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Shy-Drager syndrome. Effect of fludrocortisone
and L-threo-3,4-dihydroxyphenylserine on the
blood pressure and regional cerebral blood flow

S Matsubara, Y Sawa, H Yokoji, M Takamori

Abstract
In nine cases of Shy-Drager syndrome,
the changes in blood pressure and
cerebral blood flow on sitting up from a
supine position were studied. The in-
fluence of fludrocortisone, a synthetic
mineralocorticoid, and L-threo-3,4-
dihydroxyphenylserine (DOPS), a pre-
cursor of norepinephrine, on these
changes was examined. On sitting up, the
regional cerebral blood flow (rCBF)
measured by Xe133 inhalation showed a
tendency to decrease. Fludrocortisone
reduced the fall of the mean blood pres-
sure significantly. DOPS reduced the fall
of both the diastolic blood pressure and
rCBF significantly.

Syncope is a disabling symptom of central
neurogenic orthostatic hypotension, known as
the Shy-Drager syndrome,' but the mechan-
ism of the syncope has not been understood
fully. Fludrocortisone, a mineralocorticoid,2
and L-threo-3,4-dihydroxyphenylserine
(DOPS),34 an immediate precursor of
norepinephrine, are reported to be effective in
treating orthostatic hypotension. The effect of
DOPS was described in a group of patients
with familial amyloid polyneuropathy3 and in
only one patient with the Shy-Drager syn-
drome.4
To clarify the pathophysiology of the Shy-

Drager syndrome and evaluate the effect
of fludrocortisone and DOPS, we studied
changes of mean arterial blood pressure and
regional cerebral blood flow (rCBF) in the
supine and sitting positions before and after
the administration of the drugs in the Shy-
Drager syndrome.

Methods
Cases
This series of cases of Shy-Drager syndrome
consisted of seven males and two females aged
from 45 to 70 years (average age 57 years).
The duration of the illness ranged from one to
seven years. All nine patients had orthostatic
hypotension, dysuria and ataxia; eight had
rigidity of the limbs; seven showed pyramidal
signs. Patients were diagnosed as having
orthostatic hypotension if their systolic blood
pressure fell by more than 20 mm Hg when
they stood from a supine position. Written
consent was obtained from the patients before
the investigation.
The rCBF was measured by the Xe'33

inhalation system (Meditronic Novo Diag-
nostic Systems, Inhalation Cerebrograph,
Denmark) using 32 scintillation detectors
placed in parallel. One set of assessments
consisted of two measurements, one in the
supine and another in the sitting position. The
patients were kept in the position for more
than 20 minutes before the measurements
were taken. Before the second measurement,
the residual isotope was studied for five
minutes and was taken into account as a back-
ground. Of 32 detectors, four near the peri-
meter of the head occasionally caused
problems of fit and we excluded all the data
from them in our analyses. The initial slope
index5 was calculated using the Fourier
analysis.6 The same set of examinations was
carried out on eight normal males and one
female aged from 30 to 72 years, average age
52 years. They were found to have no ab-
normality on physical and neurological exam-
inations, including the measurement of the
blood pressure both at supine and standing
positions.

After the initial set of measurements, seven
patients were treated with fludrocortisone for
two weeks. The fludrocortisone was adminis-
tered in the morning orally at a daily dose of
0-2 mg in five patients, and 0-1 mg in two
patients who showed an elevated diastolic
blood pressure to above 90 mm Hg in the
supine position at a daily dose of 0-2 mg.
Seven patients were treated with DOPS
administered orally. It was started at 100 mg
in the morning and then increased over two
weeks to 200 mg three times a day. After the
treatment with each drug the same set of
rCBF measurements were carried out at 3 pm
as before the treatment. Of nine patients with
Shy-Drager syndrome, six had both fludro-
cortisone and DOPS with an interval of 10 to
14 days in between, one patient each had one
of these two drugs, and the remaining patient
who had no complaint related to the ortho-
static hypotension took neither.
For the statistical analyses, both parametric

(t test and paired t test) and non-parametric
(Wilcoxon rank sum test and others) methods
were used. Two-tailed analyses were carried
out and the difference was estimated to be
significant when the p value was less than
0-05.

Results
In the supine position, the average mean
arterial blood pressure was higher and average
rCBF lower in the cases of the Shy-Drager
syndrome than in normal controls, but neither
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Table 1 Blood pressure and regional cerebral bloodflow at supine and sitting positions

Systolic BP Diastolic BP Mean BP rCBF (ISI) Mean BP/rCBF

Subjects (Number) Positions mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Normal controls (9) supine 103 4 (5-0) 69-1 (4-9) 93-3 (8 9) 47-7 (8 6) 2 02 (0-39)NS
sitting 111-8 (11 6) 73-6 (9-2) 94 1 (10-2) 50 9 (9 9) 1-90 (0O28)f

Patients
No treatment (9) supine 134 2 (26-0) 78-4 (11 7) 107 9 (20 8) 43-3 (6 8) 2-59 (0-79)\

sitting 91 8 (19 5) 56-9 (16 3) 73-9 (14 6) 42-3 (5 4) 1-81 (0-62)f
FL (6) supine 1390 (275) 83-0 (96) 108-6 (165) 443 (46) 2-47 (045)*

sitting 110-7 (35-9) 67-7 (17.9) 88-4 (26 4) 44-3 (3-4) 1-98 (0 54)1
DOPS (7) supine 144-0 (24 2) 87-4 (13-1) 118-2 (18-1) 41-5 (5 4) 2-94 (0 80)

sitting 118 9 (22-1) 74-9 (11-3) 97 9 (13-5) 45 0 (8 7) 2-28 (0 67)X

Keys-F L: fludrocortisone; BP: blood pressure; rCBF: regional cerebral blood flow; DOPS: L-threo-3,4-dihydroxyphenylserine; SD: standard deviation; ISI:
initial slope index.
*: paired t test, p < 0-05, 2-tailed.
ns: not significant.

Table 2 Changes in blood pressure and regional cerebral bloodflow on sitting upfrom supine position

Changes in Changes in diastolic Changes in mean Changes in rCBF Changes in
systolic BP BP BP (ISI) mean BP/rCBF

Subjects (Number) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Normal controls (9) - 3 1 (6-2) 4 4 (7-7) 0-8 (5 4) 3-2 (5-0)l* -0-12 (0 26)
Patients
No treatment (9) -42-4 (28 4) -21-6 (179) -34 1 (20 9)9 -1-0 (29) -0 77 (0 49)1F L (6) -28-3 (20 6) -15 3 (12:7) * -20-1 (14-0)f 0 0 (299) *** -0-49 (0 39)f
DOPS (7) -251 (12 9) -12 6 (9 9)J -20-3 (117) 3-6 (4 8) -0-66 (0 25)

Key-F L: fludrocortisone; BP: blood pressure; rCBF: regional cerebral blood flow; DOPS: L-threo-3,4-dihydroxyphenylserine; ISI: initial slope index; SD:
standard deviation.

*: paired t test, p < 0-05, 2-tailed.
**: Wilcoxon rank sum test, p = 0 050, 2-tailed

***: Wilcoxon matched-pairs signed rank test, p = 0-047, 2-tailed.

of these differences were statistically sig-
nificant (t test and Wilcoxon rank sum test)
(table 1).
On sitting up, the mean arterial blood pres-

sure remained unaltered and the rCBF in-
creased slightly in the normal controls (table
2). In contrast, in untreated patients with the
Shy-Drager syndrome the mean rCBF fell.
The fall was not statistically significant as the
rCBF at sitting and supine positions were

R L
Normal controls (n = 9)

Shy-Drager syndrome (n = 9)

Figure 1 Changes in the regional cerebral bloodflow (rCBF), indicated in initial slope
index (ISI), on sitting upfrom a supine position in the normal controls (top) and in
Shy-Drager syndrome (bottom), in the right (R) and left (L) hemispheres. Open and
closed squares indicate increase and decrease in rCBF respectively. The data were
indicated as whole numbers countingfractions of05 and over and disregarding the rest.

compared. But the statistical comparison be-
tween the patients and normal controls
showed a tendency for the rCBF to fall in the
patients (p = 0-050 Wilcoxon rank sum test)
(table 2).

Administration of fludrocortisone and
DOPS reduced the fall in the mean arterial
blood pressure and diastolic blood pressure
respectively (p < 0-05, paired t test) in cases
of the Shy-Drager syndrome (table 2). DOPS
reduced the fall of the rCBF on sitting up (p
= 0-047, Wilcoxon matched-pairs signed rank
test). The fludrocortisone tended to reduce
the fall of rCBF, but the effect was not statis-
tically significant. One of the seven patients
who were given fludrocortisone 0-2 mg daily
developed congestive heart failure due to
retention of fluid. In this case the rCBF after
fludrocortisone could not be examined.
The mean arterial blood pressure/rCBF

ratio fell significantly on sitting up in the cases
of Shy-Drager syndrome both before and
during the treatment (p < 0-05, paired t test),
while it did not change in the controls (table
1). The fall of the ratio on sitting up was
reduced significantly when the patients were
treated with fludrocortisone (p < 0-05, paired
t test) (table 2).

In terms of the distribution of the rCBF in
the cerebral hemisphere, the cases of the Shy-
Drager syndrome showed a decrease of rCBF
by more than 0-5 in initial slope index on
sitting up in 13 out of 24 regions examined,
while the normal controls showed only
minimal decrease in one region (fig 1). In
Shy-Drager syndrome, a prominent fall was
observed in the occipital regions, particularly
on the left, in contrast to the upper frontal
regions of both sides where no decrease of

Shy-Drager syndrome. Effect offludrocortisone and L
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Table 3 Comparison of degrees of improvement by two drugs

Reduced blood pressurefall# Reduced# Reduced
rCBFfall change of

Systolic BP Diastolic BP Mean BP (ISI) mean BP/rCBF

mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Medication (Number) [conf intl [conf int] [conf int] [conf intl] [conf int1

FL (6) 21 3 (34-3) 10-7 (26 2) 21-8 (16.8) 1-2 (3 7) 0-42 (0 27)
[-147/57-3] [-16-9/38-2] [4-2/39-4] [-2-7/5-2] [0-14/0-70]

DOPS (7) 21-7 (37 7) 13-1 (13-5) 19-6 (26-1) 4-6 (5 5) 0-26 (0 46)
[- 13-1/56-5] [0 7/25-6] [-4.5/43.7] [-0 5/9 7] [-0-17/0-69]

Key-F L: fludrocortisone; BP: blood pressure; rCBF: regional cerebral blood flow; DOPS: L-threo-3,4-dihydroxyphenylserine; ISI: initial slope index; SD:
standard deviation.
conf int: 95% confidence interval [lower limit/upper limit].
#: reduced BP (rCBF) fall = change in BP (rCBF) on sitting up during treatment-change in BP (rCBF) on sitting up before treatment.

R
Fludrocortisone (n = 6)

L

Figure 2 Reduction of the decrease ofrCBF in patients on sitting up and taking
fludrocortisone (top) and DOPS (bottom). The data were calculated in the same
manner as those in table 3. The open and closed squares indicate reduction and
amplification of the decrease ofrCBF respectively on treatment. All data were indicated
as whole numbers.

rCBF was noted. There was -a considerable
difference also in the change of rCBF between
the right and left hemispheres. For example,
on sitting up, the rCBF of the right parieto-
occipital region remained unaltered while on

the left side the same area showed a marked
decrease of rCBF.
Treatment with fludrocortisone reduced the

decrease in rCBF on sitting up in 12 of 13
regions where the rCBF fell by more than 0-5
before treatment (fig 2). DOPS also reduced
the fall in 12 out of the 13 regions. The degree
of improvement tended to be marked in the
regions where the fall of rCBF was prominent
before treatment (fig 1, 2).

Discussion
Measuring the rCBF in the sitting position
and comparing it with the rCBF in the supine
position did not give rise to any technical
problem.7 No significant difference in the
rCBF was detected at the supine position
between the normal controls and patients with
the Shy-Drager syndrome. In the latter
group, however, the rCBF fell by 10 in ISI

on average on sitting up. The tendency of the
rCBF to fall was observed compared to the
normal controls, though the difference be-
tween the supine and sitting positions of the
patients was not statistically significant.
Whether the autoregulation of cerebral cir-

culation at low blood pressure is impaired,8
partially impaired9 or preserved'01 in cases of
the Shy-Drager syndrome has been contro-
versial. The results of this study have much in
common with those of Brooks et al," who
showed preservation of the CBF and a reduc-
tion of the middle cerebral artery velocity on
tilting up, indicating an intact cerebral
autoregulation and reactive vasodilatation re-
spectively. The mean arterial blood pressure/
rCBF ratio reflects the vascular resistance in
the carotid and cerebral circulation.'2 The fall
of the ratio on sitting up in our cases sugges-
ted decreased vascular resistance due to
vasodilatation, an effect of the cerebral auto-
regulation." 3

In the cases of Shy-Drager syndrome in
this study, the CBF showed a tendency to
decrease on sitting up compared with normal
controls, along with a fall of mean arterial
blood pressure by 32% or down to 74 mm Hg;
none of the cases that showed decrease of
rCBF had systolic pressure less than 70 mm
Hg at sitting position. This degree of fall in
the blood pressure may be within the limit of
normal cerebral autoregulation in baboons'4
and humans.' 15 Although mild in degree, this
fall of CBF may still point to a certain degree
of impairment of the cerebral autoregulation.
One of the causes that obscured the fall of

the total CBF on sitting up was uneven dis-
tribution of the change in the rCBF on the
cerebral hemisphere. The rCBF was relatively
preserved in the frontal regions. Depresseux9
noted the same phenomenon in a case of Shy-
Drager syndrome and attributed it to anxiety.
This explanation seems quite possible, as
mental activity enhances the rCBF in the
prefrontal region.'6 Despite the marked fall in
rCBF in the occipital region, no visual impair-
ment or any symptoms of vertebrobasilar in-
sufficiency was noticed by the patients during
the investigation. However, seven out of nine
patients had experienced blurring or darken-
ing of the vision as they stood up. These
common visual symptoms in cases of Shy-
Drager syndrome may have some relevance to
the fall in rCBF in the occipital region.
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Fludrocortisone has been used widely in the
treatment of orthostatic hypotension'7 as it
elevates the blood pressure by increasing the
plasma volume. In this study, it diminished
the fall of blood pressure significantly on
sitting up. It also tended to reduce the fall of
rCBF, though the reduction was not statis-
tically significant. Fludrocortisone may cause
various side effects and some of them can be
severe.'7 In the course of fludrocortisone
treatment, one of our patients developed con-
gestive heart failure.
The DOPS raised the blood pressure'8 and

increased the CBF in animals.'9 On the other
hand, patients treated with DOPS for Parkin-
son's disease showed changes neither in the
blood pressure nor in the rCBF.20 The same
was the case in the present series. However,
DOPS did reduce the fall of the diastolic
blood pressure and of the rCBF significantly
on sitting up.
The DOPS is converted into norepine-

phrine by aromatic L-amino acid decarboxy-
lase.2' Since DOPS did not raise the blood
pressure in normal subjects, denervation
supersensitivity to norepinephrine was sug-
gested as an explanation for the pressor res-
ponse in orthostatic hypotension.3 In a case
of Shy-Drager syndrome Kachi et al' demon-
strated a paucity of muscle sympathetic
activity and its increase after administration of
DOPS. They suggested that DOPS activates
the sympathetic outflow at a site proximal to
the sympathetic ganglia.
The systemic pressor action of DOPS cer-

tainly contributes to the preservation of the
CBF at sitting position in Shy-Drager syn-
drome. Whether DOPS has any effect on the
cerebral circulation other than that through
the systemic pressor action deserves further
discussion. In humans a direct infusion of
catecholamines into the carotid artery did not
change the CBF,22 while in animals intra-
venous infusion of catecholamine increased,23
decreased24 or left the CBF unaltered.25
Norepinephrine is known to increase the

CBF when it penetrates the blood-brain
barrier (BBB).24 Since a small proportion of
DOPS penetrates the BBB,212627 it will exert
the same action after conversion into the
norepinephrine in the cerebral parenchyma.
We thus consider the local action of DOPS in
the brain along with the systemic pressor
action to explain its effect.
The untoward effects of DOPS are

relatively infrequent and are not very severe.28
Our patients experienced none. Because of its
effect on blood pressure and rCBF compar-
able to that of fludrocortisone as well as
relatively infrequent and less severe side-
effects, DOPS may well be an alternative
choice to fludrocortisone in the treatment of
Shy-Drager syndrome.

The L-threo-3,4-dihydroxyphenylserine was supplied bySumitomo Pharmaceuticals, Osaka, Japan. We are grateful to
Dr W G P Mair who kindly corrected the English.
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