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SUMMARY Fourteen patients with progressive autonomic failure and multiple system atrophy have
been investigated by urodynamic, electromyographic and neurohistochemical means and the results
compared with a series of age-matched controls. Three fundamental abnormalities of lower urinary
tract function have been identified: (1) Involuntary detrusor contractions in response to bladder
filling. It is suggested that these may be the result of a loss of inhibitory influences from the corpus

striatum and substantia nigra. (2) Loss of the ability to initiate a voluntary micturition reflex. This
may reflect the degeneration of neurons in pontine and medullary nuclei and in the sacral inter-
mediolateral columns. In addition, these studies have demonstrated a significant reduction in the
density of acetylcholinesterase-containing nerves in bladder muscle. (3) Profound urethral dys-
function. This appears to be partly due to a loss of proximal urethral sphincter tone, which causes

bladder neck incompetence. In addition, the function of the striated component of the urethral
sphincter is impaired. Individual motor units recorded from this muscle were clearly abnormal when
compared with controls and suggested that reinnervation had occurred. We suggest that this is the
result of degeneration of a specific group of sacral anterior horn cells known as Onuf's nucleus. The
evidence that these particular motor units are affected, while others are spared, poses fundamental
questions about the nature of selective vulnerability in degenerative diseases of the nervous system.

A condition characterised by autonomic dysfunction
was described by Bradbury and Eggleston in 19251 as
"idiopathic orthostatic hypotension". In 1960 Shy
and Drager2 reported two cases in which autonomic
failure was accompanied by more widespread neu-
rological involvement; they were the first to suggest
that this might represent a distinct degenerative disor-
der of the nervous system. It is now recognised that
when autonomic failure due to other diseases such as
diabetes, alcoholism and amyloidosis is excluded,
there is a residuum of primary degenerative disorders
in which progressive autonomic failure may occur.
Progressive autonomic failure may be found in iso-
lation, in combination with Parkinson's disease, or, as
Shy and Drager described, in association with more
complex neurological degeneration which constitutes
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multiple system atrophy.3 While all these variants are
rare, progressive autonomic failure with multiple sys-
tem atrophy is the most frequently encountered, and
forms the basis of this study.
Although the underlying cause for the degeneration

of autonomic neurons is unknown, the sites that are
selectively affected have been defined.4 Vulnerable
structures include the corpus striatum, the substantia
nigra, the pontine, olivary and dorsal vagal nuclei, the
Purkinje cells of the cerebellum and the cells of the
intermediolateral column in the spinal cord. In addi-
tion, a specific group of cells in the anterior horn of
the sacral spinal cord, known as Onuf's nucleus,5
appears to be affected. There is some debate as to
whether this loss of central autonomic neurons is
accompanied by a loss of post-ganglionic sympathetic
and parasympathetic nerves. The remarkable
specificity of the lesions in these cases endows their
investigation with a special interest since, from the
study of the nature of this disorder, much may be
deduced about the mechanisms of autonomic control
in both disease and health.
While much attention has been paid to the cardio-
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vascular consequences of progressive autonomic fail-
ure with multiple system atrophy, relatively few data
are available concerning the disturbances of urinary
continence and micturition that invariably accom-

pany this disease. We present here the results of a

detailed urodynamic, electromyographic and neu-

rohistochemical study of the urethro-vesical dys-
function in 14 patients with progressive autonomic
failure and multiple system atrophy. An attempt is
made to correlate these findings with the localised
neuro-pathological lesions known to occur in this dis-
order.

Patients

Fourteen patients (I I male and three female) were admitted
for study. Their mean age was 56 years (range 43-67). All
had significant orthostatic hypotension and a diagnosis of
progressive autonomic failure with multiple system atrophy,
based on the clinical features of autonomic failure, Parkin-
sonism and pyramidal signs and confirmed by physiological
studies as described by Bannister3 (table). None of the
patients had Parkinson's disease with autonomic failure.
Two of the patients (TR and KP) had, in addition to signs of
multiple system atrophy, cerebellar signs pointing to the
additional feature of olivo-ponto-cerebellar atrophy, a rec-

ognised associated feature of multiple system atrophy.3 A
group of 10 controls were also studied (mean age 53 years);
these were patients who had been admitted for renal or ure-

teric surgery and who complained of neither micturition dis-
turbance nor incontinence. All patients provided written,
informed consent.

Methods

A history was obtained from each patient and a physical and
neurological examination performed. Blood urea levels were

measured and an intravenous urogram carried out in every
case. Urodynamic assessment was performed using medium-
fill cystometry with simultaneous radiography as described
by Bates.6 Simultaneous electromyography (EMG) was not
performed because the low overall level of pelvic floor and
sphincter activity made the use of surface electrodes imprac-
tical. Other authors7 8 have reported similar difficulties in
obtaining synchronous EMG and urodynamic recordings in
patients with progressive autonomic failure and multiple
system atrophy. Instead EMG recordings from the striated
muscle of the urethral sphincter9 were made in male patients
with the subject in the left lateral position with flexed knees.
Women lay supine with hips flexed and abducted. A concen-

tric needle electrode (Disa, 30 mm in length, 0-45 mm tip
diameter) was used. In male subjects the needle was inserted
through the perineum in the midline and the tip guided to
the level of the apex of the prostate by a finger in the rectum;
in female patients the electrode was inserted at a point 1 cm

lateral to the urethral meatus and guided towards the mid-
line. Positioning of the needle tip was aided by listening to
the audio output from the electrophysiological recording
unit (Medelec MS6). Individual motor units were identified
using a delay line and signal triggering; they were recorded
on light-sensitive paper, either by repeated superimposition,
or as a "falling leaf' display. A mean of seven spontaneously
firing motor units were analysed from each patient; the small
size of the muscle, particularly in females, limited the num-

ber of needle position changes that could be made. The con-

sistency of waveform seen on examining a motor unit
confirmed that the potentials were produced by a single
motor unit. The duration and amplitude of individual units
were measured from photographic records; the number of
phase reversals of voltage of more than 100 microvolts were

determined, and a unit was considered to be polyphasic if
more than five phase reversals occurred.

Bladder muscle samples were taken during cystoscopy
using Storz biopsy forceps. Tissue was taken from an area

2 cm lateral to the ureteric orifices on each side, and from the
trigonal region, then rapidly frozen in liquid nitrogen slush

Table Details of patients with progressive autonomic failure and multisYstem atrophy

Patienit Sex Age (Yri Diagniosis Duration ofJdisease Blood pressure Comnments
(vr)

Supine Eret t

MM M 47 PAF + MSA 4 130/90 110/70 Laryngeal involvement
DW M 60 PAF + MSA 10 130/90 110/60 Severe incontinence
BR M 55 PAF + MSA 6 130/90 110/70 Severe incontinence
GS F 45 PAF + MSA 7 120/90 110/50 Parkinsonian symptoms
PP M 43 PAF + MSA 8 130,'80 80/60 Severe incontinence
DJ M 63 PAF + MSA 5 140/'85 80/60 Severe incontinence
FF M 67 PAF + MSA 7 140/85 60/40 Severe incontinence
DR F 65 PAF + MSA 6 110/70 80/50 Severe incontinence
MS M 50 PAF + MSA 4 110/70 80/55 Severe incontinence
TR M 66 PAF + MSA 5 130/80 110160 Laryngeal involvement

(also OPCA)
KP F 57 PAF + MSA 3 100/60 80/40 Bed-ridden; + incontinence

(also OPCA)
LA M 54 PAF + MSA 3 1801/100120/80 Severe incontinence
1W M 65 PAF + MSA 4 150/90 85/60 Severe incontinence
RG M 65 PAF + MSA 6 160/100 90, 50 Severe incontinence

PAF + MSA = Progressive autonomic failure + multiple system atrophy.
OPCA + Olivo-ponto-cerebellar atrophy.
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and stored at - 70'C. Specimens were subsequently
processed for tissue cholinesterases'0 and noradrenaline-
containing nerves. 1 The density of acetylcholinesterase-
containing nerves in bladder muscle was assessed by a

point-counting technique. An eye-piece graticule with a grid
divided into 1 mm squares was used: at each point of inter-
section the nature of the underlying tissue (that is nerve or

smooth muscle cell) was noted. Different areas of muscle
were examined, far enough apart to preclude the possibility
of counting any point twice. A minimum of 500 and a max-

imum of 2000 points were counted in each case, and a mean

value for the density of innervation/mm2 was calculated for
each biopsy specimen and then for each patient. Statistical
analyses were performed using non-parametric statistics
(Mann-Whitney U-test) and the level of significance was

taken as 1%.

Results

In all the cases of progressive autonomic failure with
multiple system atrophy in this series, frequency and
urgency of micturition were amongst the presenting
symptoms. In male patients, the only symptom that
consistently preceded the onset of urinary difficulties
was erectile impotence, often with failure of ejacu-
lation. Every patient suffered urinary incontinence,
by day and night. The urinary leakage was preceded
by a feeling of urgency, but the patients were power-
less either to prevent urine loss or to interrupt the
stream once it had started. The patients were aware
of, and far from indifferent to, their urinary inconti-
nence, and most said that this was the most
distressing and disabling feature of their disease.
The mean blood urea was 7-1 mmol/l (SD + 2 1)

and intravenous urography revealed evidence of mod-
erate upper urinary tract dilatation in only one
patient. In this case the ureters were thought to be
partially obstructed where they passed through a
hypertrophic bladder wall. The mean initial residual
urinary volume was high at 215 ml (SD + 121). In
control patients bladder filling proceeded without
significant pressure rise (fig IA). By contrast, in
patients with progressive autonomic failure and mul-
tiple system atrophy, the cystometrogram revealed an
intravesicular pressure rise of more than 20 cm of
water in response to filling in every case (fig 1B) and
this was usually associated with urinary incontinence
which the patients seemed powerless to prevent. In
the more advanced cases, while there was still a rise of
intravesicular pressure, it was less pronounced than in
the less severely affected patients (fig 1C). The mean
subtracted intravesicular pressure rise was 49 cm of
water (±22 7). In every case the bladder neck was
open during cystometry (fig 2) but sensation of
bladder filling was normal.
When patients with progressive autonomic failure

and multiple system atrophy were asked to micturate
none was able to initiate or maintain detrusor con-
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traction. Voiding was achieved entirely by abdominal
straining, which produced only an intermittent flow.
The mean residual urinary volume was 233 ml
(± 148).

In the control group urethral sphincter EMG
revealed individual motor units that were usually of
normal configuration (fig 3A) and 94% of units were
shorter than 6 ms in duration and less than 2 tV in
amplitude (fig 3B). By contrast, in patients with
progressive autonomic failure and multiple system
atrophy, 56% of units were polyphasic (fig 4A), and
66% demonstrated measured parameters outside the
control range (fig 4B). In no individual patient with
progressive autonomic failure and multiple system
atrophy were less than 40% of the recorded motor
units abnormal, while in no individual control patient
were more than 10% of the motor units abnormal.

Detrusor muscle biopsy specimens processed for
tissue cholinesterases, demonstrated enzyme-positive
autonomic nerve fibres in all patients (fig 5). Their
arrangement and distribution in patients with
progressive autonomic failure and multiple system
atrophy was subjectively similar to that in controls.
However, quantitative assessment of these nerves
revealed a mean density of 232 (± 58) nerves/mm2 in
patients with progressive autonomic failure and
multiple system atrophy, compared with a density of
497 (± 86) nerves/mm2 in the control group (fig 6).
This difference was statistically significant (p < 0-01).
Catecholamine-containing nerves, although exceed-
ingly sparse, were present in specimens both from
patients with progressive autonomic failure and mul-
tiple system atrophy and from controls.

Discussion

The disturbances of continence and micturition that
are the main presenting feature of progressive auto-
nomic failure with multiple system atrophy often
progress to the extent that they become the patient's
most distressing and disabling symptoms. The present
study suggests that they are due to a combination of
bladder and urethral dysfunction, which is the result
of degeneration of specific autonomic and somatic
neurons.

In each of our 14 patients with progressive auto-
nomic failure and multiple system atrophy, the blad-
der failed to accommodate normally to filling by
receptive relaxation. The neurophysiological mech-
anisms by which bladder accommodation normally
occurs are incompletely understood. However, there
is evidence in experimental animals that inhibitory
influences from the midbrain are important12 and the
areas involved in this inhibition have been identified
as the globus pallidus"3 as well as the pigmented
nuclei, especially the substantia nigra. 4 Significantly
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Fig 1 (a) A cystometrogram from a control subject demonstrating accommodation (that is the absence of intravesicular
pressure rise) in response to bladder filling at a rate of 100 ml/min. Normal micturition is achieved at a pressure of25 cm of
water and a maximumflow rate of25 ml/s. (b) Cystometrogram showing an abnormal intravesicular pressure rise with
incontinence seen in response to bladder filling at a rate of100 ml/min in a male patient with progressive autonomic failure and
multiple system atrophy. There is afailure to initiate a micturition reflex and voiding is achieved entirely by abdominal
straining. (c) Cystometrogram with bladder filling at a rate of 100 ml/min in a male patient suffering more advanced
progressive autonomic failure and multiple system atrophy. Intravesicular pressure rise is less pronounced than that seen in
patients less severely affected by the disease. The patient is unable to initiate a micturition reflex and voluntary voiding can only
be achieved by abdominal straining.

it is precisely these loci that may be affected by neu-
ronal degeneration in progressive autonomic failure
with multiple system atrophy; all previous reported
cases from which neuropathological data are avail-
able showed some degree of nigral damage, and many

had cell loss from the corpus striatum.4 Neuronal
degeneration in similar loci has been argued to
account for the high incidence of detrusor
hyperreflexia in Parkinson's disease."5 16

In four of the most severely affected patients in this
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Fig 2 A cystogram showing the open bladder neck and
dilatedproximal urethra during bladder filling in a patient
with progressive autonomicfailure and multiple system
atrophy.

series, the filling cystometrogram revealed a steep rise
in intravesicular pressure with less pronounced phasic
involuntary contractions (fig 2). Similar vesico-
urethral behaviour may be seen in the parasym-

pathetically decentralised bladder after cauda equina
lesions.'7 A feature of all cases of progressive auto-
nomic failure with multiple system atrophy, where
neuropathological data are available, has been
progressive cell loss from the thoraco-lumbar inter-
mediolateral column. Sung et al"8 have shown that
neurons of the sacral intermediolateral column may

be similarly affected. There is now considerable
evidence'9 that these cells in the sacral inter-
mediolateral column are in fact preganglionic para-

sympathetic neurons. Progressive loss of these neu-

rons would eventually interrupt the neural reflex arcs

controlling continence and micturition and thus
might be expected to produce a situation akin to the
decentralised bladder seen in cauda equina injuries.
Such a process could account for the differences of
cystometric recordings between early and more

advanced cases of progressive autonomic failure and

Fig 3 (a) A normal motor unit recordedftom the striated
urethral sphincter ofa control subject.
(b) Three-dimensional histogram showing amplitude and
duration ofmotor units recordedfrom control subjects.

multiple system atrophy.
A feature common to all 14 patients with

progressive autonomic failure and multiple system
atrophy in this study was a striking inability to ini-
tiate a voluntary micturition reflex; instead, voluntary
voiding was achieved entirely by abdominal straining.
Several studies have borne out Barrington's original
suggestion20 that in the cat the normal micturition
reflex is initiated and sustained by motor nuclei situ-
ated in the rostral pons2' and in the lateral. reticular
formation of the medulla.22 Electrical stimulation of
these neurons in experimental animals has been
observed to produce firing of sacral preganglionic
neurons and contractions of the bladder.23 By
contrast, electro-coagulation of the area results in
permanent abolition of the micturition reflex.20 It is
therefore significant that neuropathological studies in
41 patients with progressive autonomic failure and
multiple system atrophy4 have revealed cell loss from
pontine and dorsal vagal nuclei in 25 cases, in areas

precisely equivalent to the detrusor motor nuclei in
experimental animals.

There is controversy as to whether the loss of cen-

tral autonomic neurons in progressive autonomic fail-
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Fig 4 (a) A polyphasic motor unit oflong duration
recordedfrom the striated urethral sphincter ofa patient with
progressive autonomicfailure and multiple system atrophy.
(b) Three-dimensional histogram showing amplitude and
duration ofmotor units recordedfrom patients with
progressive autonomic failure and multiple system atrophy.

ure with multiple system atrophy is always accom-
panied by a depletion of peripheral autonomic nerves.
It has been shown that plasma noradrenaline levels
are low in many cases, and fail to rise when the
patient is tilted.24 25 However, such findings could be
consistent either with loss of post-ganglionic sym-
pathetic nerves or with decreased impulse traffic due
to central neuronal loss. Nanda et a126 have reported
normal adrenergic innervation of the blood vessels
which supply skeletal muscle in some patients with
neurogenic orthostatic hypotension, while Bannister
et a127 on the other hand, have shown a reduction in
both pure progressive autonomic failure, and
progressive autonomic failure with multiple system
atrophy. In the present study, the density of
acetylcholinesterase-positive nerves in the bladder
was quantitatively less than that in controls. This sug-
gests that some parasympathetic nerve degeneration
may occur in peripheral as well as central locations in
these patients. Unfortunately, it was not possible to
obtain similar data on peripheral sympathetic inner-
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Fig 5 Bladder muscle biopsy specimen processedfor tissue
acetylcholinesterase from a patient with progressive
autonomic failure and multiple system atrophy, showing the
presence ofdarkly stained enzyme-containing nerves, lying
among smooth musck cells. (Magniication x 100.)

vation in the urinary tract in these cases, because of
the exceedingly sparse distribution of noradrenaline-
containing nerves in human detrusor muscle.
Thus, insufficient numbers of nerves exhibiting
catecholamine-fluorescence were seen in either con-
trol or progressive autonomic failure with multiple
system atrophy groups to allow meaningful com-
parisons to be made between them.

Urethral sphincter EMG studies in our patients
with progressive autonomic failure and multiple sys-
tem atrophy showed that individual motor units,
which appeared polyphasic and of long duration,
were clearly abnormal when compared with controls.
Sakuta et al29 have reported similar findings in the
external anal sphincter muscle of patients with this
disorder. The presence of these abnormal motor units
provides unequivocal evidence of reinnervation of
striated sphincter muscle. The explanation for this
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Fig 6 Histogram showing the reduced density of
acetylcholinesterase-containing nerves ofthe bladder muscle
ofpatients with progressive autonomic failure and multiple
system atrophy compared with that of the control group.

may lie in the demonstration by Sung et al3" that
patients with progressive autonomic failure and mul-
tiple system atrophy suffer specific neuronal degener-
ation of Onuf's nucleus, a particular area within the
anterior horn of the sacral cord, which has been
shown in experimental animals31 to be responsible for
the innervation of the external anal and striated ure-

thral sphincters. Degeneration of the motor neurons

at this site would result in denervation of sphincter
muscle fibres; and reinnervation could result from
collateral sprouting of surviving motor nerves, as is
seen in skeletal muscle in motor neuron disease.32 It is
known that the striated urethral sphincter muscle
plays a part in producing the rapid adjustments of
urethral pressure necessary to prevent urinary leakage
when intra-abdominal pressure rises, or unstable
bladder contractions occur. Loss of the ability to
achieve such adjustments, especially when associated
with involuntary detrusor contractions and incompe-
tence of the proximal urethra, may account for the
severity of urinary incontinence in patients with

Kirby, Fowler, Gosling, Bannister

progressive autonomic failure and multiple system
atrophy.

While denervation affecting voluntary skeletal
muscle may occur in progressive autonomic failure
with multiple system atrophy,33 it is never a promi-
nent feature. It is a matter for speculation why the
motor neurons of the urethral and anal sphincters
should be selectively vulnerable in this disease. In
other degenerative disorders, such as motor neuron
disease34 and Werdnig-Hoffman disease30 35 where
there is severe generalised anterior horn cell loss, the
cells of Onufs nucleus have been shown to be spared.
Clearly, these cells differ in some fundamental way
from other motor neurons.
The striated muscle of the urethral and anal

sphincters differs firom other skeletal muscle in
exhibiting tonic EMG activity, which persists even
during sleep and general anaesthesia. The only struc-
ture that bears close comparison is the larynx, whose
posterior cricoarytenoid muscle is constantly active in
order to maintain abductor tone. Significantly, EMG
studies of the cricoarytenoid muscles have revealed
evidence of denervation in patients with progressive
autonomic failure and multiple system atrophy,36
and histological examination has confirmed changes
consistent with denervation atrophy.37 Conceivably,
it is the property of tonic firing of these motor
neurons (located in Onuf's nucleus in the case of the
urethral and anal sphincters, and in the nucleus ambi-
guus in the case of the larynx) that distinguishes them
from the neurons of other skeletal muscles.

In each of our patients with progressive autonomic
failure and multiple system atrophy the proximal ure-
thra was observed to be incompetent during all stages
of filling. While it is generally accepted that an open
bladder neck may be a sign of neurogenic bladder
dysfunction, there is controversy concerning the
mechanism by which proximal urethral competence is
normally maintained. Some authors38 39 have argued
that sympathetic pathways are important, by contrast
Nordling40 41 maintains that parasympathetic
efferent activity is critical. Unfortunately, since
patients with progressive autonomic failure and
multiple system atrophy suffer a mixed deficit of
sympathetic and parasympathetic innervation of the
bladder, study of these cases is unlikely to contribute
to the resolution of this important question.

In the early stages of the disease, before other
neurological manifestations have become apparent,
the urinary frequency and reduced stream, in combi-
nation with a large residual urinary volume, may be
misleading and suggest a diagnosis of outflow
obstruction. However, in two of our cases and in 10
cases reported in the literature,8 42-46 bladder neck
or prostatic resection did not result in any improve-
ment. On the contrary, it often made the symptoms



Urethro-vesical dysfunction in progressive autonomic failure with multiple system atrophy

worse. Such results may be anticipated where surgery
reduces an already compromised urethral resistance,
and leaves the patient dependent upon a distal
urethral sphincter which is demonstrably neuropathic.

Unfortunately, contrary to a previous report,8 we
have not so far found anticholinergic drugs, which
should reduce involuntary bladder contractions, to be
of any value. Nor are parasympathomimetic agents
useful in restoring the micturition reflex in these
patients. Adrenergic agonists, such as ephedrine,
might increase urethral closure pressure, but carry a
risk of hypertension, due to the well-known super-
sensitivity to adrenergic agonists in this condition.
Alpha-blocking agents, such as prazosin, theor-
etically should facilitate urethral relaxation during
voiding attempts, but they seem to exacerbate existing
orthostatic hypotension. Evidently more refined
pharmacological trials are needed, since the only
other prospects for these patients are the insertion of
an artificial sphincter, or the recourse to either exter-
nal urinary appliance in males or intermittent or
indwelling catheterisation in females.

We thank Sally-Anne Gilpin for assistance with the
processing and the quantitative analyses of bladder
muscle biopsies and Ann Yeoman for her secretarial
help.
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