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Background: Patients with multiple system atrophy (MSA) occasionally have episodes of syncope or pre-
syncope after micturition.
Objective: To clarify the mechanism of these episodes by investigating the haemodynamic changes
associated with micturition.
Methods: 25 patients with probable MSA and 16 age matched normal controls were studied. Continuous
records of blood pressure and heart rate were made during water cystometry, along with the Valsalva
manoeuvre, head up tilt testing, measurement of plasma noradrenaline, and calculation of coefficient of
variance of RR intervals.
Results: Compared with normal controls, MSA patients had a lower baseline blood pressure, smaller
blood pressure and heart rate increases during bladder filling, and an abnormal fall in blood pressure for
a longer duration after voiding, resulting in significantly lower blood pressure than at baseline (mean
systolic blood pressure reduction 215.2 mm Hg), and hypotension compared with control blood pressure
(229.0 mm Hg). The blood pressure fall was greater in patients with micturition syncope/pre-syncope
than in those without. It was also greater in patients with abdominal straining resulting from difficulty in
voiding. Other cardiovascular indices did not correlate with the fall in blood pressure.
Conclusions: Hypotension after voiding in MSA patients may result from generalised autonomic
dysfunction and abnormal abdominal straining, resulting in micturition syncope.

I
n patients with multiple system atrophy (MSA), episodic
hypotension commonly occurs during standing, eating,
and exercise, and sometimes causes dizziness (pre-

syncope) and syncope. These conditions reflect dysfunction
of the autonomic nervous system in these patients.1–3

Micturition is well known to precipitate hypotension and
occasionally syncope, but the exact mechanism underlying
this phenomenon is uncertain. In normal healthy subjects,
however, micturition syncope is very rare and always asso-
ciated with precipitating factors such as systemic vasodilata-
tion following ethanol intake and warmth, interference with
the circulation (a Valsalva manoeuvre), or a vasovagal
reaction.4–11

We have recently seen several patients with MSA com-
plaining of dizziness (pre-syncope) and syncope in associa-
tion with micturition. It seems probable that micturition
syncope may occur in association with the urological and
other types of widespread autonomic dysfunction in these
patients. To clarify the mechanisms involved, we monitored
cardiovascular and urodynamic variables during micturition
in patients with MSA and in normal controls.

METHODS
Subjects
We recruited 25 patients with probable MSA. There were 13
men and 12 women, with a mean (SD) age of 61.3 (6.6) years
and a mean illness duration of 3.3 (3.2) years. Probable MSA
was diagnosed by magnetic resonance imaging, pharmaco-
logical response (poorly levodopa responsive parkinsonism),
and characteristic clinical manifestations such as orthostatic
hypotension (fall in blood pressure of over 30 mm Hg systolic
or 15 mm Hg diastolic), severe urinary dysfunction (urinary
incontinence and voiding difficulty with large residual urine
over 100 ml because of incomplete bladder emptying), and
cerebellar dysfunction, following established diagnostic
criteria.12 Exclusion criteria were the presence of dementia

(a score below 25/30 on the mini-mental state examination),
major depression, and age over 75 years. Fourteen patients
had symptoms related to postural hypotension (syncope,
dizziness (pre-syncope), and so on), two had symptoms of
postprandial hypotension, and four had both micturition
syncope and dizziness (pre-syncope) in association with mic-
turition. Five patients were taking sympathomimetic drugs
(amezinium methylsulphate, midodrine HCl, droxidopa) for
orthostatic hypotension. Six patients were taking antic-
holinergic agents for micturition problems as well as drugs
for constipation. No patients were continuously taking anti-
parkinsonian drugs or other drugs known to influence
autonomic function.
We also recruited 16 age matched normal control subjects

(seven men and nine women), mean age 62.3 (14.0) years.
None of the control subjects had any disease, history of
dizziness (pre-syncope) or syncope on any occasion, or
neurological manifestations.
Neither the patients with MSA nor the control subjects had

prostate hypertrophy on rectal examination and ultrasono-
graphy. All the participants gave their informed consent for
the studies.

General experimental protocol
All drug treatment was withheld, beginning at least two days
before the test. Studies were carried out in the morning (from
9:00) in a room with a constant ambient temperature of 20–
24 C̊. Subjects were encouraged to relax. After the urody-
namic and cardiovascular equipment was set up and the
bladder emptied, the subjects were placed in the sitting
position for at least 15 minutes to achieve equilibration. We
then monitored systolic, diastolic, and mean arterial blood
pressure and heart rate continuously during a series of tests.

Abbreviations: MSA, multiple system atrophy; SBP, systolic blood
pressure
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Blood pressure and heart rate monitoring
During these tests, systolic blood pressure (SBP), mean blood
pressure, diastolic blood pressure, and heart rate were
monitored continuously using a Tonometry blood pressure
monitor (Jentow, Nihon Colin, Japan), which recorded beat
by beat pressure non-invasively with the subject’s arm kept at
heart level on a soft splint. During the head up tilt testing,
Systolic, mean, and diastolic blood pressures and heart rate
were measured using a sphygmomanometer and automati-
cally recorded at one minute intervals.

EMG-cystometry
Before the first test, a transurethral and a transrectal catheter
were inserted, and a sphincter EMG needle placed in the
perineal area, following normal urodynamic practice.
Medium fill (50 ml/min) water EMG-cystometry and uro-
flowmetry were carried out using an electromyography
computer (Neuropack S, Nihon Kohden, Japan) and a urody-
namic computer (Janus, Lifetech, Gaithersburg, Maryland,
USA). Bladder volume at the points of the subject’s first
desire to void (FS) and maximum desire to void (MDV=
bladder capacity) were recorded in the filling phase (Filling),
along with abnormal detrusor contractions, including detru-
sor hyperreflexia. The following were recorded in the void-
ing phase (Void): maximum flow rate (Qmax), maximum

detrusor pressure (Pdet), Pdet at Qmax, maximum abdom-
inal pressure, maximum Watt factor (an estimate of detrusor
contractility13), abdominal straining pressure on performance
of the Valsalva manoeuvre, and abnormal sphincter EMG,
including detrusor–sphincter dyssynergy. The methods and
definitions used for the urodynamic studies conformed to the
standards proposed by the International Continence Society.14

Valsalva manoeuvre test
All subjects were asked to blow into a strain gauge to
maintain an expiratory strain of 40 mm Hg for 10 seconds.
The SBP and heart rate responses to the Valsalva manoeuvre
can be divided into four phases (I–IV). In the fourth phase,
SBP change (usually an overshoot from baseline; mm Hg)
and its duration (seconds) were assessed as markers of the
sympathetic excitatory response to hypotension.

Coefficient of variance of RR intervals (CVRR)
Heart beats were recorded for each subject in the sitting
position with normal breathing as two series of 100

Figure 1 Systolic blood pressure and heart rate before, during, and
after micturition in normal control subjects and patients with multiple
system atrophy (MSA). FS, at the first sensation of wanting to void;MDV,
at the maximum desire to void; Start void: at the onset of voiding; End
void: at the end of voiding; After void: at the lowest value after voiding.
All values for patients with MSA were significantly lower than those for
normal control subjects. Values are means, error bars = SD.Panel A:
*p=0.037, **p=0.016, ***p=0.003 v patients with MSA; �p,0.001,
��p=0.035 v patients with MSA. Panel B: *p=0.045 v patients with
MSA.

Figure 2 Changes in systolic blood pressure and heart rate at each
assessment point of each phase associated with micturition in normal
subjects and patients with multiple system atrophy (MSA). Filling, filling
phase; FS, from baseline to first desire to void; MDV, from baseline to
maximum desire to void; Void+after void, voiding phase and after
voiding phase; Very start, from maximum desire to void to the onset of
voiding; Void+after, from the onset of voiding to the lowest values after
voiding; Total= Filling+Void+After void. Values are means, error
bars = SD.Panel A: *p=0.024, **p,0.001, MSA v normal controls.
Panel B: *p,0.001, **p=0.045, MSA v normal controls.
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consecutive RR intervals, and CVRR was calculated as the
standard deviation divided by the mean RR interval. CVRR

was taken from the average of two series of measurements,
which were assessed as markers of parasympathetic cardio-
vascular tone.

Head up til t testing
During conventional head up tilt testing, we measured
systolic, mean, and diastolic blood pressure and heart rate
with the subjects supine (0 )̊, upright (70 )̊, and supine again
(0 )̊, each for 10 minutes, on an automatic tilt table. In the
upright position, maximum SBP fall was assessed as the
degree of standing induced hypotension; this was considered
a marker for impairment of the sympathetic excitatory
response to hypotension. An SBP fall over 30 mm Hg was
considered to indicate orthostatic hypotension.

Plasma noradrenaline
Plasma noradrenaline was measured during the head up tilt
test while the patients were supine (0 )̊ and after 10 minutes
in the upright position (70 )̊. We then calculated the upright
to supine ratio of plasma noradrenaline.

Statistical analysis
We compared all variables in the two subject groups using
Student’s t test. We also compared changes within subject
groups by the paired t test or analysis of variance (ANOVA).
We tested the correlations among all of the variables using
Pearson’s correlation coefficient. We considered the differ-
ences statistically significant at probability (p) values of
,0.05. Unless otherwise indicated, values are means (SD).

RESULTS
Changes in SBP and heart rate during micturition in
controls
The SBP and heart rate responses in the normal controls are
shown in figs 1 and 2 and are summarised in table 1. Resting
SBP was 129.0 (21.4) mm Hg and resting heart rate was 79.2
(9.4) beats/min.
During bladder filling (from baseline to maximum desire

to void (Filling), both SBP and heart rate increased signi-
ficantly by 26.0 (14.0) mm Hg (range 9 to 70) for SBP, and by
5.9 (4.8) beats/min (range 0 to 17) for heart rate, respectively.
At the onset of voiding, transient significant increases in

SBP and heart rate of 12.4 (7.7) mm Hg (range 1 to 27) and
1.5 (2.6) beats/min (range 0 to 12) were recorded.
During voiding (from the start to the end of voiding (Void),

SBP and heart rate decreased by 29.4 (14.3) mm Hg (range
265 to 29) and by 6.6 (5.9) beats/min (range 216 to 4),
respectively.

Changes in SBP and heart rate from baseline levels to the
end of voiding (Filling+Void) were28.9 (5.9) mm Hg (range 0
to 20) and 20.7 (2.8) beats/min (range 25 to 5).
After voiding (from the end of voiding to the lowest value

(After void), SBP and heart rate decreased by 9.5 (7.0) mm Hg
(range224 to 0) and by 2.6 (3.1) beats/min (range216 to 1),
respectively; the lowest levels of SBP and heart rate were
recorded 48.8 (54.6) seconds after the end of voiding.
Changes in SBP and heart rate from the start of voiding to

the lowest values after voiding (Void+After void) were 239.0
(15.5) mm Hg (range 281 to 216) and 29.2 (3.2) beats/min
(range 218 to 1).
Overall, changes in SBP and heart rate from baseline levels

to the lowest value after voiding (Filling+Void+After void) were
20.6 (1.8) mm Hg (range 25 to 2) and 21.9 (4.0) beats/min
(range 210 to 4) (both NS). These slight changes returned to
the baseline level immediately after the end of voiding
(Recovery). Mean and diastolic blood pressure responses
showed the same pattern.
None of the changes in SBP associated with micturition

correlated with any urodynamic variables, such as bladder
volume, detrusor pressure, or abdominal pressure.

Changes in SBP and heart rate during micturit ion in
MSA patients
The SBP and heart rate responses in the patients with MSA
are shown in figs 1 and 2 and are summarised in table 1.
Resting SBP was 115.2 (19.3) mm Hg and resting heart rate
was 79.4 (9.3) beats/min; SBP was significantly lower than in
the controls (213.8 mm Hg, p=0.037).
During Filling, significant increases in SBP and heart rate

of 17.5 (9.1) mm Hg (1 to 39) and 1.0 (2.5) beats/min (23 to
4) were recorded, but these increases were lower than in the
controls (p=0.024 and p,0.001, respectively).
At the onset of voiding, transient increase in SBP and heart

rate of 0.8 (8.0) mm Hg (216 to 21) and 0.4 (1.9) beats/min
(24.3 to 5) were recorded. These increases were significantly
smaller than those in the controls (p,0.001 and p=0.045,
respectively).
During Void, SBP and heart rate decreased by 222.6 (14.7)

mm Hg (range 265 to 22) and 22.1 (4.7) beats/min (range
220 to 4); these decreases were similar to those in the
controls.
Changes in SBP and heart rate during Filling+Void were

21.6 (13.2) mm Hg (range 235 to 14) and 20.7 (4.7) beats/
min (range 220 to 5); the change in SBP was less than in the
controls (p=0.002).
During After void, SBP and heart rate decreased by 13.7

(9.1) mm Hg (range 230 to 0) and by 0.2 (4.7) beats/min
(range 235 to 6); the blood pressure decrease was larger and

Table 1 SBP and heart rate before, during, and after micturition in normal control subjects and patients with multiple system
atrophy

Baseline
(resting)

Filling Voiding

Total change Lowest level TimeFS MDV Very start Void After void

SBP
(mm Hg)

Normal 129.0 (21.4) +10.1 (7.3) +26.0 (14.0) +12.4 (7.7) 229.4 (14.3) 29.5 (7.0) 20.6 (1.8) 128.4 (22.4) 48.8 (54.6) (s)
MSA 115.2 (19.3)* +7.2 (5.6) +17.5 (9.1)** +0.8 (8.0)*** 222.6 (14.7) 213.7 (9.1) 215.2 (9.8)*** 100.0 (19.0)*** 93.1 (90.4)� (s)

HR
(beats/
min)

Normal 79.2 (9.4) +2.7 (2.2) +5.9 (4.8) +1.5 (2.6) 26.6 (5.9) 22.6 (3.1) 21.9 (4.0) 77.2 (10.5)
MSA 79.4 (9.3) +1.1 (1.4) +1.0 (2.5)�� +0.4 (1.9)��� 22.1 (4.7) 20.2 (4.7) 20.9 (6.1) 78.5 (9.3)

Values are mean (SD).
*p =0.037, **p=0.024, ***p,0.001 v normal controls; �p =0.001, ��p,0.001, ���p= 0.045 v normal controls.
Baseline, values during resting phase; Filling, filling phase; FS, changes from baseline to first desire to void, MDV, the changes from baseline to maximum desire to
void; Voiding, voiding phase; Very start, the changes from maximum desire to void to the onset of voiding; Void, the changes from the onset of voiding to the end
of voiding; After void, the changes from the end of voiding to the lowest values after voiding; Total change, the changes during Filling+Void+After void; Lowest
value, the lowest values after voiding; Time, the time from the end of voiding to the lowest values after voiding.
HR, heart rate; SBP, systolic blood pressure.
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the heart rate decrease smaller than in the controls, but the
differences were not significant. However, the lowest levels of
SBP and heart rate were recorded 93.1 (90.4) seconds (0 to
335) after the end of voiding, significantly more delayed than
in the controls (p=0.001).
Changes in SBP and heart rate during Void+After void were

236.4 (14.0) mm Hg (265 to 215) and 22.4 (8.5) beats/min
(230 to 13); this blood pressure decrease was nearly equal to
the changes in the controls, but the heart rate decrease was
smaller than in the controls (NS).
Overall, the change in SBP during Filling+Void+After void

was 215.2 (9.8) mm Hg (245 to 0), and which was less
than in the controls; the change in heart rate during
Filling+Void+After void was 20.9 (6.1) beats/min (220 to 5),
which was the same as in the controls.
These changes returned to the baseline level (Recovery) 69.8

(71.6) seconds (2 to 250) after the nadir of SBP and heart
rate; this was significantly longer than in the controls
(p,0.001 for both). Mean and diastolic blood pressure
responses showed a similar pattern.
Nineteen of our patients with MSA (76%), including 71%

of those without micturition syncope or pre-syncope, had an
SBP change that was greater than the mean +3SD of the
value for the normal subjects during Filling+Void+After void
(more than27 mm Hg). Ten of our patients with MSA (40%)
had an SBP change of more than 20 mm Hg during
Filling+Void+After void. Three of our MSA patients (12%)
had an SBP change of more than 30 mm Hg during
Filling+Void+After void.
In some cases, SBP decreased during voiding in a phasic

manner, in parallel with high phasic abdominal straining
(225.0 to 233.0 mm Hg). The change in SBP during
Void+After void showed a positive correlation with maximum
abdominal pressure during voiding (p=0.019, r=0.465)
SBP change during Filling+Void+After void was greater in

MSA patients with a history of micturition syncope or pre-
syncope (224.5 mm Hg) than in those without such a history
(214.1 mm Hg) (p=0.046).

The other cardiovascular indices
Compared with the controls, the patients with MSA had a
lower overshoot response change and a longer overshoot
duration time on the Valsalva manoeuvre, at 9.3 (15.8) v 39.2
(19.9) mm Hg, and 14.4 (13.6) v 4.4 (1.4) s (p,0.001 and
p=0.008, respectively). The patients with MSA had a lower
CVRR than the controls, at 1.5 (0.5) v 2.9 (0.9) (p,0.001). The
changes in blood pressure in the head up tilt test were 227.5
(21.1) mm Hg systolic and 225.5 (16.4) mm Hg diastolic.
The average supine noradrenaline concentration was 219.8
(117.2) pg/ml. The upright to supine noradrenaline ratio was
1.7 (0.4). The changes in SBP associated with micturition
were not correlated with any of these variables.

DISCUSSION
During fi ll ing
In this study, the normal control subjects showed a gradual
increase in systolic blood pressure and a slight increase in
heart rate during bladder filling, presumably indicating an
increase in cardiovascular sympathetic activity associated
with the filling phase. In previous studies on normal subjects
drinking large amounts of water or undergoing transurethral
water infusion, a marked increase in systolic blood pressure
(of 4 to 52 mm Hg, mean values 15 to 27 mm Hg) accom-
panied the maximum desire to void.15–17 Previous studies on
normal subjects have also shown that bladder filling is
accompanied by generalised sympathetic activity—for exam-
ple, increased sympathetic activity in the peroneal nerve16 and
increased vasoconstriction in the skin.18 In animal experi-
ments, inputs from bladder mechanoreceptors during filling

are transmitted to the lumbar sympathetic neurones by the
sacral dorsal roots.19 Bladder distension in animals also
increases peripheral and central sympathetic nerve activ-
ities,20–25 thus increasing SBP and heart rate. Our results
reflect these previous findings.
In the present study, the patients with MSA showed slight

increases in blood pressure during bladder filling (mean 17.5
mm Hg), and their heart rate did not change. The changes in
both blood pressure and heart rate during bladder filling were
significantly smaller than in the controls (p=0.024 and
p,0.001). A previous report on patients with MSA showed
that blood pressure did not change during bladder filling
(mean 22 mm Hg).17 In addition, in the present study the
patients with MSA had impairment of their sympathetic
excitatory responses to a fall in blood pressure—for example,
impaired response to head up tilt, a decreased upright to
supine noradrenaline ratio, and a decreased overshoot
response on the Valsalva manoeuvre. The patients with
MSA also had impairment of the cardiovascular parasympa-
thetic system (for example, a low CVRR). Some of these
findings have been described in other reports.1 25 They suggest
that patients with MSA may have impaired cardiovascular
sympathetic excitatory responses to bladder filling rather
than an unusual cardiovascular parasympathetic excitation,
resulting in only slight blood pressure and heart rate changes
during filling. Thus the patients with MSA may be less prone
to autonomic dysreflexia associated with bladder filling than
patients with high spinal cord lesions, in whom this is a
common phenomenon.26 27 We have not in fact experienced
autonomic dysreflexia in patients with MSA.

During and after voiding
In this study, normal control subjects showed a transient
increase in blood pressure and heart rate at the onset of
voiding, which was not associated with abdominal straining.
This response may reflect a transient increase in sympathetic
activity. This transient increase in blood pressure and heart
rate was significantly smaller in the patients with MSA.
Normal control subjects had a decrease in blood pressure

and heart rate during voiding. Previous reports showed that
cardiovascular sympathetic activity in the bladder filling
phase disappeared in the voiding phase, and that blood
pressure and heart rate returned to baseline after voiding in
normal subjects.15–25 Furthermore, in the voiding phase of
experimental animals, the bladder parasympathetic nerve
supply is excited, while the urethral sympathetic nerve supply
is inhibited. These changes return to normal immediately
after voiding.19 The findings suggest that during voiding,
cardiovascular autonomic activity—for example, the decrease
in systolic blood pressure and heart rate—may well correlate
with urinary autonomic activity, in which the sympathetic
supply is inhibited and parasympathetic supply excited.
After voiding in the normal controls, changes in blood

pressure and heart rate from baseline to their lowest values
were minimal (20.6 mm Hg and 21.9 beats/min, respec-
tively), as in previous reports.5–11 Patients with MSA also
showed a similar decrease in blood pressure during voiding,
in spite of a small increase in systolic blood pressure during
bladder filling, which resulted in hypotension (that is, the
change in systolic blood pressure from baseline to its lowest
value was significant). In addition, this hypotensive period
was much longer than in the controls (p,0.001 and p,0.001,
respectively). During these periods, heart rate change was
smaller than in the controls, though the difference was not
significant. This pattern of blood pressure and heart rate
change after the end of voiding is different from neurally
mediated syncope,28 29 and the blood pressure falls associated
with voiding were not correlated with the falls occurring on
head up tilt. These findings suggest that an abnormal
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dominant parasympathetic state may occur transiently after
voiding. However, the mechanism of this is unclear and
further evaluation is needed.
In patients with MSA, the decrease in systolic blood

pressure during and after voiding had a positive correlation
with maximum straining during voiding (p=0.019,
r=20.465). In some of our patients with MSA, blood
pressure during voiding showed a pronounced phasic
decrease in parallel with abdominal straining. This occurred
in two of four symptomatic patients with MSA. Straining
during voiding reflects the voiding difficulty that occurs in
this disorder.1 30 Abdominal straining (the Valsalva man-
oeuvre) increases intrathoracic pressure and impairs venous
return; this is known to cause prolonged hypotension in
patients with MSA.
The blood pressure fall from baseline after voiding was

greater in MSA patients with a history of micturition syncope
or pre-syncope (mean 224.5 mm Hg) than in those without
such a history (214.1 mm Hg) (p=0.046). Furthermore, in
the patients with MSA, baseline systolic blood pressure was
significantly lower than in the controls (mean 213.8
mm Hg), which also contributes to post-micturitional hypo-
tension.

Conclusions
In the normal control subjects, blood pressure and heart rate
increased in parallel with bladder filling, but the values
returned to baseline after voiding; normal individuals rarely
have micturition syncope unless there are special unusual
circumstances. Patients with MSA, on the other hand, had a
lower baseline systolic blood pressure, a smaller increase in
systolic blood pressure and heart rate during bladder filling,
an almost equal blood pressure decrease during and after
voiding, and a significantly prolonged period of low blood
pressure after voiding, resulting in abnormal hypotension.
Because of this, micturition syncope tends to occur in
patients with MSA. These findings most probably reflect
generalised autonomic dysfunction (possibly an abnormal
dominant parasympathetic state) and abnormal abdominal
straining because of coexisting voiding difficulties.
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