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Abstract
Objectives  Multiple system atrophy (MSA) is a disease that combines autonomic (orthostatic or bladder) with motor [parkin-
sonian (MSA-P) or cerebellar (MSA-C)] dysfunction. While bladder dysfunction may occur earlier than motor disorders, thus 
far no prospective study has been available to determine how often and how early bladder autonomic dysfunction predates 
motor dysfunction in MSA. Therefore, we present data from detailed history-taking in patients with MSA.
Methods  This is a prospective cohort study. Detailed history-taking was performed and a questionnaire administered in 121 
MSA patients (73 MSA-C, 48 MSA-P; 74 men, 47 women; age, 58 ± 8.0 years; initial recruitment period, 5 years; follow-up, 
6.5 ± 4.0 years).
Results  Among the patients with MSA-C, 40 patients (55%) suffered motor dysfunction first, 22 (30%) suffered autonomic 
dysfunction first, and 11 (15%) initially suffered both simultaneously. Among the patients with MSA-P, 22 patients (46%) 
suffered motor dysfunction first, 22 (46%) suffered autonomic dysfunction first, and two (8%) initially suffered both simul-
taneously. Among the ‘autonomic-first’ subgroup of MSA-C patients, five suffered orthostatic dysfunction first, 13 suffered 
urinary dysfunction first, and four initially suffered both simultaneously. Among the ‘autonomic-first’ subgroup of MSA-P 
patients, six suffered orthostatic dysfunction first, nine suffered urinary dysfunction first, and seven initially suffered both 
simultaneously. Urinary symptoms were further preceded by erectile dysfunction in men. Overall, 18.2% of patients suf-
fered only urinary symptoms initially, and the mean interval from the onset of urinary to the onset of motor symptoms was 
2.8 years (range 1–7 years).
Conclusion  In MSA patients, 18.2% presented with bladder dysfunction as the sole initial manifestation, and the mean inter-
val from the onset of urinary to the onset of motor symptoms was 2.8 years. It is clinically important to avoid unnecessary 
prostatic surgery when MSA patients see urologists before neurologists.

Keywords  Multiple system atrophy · Autonomic dysfunction · Urinary dysfunction · Prostatic hypertrophy · Nonmotor 
signs

Introduction

Multiple system atrophy (MSA) is clinically characterized 
by a combination of autonomic (orthostatic and/or bladder) 
and motor (parkinsonian and/or cerebellar) disorders [1–3]. 
Among the autonomic disorders, orthostatic hypotension 
is observed in Parkinson’s disease (PD) [4, 5] but urinary 
retention is not observed in PD; therefore, in the context 
of motor dysfunction, it is a distinguishing feature of MSA 
[2, 3]. However, there is a concern that bladder dysfunction 
occurs earlier than motor disorder. In that situation, men 
with MSA may see urologists before the diagnosis of MSA 
has been made [6, 7] and may then undergo prostatic surgery 
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following a diagnosis of prostatic hyperplasia. This surgical 
outcome is unfavorable because of the progressive nature 
of MSA [6]. However, thus far, no prospective study has 
been available to determine how often and how early blad-
der autonomic dysfunction predates motor disorder in MSA. 
In order to answer this question, here we present data from 
detailed history-taking in patients with MSA.

Methods

Patients and motor/autonomic history‑taking

The study reported here was an in-depth analysis of our 
previous report [8], which was a prospective cohort study 
(recruitment period, 5 years; prospective follow-up period, 
6.5 ± 4.0 years [mean ± standard deviation, visit at least 
once a year, followed by movement disorder specialists, 
autonomic (covering cardiovascular, urinary/bowel, and 
sleep apnea) specialists, and urologists together]; 121 MSA 
patients; 73 with MSA-C (cerebellar form, common in Japan 
[9]), 48 with MSA-P (parkinsonian form); the inclusion and 
exclusion criteria conformed to the second consensus state-
ment on the diagnosis of MSA [1]; 74 men, 47 women; age 
58 ± 8.0 years; no autopsy). At the first visit, all patients were 
subjected to a standard neurological examination and brain 
magnetic resonance imaging (MRI) and were administered 
an autonomic questionnaire. In addition, we performed 123I 
metaiodobenzylguanidine (MIBG) myocardial scintigraphy 
[10], measured alpha-synuclein in the cerebrospinal fluid 
[11], and carried out gene analysis in some patients in order 

to exclude dementia with Lewy bodies, pure autonomic fail-
ure (mostly with Lewy body pathology), hereditary cerebel-
lar ataxia, and other diseases that may mimic MSA [12]. All 
patients met the criteria of probable MSA during the course 
of the disease according to the abovedescribed brain/heart 
imaging and sacral cord tests (open bladder neck and sphinc-
ter EMG), particularly those who initially suffered from an 
autonomic disorder only. The diagnosis was confirmed again 
at the final follow-up (Figs. 1, 2). 

The autonomic questionnaire covered orthostatic symptoms 
(including faintness, blurred vision, and syncope; we devised 
a cardiovascular questionnaire, not validated) [5, 8], lower 
urinary tract (LUT) symptoms (LUTS) [Overactive Bladder 
Symptom Score (OABSS) and International Prostate Symp-
tom Score (IPSS), including nocturnal and diurnal urinary fre-
quency, sensation of urgency, urinary incontinence; voiding 
difficulty and retention], and erectile dysfunction [five-item 
International Index of Erectile Function (IIEF-5)]. In order to 
clarify the timeline, we performed detailed history-taking from 
patients concerning urinary, orthostatic, erectile (men), and 
gait/motor dysfunction. None had abnormalities in the elec-
trocardiogram, chest roentgenogram, blood chemistry (includ-
ing blood sugar), urinalysis, or abdominal ultrasonography 
(including kidney and prostate). At the first visit, we performed 
objective autonomic function tests in all patients [8]. Cardio-
vascular tests included the head-up tilt test, measurement of 
supine plasma noradrenaline (NA), measurement of R–R vari-
ability (CV R–R), and intravenous infusions of NA (for alpha 
receptors) and isoproterenol (for beta receptors) (denervation 
supersensitivity of the vessel). Urodynamic studies comprised 
measurement of post-micturition residuals, EMG-cystometry, 

Fig. 1   Appearance of four major symptoms in MSA-C (multiple system atrophy—cerebellar form). Please see text
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and bethanechol (for Ach receptors) subcutaneous injection 
(denervation supersensitivity of the bladder). Orthostatic hypo-
tension (systolic pressure below − 30 mmHg or diastolic pres-
sure below − 15 mmHg) was noted in 41%. Various bladder 
dysfunctions were noted in 96% of the patients. Among these, 
post-void residuals (PVRs) were noted in 74% of patients. 
EMG-cystometry showed detrusor overactivity in 56%, low 
compliance in 31%, an atonic curve in 5%, detrusor sphincter 
dyssynergia in 45%, and a neurogenic sphincter EMG in 74%. 
Bethanechol injection showed denervation supersensitivity of 
the bladder in 19%. We started patients with PVR > 100 ml on 
clean, intermittent catheterization, as performed by the patients 
themselves and their caregivers. When nocturnal polyuria was 
a problem, we also taught them to use an Intermittent Night 
Balloon (DIB International Co., Ltd.). When incontinence/
severe urgency was a problem, we gave them anticholinergics/
beta-3 receptor agonists. No significant urological infection 
or kidney dysfunction was observed. Other data were shown 
previously [8]. Statistics were analyzed via Student’s t test. All 
patients gave their informed consent before participating in the 
study. This study was approved by the university ethics com-
mittee, and conformed to the Declaration of Helsinki.

Results

At the first visit, among the patients with MSA-C (n = 73), 
neurological examination and the autonomic questionnaire 
showed urinary symptoms in all (100%), orthostatic symp-
toms in 35 (48%), erectile dysfunction in 10/36 men (28%), 

and cerebellar ataxia/gait difficulty in all (100%). Similarly, 
among the patients with MSA-P (n = 48), urinary symptoms 
were noted in all (100%), orthostatic symptoms in 17 (23%), 
erectile dysfunction in 12/38 men (32%), and parkinsonism/
gait difficulty in all (100%). Therefore, urinary symptoms 
were more common than orthostatic symptoms in both 
MSA-C (p = 0.008) and MSA-P (p = 0.009) patients.

Also, among the patients with MSA-C (n = 73), 40 
patients (55%) suffered motor dysfunction first, 22 (30%) 
suffered autonomic dysfunction first, and 11 (15%) initially 
suffered both motor and autonomic symptoms simultane-
ously. Among the patients with MSA-P (n = 48), 22 (46%) 
suffered motor dysfunction first, 22 (46%) suffered auto-
nomic dysfunction first, and two (8%) initially suffered both 
motor and autonomic dysfunction simultaneously. Among 
the ‘autonomic-first’ MSA-C patients, five suffered orthos-
tatic dysfunction first, 13 suffered urinary dysfunction first, 
and four initially suffered orthostatic and urinary dysfunc-
tion simultaneously. Urinary symptoms were further pre-
ceded by erectile dysfunction in men (in four patients, erec-
tile dysfunction was the sole initial symptom). Similarly, 
among the ‘autonomic-first’ MSA-P patients, six suffered 
orthostatic dysfunction first, nine suffered urinary dysfunc-
tion first, and seven initially suffered both orthostatic and 
urinary dysfunction simultaneously. Urinary symptoms were 
also preceded by erectile dysfunction in men (erectile dys-
function was the sole initial symptom in two patients).

Overall, 22 patients (18.2%; 13 MSA-C, 9 MSA-P) ini-
tially suffered urinary symptoms but not orthostatic or cer-
ebellar/parkinsonian symptoms. In those patients, the mean 
interval from the onset of urinary to the onset of motor 
symptoms was 2.8 years (range 1–7 years).

Discussion

Previously, it was unclear how often and how early bladder 
autonomic dysfunction predates motor disorder in MSA. To 
our knowledge, this is the first prospective cohort study to 
investigate that question. We found that (i) 18.2% of MSA 
patients presented with bladder dysfunction as the sole ini-
tial manifestation and (ii) the mean interval from the onset 
of urinary to the onset of motor symptoms was 2.8 years 
(1–7 years). The exact reasons for these findings remain 
unclear. However, bladder dysfunction, particularly urinary 
retention in MSA, may reflect pathology in the sacral cord 
(as discussed below), which is a common site for lesions in 
MSA [1]. Therefore, it is reasonable to assume that in such 
‘bladder-first’ cases of MSA, the sacral cord may have been 
affected earlier in the course of disease.

The above findings are important not only from an 
academic perspective but also from the point of view of 
patient care [13]. Although such cases have hitherto been 

Fig. 2   Appearance of four major symptoms in MSA-P (multiple sys-
tem atrophy—parkinsonian form). Please see text
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underrecognized, MSA is a more aggressive degenera-
tive disorder than PD. Surgical treatment of bladder out-
let obstruction often fails in MSA patients and should be 
avoided, whereas prostatic surgery is not contraindicated in 
patients with PD [13]. In addition, ‘bladder-first’ cases are 
extremely rare in PD patients [14].

The autonomic questionnaire showed erectile dysfunc-
tion in 10/36 men (28%) with MSA-C and 12/38 men (32%) 
with MSA-P, often predating urinary symptoms in both 
subgroups. The rate of erectile dysfunction in the present 
study is actually lower than the previously reported rate [15]. 
We do not know the exact reason for this. However, it may 
be due to differences in sexual activity in Japan, the ques-
tionnaire we used, or differences in underreporting rates. 
The questionnaire also showed that orthostatic symptoms 
predated motor disorder in five MSA-C patients and in six 
MSA-P patients. Cases of pure autonomic failure (PAF), 
most of whom have Lewy body pathology, also show ortho-
static hypotension [4]. Therefore, we performed additional 
tests (MIBG myocardial scintigraphy and MRI) to confirm 
the diagnosis of MSA. We did not include laryngeal stri-
dor in the questionnaire; therefore, the occurrence of laryn-
geal stridor in our cohort remains unknown. However, it 
was reported that laryngeal abductor paralysis was an early, 
solitary manifestation in 4% of MSA cases, and may further 
predate bladder dysfunction [16].

This study was performed by movement disorder spe-
cialists, autonomic (i.e., cardiovascular, urinary/bowel, and 
sleep apnea) specialists, and urologists together at our uni-
versity clinic. Nevertheless, there may still be a bias from 
a higher incidence (18.2%) of MSA patients who initially 
suffered bladder dysfunction only in this study than encoun-
tered in other institutes.

How to recognize patients who should not have 
urological surgery at a urology clinic [13, 17, 18]

From a uro-neurological perspective, there are three urologic 
features of MSA. The first is a large post-void residual urine 
volume of > 100 ml (by ultrasound; < 20 ml by ultrasound 
is normal) without prostatic hyperplasia in men and with-
out common neurologic conditions (lumbar spondylosis and 
diabetes) [19, 20]. The post-void residual urine volume in 
MSA requires measurement and particular attention. This is 
because a large post-void residual urine volume may result 
in recurrent urinary tract infection and may cause morbid-
ity. Urinary incontinence results in impaired self-esteem, 
stress on caregivers, and considerable financial cost. The 
second feature is an open bladder neck during filling-phase 
videourodynamics, as reported previously [2, 3], which is 
not uncommon in stress-incontinent women but is extremely 
rare in men. These two tests can be performed at a urol-
ogy clinic. The third feature is sphincter electromyography 

(EMG) abnormality, i.e., neurogenic motor unit potentials 
[2]. A distinguishing pathology in MSA is neuronal cell loss 
in Onuf’s nucleus (a group of anterior horn cells in the sacral 
spinal cord), which may start early in the course of MSA 
[17, 21]. The first report of neurogenic changes in exter-
nal anal sphincter (EAS)-EMG in MSA was attributed to 
Sakuta et al. in [22, 23, 24]. Since then, EAS-EMG results 
for over 600 MSA patients have been reported, with abnor-
mality rates of > 70% observed in several studies [23, 24]. 
EAS-EMG is better tolerated and yields results identical to 
those from external urethral sphincter investigations. EAS-
EMG abnormality rates are similar for MSA-P and MSA-C 
patients [20]. Abnormalities have also been recorded in the 
bulbocavernosus muscle in MSA. For most neurologists, 
sphincter EMG is easy to perform and interpret in clinical 
practice. It is particularly important not to overlook the late 
components (satellite potentials). Although sphincter EMG 
abnormalities are noted in some patients with PD, dementia 
with Lewy bodies, pure autonomic failure, and progressive 
supranuclear palsy [23, 25], it is highly recommended that 
the diagnoses of early MSA patients should be examined via 
sphincter EMG in future studies.

In conclusion, 18.2% of the MSA patients presented with 
bladder dysfunction as the sole initial manifestation, and the 
mean interval from the onset of urinary to the onset of motor 
symptoms was 2.8 years (1–7 years). It is clearly important 
to avoid unnecessary prostatic surgery when MSA patients 
see urologists before neurologists.
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