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Many environmental and occupational chemicals are
known to affect the central and/or peripheral nervous
system, causing changes that may result in neurological and psychiatric disorders. Because of the limited
accessibility of the mammalian nervous tissue, new
strategies are being developed to identify biochemical
parameters of neuronal cell function, which can be
measured in easily obtained tissues, such as blood
cells, as potential markers of the chemically-induced
alterations occurring in the nervous system. This review includes a comparative analysis of the effects of
mercurials on calcium signalling in the neuroadrenergic PC12 cells and rat splenic T lymphocytes in an attempt to characterize this second messenger system as
a potential indicator of subclinical toxicity. The suitability of neurotransmitter receptors in blood cells,
such as the sigma binding sites, as biological markers
of psychiatric disorders is also discussed.
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INTRODUCTION
Parkinsonian disorders comprise a variety
of diseases, with differing pathology, natural
history and prognosis. Although the most common is idiopathic (classical) Parkinson’s disease
(PD), there is increasing recognition of ‘atypical’ parkinsonian disorders, such as multiple
system atrophy (MSA), progressive supranuclear palsy (PSP) and Lewy body disease
(LBD) (1) (Fig. 1, see over). In some parkinsonian patients, and in particular in MSA, autonom-

ic failure characterised by cardiovascular disturbances is a prominent feature. However, the majority of patients with parkinsonism are over the
age of 50, when there is an increasing incidence
of cardiovascular disease; this may create diagnostic difficulties and also compound problems
with management. This review will focus on
cardiovascular autonomic dysfunction, especially in MSA, and will deal predominantly with
blood pressure and heart rate control together
with newer information on cardiac sympathetic
innervation in parkinsonian patients.
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Fig. 1 - Schematic representation indicating the major clinical features in some of the parkinsonian disorders. These include the parkinsonian, cerebellar and mixed forms of multiple system atrophy (MSA-P, C & M respectively), idiopathic
Parkinson’s disease (PD), PD with autonomic failure (PD+AF), progressive supranuclear palsy (PSP), diffuse Lewy
body disease (DLBD) and pure autonomic failure (PAF). (Adapted from ref. 1).

BLOOD PRESSURE ABNORMALITIES
Orthostatic hypotension
Orthostatic (postural) hypotension is a cardinal feature of autonomic failure [defined as a
fall in systolic blood pressure of at least 20
mmHg or in diastolic of at least 10 mmHg on
either standing or head-up tilt to at least 60°
(2)]; in a patient with parkinsonism its presence often leads to consideration of MSA (Fig.
2) (3). The symptoms arising from orthostatic
hypotension result from hypoperfusion of vital
organs. Prominent are those from cerebral hypoperfusion, such as dizziness, visual disturbances and sometimes impaired cognition,
which often precede loss of consciousness
( Table I); there is a variety of non-cerebral
symptoms (4,5). Symptoms vary substantially
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between subjects and even in the same subject
in different situations and times of the day (Fig.
3, see p. 260). This is because many factors,
some relating to essential activities in daily
life, such as food ingestion and exercise, influence the degree of orthostatic hypotension
(Table II, see p. 260). Non-neurogenic factors,
which include the effect of drugs and conditions resulting in fluid and volume depletion,
also exacerbate orthostatic hypotension (Fig. 4,
see p. 261) (6). Sometimes non-specific symptoms, such as weakness, lethargy, fatigue or
falls, may be the only features resulting from
orthostatic hypotension (Table I).
Evaluation of orthostatic hypotension is
necessary, both in the clinic and ideally in an autonomic laboratory. Details have been described
elsewhere, together with methods to evaluate
neurogenic and non-neurogenic factors (3); this
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Table I - Some of the symptoms resulting from orthostatic
(postural) hypotension.

Normal

2 mins

0
200

Muscle hypoperfusion
Paracervical and suboccipital (‘coathanger’) ache
Lower back/buttock ache

0
45° Head-up tilt
200

Cerebral hypoperfusion
Dizziness
Visual disturbances
blurred-tunnel
scotoma
greying out - blacking out
colour defects
Loss of consciousness
Impaired cognition

Autonomic failure

Cardiac hypoperfusion
Angina pectoris
Spinal cord hypoperfusion
2 mins

0
200

Renal hypoperfusion
Oliguria
Non-specific
Weakness, lethargy, fatigue
Falls

0
45° Head-up tilt
Fig. 2 - Blood pressure and heart rate before, during and
after head-up tilt in a normal subject (top panel), and a
patient with pure autonomic failure (lower panel). In the
normal subject there is no fall in blood pressure during
head-up tilt, unlike the patient in whom blood pressure
falls promptly and remains low with a blood pressure
overshoot on return to the horizontal. In the patient with
autonomic failure there is only a minimal change in heart
rate despite the marked blood pressure fall. In each case
continuous blood pressure and heart rate were recorded
with the Portapres II. (From ref. 3).

evaluation is important in parkinsonian disorders
where there may be many reasons for orthostatic
hypotension (Table III, see p. 261) (7,8).
In the majority of PD cases, symptomatic
orthostatic hypotension is not a major feature,
although its prevalence varies (9-12). In a relatively rarer sub-group, with drug-responsive
PD, symptomatic orthostatic hypotension re-

(Reproduced from Ref. 3)

sults from autonomic failure (PD+AF). In such
patients the autonomic lesion is thought to be
peripheral, as based on a combination of features that include a low basal level of plasma
noradrenaline, and the inability of drugs such
as yohimbine (that act on pre-synaptic receptors to activate sympathetic terminals) to raise
blood pressure (13,14). These observations are
in contrast to MSA where the lesions are predominantly central and pre-ganglionic (15,16);
in MSA basal levels of plasma noradrenaline
are often within the normal range and there is a
pressor response to drugs such as ephedrine,
whose activation is dependent on post-ganglionic sympathetic innervation (17). In PD,
there is a varying incidence of symptomatic
and asymptomatic orthostatic hypotension that
may reflect additional factors, ranging from the
influence of increasing age, to duration of the
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Table II - Factors influencing orthostatic (postural) hypotension
Speed of positional change
Time of day (worse in the morning)
Warm environment (hot weather, central heating,
hot bath)
Raising intrathoracic pressure - micturition, defaecation
or coughing
Food and alcohol ingestion
Physical exertion
Manoeuvres and positions (bending forward, abdominal
compression, leg crossing, squatting, activating calf
muscle pump)*
Drugs with vasoactive properties (including dopaminergic
agents)
* These manoeuvres usually reduce the postural fall in blood
pressure, unlike the others (Reproduced from ref. 3)

Fig. 3 - Twenty-four hour non-invasive ambulatory blood
pressure profile showing systolic (l----l) and diastolic
(à ---- à) blood pressure and heart rate at intervals
through the day and night. (a) Changes in a normal subject with no postural fall in blood pressure; there was a
fall in blood pressure at night whilst asleep, with a rise in
blood pressure on wakening. (b) Marked fluctuations in a
patient with autonomic failure; the falls are usually the result of postural changes, either sitting or standing. Supine
blood pressure, particularly at night, is elevated. Getting
up to micturate causes a marked fall in blood pressure
(03.00 hours). There is a reversal of the diurnal changes
in blood pressure. There are relatively small changes in
heart rate, considering the marked changes in blood pressure. (From ref. 3).

disorder and drug therapy. Furthermore, in PD,
there may be dissociation between symptoms
and signs of orthostatic hypotension that may
occur, albeit occasionally, also in MSA (5).
In atypical parkinsonian disorders differences in autonomic function have been described. In PSP, detailed physiological and neuropharmacological studies indicate that ortho-
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static hypotension and cardiovascular autonomic failure do not constitute a feature (18).
This differs from LBD where orthostatic hypotension may be a presenting feature (19,20);
orthostatic hypotension has been reported in up
to 50% of such patients (21).
The management of orthostatic hypotension due to neurogenic failure should incorporate non-pharmacological approaches and
when needed the use of drugs (Table IV, see p.
262). The benefit of therapeutic strategies is
enhanced by knowledge of the putative site of
lesion and known mechanism of action of
drugs; thus with central lesions as in MSA,
ephedrine (an indirectly-acting sympathomimetic) is likely to be effective, unlike peripheral lesions (such as PD+AF) where midodrine (an α-adrenoceptor agonist) is often
needed. Treatment should combine information
from clinical evaluation and appropriate autonomic investigations (such as determining the
effect of food and exercise on orthostatic hypotension) to ensure that management is tailored specifically to individual needs (22).
There may be differences in responses in the
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Fig. 4 - The effect of a single standard oral dose of L-dopa (250 mg) and a dopadecarboxylase inhibitor, carbidopa (25 mg)
given at time zero on the blood pressure of a patient with parkinsonian features. There was a marked fall in blood pressure
after 30 min., resulting in the patient being first placed supine and then head-down. On investigation the patient had autonomic failure with orthostatic hypotension unmasked by L-dopa; the final diagnosis was the parkinsonian form of multiple
system atrophy. SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate. (From ref. 6).

various disorders; thus even the recent observation of the pressor response to oral water in
MSA and pure autonomic failure (PAF) (23,24)
does not appear to apply to PD +AF (25). Education of the patient and, where relevant, of
family and care-givers is important, as is delineation of treatment limitations and discussion
of realistic expectations, especially where the
motor deficits impair mobility and enhance
susceptibility to the fainting sequela.
Hypertension
The incidence of essential hypertension increases with age. Its presence in parkinsonian
patients may reflect other factors. In MSA,
supine hypertension occurs despite severe orthostatic hypotension, probably because of
movement of intra- and extra-vascular fluid
from the peripheral to the central compartment
during postural change, in combination with

Table III - Possible causes of orthostatic hypotension in a
patient with parkinsonian features
Side effects of anti-parkinsonian therapy, including:
L-dopa, bromocriptine, pergolide, the combination of
L-dopa and COMT inhibitors (tolcapone)
The MAO ‘b’ inhibitor, selegiline
Coincidental disease causing autonomic dysfunction,
e.g. diabetes mellitus
Coincidental administration of drugs for an allied
condition
Antihypertensives
Alpha-adrenoceptor blockers (for benign prostatic
hypertrophy)
Vasodilators (for ischaemic heart disease)
Diuretics (for cardiac failure)
Multiple system atrophy (Shy-Drager syndrome)
Parkinson’s disease with autonomic failure
Lewy body disease
(Adapted from ref.s 7 and 8)
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Table IV - Outline of non-pharmacological and pharmacological measures used in the management of postural
hypotension due to neurogenic failure.
To be avoided
Sudden head-up postural change (especially on
waking)
Prolonged recumbency
Straining during micturition and defaecation
High environmental temperature (including hot baths)
‘Severe’ exertion
Large meals (especially when these contain refined
carbohydrate)
Alcohol
Drugs with vasodepressor properties
To be introduced
Head-up tilt during sleep
Small, frequent meals
High salt intake
Increased water intake
Sensible/moderate exercise (including swimming)
Body positions and maneouvres
To be considered
Elastic stockings
Abdominal binders
Pharmacological measures
Starter drug: fludrocortisone
Sympathomimetics: ephedrine, midodrine
Specific targeting: octreotide, desmopressin,
erythropoietin
It should be emphasised that non-neurogenic factors such as fluid loss due to vomiting or diarrhoea may substantially worsen
neurogenic postural hypotension and will need to be rectified.
(Modified from ref.s 17, 22)

impaired baroreflexes and pressor supersensitivity to small amounts of circulating catecholamines or pressor agents used for therapy.
Transient hypertension may occur even in normotensive PD patients on L-dopa (26) and during end-of-dose akinesia, being higher in the
‘ o ff’ than the ‘on’ phase (27). In PSP, presymptomatic hypertension, mainly transient,
with large fluctuations in blood pressure has
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been reported in 80% of patients and on neuroimaging, small vessel cerebral disease was
observed in 50% (28); whether this is due to
involvement of brain stem autonomic nuclei or
other factors is unclear.

HEART RATE ABNORMALITIES
Impairment of parasympathetic heart rate
control in response to various respiratory stimuli is common in MSA. Abnormalities of heart
rate variability have also been reported in PD,
although it is unclear whether this is a reflection of disease duration, age, drug therapy or a
parasympathetic cardiac deficit. In PSP, the
small differences in heart rate responses to various tests (29,30), which were attributed to
central autonomic involvement, have not been
confirmed in a larger study (18).
Cardiac arrhythmias have been reported in
parkinsonian patients and may result from factors that include age, the effect of drugs, or an
intrinsic propensity to the development of arrhythmias. A prolonged Q-T interval may identify patients at risk of developing ventricular
fibrillation and sudden cardiac death. In MSA
the Q-T interval is prolonged but Q-T dispersion, which may provide a better measure of
tendency to arrhythmias, is unaffected (31).
Studies on cardiac sympathetic innervation
in parkinsonian patients have revealed unexpected differences. These studies include use of
123
meta-idobenzylguanadine (I-MIBG), which
is dependent on active transport into sympathetic nerve terminals by a noradrenaline transporter; gamma scintiscanning of heart and mediastinum provide a measure of cardiac uptake
and thus sympathetic innervation. In MSA with
a pre-ganglionic lesion, such transport is preserved, with results similar to those seen in
normal subjects; this is in contrast to PD,
where there is impaired uptake, even in patients without autonomic failure, suggesting
cardiac sympathetic denervation or dysfunction
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(33-35) (Fig. 5). In PD, dopaminergic drug
therapy does not appear to be the cause of the
abnormality and such patients differ from other
parkinsonian disorders such as vascular parkinsonism and PSP (34). These findings are similar to those described using 18F fluorodopamine and positron emission tomography
scanning (36), which indicate minimal uptake
in PD with AF, but normal uptake in MSA.
Overall, the data suggest that apparently selective cardiac sympathetic denervation occurs at
an early stage in PD; the reason for this abnormality and its implications in relation to heart
rate control and cardiac arrhythmias remain to
be resolved.

F i g . 5 - Comparison of the early phase, heart/mediastinum ratio (H/M), using 131meta-iodo-benzylguanadine
scintigraphic scanning in different neurological disorders
and in controls. Open circles show normal and filled circles abnormal H/M ratios. PD = Parkinson’s disease, VP
= vascular parkinsonism, MSA = multiple system atrophy, ET = essential tremor, DC = disease controls, C =
healthy controls. (From ref. 34).

CONCLUDING REMARKS
In parkinsonian disorders, a variety of cardiovascular abnormalities affecting blood pressure control and heart rate variability occur, a
prime example being MSA where autonomic

failure is an integral component of the disease.
The abnormalities reported in PD may have
other causes and explanations; thus, evaluation
of cardiovascular autonomic dysfunction in
these disorders is important. It aids diagnosis,
in MSA where such abnormalities are characteristic, and in PSP where cardiovascular autonomic abnormalities are an exclusionary feature. Furthermore, such evaluation is necessary
for appropriate overall management in parkinsonian disorders.
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