontinence. Although surgical procedures to rectify a
bladder disorder causing incontinence in an otherwise fit
Jperson are often highly successful, and even following spinal
cord injury, a surgical option may be the best solution for
anticholinergic medication. The principle by which it is °ng-term bladder management; the same does not apply to
effective is still far from clear but it seems likely that its f[hose_ with - progressive neurok_)g|cal disease causing
incontinence. For example, at a time when the bladder is

action is through stimulation of pelvic afferents (Lindstrom b . bl . binati f intermittent
etal, 1983). Implanting a stimulator is a two stage procedure. ecoming unmanageable using a combination ot intermitien

The first stage when the stimulating lead is inserted througf"f"’uhet(_:‘rlzatlon and oxybutynin, the patient with multiple

an S3 foramen under local anaesthetic is performed as a%:leross may only just be managing to remain independent

out-patient. The lead is connected to an external stimulato?mjl urological surgery is not appropriate. In practice very

for 3 days and if the patient's symptoms improve significantly ew patients with progressive neurological disease affecting

during this time, as judged by measurement of residuaPIadder control opt for surgery, preferring medical

volumes and diary recorded voided volumes, they are e“giblé“nanagement whilst '.t IS effectlvg and a permanent indwelling
for a permanent stimulator. This device is implanted incatheter, a suprapubic catheter in particular, for long-term use.

a subcutaneous pocket under general anaesthesia and the

stimulating lead tunnelled subcutaneously back to the sacrum

and the electrode implanted through the foramen. ThéConclusion

stimulator is continuously active giving a 15 Hz pulse to theThe neurology of the bladder has received insufficient

sacral nerves on one side. The implanted stimulators arattention to date but with the changing emphasis of neurology
expensive and the surgical procedure not withoutfrom a speciality concerned primarily with diagnosis to one

complications, butin well selected cases this form of treatmenpromoting the treatment and rehabilitation of patients, the
can greatly improve bladder symptoms (Hassouna andecognition that neurogenic bladder disorders cause major
Elhilali, 1991; Dijkemaet al., 1993). difficulties to patients and are often highly amenable to non-

Sacral nerve stimulators
An extradural sacral nerve stimulator can be used to less
detrusor instability which is proving resistant to
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