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Fig. 6 Change in calf venous capacitance showed significant negative
correlation with increase in cardiac output after glucose ingestion across the
whole MSA population (r = —0.583, p < 0.05)

Frequency of OH was slightly higher in MSA with
PPH than in MSA without PPH, but the difference was
not significant. NE supersensitivity was demonstrated
more frequently in MSA with PPH than in MSA
without PPH, but the difference was not significant.
Plasma NE was slightly lower in MSA with PPH than
in MSA without PPH or in controls, but the difference
was not significant. Plasma NE levels were not sig-
nificantly correlated with HR and with CVC changes
after glucose ingestion across the whole MSA popu-
lation. Plasma AVP in MSA with PPH was slightly but
not significantly higher than in MSA without PPH or
in controls (Table 1).

Discussion

Reduced CVC and increased cardiac output after
glucose ingestion were demonstrated in MSA with-
out PPH and in controls, while in contrast CVC
increased after ingestion in MSA with PPH. The
change in CVC showed a negative correlation with
the increase in cardiac output. Furthermore, the
change in CVC after glucose ingestion correlated
positively with the decrease in SBP and DBP. The
venous system has been found to normally contain
64% of total blood volume while showing great
distensibility, as to represent a reserve compartment
for circulating blood volume [22]. Regulation of
venous capacitance thus plays an important role in
homeostasis of the systemic circulation system. A
reduction of venous capacitance increases effective
intravascular volume that results in an increase in
cardiac output. A physiologic decline in venous
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capacitance can contribute importantly to systemic
compensation for increased splanchnic blood flow
induced by a meal; failure of venous capacitance
reduction to occur is one of the factors underlying
PPH, especially in MSA.

The precise mechanism of PPH has not been fully
clarified. As presently understood, the causative
sequence would begin with food ingestion inducing
an increase in splanchnic blood flow [19, 24], and
release of vasodilatory gastrointestinal peptides such
as neurotensin [1, 8, 16]; as a result, systemic blood
pressure tends to decrease. In normal subjects, the
sympathetic nervous system is then activated to pre-
vent systemic hypotension. However, this compensa-
tory system is compromised in patients with
autonomic failure, this defect eventually can result in
PPH. Previous studies have shown evidence of im-
paired sympathetic compensation in PPH patients,
including diminished baroreflex function, blunted
compensatory increases in cardiac output, impair-
ment of physiologic increases in muscle sympathetic
nerve activity [6], and insufficient peripheral vaso-
constriction [10, 13, 16]. These response defects are
compatible with our previous finding that simulta-
neous treatment with f, and 2, agonists sufficiently
increased cardiac output and vascular resistance to
prevent PPH [11]. The present study implicates
defective regulation of venous capacitance as an
important contributor to PPH. A notable finding in
this study is that CVC after glucose ingestion not only
failed to decrease, but actually increased in MSA with
PPH. The mechanism resulting in elevation is not
clear, and further studies are necessary.

In this study HR did not change in MSA patients,
even when SBP decreased significantly. This com-
promised physiologic response suggests that impaired
baroreflex function also contributes to PPH in MSA.
Thus, PPH appears to result from an interplay of
several mechanisms.

MSA with PPH showed somewhat more frequent
NE supersensitivity than MSA without PPH, while
falling short of significance. NE denervation super-
sensitivity suggests that postganglionic sympathetic
neurons are affected in this MSA subgroup. Thus,
MSA with PPH had more severely impaired auto-
nomic function than MSA without PPH. As the illness
progresses, MSA patients have increasing difficulty
maintaining an upright posture, so PPH becomes a
more troublesome symptom than OH. The frequency
of clinical PPH was low even in the group diagnosed
as PPH by glucose loading test. PPH is a symptom
that patients often fail to notice, although it can lead
to severe clinical problems such as cardiac and cere-
bral ischemia [13, 26]. Not only patients but also
caregivers and health care staffs need to keep alert to
possible consequences of PPH.
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