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Abstract
Objectives—Urinary dysfunction is a
prominent autonomic feature in Parkin-
son’s disease (PD) and multiple system
atrophy (MSA), which is not only trouble-
some but also a cause of morbidity in
these disorders. Recent advances in inves-
tigative uroneurology oVer a better insight
into the underlying pathophysiology and
appropriate management for urinary dys-
function.
Methods—twenty one patients with PD (15
men, six women, mean age 64 (49–76),
mean disease duration 4 years (1–8 years),
median Hoehn and Yahr grade 3 (1–4), all
taking 300 mg/day of levodopa (100–500
mg)) and 15 with MSA (eight men, seven
women, mean age 59 (48–72), mean dis-
ease duration 3 years (0.5–6 years)) were
recruited. Videourodynamic and sphinc-
ter motor unit potential analyses in the
patients with PD and MSA were carried
out, looking for distinguishing hallmarks
that might be useful in the diVerential
diagnosis of these two diseases.
Results—Urinary symptoms were found
in 72% of patients with PD and in 100%
with MSA. Filling phase abnormalities in
the videourodynamic study included de-
trusor hyperreflexia in 81% of patients
with PD and 56% with MSA, and uninhib-
ited external sphincter relaxation in 33%
of patients with PD and 33% of those with
MSA. However, open bladder neck at the
start of filling was not seen in patients with
PD but was present in 53% of those with
MSA, suggestive of internal sphincter
denervation. Sphincter motor unit poten-
tial analysis showed neurogenic motor
unit potentials in 5% of patients with PD
and in 93% of those with MSA, suggestive
of external sphincter denervation. On
voiding, detrusor-external sphincter dys-
synergia was not seen in patients with PD
but was present in 47% of those with MSA.
Pressure-flow analysis showed that the
Abrams-GriYths number, a grading of
urethral obstruction (outflow obstruction
>40), in PD (40 in women and 43 in men)
was larger than that in MSA (12 in women
and 28 in men). Weak detrusor in PD (66%
of women and 40% of men) was less com-
mon than that in MSA (71% of women and
63% of men). Postmicturition residuals
>100 ml were absent in patients with PD
but were present in 47% of patients with
MSA.

Conclusion—Patients with PD had less
severe urinary dysfunction with little
evidence of internal or external sphincter
denervation, by contrast with the common
findings in MSA. The findings of postmic-
turition residuals >100 ml, detrusor-
external sphincter dyssynergia, open
bladder neck at the start of bladder filling,
and neurogenic sphincter motor unit
potentials are highly suggestive of MSA.
(J Neurol Neurosurg Psychiatry 2001;71:600–606)
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The clinical diVerential diagnosis of patients
with parkinsonism is still a challenge to
neurologists. One of the most important diVer-
ential diagnoses of Parkinson’s disease (PD) is
multiple system atrophy (MSA) of the striato-
nigral degeneration type.1 2 Neuronal degen-
eration in MSA is not restricted to the basal
ganglia, but also involves other neuronal
systems such as the central autonomic nervous
system including the intermediolateral cell col-
umn and Onuf’s nucleus.3 4 Distinct distribu-
tion of the lesions in PD and MSA underlies
certain clinical manifestations including uri-
nary dysfunction, which is a prominent auto-
nomic feature both in PD (58%-71%)2 4–12 and
MSA (78–96%).2 9–16 The urinary dysfunction
can be attributed to dysfunction of two lower
urinary tract components; the urethral sphinc-
ter and the detrusor. Videourodynamic study is
an established method of evaluating these
functions.17–20 It is a combination of visualising
the lower urinary tract simultaneously with
EMG-cystometry, which has been performed
mainly in patients with prostate hypertrophy
and in those with traumatic spinal cord
injury.17–20 However, little is known about
dynamic sphincter behaviour in patients with
parkinsonism, although the importance of
sphincter motor unit potential analysis has
been well documented.21–24 In this paper we
present data on videourodynamic and sphinc-
ter motor unit potential analyses in PD and
MSA, looking for distinguishing hallmarks that
might be useful in the diVerential diagnosis in
these two disorders.

Materials and methods
We recruited 21 patients with PD and 15
patients with MSA who met the clinical
diagnostic criteria.1 2 The patients with PD
comprised 15 men and six women with mean
age 64 years, ranging from 49 to 76 years. The
average duration of the disease was 4 years,
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ranging from 1 to 8 years, and the median
Hoehn and Yahr grade was 3, ranging from 1 to
4. All patients with PD responded well to levo-
dopa treatment. At the time of the study their
daily levodopa (with a combination of carbi-
dopa) requirement was 300 mg, ranging from
100 to 500 mg. The patients with MSA
comprised eight men and seven women with a
mean age of 59 years, ranging from 48 to 72
years. The average duration of disease was of 3
years, ranging from 0.5 to 6 years. None had
abnormalities of blood chemistry (including
blood sugar) or urinalysis. None had abnormal
findings on digital examination or ultrasound
echography of the pelvic organs. A detailed

urinary questionnaire was given to all patients,
which included sensation of urgency; nocturnal
(more than twice) and diurnal (more than eight
times) urinary frequency and urinary inconti-
nence (filling symptoms); retardation in initiat-
ing urination, prolongation, intermittency,
straining; and sensation of residual urine
(voiding symptoms). Urinary incontinence was
further subdivided into urgency type, stress
type, and unwitting type (without urgency sen-
sation or physical stress).

The videourodynamic set up is illustrated in
figure 1. After voluntary voiding transurethral
catheterisation was performed to measure
postmicturition residual urine. A triple lumen

Figure 1 Videourodynamic set up.

Abdominal
pressure (Pabd)

Rectum

Urethral
pressure (Pura)

External sphincter

External
sphincter EMG

Water infusion

Internal sphincter
            (bladder neck)

Intravesical
pressure (Pves)

Bladder

X Ray system

Figure 2 Results of urinary questionnaire. The urinary symptoms in patients with PD were less common than those in multiple system atrophy, although
the diVerences were not significant.
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7F catheter (for use of contrast medium
infusion and use of intravesical and urethral
pressures) was inserted into the urethra to per-
form static urethral pressure profilometry,
measuring a urethral pressure by pulling the
catheter from inside the bladder (2 cm/min.)
throughout the urethra, with infusing sterile
water at a rate of 0.33 ml/min. The urethral
pressure (pura) showed a maximum value at
the external sphincter where the radio opaque
marker attached to the urethral luminal orifice
was fixed—that is, 2.0 to 2.5 cm below the
bladder neck under the x ray fluoroscope. We
performed a medium fill (50 ml/min) vid-
eourodynamic study on all patients, using a
urodynamic computer (Lifetech; Urovision)
and an electromyographic computer (Nihon
Kohden; Neuropack Ó), simultaneously moni-
toring and recording the detrusor pressure
(pdet), which is the diVerence of intravesical
and intra-abdominal (rectal) pressures, pura,
external sphincter EMG activity via a concen-
tric needle electrode, urinary flow via a
uroflowmeter, and fluoroscopic images of the
bladder and the urethra. We used 20% amidot-
rizoic acid as a contrast medium infusant for
the study. The filling phase abnormalities

include detrusor hyperreflexia, which is an
involuntary phasic detrusor contraction, and
low compliance bladder which is defined as
maximum bladder capacity divided by pdet
greater than 20 ml/cmH2O.25 Open bladder
neck is defined as radiographical opening of the
bladder neck, which is normally closed during
filling.26 27 Uninhibited external sphincter re-
laxation is defined as an involuntary decrement
of the external sphincter EMG activity and of
pura greater than 25 cm H2O during filling.28 29

The voiding phase abnormalities include
detrusor-external sphincter dyssynergia, which
is a detrusor contraction concurrent with an
involuntary urethral contraction as detected by
an increase of the external sphincter EMG
activity and of pura, which normally decreases
more than 25 cm H2O, with radiographical
closure of the external urethral sphincter
during voiding.19 20

Pressure-flow analysis was performed in all
patients, monitoring detrusor pressure and uri-
nary flow. We obtained a relation curve
between these two and detrusor pressure
(pdet) at the point of maximum urinary flow
rate (Qmax)—that is, PdetQmax—which was
plotted in the Abrams-GriYths nomogram30–32

and the Schäfer’s nomogram33 by the urody-
namic computer. In the Abrams-GriYths
nomogram we obtained the Abrams-GriYths
(AG) number (pdet Qmax−2 Qmax), an esti-
mate of pdet at the point of minimum urinary
flow. The AG number represents a numerical
grade of obstruction, and an AG number
greater than 40 means outflow obstruction in
men.30 31 In the Schäfer’s nomogram the point
of PdetQmax falls into one of four categories of
detrusor contractility; strong, normal, weak
and very weak, and the last two were
designated as weak detrusor in the present
study.

Analysis of sphincter motor unit potentials
was performed in all patients. According to the
criteria proposed by Palace et al,21 neurogenic
sphincter EMG was diagnosed when at least
one of the following abnormalities was seen;
the average duration of motor unit potentials
greater than 10 ms, and the percentage of
motor unit potentials with duration greater
than 10 ms more than 20%. In addition, we
analyzed the number of phases and the ampli-
tude of each motor unit potential. The
methods and definitions used for the urody-
namic studies conformed to the standards pro-
posed by the International Continence Soci-
ety34 35 and have been described previously.15 32

All patients gave informed consent before the
studies. Statistical analysis was made by
Student’s t test for AG number and residual
urinary volume, and ÷2 test for the other
variables.

Results
The urinary questionnaire showed urinary
symptoms in 72% of patients with PD and in
100% with MSA (fig 2). The most common
symptoms were night time urinary frequency
(57%) in PD, and both urinary urgency (67%)
and retardation in initiating urination (67%) in
MSA. Urinary urge incontinence was noted in

Figure 3 Results of measurement of postmicturition
residuals. The average volume of postmicturition residuals
in PD (18 ml) is smaller than that in MSA (128 ml)
(p<0.01). Postmicturition residuals >100 ml were less
common in PD (0%) than in MSA (47%) (p<0.01).
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Figure 4 Results of videourodynamic study. Open bladder neck at the start of bladder
filling is less common in PD (0%) than in MSA (53%, p<0.01). DESD is less common in
PD (0%) than in MSA (47%).
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33% of patients with PD and 60% of those with
MSA. Measurement of residual urine showed
that the average volume of postmicturition
residuals was smaller in PD (18 ml) than that in
MSA (128 ml) (p<0.01), and postmicturition

residuals greater than 100 ml were less common
in PD (0%) than in MSA (47%, p<0.01, fig 3).

In the filling phase, a videourodynamic study
showed detrusor hyperreflexia in 81% of
patients with PD and 56% of those with MSA,
and uninhibited external sphincter relaxation
in 33% of patients with PD and 33% of those
with MSA (fig 4). Open bladder neck, which
appeared and gradually became manifest
during bladder filling, was noted in 31% of
patients with PD but in 87% of those with
MSA. However, open bladder neck at the start
of bladder filling was noted only in patients
with MSA (53%; p<0.01; fig 5). Analysis of
sphincter motor unit potentials showed motor
unit potentials with average duration of over 10
ms only in patients with MSA, and more than
20% of motor unit potentials with duration
over 10 ms in 5% of patients with PD but in
93% of those with MSA (p<0.01) (fig 6). The
figures were more sensitive with polyphases
over five or high amplitude over 800 µV for dif-
ferentiating these two disorders.

In the voiding phase, detrusor-external
sphincter dyssynergia occurred less commonly
in PD (0%) than in MSA (47%) (p<0.01).
Pressure-flow analysis showed that the AG
number in PD (40 in women and 43 in men)
was larger than that in MSA (12 in women and
28 in men, respectively), although the diVer-
ences were not significant (fig 7). Weak detru-
sor in PD (66% of women and 40% of men)
was less common than that in MSA (71% of

Figure 5 Open bladder neck during filling. A fluoroscopic image showed that the patient (a 56 year old man with MSA) had an open bladder neck (*)
during bladder filling (at the point of vertical line). However, EMG activity and the urethral pressure (pura (cm H2O)) did not decrease without evidence
of uninhibited external sphincter relaxation. pves=intravesical pressure (cm H2O); pabd=abdominal pressure (cm H2O); pdet=detrusor pressure
(pves−pabd (cm H2O)); EMG=external sphincter EMG; Q=urinary flow rate (ml/s).
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women and 63% of men), although the diVer-
ence was not significant.

Discussion
The present study aimed at investigating
urinary dysfunction in PD and MSA by
videourodynamic and sphincter motor unit
potential analyses, looking for distinguishing
hallmarks that might be useful in the diVeren-
tial diagnosis in these two parkinsonian disor-
ders. The videourodynamic study refers to the
simultaneous measurement and display of uro-
dynamic variables with visualisation of the
lower urinary tract during bladder filling and
voiding. When coupled with a micturition his-
tory, this is the most precise diagnostic tool
available for evaluating voiding diYculty and
incontinence.17–20 In the videourodynamic
study we used radiographic contrast as the
infusant for cystometry, and other urodynamic
variables such as detrusor pressure, uroflow,
and sphincter EMG are recorded as well. In
addition, urethral pressure at the external ure-
thral sphincter can be obtained with visual
guidance of radio opaque marker. By simulta-
neously measuring multiple urodynamic vari-
ables, we can better appreciate dynamic behav-
iour of the internal as well as external
sphincters. Because it is diYcult for patients
with PD to stop taking levodopa, we assessed
these patients under medication in the present
study, although levodopa is reported to have
both inhibitory and facilitatory eVects on lower
urinary tract function.4–6

As described in previous reports on PD4–12

and MSA,9–16 our patients with PD had less
common urinary dysfunction than those with
MSA (72% in PD and 100% in MSA). By
contrast with MSA, patients with PD had less
severe urinary dysfunction. In the filling phase
urinary urge incontinence was noted in 33% of
patients with PD and in 60% of those with
MSA, and in the voiding phase postmicturition

residuals greater than 100 ml were absent in
patients with PD but present in 47% of those
with MSA (p<0.01). The abnormalities of fill-
ing phase included detrusor hyperreflexia in
81% of patients with PD and 56% of patients
with MSA and uninhibited external sphincter
relaxation in 33% of patients with PD and 33%
of those with MSA. The figures are almost in
accord with those of previous reports,4–16 repre-
senting a suprasacral type of parasympathetic
and somatic dysfunction.25 It is likely that these
videourodynamic abnormalities are relevant to
the pathological lesions in PD and MSA,2 3

which include neuronal loss of cells containing
neuromelanin in the locus ceruleus (pontine
micturition centre)36 37 and in the nigrostriatal
dopaminergic system38 39 in PD and MSA and,
making a lesser contribution, the frontal
cortex36 40 41 in MSA. Low compliance detrusor
was not seen in the present study, similar to our
previous study on PDPD,8 but we found it to
occur in 31% of patients with MSA16, most
probably reflecting neuronal loss of pregangli-
onic neurons in the parasympathetic interme-
diolateral nuclei and their fibres (pelvic
nerve).3 42

The present study disclosed open bladder
neck in 31% of patients with PD but in 87% of
those with MSA. The bladder neck, also known
as the internal (smooth) sphincter, is a compo-
nent in the maintenance of continence and has
an abundance of á1-adrenergic receptors.43

Because open bladder neck is common in
patients with myelodysplasia26 or lower thoracic
cord lesion at T12-L244 (where sympathetic
intermediolateral nuclei are located) and is
reproduced by systemic or intraurethral appli-
cation of á1-adrenergic blockers,43 it is likely
that the open bladder neck reflects sympathetic
(hypogastric nerve) denervation.45 Previous
videourodynamic studies or fluoroscopic stud-
ies alone showed open bladder neck in 23% of
patients with PD26 and in 46%-100% of
patients withMSA,13 26 44 suggesting the finding
as a cause of urinary urgency, although open
bladder neck alone was not associated with
urinary urgency in our patients. Open bladder
neck at the start of bladder filling, even without
accompaniment of detrusor hyperreflexia, was
not found in PD but occurred in 53% of
patients with MSA (p<0.01), evidence of
internal sphincter denervation. Therefore,
open bladder neck at the start of bladder filling
is a feature suggestive of MSA.

The external (striated) sphincter is an
another component in the maintenance of
continence. External sphincter EMG is an
established method to detect neurogenic
change of motor unit potentials,22–24 which
reflects denervation and re-innervation of the
sphincter muscle by lesions in the sacral Onuf’s
nucleus or its fibres (pudendal nerve).2 46

Previous reports showed neurogenic motor
unit potentials in 0%-17% of patients with
PD10 12 but in 75%-100%10 12–16 22–24 of patients
with MSA. In MSA denervation occurs much
earlier in the sphincter muscle than in the other
skeletal muscles.22 As an index of neurogenic
motor unit potentials, Fowler et al proposed

Figure 7 Results of pressure-flow study. The
Abrams-GriYths (AG) number (a grade of urethral
obstruction) in PD was larger than that in MSA. Weak
detrusor in PD was less common than that in MSA,
although the diVerence was not significant.
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that the average duration of motor unit poten-
tials greater than 10 ms, or the percentage of
motor unit potentials with duration greater
than 10 ms more than 20% are most sensitive
for diagnosing chronic denervation in the
diVerential diagnosis of parkinsonism.21 The
results of the present study are in accordance
with previous reports, that motor unit poten-
tials with average duration of more than 10 ms.
were recorded only in patients with MSA, and
more than 20% of motor unit potentials with
duration greater than 10 ms. were recorded in
5% of patients with PD but in 93% of those
with MSA (p<0.01), evidence of external
sphincter denervation. Therefore, neurogenic
motor unit potentials are also a feature sugges-
tive of MSA when comparing these two disor-
ders.

We performed pressure-flow analysis along
with the videourodynamic study during void-
ing, which refers to the simultaneous monitor-
ing of detrusor pressure and urinary flow, and
drawing the relation curve between these two.
Although it was originally developed as a diag-
nostic tool for outlet obstruction due to
prostate hypertrophy,30 31 33 pressure-flow
analysis is useful for evaluating neurogenic
voiding diYculty and providing objective indi-
ces of outflow obstruction and detrusor
contractility.30–33 The pressure-flow analysis in
the present study showed that the AG number
in PD was larger than that in MSA. The AG
number represents a numerical grade of
urethral obstruction, and a value greater than
40 means outflow obstruction in men.30 31

Therefore, it seems likely that the urethral
resistance in PD is larger than that in MSA.
Previously we showed that detrusor-external
sphincter dyssynergia is a factor contributing to
neurogenic urethral relaxation failure, which is
often seen in suprasacral pudendal nerve
lesion.32 However, none of the patients with PD
and 47% of those with MSA in the present
study had detrusor-external sphincter dyssyn-
ergia. Although high urethral resistance is
found in patients with detrusor instability,47 48

the exact reason for an obstructive pattern in
PD is uncertain. Patients with PD are reported
to have high resting urethral pressure, probably
due to medication—that is, levodopa and its
metabolites such as noradrenaline
(norepinephrine)—which may contract the
bladder neck via á1-adrenergic receptors.49 We
did not measure urethral pressure at the blad-
der neck during voiding, and there is no report
of the incidence of detrusor-bladder neck dys-
synergia50 in PD or MSA. By contrast, our pre-
vious report showed that up to 40% of patients
with MSA had low resting urethral pressure,
most probably due to sphincter denervation.16

Pressure-flow analysis showed that weak detru-
sor during voiding in PD (66% of women and
40% of men) was less common than that in
MSA (71% of women and 63% of men),
indicative of parasympathetic dysfunction in-
nervating the bladder.

In conclusion, our findings suggest that the
videourodynamic and sphincter motor unit
potential analyses are useful in distinguishing
PD from MSA. Patients with PD had less

severe urinary dysfunction without evidence of
internal or external sphincter denervation. By
contrast, the findings of post-micturition re-
siduals greater than 100 ml, detrusor-external
sphincter dyssynergia, open bladder neck at the
start of bladder filling, and neurogenic sphinc-
ter motor unit potentials are highly suggestive
of MSA.

We appreciate the assistance given by Ms Katayama and Ms
Matsudo. The patients were cared for by staV in Neurology
Ward East 11 of the Chiba University Hospital. This study was
supported in part by grants from the Research Committee on
Ataxic Diseases, the Ministry of Health and Welfare in Japan.

1 Wenning GK, Ben-Shlomo Y, Hughes A, et al. What clinical
features are most useful to distinguish definitive multiple
system atrophy from Parkinson’s disease? J Neurol Neuro-
surg Psychiatry 2000;68:434–40.

2 Wenning GK, Scherfler C, Granata R, et al. Time course of
symptomatic orthostatic hypotension and urinary inconti-
nence in patients with postmortem confirmed parkinsonian
syndromes; a clinicopathological study. J Neurol Neurosurg
Psychiatry 1999;67:620–3.

3 Daniel SE. The neuropathology and neurochemistry of
multiple system atrophy. In: Bannister R, Mathias CJ, eds.
Autonomic failure, 3rd ed. Oxford: Oxford Medical Publica-
tions, 1992:564–85.

4 Low PA, Bannister R. Multiple system atrophy and pure
autonomic failure. In: Low PA, ed. Clinical autonomic disor-
ders. 2nd ed. Philadelphia: Lippincott-Raven, 1997:555–
75.

5 Andersen JT. Disturbances of bladder and urethral function
in Parkinson’s disease. Int Urol Nephrol 1985;17:35–41.

6 Aranda B, Cramer P. EVect of apomorphine and l-dopa on
the parkinsonian bladder. Neurourol Urodynam 1993;12:
203–9.

7 Christmas TJ, Chapple CR, Lees AJ, et al. Role of
subcutaneous apomorphine in parkinsonian voiding dys-
function. Lancet 1998;ii,1451–3.

8 Fitzmaurice H, Fowler CJ, Richards D, et al. Micturition
disturbance in Parkinson’s disease. Br J Urol 1985;57:652–
6.

9 Hattori T, Yasuda K, Kita K, et al. Voiding dysfunction in
Parkinson’s disease. Japanese Journal of Psychiatry and Neu-
rology 1992;46:181–6. (In English.)

10 Berger Y, Salinas JM, Blaivas JG. Urodynamic diVerentia-
tion of Parkinson disease and the Shy-Drager syndrome.
Neurourol Urodyn 1990;9:117–21.

11 Bonnet AM, Pichon J, Vidailhet M, et al. Urinary
disturbances in striatonigral degeneration and Parkinson’s
disease; clinical and urodynamic aspects. Mov Disord 1997;
12:509–13.

12 Stocchi F, Carbone A, Inghilleri M, et al. Urodynamic and
neurophysiological evaluation in Parkinson’s disease and
multiple system atrophy. J Neurol Neurosurg Psychiatry
1997;62:507–11.

13 Beck RO, Betts CD, Fowler CJ. Genitourinary dysfunction
in multiple system atrophy; clinical features and treatment
in 62 cases. J Urol 1994;151:1336–41.

14 Kirby R, Fowler CJ, Gosling J, et al. Urethro-vesical
dysfunction in progressive autonomic failure with multiple
system atrophy. J Neurol Neurosurg Psychiatry 1986;49:554–
62.

15 Sakakibara R, Hattori T, Uchiyama T, et al. Urinary
dysfunction and orthostatic hypotension in multiple system
atrophy; which is the more common and earlier manifesta-
tion? J Neurol Neurosurg Psychiatry 2000;68:65–9.

16 Sakakibara R, Hattori T, Tojo M, et al. Micturitional distur-
bance in multiple system atrophy. Japanese Journal of
Psychiatry and Neurology 1993;47:591–8. (In English.)

17 Abrams P. Urodynamics, 2nd ed. London: Springer, 1997.
18 Blaivas JG, Chancellor M. Atlas of urodynamics. Baltimore:

Williams and Wilkins, 1996.
19 Blaivas JG, Sinha HP, Zayed AAH, et al. Detrusor-sphincter

dyssynergia; a detailed electromyographic study. J Urol
1981;125:545–8.

20 McGuire EJ, Brady S. Detrusor-sphincter dyssynergia. J
Urol 1979;121:774–7.

21 Palace J, Chandiramani VA, Fowler CJ. Value of sphincter
electromyography in the diagnosis of multiple system atro-
phy. Muscle Nerve 1997;20:1396–403.

22 Pramstaller PP, Wenning GK, Smith SJM, et al. Nerve con-
duction studies, skeletal muscle EMG, and sphincter EMG
in multiple system atrophy. J Neurol Neurosurg Psychiatry
1995;58:618–21.

23 Rodi Z, Denislic M, Vodusek D. External anal sphincter
electromyography in the diVerential diagnosis of parkin-
sonism. J Neurol Neurosurg Psychiatry 1996;60:460–1.

24 Sakuta M, Nakanishi T, Toyokura Y. Anal muscle
electromyograms diVer in amyotrophic lateral sclerosis and
Shy-Drager syndrome. Neurology 1978;28:1289–93.

25 Kirby RS. Non-traumatic neurogenic bladder dysfunction.
In: Mundy AR, Stephenson TP, Wein AJ, eds. Urodynamics;
principles, practice and application. 2nd ed. Edinburgh:
Churchill Livingstone, 1994:365–73.

26 Barbalias GA, Blaivas JG. Neurologic implications of the
pathologically open bladder neck. J Urol 1983;129:780–2.

27 Sotolongo JR Jr. The bladder neck in neurological
degenerative disorders. Neuorurol Urodyn 1988;7:351–6.

Videourodynamic and sphincter EMG analyses in Parkinson’s disease and MSA 605

www.jnnp.com

http://jnnp.bmj.com


28 Sand PK, Bowen LW, Ostergard DR. Uninhibited urethral
relaxation; an unusual cause of incontinence. Obstet Gyne-
col 1986;68:645–8.

29 McGuire EJ. Reflex urethral instability. Br J Urol 1978;50:
200–4.

30 Abrams P. Objective evaluation of bladder outlet obstruc-
tion. Br J Urol 1995;76(suppl 1):11–15.

31 GriYths D. Basics of pressure-flow studies. World J Urol
1995;13:30–3.

32 Sakakibara R, Fowler CJ, Hattori T, et al. Pressure-flow
study as an evaluating method of neurogenic urethral
relaxation failure. J Auton Nerv Syst 2000;80:85–8.

33 Shäfer W. Principles and clinical application of advanced
urodynamic analysis of voiding dysfunction. Urol Clin
North Am 1990;17:553–66.

34 Abrams P, Blaivas JG, Stanton SL, et al. The standardization
of terminology of lower urinary tract function; produced by
the International Continence Society Committee on
Standardization of Terminology. World J Urol 1989;6:233–
92.

35 GriYths D, Höfner K, van Mastrigt R, et al. Standardization
of terminology of lower urinary tract function; pressure-
flow studies of voiding, urethral resistance, and urethral
obstruction. Neurourol Urodynam 1997;16:1–18.

36 Sakakibara R, Fowler CJ. Cerebral control of bladder,
bowel, and sexual function and eVects of brain disease. In:
Fowler CJ, ed. Neurology of bladder, bowel, and sexual
function. Boston: Butterworth-Heinemann, 1999:229–43.

37 Blok BFM, Willemsen ATM, Holstege G. Ultrastructural
evidence for a direct pathway from the pontine micturition
center to the parasympathetic preganglionic motoneurons
of the bladder of the cat. Neurosci Lett 1997;222:
197–8.

38 Sakakibara R, Shinotoh H, Uchiyama T, et al. SPECT
imaging of the dopamine transporter with [123I]-â-CIT
reveals marked decline of nigrostriatal dopaminergic func-
tion in Parkinson’s disease with urinary dysfunction. J
Neurol Sci 2001(in press).

39 Yoshimura N, Mizuta E, Yoshida O, et al. Therapeutic
eVects of dopamine D1/D2 receptor agonists on
detrusor hyperreflexia in 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-lesioned parkinsonian cynomolgus
monkeys. J Pharmacol Exp Ther 1998;286:228–33.

40 Fujita T, Doi M, Ogata T, et al. Cerebral cortical pathology
of sporadic olivopontocerebellar atrophy. J Neurol Sci
1993;116:41–6.

41 Aswal BS, Berkley KJ, Hussain I, et al. Brain responses to
changes in bladder volume and urge to void in healthy men.
Brain 2001;124:369–77.

42 Morgan C, Nadelhaft I, de Groat WC. Location of bladder
preganglionic neurones within the sacral parasympathetic
nucleus of the cat. Neurosci Lett 1979;14:189–94.

43 Yamanishi T, Yasuda K, Sakakibara R, et al. The
eVectiveness of terazosin, an á1-blocker, on bladder neck
obstruction as assessed by urodynamic hydraulic energy.
BJU Int 2000;85:249–53.

44 Nordling J, MeyhoV HH, Olesen KP. Cysto-urethrographic
appearance of the bladder and posterior urethra in neuro-
muscular disorders of the lower urinary tract. Scand J Urol
Nephrol 1982;16:115–24.

45 Bannister R, Crowe R, Eames R, et al. Adrenergic innerva-
tion in autonomic failure. Neurology 1981;31:1501–6.

46 Mannen T, Iwata M, Toyokura Y, et al. The Onuf’s nucleus
and the external anal sphincter muscles in amyotrophic lat-
eral sclerosis and Shy-Drager syndrome. Acta Neuropathol
1982;58:255–60.

47 Wagg AS, Lieu BK, Dean YY, et al. A urodynamic analysis
of age associated changes in the urethral function in women
with lower urinary tract symptoms. J Urol 1996;156:1984–8.

48 Bosch R, Groen J. Urethral resistance is related to type of
incontinence; changing etiologic concepts in female incon-
tinence. Neurourol Urodyn 1998;17:386–7.

49 Galloway NTM. Urethral sphincter abnormalities in
Parkinson’s disease. Br J Urol 1983;55:691–3.

50 Schurch B, Yasuda K, Rossier AB. Detrusor bladder neck
dyssynergia revisited. J Urol 1994;152:2066–70

606 Sakakibara, Hattori, Uchiyama, et al

www.jnnp.com

http://jnnp.bmj.com

