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Abstract
Parkinson’s disease is a progressive disorder
caused by degeneration of the dopaminergic
neurons of the substantia nigra. Years before
the substantia nigra compacta (SNc) and cortex
are involved, there is pathological evidence of
PD in the medulla oblongata, pontine tegmen-
tum and olfactory bulb. The motor problems
can be preceded by several years by subtle
clinical symptoms such as rapid eye movement
sleep behaviour and hyposmia during the pro-
dromal period of PD. The striatonigral path-
way plays a regulatory role in the system of
positive and negative pathways that serve to
modulate feedback from the thalamus to the
motor cortex. This chapter reviews PD with
emphasis on the age of onset. Parkinson’s dis-
ease usually begins in middle to late life
(LOPD). In about 5–10%, PD begins before
the age of 50 (EOPD). There are some
distinguishing features between both.

Keywords
Parkinson’s disease · Glucocerebrosidase
(GBA) gene mutations · Late-onset Pompe
disease (LOPD) · Early-onset Pompe disease
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Introduction

Parkinson’s disease is considered a movement
disorder [1, 2]. In idiopathic Parkinson’s disease,
there is accumulation of alpha-synuclein in neu-
ronal perikarya (Lewy bodies) and neuronal pro-
cesses (Lewy neuritis) [3]. The majority of PD
cases are sporadic, and about 10% are the rare
familial forms, gene-linked encoding alpha-
synuclein, parkin, dJ-1, PINK-1 and LRRK2
[4]. Glucocerebrosidase (GBA) gene mutations
are now recognised as numerically the most
important risk factor for PD [5]. Early-onset PD
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with slower progression than the idiopathic disor-
der is produced by mutations in parkinsonism and
results in loss of midbrain dopamine neurones [6].

In PD alpha-synuclein misfolds and forms
intracellular inclusions called Lewy bodies
which are the pathological hallmark of PD
[7]. Several genes may be involved [8], and mis-
folding of proteins and dysfunction of the
ubiquitin-proteasome pathway play an important
role in PD pathogenesis [9]. Accumulation of
alpha-synuclein may be related to synaptic dys-
function in PD [10] and is brought about by either
environmental or genetic factors [11] triggered by
a chain of events resulting in dopaminergic neuronal
death and dopamine depletion in the striatum which
is the hallmark of PD [12]. Parkinsonian symptoms
are believed to be due to abnormal synchronous
oscillating activity within the basal ganglia [12]
and play a vital role in the generation of the disease
[13]. Loss of dopaminergic neurones in the mid-
brain [14] is commonly associated with dysfunction
of the basal ganglia. Loss of dopaminergic inputs to
the basal ganglia, that is, subthalamic nuclei and

globus pallidus, results in increased oscillatory fir-
ing and synchronisation [15].

Increased knowledge and better understand-
ing of the organisation of the basal ganglia in
both health and disease have led to the hypothe-
sis of direct and indirect pathways of the flow
through the basal ganglia of cortical information
[16] (Fig. 1). The internal basal ganglia circuits
are controlled by several pre- and postsynaptic
mechanism [1].

Clinical Manifestations

According to Braak et al. [8] long before the sub-
stantia nigra compacta (SNc) and cortex are
involved even over years, there is pathological
evidence of PD as defined by the presence of
Lewy bodies in the medulla oblongata, pontine
tegmentum and olfactory bulb. The onset motor
problems can be preceded by several years by
subtle clinical symptoms such as rapid eye move-
ment sleep behaviour and hyposmia during the
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Fig. 1 Schematic diagram of direct and indirect pathways
of the basal ganglia motor circuits. Direct pathway (blue)
(D1). Projections from the caudate/putamen, GPi, thala-
mus to premotor cortex. Excitatory inputs from the sub-
stantia nigra and cortex to the putamen/caudate are also
shown. Indirect pathway (red) (D2). Projections from the

caudate/putamen, GPe, subthalamic nucleus, GPi, thala-
mus to motor cortex. GPe also receives excitatory input
from the cortex and inhibitory from the substantia nigra.
There is an excitatory input from the subthalamic nucleus
to the GPi
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prodromal period of PD [17]. Parkinson’s disease
usually begins in middle to late life (LOPD). In
about 5–10%, PD begins before the age of
50 (EOPD). There are some distinguishing features
between both (Table 1). LOPD exhibited more
often tremor at the beginning [18], and tremor is
only present in half the number of patients with
early onset. Rigidity and akinesia are more prom-
inent with EOPD with rapid establishment of full-
blown clinical picture and deterioration of the ther-
apeutic efficacy of L-dopa [19]. The response to
levodopa was greater and duration shorter in
EOPD patients, and posture and gait symptomatol-
ogy were less responsive in older patients
[20]. Although the response to levodopa is signif-
icant, side effects are seen early [19], and this group
has a greater proclivity to levodopa-induced dyski-
nesias and fluctuations as early as 6 months. LOPD
patients are more susceptible to psychiatric com-
plications [21]. The progression of the disease is
slower with EOPD patients, but it is related more to

the age of the patient rather than to the age of
disease onset [22].

The early stages of PD may often be
characterised by non-specific symptoms such as
depression and fatigue, aching and tightness in
the leg and arm, clumsiness of the hand, subtle
decrease inmobility with less arm swing and flexed
posture with difficulty in swallowing. The tremor
may be intermittent. There is little difficulty in
recognising idiopathic Parkinson’s disease when
it is well established. The combination of tremor,
rigidity, bradykinesia and gait disorder is the classic
syndrome of the idiopathic Parkinson’s disease.
This syndrome is not seen in any other neurological
disorder. The difficulty may arise in some cases in
differentiating it in the early stages of the disease,
or when it presents with rigidity and bradykinesia,
from other movement disorders. The tremor is
present at rest, decreases with movement and dis-
appears during sleep. It may involve the hand, jaw
and feet. The rhythmic pronation and supination of
the arm characteristically cause the ‘pill-rolling’ of
the opposed thumb and fingers. The rigidity affects
all muscles most markedly the trunk and neck. A
cogwheel effect is often noted on passive move-
ment of the extremities due to the combination of
tremor and rigidity. There is slowness
(bradykinesia) in the carrying out of voluntary
movements. Flexion of the neck and trunk and
the arms produces the distinctive posture with pos-
tural instability and falls. Posture and gait disorders
are the least distinguishing of the presenting fea-
tures. The ‘mask-like’ face is very obvious to the
trained observer. The speech is dysarthric (monot-
onous, slow and low volume). The hand writing is
micrographic, and there is drooling of saliva.

Differential Diagnosis

There are few conditions that may be confused
with Parkinson’s disease. Benign essential tremor
is commonly mistaken for PD. Although the
tremor is postural, this may be the initial and
only sign of early PD causing difficulties in diag-
nosis. The patient with essential tremor would
have had it for several years, and there is often a
family history. The tremor worsens with skilled

Table 1 Shows the differentiation and similarities
between early-onset and late-onset PD

Early onset Late onset

<50 years >50 years

Family history More likely Less
likely

Clinical features

Resting tremor Frequent as
initial symptom

Frequent

Rigidity, cramps More common Common

Bradykinesia Frequent Frequent

Gait difficulty Frequent More
frequent

Posture instability

Other

Depression, anxiety More likely Less
likely

Cognitive
dysfunction

Progressed
slowly

Impaired

Treatment-related side
effects

More likely Less so

Dyskinesia, dystonia

Quality of life(QoL) Poorer Poor

Progression

Information sources: Tang et al. [23], Bertucci et al. [24],
Parkinson Disease Foundation [25], Mehanna et al. [26],
and Fereshtehnejad et al. [27]
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acts and there is often a head tremor and there is
no rest tremor, rigidity or bradykinesia.

The clinical presentation of drug-induced par-
kinsonism is exactly the same as classic PD and
clinically indistinguishable. The common drugs
which are culpable are the older antipsychotics,
for example, haloperidol and antiemetics such as
prochlorperazine and metachlorpropamide. A
careful history must be taken in patients who
present with Parkinson’s. A few neurodegenera-
tive disorders like progressive supranuclear palsy,
nigrostriatal degeneration, MSA-P syndrome and
other conditions like normal pressure hydroceph-
alus and multiple cerebral infarctions may mimic
PD. Box 1 shows the clinical features differenti-
ating them from PD.

Box 1 Clinical Features of Parkinson-Plus
Syndromes
Absence of typical tremor

Early onset and predominance of
unsteady gait and postural defect and falls

Atypical rigidity and dystonic features
Early onset of dementia
Abnormal deep tendon reflexes and

plantar responses
Early onset of bladder dysfunction
Impaired extraocular movements
Very poor response to anti-parkinsonian

treatment
Rapid progression of disability
Early occurrence of postural hypoten-

sion even prior to treatment

Progressive supranuclear palsy is a progressive
disease with stiffness, unsteady gait, falls and
visual complaints. Vertical downward gaze is lost
and axial more than appendicular rigidity, dysar-
thria and slow mentation (subcortical dementia)
with poor response to levodopa. In nigrostriatal
degeneration, there are bradykinesia, unsteady
gait, dysarthria, orthostatic hypotension and rigid-
ity. Mentation is intact and response to treatment is
poor. Dyspraxic gait, incontinence and dementia
are the classical triad of normal pressure hydro-
cephalus. The gait is short and shuffling or

‘magnetic’ (like walking in mud). With multiple
cerebral infarctions, there are increased muscle
tone, some degree of bradykinesia and gait disor-
der, and the diagnosis is based on the presence of
focal cerebral dysfunction. The clinical features of
Parkinson-plus syndromes differ from that of idio-
pathic Parkinson’s disease as in Table 2.

Management of Parkinson’s Disease

Most people with early PD are treated by the
primary care physician, and it is important that
the primary care physician should have an under-
standing of what happens in Parkinson’s disease.
However, initially to confirm the diagnosis and
later with increasing severity and complications,
referral to a neurologist and co-management is
necessary.

The decision to initiate treatment depends on
several factors, for instance, age of the patient at
the onset of the disease, degree of disability,
patients’ expectations and social and occupational
demands, and hence treatment must be
individualised. Evaluation of the patient can be
quantitative or qualitative. The former is often
time-consuming, but the latter is relatively simple
and rapid. There are a number of clinical rating
scales available, but the one widely used is the
Unified Parkinson’s Disease Rating Scale
(UPDRS) which assesses 42 items on a four-
point score system to determine the patient’s men-
tal status, activities of daily living, motor function
and complications of therapy [28].

Levodopa is still considered the most effective
drug for the treatment of Parkinson’s disease even
though long-term therapy is associated with motor
complications that can be as disabling as the dis-
ease itself. Patients encounter symptoms of severe
involuntary movements and the ‘switching-off’
phenomenon possibly due to abnormal pulsatile
delivery of the dopamine. Levodopa-induced dys-
kinesia may be reduced with non-selective
N-methyl-D-aspartate antagonist amantadine and
fipamezole (noradrenergic alpha2A antagonism)
can potentially reduce dyskinesia.

To improve motor outcomes, dopamine agonists
(pramipexole, ropinirole, rotigotine), monoamine
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oxidase B inhibitors (rasagiline) and catechol-O-
methyltransferase inhibitors (entacapone) can pro-
vide continuous oral delivery of dopaminergic
stimulation [29]. The dopamine agonists are lon-
ger acting, may be neuroprotective and slow the
progression of the disease [30, 31]. Dopamine
agonists are less likely to produce long-term
motor complications but are not as effective as
L-dopa. They can be used before going on to
L-dopa, except in those aged over 70 years with
significant disability. Neither bromocriptine nor
pergolide is used anymore because they are ergot
alkaloids and have significant side effects. The
most important of these are mediastinal and car-
diac (valvular) fibrosis. Cabergoline, another
ergot dopamine agonist, also causes fibrotic reac-
tion in the cardiac valves. It is used as a mono-
therapy in PD in the early phase. It could be used
in combination with L-dopa and decarboxylase
such as carbidopa in progressive phase of
PD. Patients on cabergoline should be screened
regularly with X-ray of chest, electrocardiogram
and renal function tests.

Another class of medications helpful in
treating PD are the non-ergot dopamine agonists,
oral ropinirole, Requip, pramipexole, Mirapex,
and the rotigotine transdermal patch. They act
like levodopa and are useful in the early stages

of the disease and an option for an initial treatment
for younger patients with mild to moderate symp-
toms [32, 33]. These can be used in combination
with levodopa and may reduce the amount of ‘off
time’ when patients have difficulty with motor
activity. Both however have been linked with
new onset of compulsive behaviours such as gam-
bling and hypersexuality. Rotigotine, a non-ergot
dopamine agonist, delivers a more regular dopa-
mine stimulation through a transdermal patch,
releasing approximately 2 mg per 24 h. It is indi-
cated as monotherapy or in combination with
existing levodopa therapy in patients with early
to advanced disease.

Rasagiline is the newer drug and is preferred
bymany to selegiline. It has been extensively used
in Europe. There are reports that rasagiline slows
progression of the disease and improves control of
motor fluctuations in advanced disease and in the
treatment of motor symptoms. It may be useful in
early PD and is a potent selective irreversible
MAO-type B inhibitor. It impairs thinking and
reactions and can produce unexpected drowsi-
ness, and motor vehicle accidents have occurred
as a result. Certain foods and beverages that are
high in tyramine should be avoided.

The anticholinergics are most effective in those
with significant tremor, but their side effects limit

Table 2 Differential diagnosis of Parkinson’s disease

Disease History and clinical manifestations Treatment

Idiopathic
Parkinson’s
disease

Gradual onset, resting tremor, rigidity (affecting peripheral
more than distal) gait disorder, bradykinesia

Levodopa, non-ergot agonist,
COMT inhibitor, selegiline

Drug-induced
parkinsonism

Exposure to drugs such as haloperidol findings
indistinguishable to idiopathic Parkinson’s disease

To cease drug

Progressive
supranuclear
palsy

Stiff, unsteady gait, falls, visual disturbances, (vertical gaze to
all gaze lost), axial and appendicular rigidity, slow mentation
cervical dystonia

Trial with levodopa physical
therapy

Multiple
cerebral
infarctions

Multiple strokes, stepwise progression focal findings,
asymmetric motor or sensory, infarcts on CT, periventricular
lucencies

Aspirin, risk factor control
blood pressure

Binswanger’s
disease

Rigidity, slowing with pseudobulbar palsy. Neuroimaging-
lacunes, infarcts in the white matter

As above

Normal pressure
hydrocephalus

Dyspraxic gait, urinary incontinence, dementia with frontal lobe
features

Consider ventriculoperitoneal
shunt

Striatonigral
degeneration

Unsteady gait, dysarthria, orthostatic hypotension, rigidity,
mentation intact

Response to treatment poor

Multisystem
atrophy

Parkinsonism, autonomic system dysfunction (orthostatic
hypotension) cerebellar and pyramidal signs

Levodopa trial, control blood
pressure
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their use especially in the elderly. Muscarine M4
cholinergic antagonists are useful in the treatment
of PD tremor, but tolerability is often poor [34].
Other options include clozapine, antidepressant
mirtazapine and 5-HT2A [34]. The COMT inhib-
itors decrease the degradation of levodopa thereby
reducing the end-of-dose wearing-off effect.
However, it has been associated with fatal hepa-
totoxicity and requires close monitoring with liver
function tests. Entacapone (COMT-I) in combina-
tion with L-dopa preparations (Stalevo) smooths
the delivery of dopamine to the brain thus reduc-
ing the amount of time spent ‘switched off’.
Potential side effects include nausea, dizziness,
diarrhoea and involuntary movements. Some
patients especially those with early onset show
earlier and more often severe motor fluctuations
and dyskinesias. In these patients, surgery or alter-
nate routes of administration of dopaminergic
medications have been shown to reduce the motor
fluctuations. Apomorphine is an injectable form of
dopamine agonist and has been shown to reduce
daily off time of about 50% and maintained for
long-term benefit [35]. In advanced Parkinson’s
disease, more stable plasma levels can be achieved
byDUODOPAwhich is a combination of levodopa
and carbidopa in the form of a gel and is adminis-
tered by a portable pump directly into the duode-
num through a tube inserted in a percutaneous
endoscopic gastrostomy (PEG). The commonly
used drugs are shown in Table 3.

Co-enzyme Q-10 is being used “off-label” as a
neuroprotective agent to slow progression. It is an
antioxidant sold as a dietary supplement and is
also involved in mitochondrial processes. Over
recent years, there has been a renewed interest in
surgery, and this has largely been due to the lim-
itations of medication. Chronic levodopa-
associated motor fluctuations and dyskinesias,
the variable response to tremors and advances in
stereotactic surgery are some of the reasons for
this shift.

In moderate to severe PD patients, where drug
treatment was ineffective, and in those with certain
drug reactions, Wu et al. [40] have listed the fol-
lowing options, namely, (1) striatum stereotactic
pallidotomy, (2) stereotactic technique of deep
brain stimulation, (3) stem cell implantation via

brain stereotactic surgery, (4) subarachnoid stem
cell implantation via lumbar puncture and (5)
gene-targeted stem cell implantation in subarach-
noid via lumber puncture. Surgery in PD is carried
out on structures that are responsible for the mod-
ification of movements, e.g. globus pallidus, thal-
amus and subthalamic nucleus. Currently the
more important surgical techniques are lesioning
(pallidotomy, thalamotomy) and chronic deep
brain stimulation (DBS) especially of the sub-
thalamic nucleus [29]. There is considerable
reduction in the symptoms, and the patients are
able to reduce their medications.

Pallidotomy has been replaced largely by
thalamotomy. Thalamotomy is believed to
relieve tremor more consistently than pallidot-
omy with lower rate of symptom recurrence and
found to be effective in relieving rigidity and
drug-induced dyskinesias. It is usually performed
in patients under 65 years with normal memory
and intellectual functions. Thalamotomy is rarely
done today and largely replaced by deep brain
stimulation. Deep brain stimulation (DBS) is
considered the surgical treatment of choice for
PD and is effective in the right situation. There is
less destruction of brain tissues than other surgical
methods which is effective and safe. Stimulation
of the ventral pallidum relieves rigidity, and the
ventrolateral nucleus of the thalamus abolishes
tremor. Stimulation of the STN and GP may
reduce tremor, on-off motor fluctuations and
abnormal movements (dyskinesias) induced by
long-term use of levodopa. The Algorithm 1
addresses the problem of management of idio-
pathic Parkinson’s disease.

Themotor symptoms of PD arewell recognised,
but the non-motor symptoms have been neglected
for years. There is now an increase in awareness
that they are equally important in the effectual
management of the patient with PD. These symp-
toms may sometimes be present before the diagno-
sis of PD but inevitably emerge as the disease
progresses [41]. They are quite disabling and con-
tribute to reduced quality of life, increase in care-
giver burden and institutionalisation and shorten
life expectancy [41].

Depression is the most commonly occurring
non-motor symptom in PD and manifests
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Table 3 Commonly used drugs in Parkinson’s disease

Drug Mode of action Side effects Starting dose

I. Increase dopamine levels
Levodopa/carbidopa Precursor

decarboxylase
inhibitor

Nausea, vomiting dizziness,
orthostatic hypotension,
hallucinations, cardiac irregularities,
mental changes, confusion, abnormal
movements, unusual sexual urges

25/100 mg tid

II. Stimulate dopamine receptor
Ergot dopamine agonists
Bromocriptinea,b Dopamine

agonist
receptor
stimulation

Nausea, vomiting, hallucinations,
hypotension, confusion

1.25 mg bd

Pergolideb Stimulates D1
and D2
dopamine
receptors

Hallucinations, fibrosis of cardiac
valves, retroperitoneal and pulmonary
fibrosis psychiatric symptoms

0.05 mg at bedtime

Cabergoline Stimulate\d D2
receptor

As above 0.5 mg daily
maximum dose
3 mg

III. Non-ergot dopamine agonists
Pramipexole Dopamine

agonist
Compulsive behaviours, sleep attacks,
impulse control disordersc

0.125 md tds
(max:4.5 mg)

Ropinirole Dopamine
agonist

As above 0.25 mg tds
(max:3 mg)

Rotigotine Dopamine
agonist 2 mg/
24 h

As above Transdermal patch

Apomorphine Dopamine
agonist

Severe nausea As subcutaneous
injection

IV. Inhibit dopamine metabolism
Tolcaponed COMT

inhibitor
Nausea, vomiting, confusion,
insomnia orthostatic hypotension

100 mg tid (adjunct
to L-dopa)

Entacapone 200 mg daily
(adjunct to dopa

Stalevo (COMT-I entacapone +
carbidopa)

Involuntary movements Diarrhoea,
dizziness, nausea

V. MAO inhibitor
Selegelinea MAO-B

inhibition
Headache, insomnia sweating 5 mg bd

Rasagiline MAO-B
inhibition

Impairs thinking, reactions 0.5 mg daily

VI. Blockade of NMDA receptor
from peripheral neurons

Confusion, nausea hallucinations leg
oedema, livedo reticularis

100 mg bd

VII. Anticholinergicse

Trihexyphenidyl Anticholinergic Dry mouth, confusion, 1 mg daily
Benztropine Urinary retention, 0.5–1.0 mg daily
Procyclidine Constipation, narrow angle glaucoma

prostatism, hallucinations
2.5 mg tid

Information sources: DeMaagd and Philip [36], Chen and Swipe [37], Perez-Lloret and Rascol [38] and Jenner [39]
aDopamine agonists, selegiline, amantadine because of their CNS effects – used with caution in elderly patients
bNeither is used anymore because of the risk of cardiac valve and mediastinal fibrosis. Replaced by pramipexole and
ropinirole
cRelated to phenomenon as dopamine dysregulation syndrome [36]
dFatal liver damage had occurred with tolcapone
eProduce confusion and hallucinations in the elderly
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somewhat differently from the depression in oth-
erwise healthy people. According to Braak et al.
[42], several areas outside of substantia are
involved. The PD group has been reported to
have less pleasure, less sadness, less guilt and
less energy [43]. Other non-motor symptoms

include cognitive disturbances, disorders of
sleep, psychiatric symptoms, such as hallucina-
tions, and autonomic disturbances. Even in early
stages of the disease, several neuropsychological
deficits such as defective use of memory stores,
impaired behavioural regulation and planning

IDIOPATHIC PARKINSON’S DISEASE

Motor and Functional

MOTOR

EARLY

STAGE

MID-

STAGE

ADVANCED

STAGE

NO YES

<60 yrs>60 yrs<60 yrs

neurprotection

?selegeline

selegeline/

pramipezole/  

ropinrole

amantadine I-dopa

I-dopa I-dopa

carbidopa

rasageline

amantadine

duodopa

apomorphine

Surgery###

amantadine

anticholinergics

>60 yrs

COMT or

MAO-B  inhibitor

Motor
On/off
fluctuations*

Wearing off
end-of-dose
failure**

Drug
failure***

Dyskinesias#

Liquid I-dopa
amantadine

Liquid I-dopa
pramaperzole/
Ropinirole
apomorphine

COMT
selegeline/

rasagiline

domeperidone

surgery
Surgery-IDBS
lesional

abnormalities

Algorithm 1 Addresses the Problem of Management of
Idiopathic Parkinson’s Disease. *Unpredictable abrupt
fluctuation in motor state between undertreated and over-
treated states, **Shorter duration of benefit after L-dopa,
##After several years of levodopa therapy, ***Beginning

of dose deterioration, !DBS = deep brain stimulation,
#Drug and disease related, ###Globus pallidus internal-
segment pallidotomy, deep brain stimulation and nigral
transplantation hold promise for the future
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tasks have been recognised [44]. Dementia is a
late development in PD. Some of the non-motor
symptoms such as sleep problems, genitourinary
symptoms, pain, constipation and diarrhoea can
be improved with available treatment [41] (Boxes
2, 3 and 4).

Box 2: Nonmotor Symptoms of PD
Psychiatric

Mood disorders-depression
Anxiety/panic attacks
Hallucinations, paranoia
Impulse control disorders
Apathy

Cognitive disturbances
Slowing of voluntary and involuntary

response
Dementia

Sleep disorders
REM sleep disorder
Daytime somnolence

Sensory impairment
Autonomic disturbances
Erectile dysfunction
Constipation
Gastric dysmobility

Information sources: Chadhuri et al. [41];
Postuma et al. [45]; Simuni T, Sethi [46];
Truong et al. [47].

Box 3 Key Points: Clinical Expression
of Parkinson’s Disease
PD usually begins in middle to late life (late
onset), and in 5–10%, it begins before the
age of 50 years.

The early stages of PD is characterised
by non-specific symptoms.

In about 5–10%, PD begins before the
age of 50 (EOPD). There are some
distinguishing features between both.

The combination of tremor, rigidity,
bradykinesia and gait disorder is the classic
syndrome of idiopathic PD.

Box 3 Key Points: Clinical Expression
of Parkinson’s Disease (continued)

The difficulty in diagnosis may arise in
some cases in the early stages or when it
presents with rigidity and bradykinesia
from other movement disorders.

The non-motor symptoms in PD are
equally important.

The decision to treat depends on several
factors, for instance, age of the patient at
time of onset, degree of disability, patients
expectations and social and occupational
demands.

Box 4 Key Points: Treatment of Parkinson’s
Disease
L-Dopa is the most effective drug, but
patients may encounter severe involuntary
movements and the ‘switching off’. Dopa-
mine agonists less likely to give rise to side
effects but are less effective. Neither bro-
mocriptine nor pergolide is used now
because they are ergot alkaloids.

Another class of non-ergot dopamine ago-
nists is ropinirole and pramipexole. Both
have a new set of side effects: compulsive
behaviours, gambling and hypersexuality.

In recent years, there is a renewed inter-
est in surgery-surgical techniques –
lesioning (thalamotomy and pallidotomy)
and deep brain stimulation (DBS). Stimula-
tion of the ventral pallidum relieves rigidity,
and the ventrolateral nucleus of the thala-
mus abolishes tremor.

Impact

As the disease progresses, patients with PD experi-
ence worsening of their physical manifestations
such as developing swallowing difficulties, walk-
ing difficulties and difficulty in communication,
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becoming cognitively impaired and developing
behavioural problems and autonomic problems
such as sexual dysfunction and lightheadedness,
amongst others [48]. PD continues to be an unre-
lenting progressive disorder resulting in severe dis-
ability despite progress in newer pharmacological
treatments [29]. PD can affect many aspects of the
person’s daily life and negatively affect their social
interactions. They develop psychosocial issues
which affect their QoL. It adversely affects motor
functioning resulting in disability and impact on
QoL [49]. In a study of 95 patients with PD with
regard to the impact of the disease on functional
condition, the researchers found that impairment
occurred in three categories, ‘walk’, ‘social interac-
tion’ and clarity of mind’, and the highest percent
was in ‘motor control’ and least in ‘emotional sta-
bility’ [49]. PD can affect severely the health-
related quality of life (HR-QoL) [50] in both
patients and carers [49] as the disease progresses.
Patients with early-onset and late-onset PD have
different clinical profile and hence have different
impact on their lives. There is a higher prevalence
of mood disorder and anxiety in individuals with
Parkinson’s disease which play an important role to
worsen quality of life in both groups [27]. Patients
with PD have a high likelihood of increasing
dependency, premature ageing and reduced occu-
pational performance [27]. PD markedly reduces
HR-QoL of patients and caregivers and places a
tremendous economic burden on society. The eco-
nomic costs include direct health-care costs and
indirect costs (lost worker productivity) [51], and
the economic costs of PD are high particularly for
patients in the advanced stages and with motor
complications [52].

Multiple Choice Questions
1. The following in Parkinson’s disease are true,

except:
A. Degeneration of the dopaminergic cells in

the substantia nigra results in the dysfunc-
tion of the striatonigral-thalamic outflow.

B. Dopamine is not bound to the postsynaptic
receptors and inactivated by binding to the
autoreceptors and is also inactivated by
enzymes monoamine oxidase type B
(MAO-B) and catechol-O-methyltransferase
(COMT).

C. The intraneuronal enzymes required for
dopamine synthesis are diminished.

D. It is a pyramidal disorder.
2. The following in Parkinson’s disease (PD) are

true except:
A. In PD there are scattered neurons

containing eosinophilic inclusions known
as Lewy bodies which are the hallmark of
the disease.

B. Age of onset is between 60 and 70 years.
C. The non-motor symptoms of PD are not

important.
D. The decision to treat does depend on fac-

tors such as age of the patient at onset,
degree of disability and patient’s expecta-
tions, amongst others.

3. The following management options in PD are
true except:
A. L-Dopa is most effective.
B. Dopamine agonists, bromocriptine and

pergolide, are not used anymore because
they are ergot alkaloids.

C. Non-ergot dopamine agonists such as
ropinirole and pramipexole cannot be used
in combination with L-dopa.

D. Side effects of ropinirole and pramipexole
are a new set of compulsive behaviours
such as gambling and hypersexuality.

4. The following statements relating to PD are
true, except:
A. Presently the more important surgical inter-

ventions are lesioning (thalamotomy) and
deep brain stimulation.

B. Stimulation of the ventral pallidus abol-
ishes tremor.

C. Stimulation of the ventrolateral nucleus of
the thalamus relieves rigidity.

D. Deep brain stimulation is ineffective and
unsafe.

MCQ Answers

1 = D; 2 = C; 3 = B; 4 = D

Extended Matching Questions (EMQ)
1. Gastrointestinal effects are common to all dopa-

minergic medications, but there are side effects
which are characteristic of certain drug types.
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Given below are the side effects. Chose the
appropriate drug type to match the side effects.
A. Ergoline dopamine agonist (bromocriptine,

cabergoline, pergolide)
B. Levodopa
C. Non-ergoline dopamine agonist (prami-

pexole, ropinirole, rotigotine, apomorphine)
D. Entacapone (COMT)
E. MAO-B inhibitor (selegiline, rasagiline)
F. Anticholinergic

Side effects
1. Discoloration of urine
2. Somnolence, oedema, compulsive behav-

iours(gambling, hypersexuality)
3. Pleuropulmonary fibrosis, effusions, retro-

peritoneal fibrosis
4. Cognitive, psychiatric and insomnia
5. Hypotension, ‘wearing off’, dyskinesias
6. Cognitive Effects

EMQ Answers

1 = D; 2 = C; 3 =A; 4 = E; 5 = B; 6 = F
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