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ABSTRACT

Parkinson’s disease is a chronic and progressive neurodegenerative disease which is
characterized by motor and non-motor symptoms. The motor symptoms which are also
known as cardinal features are resting tremor, bradykinesia, rigidity and postural instability.
The etiology is unknown in most cases but there are findings that relate Parkinson’s disease
to the genetics and environmental factors. The clinical course of Parkinson’s disease varies
from patient to patient. Levodopa is still the main therapy of this disease although it leads
to motor complications as the disease progresses.
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Introduction

One of the most common neurodegerative disorders of the central nervous system is
Parkinson’s disease. It belongs to a group of conditions called movement disorders or
motor system disorders. * In general, Parkinson’s disease usually affects people above the
age of 50. It has been associated with a heavy burden of the illness itself and cost to the
society, thus it is important for the society to know about it.>**

Parkinson’s disease, also known as “primary parkinsonism” or "idiopathic
Parkinson’s disease" has no known cause. However, genetic mutation accounts for the
cause in afew cases. "Secondary" cases of parkinsonism may result from toxicity.>* The
pathophysiology of it is generally associated with a loss of dopamine to the brain which
results from death of certain brain cells that secrete dopamine.™*

The four primary symptoms or cardinal features are muscle rigidity, tremor at rest, a
slowing of physical movement which is called bradykinesia, and postural instability. Early
symptoms of Parkinson’s disease often occur gradually. As the disease progresses, it will
begin to interfere with patients’ daily activities. Symptoms may also progress faster in
some people. The diagnosis is entirely based on medical history, neurological examination

and clinical manifestations. 1>°



Parkinson's disease is a chronic disorder that requires a management plan that
should include patient and family education, support group services, general wellness
maintenance, physiotherapy, exercise, and nutrition. At present, there is no cure for
Parkinson’s disease, but medications or surgery can provide relief from the symptoms. It is

most commonly treated with drugs that replace the lost dopamine.®’

Epidemiology

Parkinson’s disease affects about 1 to 2% of individuals over the age of 50 and 1 to
2% of those over age 60 worldwide.*® According to Guttman et al, in Ontario, the annual
crude prevalence of Parkinson’s disease from year 1993 to 1999 was 3.6 per 1000
population among men over the age of 25 and 3.2 per 1000 among women over the age of
25. Over 90% of patients were over 60. The society often thinks of Parkinson’s disease as

an elderly disease. However, it can occur in any age group.™®

Etiology

The cause is unknown for majority of patients with Parkinson’s disease. However,
there are growing evidences that suggest Parkinson’s disease may be due to a combination
of environmental and genetic factors. These factors cause degeneration of the nigrostriatal
dopamine-producing neurons and loss of pigmented neurons in the substantia nigra which
thus induce the symptoms of Parkinson’s disease.’® The etiologies of Parkinson’s Disease

are divided into genetic factor and environmental factor.

A. Genetic factor.

According to Guttman et al, 2 mutations in the alpha-synuclein gene (PARK 1)
were found in a few Greek and Italian families that caused autosomal dominant Parkinson’s
disease. A wide variety of mutations of another gene which is called Parkin gene (PARK 2)
have also been found in 50% of families in which at least one of the affected siblings
developed symptoms at or before 45 years old. Therefore, it is likely that the symptoms of
patients younger than the age of 50 are related to genetic factors, while the disease

appearing after the age is caused by both genetic and environmental factors.® 2



B. Environmental factor.

The environmental toxin here refers to the MPTP (pro-toxin N-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine), a toxin that destroys dopamine neurons in the substantia nigra.
Studies suggest that Parkinson's disease might be caused by environmental toxins when
several drug addicts were discovered to develop symptoms of Parkinson's disease after
injecting the synthetic narcotic. The symptoms were caused by a contaminant called MPTP
which has a strong chemical similarity to many pesticides and other environmental
chemicals.>® The toxins most strongly suspected are certain pesticides and transition-series

metals such as manganese or iron. ®°

Pathophysiology

Although the etiology of Parkinson's disease is not completely understood, the
condition probably results from several factors. The first is an age-related death of the
approximately 450,000 dopamine-producing neurons in the pars compacta of the substantia
nigra. For every decade of life there is estimated to be a 9% to 13% loss of these dopamine-
producing neurons.'%!

The environment has already proposed etiologies for Parkinson's disease which are
quite definitive after the discovery of the neurotoxin (MPTP). There are also a number of
other environmental neurotoxins which have also been described to lead to parkinsonian
state. Thus, Parkinson's disease may develop as a combined consequence of the ongoing
aging process and environmental exposures that worsen the nigral cell death. 23

Some individuals may have a predetermined genetic susceptibility to these
environmental toxins.**® A number of families in Greece and Italy were shown to have a
mutation on chromosome 4 for the alpha-synuclein gene which is one of the major
components of the lewy bodies and member of proteins that are expressed within the
substantia nigra. It is a presynaptic protein of unknown function. The mutation of this gene
is associated with the autosomal dominant Parkinson's disease.?%*

Another gene abnormality on chromosome 6 has been found in patients with
autosomal recessive form of young-onset Parkinson’s disease. The protein product of this

gene, Parkin, is closely related to in several neurodegenerative disease.>*'° Parkin helps in



the degradation of certain neuronal proteins through the proteosomal degradation pathway.
The loss of function of both parkin genes results in autosomal recessive form of young-

onset Parkinson’s disease.>*°

Clinical Features

The cardinal features of Parkinson’s disease include tremor at rest, rigidity,
bradykinesia, and postural instability. We can confidently diagnose that the patient has
definite Parkinson’s disease if patient has any two of the four features above, with one of
the two being tremor or bradykinesia. The presence of these cardinal features can be used to
differentiate Parkinson’s disease from other related Parkinsonian disorders. However,
motor and non-motor impairments should be evaluated as well.»** The primary symptoms
result from decreased stimulation of the motor cortex by the basal ganglia which is
normally caused by the insufficient formation and action of dopamine. Secondary
symptoms may include high level cognitive dysfunction and subtle language problems.*3?

Bradykinesia is usually the most characteristic symptom although it may be present
in other disorders. Patients report slow movement and reactions times when performing
their activities of daily living."® Other manifestations of bradykinesia include loss of
spontaneous movements and gesturing, drooling because of impaired swallowing,
monotonic and hypophonic dysarthria, loss of facial expressions, reduced arm swing while
walking. Watching a patient get up from a chair is helpful in assessing patients.>**

Resting tremor is the most common and most easily recognized symptom, present in
70% to 80% of patients. It often starts in one extremity and worsens with precipitating
factors such as stress, fatigue, and cold weather. It may be confused with the more common
essential tremor, but can be differentiated if it occurs predominantly at rest or with action.
Tremor in Parkinson’s disease normally occurs at rest while tremor occurs with action is
essential tremor. Essential tremor tends to begin more symmetrically, whereas patients with
Parkinson’s disease usually have a unilateral tremor.®

Rigidity is characterized by increase in tone or resistance, which is velocity-

independent. Rigidity is usually accompanied by the “cogwheel” phenomenon on

examination. For example, when a patient move passively, the patient’s limb may seem to



repeatedly catch and release. However, it must be distinguished from the rigidity resulting
from upper motor neuron lesions. In Parkinson’s disease, passive movement of the joints
reveals continuous resistance throughout the whole range of motion. In upper motor neuron
lesions, the muscles suddenly relax after an initial period of rigidity to movement.**°
Postural Instability or impaired balance is common in Parkinson’s disease, which is
caused by the loss of postural reflexes and it is generally a feature of the late stages of
Parkinson’s disease. It usually occurs after the onset of other clinical features. Postural
instability may lead to fall-related injuries, restriction in gait patterns and decreased
mobility. The pull test is used to assess the degree of retropulsion. When performing this
test, patient is quickly pulled backward or forward by the shoulders to assess the degree of
retropulsion or propulsion, respectively. A patient who takes more than two steps

backwards or do not have any postural response indicates an abnormal postural response. *°

Diagnosis

The diagnosis of Parkinson's disease is based on medical history, clinical criteria
and a neurological examination of patients. The clinical criteria for the diagnosis of
Parkinson’s disease are the cardinal features including tremor at rest, rigidity, bradykinesia,
and postural instability.>® We can diagnose that the patient has definite Parkinson’s disease
if patient has any two of the four features above, with one of the two being tremor or
bradykinesia. The neurological examination includes an evaluation of walking and

coordination, and simple hand tasks. ****



Table 1 : National Institute of Neurological Disorders and Stroke (NINDS) diagnostic

criteria for Parkinson’s disease.’

National Institute of Neurological Disorders and Stroke (NINDS) diagnostic criteria for Parkinson’s disease (PD)

Group A features (characteristic of PD)

L]

L]

Resting tremor
Bradykinesia
Rigidity
Asymmetric onset

Group B features (suggestive of alternative diagnoses)

Features unusual early in the clinical course

Prominent postural instability in the first 3 years after
symptom onset

Freezing phenomenon in the first 3 years

Hallucinations unrelated to medications in the first 3
years

Dementia preceding motor symptoms or in the first year
Supranuclear gaze palsy (other than restriction of upward
gaze) or slowing of vertical saccades
Severe, symptomatic dysautonomia
medications

Documentation of condition known to produce
parkinsonism and plausibly connected to the patient’s
symptoms (such as suitably located

focal brain lesions or neuroleptic use within the past 6
months)

unrelated to

Criteria for definite PD

All criteria for probable Parkinson’s are met and

Histopathological confirmation of the diagnosis is
obtained at autopsy

Criteria for probable PD

At least three of the four features in group A are
present and

None of the features in group B is present (note:
symptom duration >3 years is necessary to meet this
requirement) and

Substantial and sustained response to levodopa or a
dopamine agonist has been documented

Criteria for possible PD

At least two of the four features in group A are
present; at least one of these is tremor or bradykinesia
and

Either none of the features in group B is present or
symptoms have been present (3 years and none of the
features in group B is present

and

Either substantial and sustained response to levodopa
or a dopamine agonist has been documented or the
patient has not had an

e adequate trial of levodopa or a dopamine agonist

The only definitive diagnostic method of Parkinson’s disease is actually by
pathological confirmation of the hall-mark lewy body on autopsy, while in clinical practice,
diagnosis is basically based on the presence of a combination of cardinal motor features.'®
Diagnostic criteria have been developed by the UK Parkinson’s Disease Society Brain
Bank and the National Institute of Neurological Disorders and Stroke to improve the
accuracy of the clinical diagnosis of Parkinson’s disease (see Table 1). Research shows
there are only 8.1% of patients who did not meet these diagnostic criteria at the final

diagnosis.®®

Rational Management
Rational management refers to a management plan which patient’s lifestyles,
backgrounds, traditions, and individual characteristics should be taken into account.

Individual characteristics here include the severity of disease, co-morbidities, age and



others. At present, there is no cure for Parkinson’s disease, but there is a variety of

medications which provide reliefs from the symptoms, physical therapy and surgery.™®”

Medications.

Medications improve the patient’s quality of life by helping in managing problems
with walking, movement and tremor by increasing the brain's supply of dopamine.
Medication varies for different stages of Parkinson’s disease. Medications which are used
currently include levodopa, dopaminergic agonists, monoamine oxidase B (MAO B)
inhibitors and antivirals."®

Levodopa is still the mainstay of therapy and the most effective Parkinson’s
disease drug. It can improve all motor symptoms in early disease. Levodopa is a natural
substance that we all have in our body, when taken orally in pill form, it passes into the
brain and is converted to dopamine. Motor complications including motor fluctuations and
dyskinesia can occur as the disease progress, because there is a decreased capacity for cells
to take up Levodopa and store dopamine for continuous release in patients who are losing
more and more dopaminergic cells. The onset of Parkinson’s disease at a younger age is
related with earlier motor fluctuations which are more severe.’*® Thus, it is important
when selecting initial medications. A levodopa-sparing strategy may delay the onset of
motor complications, for example, starting with a dopaminergic agent with longer half-life.
There are a few drugs that can be used as part of this strategy, for example, amantadine,
MAO B inhibitors, and dopinergic agonists. Levodopa’s side effects include confusion,
delusions and hallucinations, as well as involuntary movements called dyskinesia.®*

Dopaminergic agonists which includes ropinirole and pramipezole are effective in
treating the motor symptoms when used as initial monotherapy. They may also help in
delaying the onset of motor complications. Unlike levodopa, these drugs are not changed
into dopamine. Instead, they mimic the effects of dopamine in the brain and cause neurons
to react as if dopamine is present.">® However, they are not as effective in treating the
symptoms of Parkinson's disease. This class includes pill forms, pramipexole (Mirapex)
and ropinirole (Requip), as well as patch forms, rotigotine (Neupro)."** Bromocriptine

(Parlodel) and pergolide (Permax) which are ergot-derived dopaminergic agonists are less



used because they are associated with pulmonary and retroperitoneal fibrosis and heart
valve damage. Early use of dopaminergic agonists may reduce or delay the motor
complications.>™ The side effects of dopamine agonists include those of carbidopa-
levodopa, but they are less likely to cause involuntary movements. They can also cause
hallucinations, sleepiness, swelling, and increase the risk of compulsive behaviors.*>*°

MAO-B inhibitors including selegiline (Eldepryl) and rasagiline (Azilect) which
are effective as initial monotherapy can help to prevent the breakdown of both naturally
occurring dopamine and dopamine formed from levodopa. They act by inhibiting the
activity of the enzyme monoamine oxidase B (MAO B) which is the enzyme that
metabolizes dopamine in the brain.**® MAO B inhibitors are effective as monotherapy in
early disease and as adjuvant therapy in more advanced disease, but not as efficient as
levodopa or dopamine agonists.® Selegiline (Eldepryl) is metabolized to an amphetamine in
the body and thus should be used carefully in the elderly patients or in patients prone to
anxiety, cognitive difficulties or insomnia. Side effects of MAO B inhibitors are rare but
can include serious interactions with other medications.®*°

Amantadine (Symmetrel) is an antiviral agent and N-methyl-D-aspertate glutamate
receptor antagonist which provide short-term relief of mild, early-stage Parkinson’s disease
when used alone initially. It may also be added to carbidopa-levodopa therapy for people in
the later stages of Parkinson's disease, especially if they have problems with involuntary
movements (dyskinesia) induced by carbidopa-levodopa. Side effects include swollen

ankles and a purple mottling of the skin.***

Physical Therapy

Exercise is important for general health, but especially for maintaining function in
Parkinson's disease. Physical therapy may be advisable and can help improve mobility,
range of motion and muscle tone. Although specific exercises can't stop the progress of the
disease, improving muscle strength can help patients to feel more confident and capable. A
physical therapist can also work with patient to improve patients’ gait and balance. A
speech therapist or speech pathologist can improve problems with speaking and

swallowing.!



Surgery

Deep brain stimulation is the most common surgical procedure to treat Parkinson's
disease. It involves implanting an electrode deep within the parts of your brain that control
movement. The amount of stimulation delivered by the electrode is controlled by a
pacemaker-like device placed under the skin in upper chest. A wire that travels under the
skin connects the device to the electrode.™® Deep brain stimulation is most often used for
patients with advanced Parkinson's disease who have unstable medication (levodopa)
responses. It can stabilize medication fluctuations and reduce or eliminate involuntary
movements (dyskinesias). Tremor is especially responsive to this therapy. However, the
surgery may cause brain hemorrhage or stroke-like problems and infections. Deep brain

stimulation isn't beneficial for people who don't respond to carbidopa-levodopa.’®*°

Decision Pathway in managing a Parkinson’s disease patient

According to the figure below by Anthony et al, after the diagnosis of Parkinson’s
disease and decision of patients to be treated, evaluation should be done on patient’s
individual characteristics and degree of disability (see figure 1). Levodopa should be begun
in patients with moderate or severe disability and age 70 to 75+ years or with significant co
morbidity. But, if these patients are cognitively intact and lack any signifant co morbidity,
MAO-B inhibitors or dopamine agonist can be initiated.

Patients who are below the age of 70 need a good symptom relief medication with
minimum risk in adverse effects. For these patients with no cognitive dysfunction, the
choices of medications are between MAO-B inhibitors and dopamine agonist.>*” For
patients with mild or moderate motor disability with no cognitive impairment, dopamine
agonists should initially be given. Lastly, MAO-B inhibitor is used initially in patients with
mild motor disability and no cognitive impairment. For patients who have cognitive
dysfunction, levodopa treatment should be started and avoid dopamine agonists because

dopamine agonists worsens the problem.>®



Figure 1 : Decision pathway for the initiation of drug treatment for Parkinson’s disease 6

Diagnosis
Decision to treat No
Yes Review

v

Evaluate patient
characteristics and
degree of disability

A 4

v v v

Moderate/severe disability Mild/moderate Mild motor disability
and age 70- 75+ years or motor disability and no cognitive
with significant and no cognitive impairment
comorbidity including impairment

cognitive impairment

¥ v ’

Begin Levodopa Begin dopamine agonist Begin MAO-B inhibitor

Medication given differs for different stages of Parkinson’s disease and should be
given according to individual need especially the effects that Parkinson’s disease has on
their working and home activity performances, life expectancy and quality of life. Besides,
co morbidities, adverse effects and cost should also be taken into account.®®

Levodopa is still the most efficient drug in reducing the signs and symptoms of
Parkinson’s disease and lower cost. Dopamine agonist is not as efficient as Levodopa in the
reduction of signs and symptoms and higher cost and can only reduce but not eliminate the
incidence of dyskinesia.>®*’

According to Anthony et al, patients who start receiving dopamine agonist or
MAO-B inhibitor will still need levodopa at some point of time during the course of their
disease.® From the diagram below (see Figure 2), we can summarize that patients who have
started with MAO-B inhibitor as an initial treatment, dopamine agonist should be given

next. For those patients who are already receiving dopamine agonist with maximum

10



tolerance dose and who needs an additional treatment, MAO-B inhibitor should be given.

Levodopa is the subsequent choice for these patients.®’

Figure 2 : Decision pathway for the sequence and combination of drugs in early

Parkinson’s disease. MAO-B indicates monoamine oxidase B.°

Dopamine Agonist | MAO-B Inhibitor |
v v

Additional symptomatic benefit required

v v

See text Titrate to maximum Begin dopamine
response or telorance agonist
Consider MAO- Titrate to maximum
B Inhibitor response or tolerance as
l symptoms progress
Disability requiring additional therapy

A 4
Start Levodopa

As for patients whom motor fluctuations have occurred and are already receiving
levodopa, total daily dose of levodopa should be increased to control the symptoms better.
Cathechol-O-methyltransferase (COMT) inhibitor should be added to help in the treatment
of wearing off due to levodopa treatment. Total Levodopa dosage determines the motor
complications. Thus, for patients who have already started receiving levodopa, addition of
MAO-B inhibitor can improve control.®*’

Advanced patients are patients whose symptoms respond well to levodopa but who
still suffer from significant tremor, end-of-dose wearing off, or dyskinesia should undergo
deep brain stimulation. There are a few conditions that patients must fulfill to undergo this

surgery including a secure diagnosis of Parkinson’s disease, good respond to dopaminergic

therapy, cognitively intact.®
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Figure 3 : Decision pathway for the treatment of advancing and complex Parkinson’s
disease. MAO-BI indicates monoamine oxidase B inhibitor; COMT-1, cathechol-o-

methyltransferase inhibitor °
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Summary

The rational management of Parkinson’s disease includes medications, physical
therapy, and surgery. There are a few medications available including levodopa, dopamine
agonist, MAO B inhibitor, antiviral (amantadine). Levodopa is associated with motor
complications but it is the most efficient medication in treating the symptoms among all.
Dopamine agonist and MAO B are both helpful in reducing or delaying the onset of motor
complications when used as initial therapy although they are not as efficient as levodopa.
However, they can worsen the condition of cognitive impairment, thus cannot be used in
patients who have cognitive dysfunction. Unlike levodopa which is converted into
dopamine in the brain, dopamine agonist mimics the effect of dopamine while MAO B
inhibitor prevents the breakdown of dopamine. Amantadine provides short-term relief of
mild and early stage Parkinson’s disease and also helps in patients who are in the late stages
who have dyskinesia. Physical therapy involves exercises, speech therapist in helping with

speaking and swallowing problems. Surgery for Parkinson’s disease is deep brain
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stimulation for patients who are still responding to levodopa and are cognitively intact, but
has medication fluctuations and suffer from significant motor complications. It also helps in

eliminating dyskinesia.
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