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ABSTRACT
Parkinson’s disease (PD) is a progressive
neurodegenerative disorder characterised by motor
dysfunction (parkinsonism) and several non-motor
features. Dysautonomia is a significant non-motor
feature as well as a neuropsychiatric symptom.
Autonomic dysfunction can occur even in the early
stages of PD, often preceding the onset of the classic
motor symptoms of PD. The patterns of autonomic
features in PD are different from other parkinsonian
disorders. Detection of autonomic dysfunction may
therefore be helpful in diagnosing PD in the early or
pre-motor stages, and/or in differentiating it from other
parkinsonian disorders, such as multiple system atrophy
and progressive supuranuclear palsy. The aim of this
review is to describe aspects of autonomic dysfunction,
including symptoms, assessment and pathophysiology,
resulting from autonomic impairment in PD and other
parkinsonian syndromes.

INTRODUCTION
The autonomic nervous system innervates and
influences every organ in the body. This complex
system is mediated by two major efferent pathways,
the sympathetic and parasympathetic nervous
systems, which obtain afferent signals from differ-
ent parts of the body, neurons in the spinal cord
and cerebral autonomic centres primarily in the
hypothalamus, midbrain and brainstem. The gastro-
intestinal tract is controlled by the sympathetic and
parasympathetic nervous systems and, additionally,
the enteric nervous system which, through
Meissner’s and Auerbach’s plexuses, control motil-
ity and secretion in the small and large intestines.
Non-motor features of Parkinson’s disease (PD)

are increasingly being defined and include dysfunc-
tion of the autonomic nervous system. Autonomic
dysfunction was previously reported in the
advanced stage of PD but recent evidence suggests
it may occur even in the early stage of PD, inde-
pendent of medication. Autonomic features, that
include constipation, often precede the onset of
motor symptoms.1 This is consistent with the Braak
hypothesis suggesting that PD patients have Lewy
body pathology in autonomic centres and nerves
that include the dorsal motor nucleus of the glosso-
pharyngeal and vagal nerves, gastrointestinal sub-
mucosal plexus and postganglionic sympathetic
nervous system, which is present in the pre-motor
stage before nigral involvement.2 These lesions may
result in autonomic dysfunction. Therefore, detec-
tion of autonomic dysfunction may be helpful to

diagnose PD in the early motor or premotor stages,
or to differentiate between PD and other parkin-
sonian disorders, such as multiple system atrophy
(MSA) and progressive supuranuclear palsy (PSP).
The aim of this review is to describe aspects of
autonomic dysfunction, including symptoms,
assessment and pathophysiology, resulting from
autonomic impairment in PD and other parkinson-
ian syndromes.

AUTONOMIC SYMPTOMS AND SIGNS
Cardiovascular symptoms and signs
Postural symptoms (orthostatic hypotension)
Orthostatic hypotension may cause considerable
problems at various stages of PD and particularly in
the advanced stages. It is defined as a fall in systolic
blood pressure of ≥20 mm Hg or in diastolic
blood pressure ≥10 mm Hg on either standing or
head-up tilt to at least 60° degree within 3 min.3 A
drop of systolic blood pressure of ≥30 mm Hg has
recently been suggested in patients with recumbent
hypertension.4 Cerebral perfusion is maintained by
autoregulation of cerebral blood flow if systemic
blood pressure is within a certain range (mean
arterial pressure 60–200 mm Hg). Patients may not
complain of postural symptoms due to cerebral
hypoperfusion despite having orthostatic hypoten-
sion when their mean arterial pressure is above
60 mm Hg.
Symptoms related to orthostatic hypotension are

mainly due to reduction of blood flow to various
organs, especially the brain. Cerebral hypoperfu-
sion can result in posturally induced dizziness,
visual disturbances (blurring, colour change, white-
out, grey-out, etc), transient cognitive impairment
and loss of consciousness (syncope). Hypoperfusion
of muscles may result in headache, neck pain (‘coat
hanger’ ache) and lower back pain. Orthostatic
hypotension may cause fatigue, chest pain, dys-
pnoea and fall. Some may have relatively few symp-
toms except occasionally, suggesting that they have
somehow adapted to a lower blood pressure when
upright until it is lowered by additional factors
causing vasodilatation, such as food ingestion, exer-
cise, heat or drugs with hypotensive properties,
including some antiparkinsonian agents. The preva-
lence of these postural hypotensive symptoms in
PD has been reported in 56% of PD patients and
in 16% of age matched healthy controls, with
syncope in 4% of PD and 1% of controls.5 The
incidence of these symptoms increases with pro-
gression of the disease.6
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Supine (recumbent) hypertension
PD patients with orthostatic hypotension may also have supine
hypertension, defined as a systolic blood pressure ≥150 mm Hg
or diastolic blood pressure ≥90 mm Hg.7 This may be a
problem, especially at night if they lie supine, with a reversal of
the circadian change in blood pressure. Supine hypertension is
usually asymptomatic, but some patients report headfullness or
a throbbing headache while lying flat. It may contribute to ven-
tricular hypertrophy,8 renal dysfunction9 and intracerebral
haemorrhage. The mechanisms of supine hypertension include
impaired baroreflex activity, inappropriate sympathetic tone (eg,
a higher residual sympathetic activity) while supine,10 altered
endocrine systems and drugs used to reverse orthostatic
hypotension.

Postprandial hypotension
In normal healthy individuals, food ingestion does not change
systemic blood pressure, as changes in gastrointestinal and pan-
creatic hormones are accompanied by compensatory cardiac and
regional haemodynamic responses. Previous studies in patients
with autonomic failure indicate that postprandial hypotension
occurs even while supine, because of impaired compensatory
mechanisms for postprandial splanchnic blood pooling.
Carbohydrates are more likely to lower blood pressure postpran-
dially than protein or fat. Postprandial hypotension is known to
aggravate orthostatic hypotension,11 and may be more prominent
in the morning and after large meals. In PD, there are varying
reports on the extent of postprandial hypotension. In untreated
PD, a small postprandial fall in blood pressure while supine has
been reported.12 Others have noted a greater incidence and
degree of postprandial hypotension in elderly parkinsonian
patients that was more frequent than orthostatic hypotension.13

Exercise induced and post exercise hypotension
In patients with autonomic failure, exercise, even when per-
formed supine, induces a fall in blood pressure, and worsens
orthostatic hypotension.14 Exercise induced hypotension persists
after exercise and accentuates post exercise orthostatic hypoten-
sion due to the continuing uncompensated vasodilation in previ-
ously active skeletal muscles. In patients with exercise induced
hypotension, hypotensive symptoms such as dizziness, blurring
and syncope often occur soon after cessation of exercise—for
example, just after walking up stairs—presumably because of
lack of the calf muscle pump which helps support the circula-
tion during walking.

Gastrointestinal symptoms
Upper gastrointestinal symptoms
Sialorrhoea is a common symptom in PD.5 6 Previous studies
exclude increased secretion of saliva in PD and indicate that
saliva production is decreased, indicating that sialorrhoea may
result from reduced and inefficient swallowing in PD.15

Sialorrhoea is thus likely to be a motor rather than an auto-
nomic symptom in PD. PD patients may present with common
upper gastrointestinal symptoms, such as nausea, early satiety,
loss of appetite and abdominal distension, considered to be due
to gastrointestinal dysmotility. Vomiting is not rare in PD.5 6

Constipation
Constipation is variably defined as bowel movements less than
three times a week, regular laxative use and/or difficulty during
defecation. It is the most frequent lower bowel symptom and
can be a major problem in PD. Approximately half of PD
patients have constipation, with increasing severity in the later

stages.5 6 It may not be useful as a predictor of PD, because con-
stipation is common in healthy subjects, particularly women.
However, in young men, constipation may be considered a sig-
nificant risk factor for developing PD. Epidemiological studies
have also shown that men who have bowel movements less than
once daily compared with two times or more daily have a four
times higher risk of PD.1 Intestinal abnormalities, including
megacolon, as a result of intestinal pseudo obstruction, have
also been reported in PD.

Urinary problems
Urinary dysfunction is common in PD with a prevalence of
more than 50% using validated questionnaires.5 6 The exact
figure attributed to PD is difficult to confirm because benign
prostate hyperplasia and idiopathic detrusor overactivity often
occur in otherwise normal individuals with increasing age. In
the majority of PD patients, bladder symptoms occur after the
development of motor symptoms.16 Urinary features are cate-
gorised into storage symptoms and voiding symptoms. Storage
symptoms, such as urinary frequency, nocturnal urine (sleep is
disturbed at least once a night), urgency and incontinence, are
more common, while severe voiding symptoms (delays in initiat-
ing urination, poor or prolongation of urine stream) are not par-
ticularly common in early PD. An excess of 100 ml of residual
urine or enuresis is also rare in PD.17

Sexual dysfunction
Erectile dysfunction is frequently reported in PD compared with
age matched healthy controls.5 In a recent epidemiological
study, erectile dysfunction was associated with a 2.7–4 times
higher risk of developing PD compared with those without this
problem at the same age.18 Sexual dysfunction in PD might be
caused by multiple factors, including the disease itself depleting
dopamine or associated features, such as depression and anxiety.

Abnormal sweating and heat intolerance
Sweating abnormalities occur in 30–55% of PD patients.5 6

Hyperhidrosis or hypo/anhidrosis may occur. Hyperhidrosis is
usually regional and on the upper body, such as the head, face,
neck and chest, and often occurs during the off period asso-
ciated with the wearing off phenomenon. Some have hyperhi-
drosis during the on period, often with dyskinesia.19

Hypohidrosis may occur more frequently in the lower body.
PD patients may have heat intolerance.5 The parkinsonism–

hyperpyrexia syndrome, also known as neuroleptic malignant
syndrome, is a life threatening complication of PD. It is clinic-
ally characterised by hyperthermia, aggravated parkinsonism,
including increased muscle rigidity, depressed consciousness,
autonomic dysfunction and elevated serum creatine kinase
levels. It may be induced by interruption or reduction of anti-
parkinsonian drug treatment, infection and hot weather.20

Pupillary abnormalities
There are only a few reports on pupil abnormalities in PD indi-
cating slow pupillary responses to light and pain,21 and the use-
fulness in PD remains unclear. Clinical examination usually does
not reveal pupillary abnormalities in PD.

AUTONOMIC TESTS
As autonomic symptoms are diverse, a range of autonomic
investigations need to be used for evaluating the site and extent
of an autonomic lesion. Autonomic investigation is of value in
diagnosing PD and differentiating PD from other parkinsonian
disorders, such as MSA.
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Cardiovascular system
Head-up tilting
Head-up tilting is a conventional and useful cardiovascular auto-
nomic function test, particularly for detecting orthostatic hypo-
tension. In the clinic, this can also be performed by lying down
and then sitting or standing. Blood pressure is preferably mea-
sured continuously during the test, but regular upper arm
sphygmomanometry measurements can suffice. The prevalence
of orthostatic hypotension in PD previously reported in the lit-
erature has varied but a recent meta-analysis of 25 studies calcu-
lated a prevalence of 30% with large statistical heterogeneity
between studies,22 likely due to the type of study, participants
and methodologies employed. Furthermore, some patients do
not have symptoms even though they have orthostatic hypoten-
sion, and as a result it is not recognised by clinicians. It is now
clear that orthostatic hypotension can be seen in any stage of
PD but it is more prevalent in later stages.22

Valsalva manoeuvre and pressor stimuli tests
The blood pressure response to the Valsalva manoeuvre, during
which intrathoracic pressure is raised to a maximum of 40 mm
Hg, depends on the integrity of the baroreflex pathways and is
frequently abnormal in patients with autonomic failure and as
such is frequently used to evaluate cardiovascular autonomic
function. Abnormal baroreflex–cardiovagal gain responses, cal-
culated during the Valsalva manoeuvre, are evident in PD
patients with orthostatic hypotension and in up to 25% of PD
patients.23

Ambulatory 24 h blood pressure recording
Ambulatory 24 h blood pressure recording is useful to detect
supine (nocturnal) hypertension, as well as postprandial or
orthostatic hypotension, which may be strong contributors to
abnormal circadian blood pressure rhythms. Postprandial hypo-
tension is most prevalent after the first two meals of the day.24

Lack of nocturnal blood pressure fall (non-dipping) due to
reversal of the normally expected circadian fall is common in
PD with autonomic failure.25 In addition, 24 h blood pressure
recordings provide clinicians with useful information on daily
fluctuations in blood pressure, which is helpful for developing a
treatment strategy (administration time and choice of medica-
tion) for postprandial hypotension, orthostatic hypotension and
nocturnal supine hypertension.

Meal challenge test
The meal challenge test helps detect postprandial hypotension.
Usually, blood pressure is measured in a supine posture in the
fasting state and up to 120 min after a standard test meal. Post-
prandial hypotension is defined analogously to orthostatic hypo-
tension as a decrease in systolic blood pressure of 20 mm Hg.11

Exercise testing
In PD patients evaluated both on and off medication, elevations
in blood pressure and heart rate during exercise are lower com-
pared with normal controls and appear to be disease related and
not affected by medication used to treat PD.26 Exercise testing
can identify exercise induced and/or post exercise hypotension
in patients with suspected autonomic failure.14

Plasma norepinephrine
Plasma norepinephrine levels reflect sympathetic postganglionic
activity, although with limitations as only 10% of norepineph-
rine released into the synaptic cleft enters the plasma, and its

clearance may be reduced in patients with postganglionic sympa-
thetic failure.27 Patients with predominant sympathetic postgan-
glionic lesions, such as pure autonomic failure, have reduced
plasma norepinephrine levels. The norepinephrine response to
head-up tilting or standing is diminished due to disturbed baror-
eflex function in patients with autonomic failure.27 PD patients
without orthostatic hypotension have been reported to have no
major changes in baseline supine resting and orthostatic plasma
norepinephrine levels. In the early stage of PD without ortho-
static hypotension, plasma norepinephrine may rise slightly in
some patients.28 In contrast, PD with orthostatic hypotension
may show subnormal baseline levels as well as subnormal ortho-
static increments, consistent with autonomic failure.28

Heart rate variability
Heart rate variability, analysed by time domain or frequency
domain methods, is a non-invasive method used to assess auto-
nomic function by evaluating the modulatory effects of neural
mechanisms on the sinus node. Time domain analyses of heart
rate variability might be normal but may decrease during mid
and late stages of PD.29 Spectral (frequency domain) analysis
may provide indices of sympathetic and parasympathetic func-
tion, which have been shown to be abnormal in PD patients,
particularly in indexes of sympathetic function, although these
measures have recently been proposed to reflect baroreflex,
rather than sympathetic nerve activity function.30

Skin vasomotor reflex
Some procedures, such as deep inspiration, mental stress and
isometric exercise, provoke reduced cutaneous blood flow in the
palm or sole, and this response is termed the skin vasomotor
reflex. An attenuated skin vasomotor reflex was present in
patients with Lewy body disease.31 These observations are con-
sistent with Lewy body pathology observed in the raphe nucleus
which plays an important role in the skin vasomotor reflex32

and may also reflect postganglionic sympathetic involvement
seen in patients with Lewy body disorders.

Myocardial scintigraphy with 123I-meta-iodobenzylguanadine
Imaging techniques can determine the integrity of cardiac sym-
pathetic innervation, using myocardial scintigraphy of the
physiological analogue of norepinephrine, 123I-meta-iodobenzyl-
guanadine (MIBG), as well as 18F-fluorodopamine, and positron
emission tomography scanning.33 In PD there is impaired
uptake, suggesting cardiac sympathetic denervation.34 This can
occur in the absence of clinical features suggesting autonomic
failure and at an early stage of PD, and also diminishes as the
disease progresses.35 Studies with similar techniques indicate
that PD patients with autonomic failure have decreased noradre-
nergic innervation in the renal cortex36 and thyroid,37 which
may possibly contribute to dysregulation of circulatory homeo-
stasis in PD.36 Previous studies using MIBG to identify patients
with PD from normal subjects showed a sensitivity of 88% and
a specificity of 85%.34 It is unclear whether the severity of PD
and autonomic dysfunction are correlated with MIBG uptake.

Gastrointestinal system
Swallowing and oesophageal motility
A previous study showed that 63% of PD patients have abnor-
malities in the modified barium swallow test.38 Dysphagia
occurs in both oral and pharyngeal phases in PD patients.39

Although oropharyngeal dysphasia is common among PD
patients, unlike other parkinsonian disorders such as MSA, it is
usually asymptomatic in the early stages and features in the
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advance stages. Oesophageal dysphagia is also prevalent in PD,
as demonstrated by abnormalities noted during videofluoro-
scopy40 and manometry.41

Gastric emptying studies
Various methodologies have been used to evaluate gastric
emptying. A solid or liquid meal is mixed with a small amount
of radioactive material, and the amount of radioactivity in the
stomach is measured for several hours. The 13C octanoic acid or
13C-acetate breath test is also used to measure gastric emptying
of solids. In PD, disturbed gastric emptying has been found in
the early untreated stage.42

Electrogastrogram
Electrogastrography (EGG) using surface electrodes can record
gastric slow waves (gastric pacemaker rhythm) at ∼3 cycles/min,
which originate from the pacemaker cells on the major curva-
ture of the stomach. EGG can be clinically used to evaluate
gastric motility.43 Slow waves have been reported to be irregular
in PD patients.44

Colon transit time and anorectal manometry
Recent studies suggest that delayed gastric emptying results from
delayed bowel transport with or without abnormal anorectal
evacuation. Colon transit time was longer in PD patients45 and
thought to be due to degeneration of parasympathetic nuclei
and myenteric neurons.46 Anorectal manometric abnormalities,
including lower basal sphincter pressure and abnormal phasic
contractions during voluntary contraction, have also been
observed.47 Pelvic floor dyssynergia and the lack of puborectalis
relaxation might contribute to constipation in PD.48

Urinary function tests: urodynamic study and sphincter
electromyography
Cystometric analysis of the storage phase indicates reduced
bladder capacity with detrusor overactivity in PD as well as
uninhibited external sphincter relaxation.49 These findings may
be major contributing factors to an overactive bladder in PD.

The pressure–flow analysis of the voiding phase in PD has
shown a weak detrusor in 40% of male and 66% of female
patients.49 A subset of PD patients had detrusor overactivity
during the storage phase but weak detrusor on voiding. This
condition, known as detrusor hyperactivity with impaired con-
tractile function, has recently been estimated to occur in 18% of
PD patients.50

Detrusor–external sphincter dyssynergia or pseudo-
dyssynergia may be detected in PD,51 but the prevalence is con-
sidered to be low. In contrast, a pressure–flow analysis revealed
that half of PD patients show mild urethral obstruction.
Sphincter electromyography indicates that neurogenic changes
in sphincter motor unit potentials are not common in PD.49

Sudomotor system
Thermoregulatory sweating test
In thermoregulatory sweat testing, the patterns of anhidrosis in
PD may vary, such as the truncal and proximal limb regions
(central pattern), segmental regions and myelopathic distribu-
tions.52 This wide spectrum of anhidrotic patterns implies that
the initial involvement and progression of autonomic cellular
loss varies considerably.

Quantitative Sudomotor Axon Reflex Test
The Quantitative Sudomotor Axon Reflex Test is used for asses-
sing postganglionic sudomotor function and is often used in

conjunction with thermoregulatory sweating testing. There have
been only a few studies using this method, indicating reduced53

and normal axon reflex sweating.54

Sympathetic skin response and sympathetic sweat response
Sympathetic skin responses (SSR) have been used for evaluating
sudomotor function by measuring evoked electrodermal activity,
which reflects sweat gland activity, on the hand or foot. SSR
mainly reflects emotional sweating on the palm or sole.
However, the SSR is less reliable as a quantitative index of
sweating. In contrast, the sympathetic sweat response, where the
amount of sweat output is measured by a sudorometer or cap-
acitance hygrometry, is a useful quantitative method for evaluat-
ing sudomotor function. Responses may be reduced or absent in
PD patients.31

Skin biopsy
In skin biopsies from the lower thigh, autonomic innervation of
the blood vessels, sweat glands and erector pili muscles have
been reported to be reduced in PD.55 In autopsy cases of PD,
α-synuclein pathology was demonstrated in the unmyelinated
fibres of the abdominal dermis in 20 (23.5%) of 85 patients
who also had Lewy body pathology in the brain.56 However, in
studies with skin biopsy, abnormal α-synuclein accumulation in
unmyelinated fibres was present in the dermis of the thoracic
wall but not in the lower limb in two (10%) of 20 PD
patients.57 The same group also retrospectively examined
abdominal skin in 142 patients with Lewy body pathology in
the CNS and demonstrated that the sensitivity of Lewy body
pathology in the skin was 70% in PD. The discrepancy between
results of autopsy based and skin biopsy studies may be
explained by the differences in the sites for tissue samples, the
size of skin tissue examined and the number of examined
sections.

PATHOPHYSIOLOGY OF AUTONOMIC DYSFUNCTION
Involvement of the autonomic nervous system in PD
PD is characterised by deposition of abnormally phosphorylated
α-synuclein. The aggregates are typically found in neurons as
Lewy bodies.2 Alongside the hallmark degeneration of the sub-
stantia nigra in PD, Lewy bodies and cell loss are detected in:
(1) autonomic regulatory areas such as the hypothalamus, para-
brachial nucleus, intermediate reticular zone of the medulla,
locus coeruleus and raphe; (2) preganglionic parasympathetic
regions, such as the Edinger–Westphal nucleus and dorsal vagal
motor nuclei; (3) preganglionic sympathetic neurons in the
intermediolateral cell column and (4) neurons in paravertebral
and paravertebral autonomic ganglia.58 Histological loss of
neurons and Lewy body accumulation in sympathetic ganglia,59

and cardiac sympathetic denervation in several studies are also
evident.60 In addition, α-synuclein pathology has been reported
to be shown in the ventrolateral medulla (pressor centre)61 and
the enteric plexus in PD patients.46 The lesions in autonomic
regulatory areas could be key causes of cardiovascular, sudomo-
tor, bladder and bowel dysfunction. Evidence suggests that
urinary dysfunction is also a process of degeneration in the sub-
stantia nigra as urinary dysfunction in PD appears to correlate
with PD severity.62

In the Braak staging model of PD,2 the dorsal motor nucleus
of the vagal nerves and anterior olfactory are proposed to be
affected in stage 1, and the locus coeruleus, raphe and lateral
tegmental nucleus in stage 2. In stage 3, the substantia nigra is
affected and it is in this stage when the hallmark motor symp-
toms of PD develop in accordance with large dopaminergic
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neuron loss.2 In addition, Braak et al has reported that
α-synuclein immunoreactive inclusions were found in neurons
of the enteric plexus in individuals with incidental Lewy body
disease.46 It was proposed that PD could start from impairments
in the gastrointestinal tract, earlier than the anterior olfactory
nuclei, dorsal motor nucleus of the vagal nerve and substantia
nigra. Sympathetic postganglionic neurons may be involved in
the early or premotor stage.60 Impaired cardiovascular auto-
nomic control and gastrointestinal disturbances may predate
motor symptoms in PD, but this has not been confirmed
clinically.

Effect of antiparkinsonian treatment on the autonomic
nervous system
Antiparkinsonian medication may cause autonomic dysfunction.
In the periphery, a considerable amount of orally administrated
L-dopa is transformed into dopamine, which is an important
regulator of systemic blood pressure through vasodilation and
decreased catecholamine release,63 and dopaminergic receptors
are widely distributed throughout both the central and periph-
eral autonomic nervous systems. Therefore, L-dopa may affect
cardiovascular function. However, the effect of oral levodopa,
with or without a peripheral decarboxylase inhibitor (DCI), on
blood pressure and orthostatic hypotension is controversial,
although DCIs have been reported to have no effect on blood
pressure.64 In healthy individuals, intravenous levodopa infusion
has been reported to lower blood pressure65 whereas oral
L-dopa with DCI does not.66 With regards to PD patients, in
several previous studies, acute or chronic administration of oral
L-dopa has not been shown to affect cardiovascular reflexes,67 68

whereas some have shown that L-dopa produces mild ortho-
static hypotension69 and lowers resting blood pressure.69 70 In
contrast, one report has shown that orthostatic hypotension
improved after 6 months of oral L-dopa therapy.70

Dopamine agonists could lower blood pressure and could
cause orthostatic hypotension.63 Monoamine oxidase inhibitors,
such as selegiline, have also been shown to diminish cardiovas-
cular autonomic responses in PD patients and to increase the
risk of orthostatic hypotension.70 The effect of catechol-O-
methyl-transferase inhibitor therapy on the cardiovascular
system is not significant in PD patients.71

Dopamine also affects gastrointestinal and colonic motility; it
reduces gastric migrating motor complex and gastric motility72

whereas it may increase colonic motor activity.73 Therefore, it is
possible that L-dopa affects bowel function in PD. However, no
reports are available that have examined whether L-dopa might
change gut function in untreated PD patients. In addition, dopa-
mine agonists cause nausea and constipation, as do
anticholinergics.

Medication for non-motor symptoms may also affect auto-
nomic function. α-Adrenergic blockers, which may be used for
urinary voiding problems, and antidepressants, also can aggra-
vate orthostatic hypotension and constipation in PD patients.

Effect of deep brain stimulation on the autonomic nervous
system
Deep brain stimulation (DBS) of the subthalamic nucleus (STN)
or the globus pallidus internus has become an established tool
in the management of patients with advanced PD, and DBS of
the STN allows reduction of the daily dose of antiparkinsonian
drugs. DBS of the STN may improve autonomic dysfunction,
such as bladder problems,74 gastric dysmotility42 and reduced
emotional sweating.75 The improvement in autonomic dysfunc-
tion may be related to reduced antiparkinsonian drugs,

improvement of motor disability and direct effects of DBS on
STN and its neighbouring or connecting areas.

AUTONOMIC DYSFUNCTION IN OTHER PARKINSONIAN
DISORDERS
Multiple system atrophy
Multiple system atrophy (MSA) is characterised by parkinson-
ism, cerebellar ataxia and autonomic failure. Cardiovascular dys-
function is usually more severe in MSA compared with PD, but
some PD patients may present with severe orthostatic hypoten-
sion even in the early stages, similar to MSA patients. The pres-
ence of orthostatic hypotension alone does not distinguish MSA
from PD.52 Bladder symptoms, severe voiding symptoms and an
excess of 100 ml of residual urine frequently precede postural
symptoms in MSA, and they may also precede the development
of motor symptoms.76 The incidence of constipation is less in
MSA compared with PD.77

With regard to autonomic tests, most MSA patients show
normal myocardial MIBG accumulation, which is useful to dif-
ferentiate MSA from PD. Previous studies using myocardial
MIBG scintigraphy to distinguish PD patients from MSA
patients showed sensitivity of 89% and specificity of 77%.34

The clonidine growth hormone stimulation test may also be
useful for differentiating MSA from PD. Clonidine, a selective
α2-adrenoceptor agonist, evokes release of growth hormone in
healthy subjects and PD patients whereas the release is impaired
in MSA.78 In sphincter electromyography, MSA patients show
neurogenic changes in the sphincter motor unit while PD
patients show normal activity.49 A recent study reported differ-
ent patterns of EGG activity between MSA and PD. MSA
patients showed regular slow wave rhythms with reduced vari-
ability, unlike PD patients, who have irregular slow waves.44 A
combination of thermoregulatory sweat testing and the
Quantitative Sudomotor Axon Reflex Test were used to differen-
tiate between patients with MSA and PD79; the results showed
that the percentage of anhidrosis was significantly larger in MSA
than PD and the distribution of anhidrosis was compatible with
preganglionic (central) involvement in MSA in contrast with PD
which had the peripheral involvement of anhidrosis. Moreover,
normal axon reflex sweating in anhidrotic areas confirmed a
preganglionic lesion in MSA, although some MSA patients may
show reduced axon reflex sweating.80 A combination of sympa-
thetic sweat response (SSwR) and skin vasomotor reflex may
also be helpful to diagnose MSA, which often shows diminished
SSwR and preserved skin vasomotor reflex.81

Progressive supranuclear palsy
Progressive supranuclear palsy (PSP), which is characterised by
vertical gaze palsy, dystonia, akinesia, pseudobulbar palsy and
mental impairment, is a disorder which has overlapping neuro-
logical symptoms and signs with PD. Unlike PD and MSA
patients, there are generally no autonomic abnormalities in PSP
patients, and cardiovascular autonomic dysfunction should be
an exclusion criterion for PSP.82 However, pressor responses
induced by mental stress82 and emotional sweating83 have been
reported to be diminished in PSP. These findings may reflect
cognitive impairment in PSP. MIBG scintigraphy has been
reported to show sensitivity of 87% and specificity of 77% in
the differential diagnosis between PD and PSP.34

Dementia with Lewy bodies
Dementia with Lewy bodies (DLB) is a neurodegenerative dis-
order characterised by dementia with parkinsonism. Autonomic
dysfunction is not uncommon among DLB patients and has
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previously been described in case reports as a preceding feature
before dementia or parkinsonism.84 An earlier pathological
study showed that the majority of confirmed DLB patients
reported urinary incontinence and constipation as the most fre-
quent symptoms while almost one-third of these patients experi-
enced episodic hypotension associated with syncopal episodes.85

These autonomic features, including repeated falls and syncope,
transient loss of consciousness and severe autonomic dysfunc-
tion were included in the supportive features in the latest
revised criteria for the clinical diagnosis of DLB.86 Recently,
autonomic function in DLB was systemically evaluated by com-
paring the characteristics and autonomic symptoms on the
Composite Autonomic Scoring Scale and autonomic function
tests, including thermoregulatory sweat testing.12 The results
showed that orthostatic hypotension and Composite Autonomic
Scoring Scale scores were abnormal in DLB patients and inter-
mediate between those with MSA and PD. Reduced myocardial
MIBG uptake, decreased baroreceptor reflex,87 orthostatic
hypotension and reduced SSwR31 were more severe in DLB
compared with PD. Reduced myocardial MIBG accumulation is
also considered as a supportive feature in the diagnostic criteria
of DLB.86 Myocardial MIBG scintigraphy is also useful to dif-
ferentiate DLB from other movement disorders, such as PSP,34

but MIBG appears to be much more reliable for aiding diagno-
sis, particularly between DLB and Alzheimer’s disease in demen-
tia patients. With regards to bladder dysfunction, recent
evidence suggests that DLB may have large post void residuals
and neurogenic changes in sphincter motor unit potentials,
similar to MSA.88

CONCLUSION
Autonomic features in PD have received increasingly much
more attention from clinicians over the past decade, partly due
to better knowledge of non-motor symptoms. Previous reports
have demonstrated that autonomic dysfunction can present even
in the early stages of PD, and some autonomic features some-
times predate the classical motor symptoms. These findings raise
the possibility of using them as potential markers for aiding PD
diagnosis at an earlier stage.
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