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The effect of orthostatic hypotension on cerebral
blood flow and middle cerebral artery velocity in
autonomic failure, with observations on the action of
ephedrine
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SUMMARY Cerebral blood flow (CBF) and middle cerebral artery velocity (MCAv) have been
measured using '33xenon washout and transcranial Doppler in ten patients with autonomic failure.
Four pure autonomic failure and four multiple system atrophy patients behaved similarly: tilting
them sufficiently to induce significant orthostatic hypotension without causing syncopal symptoms
led to a significant fall in their mean MCAv, but no change in their mean CBF. These findings suggest
that cerebral autoregulation is preserved in autonomic failure, orthostatic hypotension resulting
in a reactive vasodilatation which lowers MCAv, reduces vascular resistance, and maintains CBF.
Ephedrine helped to correct the orthostatic hypotension, but had no direct effect on CBF. Two
siblings with orthostatic hypotension secondary to dopamine-fl-hydroxylase deficiency also had
preserved cerebral autoregulation, but ephedrine led to paradoxical hypotension in these patients.

The brain autoregulates, that is over a range of
cerebral perfusion pressures from 70-140 mm Hg the
brain is able to maintain a constant level of blood
flow.`'- The mechanism of autoregulation is obscure,
but probably involves myogenic reflexes acting at an
arteriolar level.4 Whether the autonomic nervous
system plays a significant role in controlling CBF is
unclear. The extracranial circulation is richly
innervated, and animal studies have shown that
stimulation of the sympathetic and parasympathetic
supplies to this circulation results in vasoconstriction
and vasodilatation of pial arteries respectively. 7 The
smaller, penetrating, cerebral arteries, however, have a
sparse autonomic supply,8 and it is likely that they are
less affected by autonomic activity. Consequently one
might predict that control of CBF will be largely
independent of the autonomic supply. Transection of
the autonomic supply in animals does not appear to
impair their cerebral autoregulation, and leads to little
change in CBF.9-'2 Stimulation of the sympathetic
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supply to the extracranial circulation also results in
only small reductions in CBF.'224 Intracarotid
infusions of noradrenaline have little effect on CBF in
man,'3 while internal carotid artery strips show little
contractility when exposed to physiological levels of
noradrenaline." The above findings all argue against
the sympathetic supply playing a significant role in the
control of CBF.

There have been several studies on the effects of
autonomic failure on cerebral autoregulation in man.
Caronna and Plum,'5 computing CBF changes in-
directly from arterio-venous oxygen differences,
reported intact autoregulation in three subjects with
multiple system atrophy (MSA), but impaired
autoregulation in a patient with pure autonomic
failure (PAF). Meyer et al,'6 also using arterio-venous
oxygen differences to measure CBF changes, found
impaired autoregulation in all three of their MSA
subjects. Nanda et al,7 and Thomas and Bannister,'8
using 3'3xenon washout to measure CBF, both found
intact cerebral autoregulation in their groups of PAF
and MSA subjects.

In view of the contradictory findings previously
reported, we have re-examined the effect ofautonomic
failure on cerebral autoregulation in man. We have
also examined the effect of orthostatic hypotension
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on middle cerebral artery velocity (MCAv). This
parameter reflects vessel calibre, being elevated in
artery spasm secondary to subarachnoid haemor-
rhage,'9 and reduced in arterial dilatation secondary to
carotid artery occlusion.20 Such MCAv measurements
provide an indirect means of examining the effect of
orthostatic hypotension on cerebrovascular resistance
in autonomic failure. Ephedrine is a rapidly acting oral
sympathomimetic agent which is often used to correct
orthostatic hypotension.2 2225 We have examined the
effect of ephedrine on cerebral haemodynamics in
autonomic failure (AF) to see whether this agent has a

direct beneficial effect on CBF, or simply acts as a

hypertensive agent.
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Methods

Four patients with autonomic failure in association with
multiple system atrophy, four patients with pure autonomic
failure, and a brother and sister with orthostatic hypotension
in association with autosomal recessively inherited
dopamine-f-hydroxylase deficiency and undetectable
plasma catecholamine levels, were studied. Patient details are

listed in table 1. No patient had evidence of a peripheral
neuropathy clinically, or on EMG. Patients were studied
both supine, and tilted head-up to a degree that led to a

significant fall in blood pressure (BP) without causing
syncopal symptoms. Tilted measurements were then repeated
one hour after a 30 mg oral dose ofephedrine. Heart rate and
mean arterial BP were recorded at 1-2 minute intervals
throughout the study using a Centron Blood Pressure
Analyser.

Cerebral blood flow was measured using the intravenous
'33xenon washout technique.23 6-8mCi of '33Xe in saline
(Amersham, UK) were injected as an intravenous bolus.
Cerebral hemisphere washout curves were recorded with a

Novo Cerebrograph lOa, a detector being positioned over

each temporo-parietal area. End-expiratory '33Xe was also

Fig 1 The effect of tilt on pulse, BP, and CBF in normal
subjects.

measured, and whole hemisphere CBF was calculated using
the initial slope index approach.26 Middle cerebral artery
velocity was measured using an EME TC 264 2 MHz pulsed
transcranial Doppler velocimeter placed over the temporal
area.20

Results

Figure 1 shows the effect of 450 head-up tilt on the
heart rate, mean BP, and CBF of four normal subjects
aged 28-38 years. Mean heart rate increased by 16%,
BP by 12%, and there was no significant change in
CBF. MCAv values were also unaffected by tilting.
Figure 2 shows the effect of head-up tilt on the
combined group of eight MSA and PAF patients.
Their mean heart rate increased by 5% while their
mean BP fell by 20%. There was negligible change in
their mean CBF but their mean MCAv fell significan-

Table 1 Clinical details ofpatients with autonomic failure

(a) Pure Autonomic Failure Cardiovascular
Subject Sex Age Duration tyears) Syndrome Medication reflexes
MF F 74 8 OH, C, AH, NP FC, DDAVP ASP
EC M 78 1 OH,AH NIL ASP
EH F 59 7 OH, UR, NP FC, DDAVP ASP
AH M 42 4 OH, I,AH DDAVP SP

(b) Multiple System Atrophy Cardiovascular
Subject Sex Age Duration (years) Syndrome Medication reflexes
EB M 35 6 CB,PY Nil ASP
CB F 54 6 EP,CB, C, Ul,OH Nil ASP
RG M 67 10 EP,CB,PY,OH,UR,I FC ASP
MM F 62 7 EP, CB, PY, OH, UI Nil SP

(c) DBH Deficiency Cardiovascular
Subject Sex Age Duration tyears) Syndrome Medication reflexes
AL M 29 14 OH, I Nil S
WC F 23 18 OH Nil S

Abbreviations: OH-Orthostatic hypertension, C-constipation, AH-anhidrosis, NP-nocturnal polyuria, UR-urinary retention, UI-
urinary incontinence, I-impotence, EP--extrapyramidal rigidity, CB-cerebellar ataxia, PY-pyramidal dysfunction, ASP-afferent,
sympathetic, parasympathetic lesions, DDAVP-Desmopressin, FC-Fludrocortisone.
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Fig 3 EH MCA velocity and CBF vs BP.

tly by 16%. These results are summarised in table 2.
Figure 3 shows the effect of progressive tilt on one

subject with PAF. It can be seen that MCAv falls in
parallel with mean arterial BP, CBF remaining essen-

tially constant.
The effect of ephedrine on the haemodynamics of

the tilted MSA and PAF patients is detailed in table 3.
Ephedrine resulted in a significant increase in mean

heart rate and BP, a smaller increase in mean MCAv,
but no significant change in CBF. Figure 4 shows the
effect of ephedrine on the brother and sister with
dopamine-f3-hydroxylase deficiency, and undetectable
plasma catecholamine levels. Ephedrine produced an

increase in their supine heart rate, but a fall in their
supine BP. No significant changes in their CBF were

observed.

Discussion

Our findings demonstrate that cerebral autoregulation
is preserved in autonomic failure. In our group ofeight
patients with PAF and MSA, a fall of 20 mm Hg in
mean arterial BP led to no significant change in mean
CBF. There was no difference in behaviour between
the PAF and MSA subjects, both sets of patients
maintaining their CBF when tilted. Our findings are in

Table 2 The effect ofhead-up tilt on cerebral
haemodynamics in autonomicfailure

Controls (4) MSAIPAF (8)

supine tilted supine tilted

Heart rate 63 (8) 73 (15) 76 (10) 81 (12)
Mean BP (mmHg) 86 (10) 96 (8)* 102 (15) 80 (19)t
CBF (ml/l0Og(min) 58 (5) 60 (5) 47 (10) 47 (10)
MCAv (cm s- ) 51 (6) 51 (6) 56 (13) 47 (14)*

*p <0-01, tp < 0005,( ) = Standard Deviation.
(Student's paired t test).

agreement with Nanda et al,'7 and Thomas and
Bannister,'8 whose PAF and MSA subjects also
showed preserved cerebral autoregulation. These sets
of workers, like us, used the '33xenon washout tech-
nique to measure CBF.

In contrast to our findings Meyer et al'6 found
impaired cerebral autoregulation in their three MSA
subjects. These workers used arterio-venous oxygen

difference measurements to assess CBF changes. This
is an indirect technique which assumes constant levels
of cerebral oxygen utilisation when patients are tilted
both head-up and head-down. Consequently artefac-
tual swings in CBF are liable to result using this
technique. One of these workers' three patients was

tilted such that his mean arterial BP fell to 32 mm Hg,
well below the autoregulatory range. As such it is not
surprising that this particular subject showed a sig-
nificant fall in CBF with BP.
Caronna and Plum,'" like Meyer et al,'6 used the

arteriovenous oxygen difference technique to monitor
CBF changes in three MSA and a PAF subject. Unlike
Meyer et al,'6 these workers found intact cerebral
autoregulation in their three MSA subjects. Their
PAF subject, however, showed a clear dependence of
CBF on mean arterial BP. Caronna and Plum'5
suggested that as PAF subjects have an increased

Table 3 The effect ofephedrine on cerebral haemodynamics
in tilted MSA and PAFpatients

Baseline Treated

Heart rate 81 (12) 91 (11)*
Mean BP (mmHg) 80 (19) 92 (17)*
CBF (ml/lOOg(min) 47 (10) 49 (11)
MCAv (cm s- ) 47 (14) 51 (10)*

p < 0-05, ( ) = Standard Deviation.
(Student's paired t test).
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Fig 4 (a) Effect ofephedrine on supine pulse rate in DBH
deficiency. (b) Effect ofephedrine on supine BP in DBH
deficiency. (c) Effect of ephedrine on supine CBF in DBH
deficiency.

Pt 1

Before
ephedrine

After
ephedrine

destruction of post-ganglionic neurons in their auto-
nomic nervous system compared to MSA subjects,
PAF patients would be more likely to show impaired
cerebral autoregulation. This, however is not our
experience, or that of Nanda et al7 and Thomas and
Bannister,'8 both of whose PAF subjects auto-
regulated nonnally. Currently we have no explanation
for the failure ofCaronna and Plum's'5 PAF subject to
autoregulate.
Our finding of intact autoregulation in autonomic

failure patients supports the concept that CBF is
controlled by myogenic reflexes at an arteriolar level.4
Arterioles are poorly innervated by the autonomic
nervous system,8 and animal studies have shown
insignificant changes in CBF when the cerebral auto-
nomic supply is stimulated or transected in
animals.9'224 Obliteration of the cerebral autonomic
supply does not appear to affect autoregulation.9
What then is the role of the autonomic nervous system
in controlling CBF, and why are extracranial, but not
intracranial vessels richly innervated?8 Harper et al'
have suggested that the extra- and intra-parenchymal
vessels act in series, changes in extra parenchymal
resistance being counter-balanced by the intraparen-

chymal circulation. In this way the intracranial cir-
culation can vasodilate to maintain CBF when
extracranial vasospasm occurs secondary to subarach-
noid haemorrhage or acute hypotension, while the
extracranial circulation protects arterioles against the
effects of acute hypertension due to sympathetic
overactivity.
Our patients with autonomic failure all showed a

parallel fall in MCAv with their orthostatic hypoten-
sion. MCAv essentially reflects middle cerebral artery
calibre, being elevated in the presence ofMCA spasm,
and reduced when MCAs are vasodilated.'928 A fall in
MCAv with BP suggests that the extracranial circula-
tion is vasodilating, and so reducing cerebrovascular
resistance when patients with autonomic failure
become hypotensive. Such vasodilatation of the
extracranial circulation in the face of hypotension is
likely to be a normal, rather than pathological,
protective mechanism. Four of our control subjects
showed reduced MCAvs when hypotensive during
Stage II of a Valsalva manoeuvre, MCAv recovering
within seconds of releasing their increased intra-
abdominal pressure (Brooks DJ, unpublished
observations). Tilting normal subjects increases their
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BP slightly, and has no significant effect on their
MCAv.

Ephedrine acts mainly as an indirect sympatho-
mimetic agent, with weaker direct agonist
activity.2"2225 It is frequently used as a hypertensive
agent in orthostatic hypotension, acting within 20-30
minutes when taken orally provided normal gastro-
intestinal motility is present. It can be seen that in our
PAF and MSA subjects ephedrine acted to increase
heart rate, BP, and to a lesser extent MCAv. There was
no significant change in CBF. This suggests that
ephedrine has no direct beneficial action on CBF,
acting as a positive chronotropic agent and vasocon-
strictor. Its use in autonomic failure lies in its ability to
maintain standing patients in the autoregulatory BP
range. Unfortunately supine hypertension is frequen-
tly a problem with this agent.25

Dopamine-#-hydroxylase deficiency is a rate auto-
nomal recessive condition in which the enzyme for
converting dopamine to noradrenaline is absent.27
Patients have undetectable plasma noradrenaline and
adrenaline, and raised plasma dopamine levels. They
present with orthostatic hypotension and impaired
ejaculation.27 Our brother and sister with DBH
deficiency showed a paradoxical reaction to
ephedrine, their supine BP falling after treatment.
Their CBF was unchanged however, demonstrating
that cerebral autoregulation remains intact in this
condition. The mechanism of the ephedrine-induced
hypotension in DBH deficiency remains unclear. One
possibility is that a direct agonist effect of ephedrine
on vasodilatory #-adrenoreceptors occurs.

Conclusions

Our findings can be summarised as follows:
(a) Cerebral autoregulation is preserved in pure

autonomic failure, and in autonomic failure
secondary to multiple system atrophy and
dopamine-fi-hydroxylase deficiency.

(b) Orthostatic hypotension results in a reactive
vasodilatation in autonomic failure patients,
cerebral blood flow being maintained by lowering
vascular resistance.

(c) Ephedrine acts as a hypertensive agent in PAF
and MSA subjects, having no direct effect on
CBF. In dopamine-#-hydroxylase deficiency,
however, ephedrine results in paradoxical
hypotension.
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