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1 Epidemiology, Diagnosis, and
Pathophysiology ofParkinson’s Disease

Parkinson’s disease (PD) is a progressive
neurological disorder of the central nervous system, caused by the
degeneration of dopamine neurons within the basal ganglia. When
roughly 80% of dopamine has been depleted, deficits in the motor
neuron circuitry manifest in the cardinal symptoms of the disease,
which include tremor, rigidity, bradykinesia or slow movement, and
postural instability.

Proper identification and treatment of both motor
and non-motor symptoms lead to a better overall quality of life,
reducing stress incurred by both patient and caregiver.

This chapter will provide an introduction to the
historical prominence of Parkinson’s disease, clinical and
epidemiological characterizations, the role of dopamine within the
motor circuitry, and the pathophysiologic evidence.
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Figure
1.1. Dr. James Parkinson.



1.1 A Brief History of Parkinson’s
Disease

James Parkinson (1755-1824) was a nineteenth
century English physician and apothecary whose acute observations
in neurology led to the official distinction of the disease which
bears his name. In his 1817 “An Essay on the Shaking Palsy” [1],
Parkinson described six cases of what had been previously
classified as the “shaking palsy.” Parkinson detailed the gradual
progression of disability marked by increasing tremor severity,
deteriorating articulation, sleep disturbances, difficulty with
self-feeding, as well as the inability to walk, write or use the
bathroom without assistance. The symptoms of tremor, festination,
and autonomic dysfunction were all previously thought to have been
manifestations of separate pathological entities. However,
Parkinson conjectured that these symptoms were indicative of a
single pathology, and highlighted the importance of being able to
distinguish this disease from others that resemble it. Although
Parkinson was the first to combine historical observations into an
accurate description of the disease in the context of its cardinal
features, it was not until some sixty years after his death that
the French neurologist Jean-Marie Charcot attributed his name to
the condition in 1884 [2].

Prior to the nineteenth century, few neurological
signs and symptoms had been differentiated into distinct
pathological etiologies [3]. Rather, physicians published their
observations for others to consider during practice. Parkinson’s
diagnostic acumen in describing the “shaking palsy” allowed
physicians to identify a neurological disease that had perhaps been
detailed by numerous medical professionals for millennia. It is
difficult to certify whether these previous descriptions can be
definitively classified as symptoms of Parkinson’s disease [4].
However, scholarly analyses suggest that these observations may in
fact represent the earliest documentation of the myriad of clinical
correlates that are characterized as “parkinsonism” [4].

While James Parkinson was the first to put the
symptoms of Parkinson’s disease together under a single diagnosis,
he did give credit to earlier physicians as having recognized many
of the individual symptoms. In his 1817 essay, James Parkinson
cited numerous physicians that detailed several symptoms of the
“shaking palsy” that he described, including action and rest
tremor, as well as gait and speech disturbances [1]. Parkinson
credited the Dutch physician Franciscus Sylvius de la Boe (1680),
who along with the Dutch-Austrian physician Gerard van Swieten,
differentiated between involuntary tremor during voluntary actions
and while at rest [3-5]. German physician Gaubius (1758) was also
cited for his report on the clinical triad of tremor, speech
disturbance and festinating gait [6]. The French scientist Boissier
de Sauvages also described muscular rigidity and compulsive tremor
in his 1768 volume of disease classification: “the shaking limbs
jump even when they are being supported, just as if they are being
agitated, so that no relaxation is possible at all” [7]. Charcot is
often cited for his distinction between rigidity and bradykinesia
[8].

1.2 Clinical Features of Parkinson’s
Disease

There are four cardinal features of PD, which can
be grouped under the acronym TRAP: Tremor at rest, Rigidity,
Akinesia (or bradykinesia), and Postural instability [9]. Flexed
posture and freezing (motor blocks) are also typical motor symptoms
of PD [9]. In addition to the secondary motor symptoms described
below, non-motor symptoms are common in PD patients and of critical
importance during the management of the disease.

The onset of PD symptoms is typically insidious
and asymmetric, worsening with age and disease severity. Since
James Parkinson first described the constellation of PD symptoms
that fall under the clinical umbrella of “parkinsonism,”
researchers have identified many new symptoms in association to the
underlying degeneration of dopaminergic and non-dopaminergic
neurons. As dopamine levels decrease over time, other
neurotransmitter systems may become involved and induce the
development of symptoms unrelated to decreased levels of dopamine.
Collectively, the clinical spectrum of symptoms may be segregated
into motor and non-motor symptoms.

Motor Symptoms

Motor symptoms are often the first to be observed
in patients with PD [10]. Rest tremor, bradykinesia, rigidity and
postural instability are clinical hallmarks of motor impairment in
PD. These signs and symptoms are directly correlated to
dopaminergic neuron loss in the striatum and substania nigra [11].
Secondary motor manifestations of PD include akathisia, decreased
arm swing during walking, freezing phenomenon, ophthalmologic
abnormalities (decreased blink rate, ocular surface tension,
altered tear film, hallucinations, blepharospasm and decreased
convergence, apraxia of eyelid opening, and limited upward gaze),
as well as the re-emergence of primitive glabellar and palmomental
reflexes [9,12-17].
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Figure
1.2. Illustration of common motor symptoms in patients with
Parkinson’s disease.



Tremor

Tremor at rest is often the first observed symptom
in PD and is distinguished from other forms of tremor (namely
essential tremor) by its unilateral and supination-pronation
nature, also known as “pill-rolling.” It has been reported that
approximately 69% of patients with PD have rest tremor at disease
onset, with 75% having tremor during the course of their disease
[18,19]. Studies have reported that degeneration of a subgroup of
midbrain neurons is found in PD patients with significant tremor,
but spared in PD patients without tremor [9]. Rest tremor in PD may
at first be provoked by stress, but typically becomes less
intermittent [11]. It eventually affects the contralateral limbs
with advancing disease, although not typically to the same extent
as in the original limb [11]. PD patients may also experience a
form of delayed postural tremor called “re-emergent” tremor,
elicited by asking the patient to outstretch their arms on a
horizontal plane [20].

Bradykinesia

Bradykinesia, or slowness in planning, initiating
and sustaining movement, is a characteristic feature of PD most
likely due to insufficient recruitment of muscle force during the
initiation of movement [21]. This is especially evident in tasks
requiring sequential or simultaneous processes [21]. PD patients
may experience markedly decreased reaction times compared to
individuals without disease [22-24]. First described by James
Parkinson, bradykinesia is a common feature indicative of basal
ganglia pathology. It also results in decreased arm swing and
mask-like facial expressions [9]. Other secondary motor symptoms
related to the presence of bradykinesia or akinesia include
symptoms of handwriting (micrographia), walking (gait disturbance,
shuffling), speaking (dysarthria). With its many secondary symptoms
affecting activities of daily life, bradykinesia is often regarded
as the most disabling of symptoms in the early stages of PD
[25].

Rigidity

Rigidity is a common feature of PD, is
characterized by uniform, increased resistance throughout movement
and is evident in both agonist and antagonist muscles recruited for
the movement [26]. Increased stiffness or muscular tone may affect
the trunk, limb(s), neck, shoulder, hips, wrists, and ankles [26].
Rigidity in PD patients is often described as “cog-wheeling” due to
the intermittent interruption in muscular tone in the presence of
tremor. Clinical confirmation of rigidity in PD can be observed by
passive flexion, extension or rotation of affected muscles. Mild
cases of rigidity may be determined by a technique called Froment’s
maneuver, in which voluntary movement of the side opposite of the
affected limb may serve to increase the presence of underlying
rigidity [27]. Pain is often associated with rigidity in patients
with PD and other forms of parkinsonism, frequently misdiagnosed as
other forms of rheumatologic or skeletomuscular injury, including
arthritis, bursitis, and rotator cuff injury [28, 29].

Postural Instability

Toward the later stages of PD, patients begin to
lose postural reflexes and experience persistent instability when
standing. Postural instability typically presents after the onset
of other clinical features of PD [9], and is correlated with
disease severity [30]. Postural instability is easily detectable by
the “pull test,” in which patients are quickly pulled at the
shoulders either backward or forward and observing the patients
response to this change in position. Age-related changes in sensory
integration also contribute to the development of postural
instability, and patients may begin to experience falling episodes.
Postural instability is not currently amenable to PD therapy
[31].

Unfortunately, postural instability associated
with Parkinson’s disease is the most common cause of falling and
predisposes patients to hip fractures [32]. Overall, motor symptoms
contribute significantly to nursing-home placement [33]. One study
of 100 PD patients found that 38% experienced falls, and 13%
reported more than one fall per week [30]. A more recent study of
109 PD patients indicated a fall incidence of 68%, with risk
factors including history of falls, disease duration, and dementia
[34].

Non-motor Symptoms

Defined as “the perception and evaluation by
patients themselves of the impact caused on their life by the
disease and its consequences,” [35] the influence of non-motor
symptoms on the quality of life of Parkinson’s disease patients is
becoming increasingly evident. Nearly all patients with PD will
experience non-motor symptoms throughout the course of the disease
progression [36]. Non-motor symptoms tend to have a greater impact
on health-related quality of life measures than motor symptoms
[37]. Although the PD community is becoming increasingly aware of
how non-motor symptoms influence the quality of life of patients,
these symptoms are often under recognized when considering
treatment of the disease [38-40].

It is difficult to determine the true frequency of
non-motor symptoms in the PD population. This is due in part to an
insufficient number of community-based studies conducted in
relation to type and duration of dopaminergic therapy. The
Non-Motor Symptoms Scale (NMSS) [41] and Non-Motor Symptom
Questionnaire (NMSQuest) [42] have been recently developed and
validated, complimenting the already established PDQ-39 and UPDRS
Part III. This is a 30-item questionnaire that assesses 12 domains
of non-motor symptoms (gastrointestinal, pain, sleep disorders,
fatigue, apathy, attention, skin disorders, psychiatric symptoms,
respiratory symptoms, and miscellaneous) in a yes/no format. This
questionnaire is projected to provide a more accurate assessment of
non-motor symptoms and their effects on quality of life for
patients with PD [42,43].

Non-motor symptoms in Parkinson’s disease
include:


	Neuropsychiatric: depression, anxiety,
apathy, psychosis, impulsive behavior, addiction, and cognitive
decline (dementia).

	Dysautonomia: orthostatic hypotension,
sexual dysfunction, constipation, sialorrhea (drooling),
dyshidrosis, urinary incontinence.

	Sleep disorders: insomnia, excessive
daytime somnolence, sleep attacks, restless leg syndrome/periodic
limb movements, REM sleep behavior disorder.

	Sensory abnormalities: olfactory loss,
pain, dyspnea, fatigue.



1.3 Epidemiology of Parkinson’s
Disease

Parkinson’s disease is a common neurodegenerative
disease, and is characterized by an upward trend in incidence with
increasing age. PD is noted to affect approximately 1 million
individuals in the United States (Figure 1.3) [44].
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Figure
1.3. Incidence of Parkinson’s disease by gender [45].



A recent study in Minnesota estimated incidence
rates of PD in the United States as high as 20 per 100,000 [46,47].
Researchers in one study projected the number of people with PD in
Europe’s five most and the world’s ten most populous countries to
increase to between 8.7 and 9.3 million by the year 2030, roughly
double the number estimated in 2005 [49]. Epidemiological analyses
conducted by the EUROPARKINSON study have shown that the prevalence
of PD in Europe is approximately 1.6% for people over the age of 65
[50]. The worldwide prevalence is considered to be fairly uniform
[51]. Exposure to certain environmental chemicals like pesticides,
herbicides, and neurotoxins have been linked to increase risk of
developing PD [52,53]. Mortality hazard ratios, estimated between
1.5 and 2.7 [54,55], are elevated in patients with PD and are
directly linked to the presence of dementia [56,57].

1.4 The Neurochemistry of Parkinson’s
Disease

Levodopa

The gold standard of pharmacotherapy of
Parkinson’s disease is dopamine replacement therapy, achieved by
the antiparkinsonian effects of the compound levodopa (L-dopa;
L-dihydroxyphenylalanine). After being isolated in 1910-1911 from
the bean plant, Vicia faba,
levodopa was shown to be the reactant in the enzymatic reaction
catalyzed by L-dopa decarboxylase, which created the biologically
active neuorotransmitter dopamine (Figure 1.4) [58,59]. Dopamine
was also found to be the active metabolite of levodopa in the brain
and an effective inhibitor of reserpine-induced extrapyramidal
symptoms (“reserpine-induced parkinsonism”) [60-63]. The majority
of dopamine was found to be located in the caudate and putamen,
which make up the striatum [63]. In the true sense of translational
research, Hornykiewicz found neuropathologic evidence of the
dopamine deficit in the caudate and putamen in the brains of PD
patients [64], and conducted the first clinical trial of
intravenously-administered levodopa [65]. The results of this and a
subsequent study that excluded a placebo-effect established the
first evidence to support the use of dopamine replacement therapy
[65,66]. Hornykiewicz also demonstrated that the loss of dopamine
in the substantia nigra was proportional to the loss of dopamine
previously found in the striatum, suggesting a degenerating
nigrostriatal pathway [67]. In 1967, high-dose oral levodopa became
widespread in the treatment of PD with superiority over any other
antiparkinsonian medication previously in use [68]. Patients taking
levodopa were proven to have higher levels of dopamine in their
striata than untreated patients [69], confirming the mechanism of
action of levodopa in the treatment of Parkinson’s disease. While
current dopamine agonists provide anti-parkinsonism benefit for
several years, virtually all PD patients eventually require
levodopa for treatment of symptoms (Figure 1.5). It remains the
gold standard of PD therapy.
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Figure
1.4. Dopamine signaling in Parkinson’s disease [48].
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Figure
1.5. Challenges for oral levodopa therapy. Adapted from
[70].



Neurochemistry of Dopamine

Synthesis, Storage, and Release

Dopamine is the product of a series of enzymatic
reactions that take place within the terminal axons of dopaminergic
neurons (Figure 1.4). Synthesis begins with the aromatic amino acid
tyrosine which is converted to L-dihydroxyphenylalanine (L-DOPA) in
the rate limiting step, catalyzed by tyrosine hydroxylase [71].
Tyrosine hydroxylase (TH) serves as a marker for dopaminergic
neurons, and is significantly reduced in PD patients [71-74]. The
degree of degeneration in the substantia nigra is correlated to the
loss in TH activity in these and other neurons [75,76]. L-DOPA is
then converted to the neurotransmitter dopamine via aromatic
L-amino acid decarboxylase [59]. Dopamine does not readily diffuse
into the synapse upon synthesis. Rather, an intracellular vesicular
monoamine transporter-2 (VMAT-2) packages dopamine into vesicles
near the axon terminal through a H+-ATPase pump located within in the vesicular
membrane (Figure 1.6) [77]. When an action potential arrives at the
terminal of a dopaminergic neuron, intracellular vesicles
containing dopamine fuse with the pre-synaptic membrane. The influx
of calcium from the action potential then causes vesicular proteins
to release its contents into the synaptic cleft [71].
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Figure
1.6. Storage and release of dopamine.



Dopamine Receptors

Once dopamine is released into the synaptic cleft,
either from vesicles or levodopa itself, various reactions with
post-synaptic dopamine receptors propagate the electrochemical
message. There are five types of dopamine receptors with which
dopamine may interact, concentrated predominantly in the striatum
[78]. The two main dopamine receptors are the D1 and D2
receptors [79,80], which are responsible for the effects of
dopamine within the extrapyramidal motor circuit. The D1-like receptors include the D1 and D5
receptors, while the D2-like
receptors include the D2,
D3, and D4 receptors [79,80]. Dopamine receptors form
complexes with guanine nucleotide-binding protetins (G-proteins) to
regulate intracellular responses [81]. As illustrated in Figure
1.7, interaction of dopamine with D1-like receptors stimulates the G-protein
Gαs, activating the enzyme adenylate
cyclase, which in turn raises the concentration of intracellular
secondary messenger cyclic adenosince monophosphate (cAMP) [79,80].
Conversely, interaction with D2,
D3, or D4 receptors causes inhibition of adenylate
cyclase through Gαi, thereby
reducing cAMP [81-83].
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Figure
1.7. Transmission of dopamine in the nerve terminal and
subsequent dopamine reactions.



Degradation and Recycling

After the stimulation of post-synaptic receptors,
dopamine may undergo several forms of degradation and recycling.
Recycling of dopamine is achieved by reuptake via the dopamine
transporter (DAT), an Na+ and
Cl--dependent cotransporter
located on the pre-synaptic membrane [87,88]. The reuptake of
dopamine allows for it to be repackaged into vesicles by VMAT-2.
The two main pathways of dopamine degradation are through the
enzymes catechol-O-methyl transferase (COMT) and monoamine oxidase
(MAO). As Figure 1.8 illustrates, these enzymes are responsible for
the conversion of dopamine to 3,4-dihydroxyphenylacetic acid
(DOPAC) and homovanillic acid (HVA), with HVA being the most
abundant metabolite found [89]. Two isoforms of MAO exist: MAO-A
and MAO-B, with MAO-B being the predominant isoform in the brain
[90-94].
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Figure
1.8. Conversion of dopamine to homovanillic acid.
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Figure
1.9. Comparison of dopamine transmission in a healthy
condition versus Parkinson’s condition [95].



The Motor Neuron Circuit in PD

Deep cortical brain structures are involved in the
neuronal circuitry governing motor activities. Two dopaminergic
pathways govern the motor neuron circuit: the direct and indirect
pathways, illustrated in Figure 1.10. In the direct pathway of the
normal circuit, the striatum directly inhibits the globus pallidus
internus-substantia nigra pars reticulata (GPi-SNpr) through
dopamine D1 receptors, relieving
inhibition of the thalamus [96]. In the indirect pathway,
inhibitory connections exist between the striatum-globus pallidus
externus (GPe) and the GPe-subthalamic nucleus (STN) through
dopamine D2 receptors [97,98].

The STN excites the GPi-SNpr, which inhibits the
thalamus [96]. Under normal conditions, dopamine activates the
direct pathway and inhibits the indirect pathway [96,98]. In
Parkinson’s disease, dopamine loss in the direct pathway leads to
decreased inhibition of the GPi-SNpr, while dopamine loss in the
indirect pathway leads to increased STN excitation of the GPi-SNpr,
which then overinhibits the thalamus [96].
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Figure
1.10. Pathophysiologic changes to the motor circuit in
Parkinson’s disease.



1.5 Pathophysiology of Parkinson’s
Disease

The histopathologic hallmark of Parkinson’s
disease is the Lewy body, which is found predominantly within the
soma and pre-synaptic termini of degenerating neurons, but which
also may be seen in neurites or the extracellular space [99,100].
Lewy bodies are inclusions, 5 to 25 μm in diameter, composed of
neurofilaments and phosphorylated protein aggregates of
α-synuclein, synphilin, tau (τ), and Aβ amyloid fibers [101-106].
The role of Lewy bodies in PD is not yet clearly defined [99].

Etiology of Parkinson’s Disease

Oxidative Stress

The exact etiology of PD is unknown. Oxidative
stress has been proposed as a cause, supported by evidence from
postmortem studies indicating impaired mitochondrial function,
increased brain iron levels, evidence of oxidative damage to
lipids, proteins, and DNA, and defects in antioxidant protective
systems [107,108]. Oxidative processes are those responsible for
the production of reactive oxygen species such as hydrogen
peroxide, hydroxyl radicals, and superoxides. While these molecules
are naturally produced, overproduction leads to cytotoxic damage of
vulnerable neurons. Several putative pathologies in oxidative
processes related to the regulation of iron have been identified.
Increased levels of iron in the SNpc and decreased levels of the
iron-regulatory protein ferritin have been reported in PD patients
[108-110]. It has been demonstrated that PD patients have a higher
density of lactoferrin receptors on nigral neurons [111].
Additionally, one study reported that infusion of iron into the
SNpc of rodents yielded PD symptoms characterized by iron
concentration-dependent loss of striatal dopamine, degeneration of
SNpc neurons, and behavioral changes [112]. Reduced glutathione
(GSH), indicating decreased hydrogen peroxide clearance and
hydroxyl radical formation, has also been reported in postmortem
nigra of PD patients [113].

Further evidence of oxidative damage includes
increased levels of lipid peroxidation products, and increased
levels of malondialdehyde (MDA) and lipid hydroperoxide have been
reported in the SNpc of PD patients [114]. One study proposed a
link between decreased poly-unsaturated fatty acids and an increase
in malondialdehyde in the substantia nigra, where abnormal lipid
peroxidation was thought to be the cause of the 10-fold increase in
cholesterol lipid hydroperoxide [114,115].

Genetic Predisposition: Impact of Genes on
Cellular Functioning

Although most cases of Parkinson’s disease are
idiopathic, genetic studies have identified a wide range of
monogenic mutations that lead to heritable forms of PD.
Approximately 5-10% [116] of PD patients present with familial
parkinsonism, most often due to an autosomal-dominant form of
inheritance [111]. The first gene to be identified as
representative of familial PD is the SNCA gene (PARK1) [117]. PARK1
includes the group of alpha-synuclein mutations that have been
reported in a number of large family studies who had highly
penetrant, autosomal dominant PD proven at autopsy [116]. Alpha
synuclein is a protein involved in the regulation of dopamine
vesicles before they release their contents into the synapse. It is
proposed that mutations in alpha synuclein cause inappropriate
aggregation of the defective protein, signaling cell death. After
the PARK1 mutation was reported as causing PD, several labs studied
alpha-synuclein levels in postmortem brains of PD patients, and
discovered that the protein was a major component of Lewy bodies
[118]. Another dominantly inherited form of PD is caused by
mutations in the gene encoding the leucine-rich repeat kinase 2
(LRRK2) protein. More than 40 variants of LRRK2 have been
identified, with at least 16 considered to be pathogenic (PARK8)
[119]. It is unclear how the mutated LRRK2 protein contributes to
the development of PD, but phosphorylating kinase activity may
provide an interactive link to the aggregation of phosphorylated
proteins such as α-synuclein and tau [120]. In addition to
dominantly inherited mutations, variants are understood to be
recessively inherited variants of PD.

Environmental Factors

Epidemiologic studies have reported that various
environmental factors may be associated with developing PD,
including exposure to pesticides, herbicides, well water,
industrial chemicals, and living in a rural environment. Exposure
to toxins, including carbon monoxide, trace metals, organic
solvents, and cyanide, have also been implicated as environmental
risk factors.

One toxin with evidence of causing parkinsonism is
MPTP, or 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. A chemist
who was synthesizing illegal substances in his lab developed
parkinsonism after injecting himself with a potent analog of MPTP.
His autopsy revealed loss of dopaminergic neurons within the
substantia nigra [121]. Additional studies of drug addicts who took
MPTP reported clinical and pathological symptoms in these
individuals; strikingly resembling those of PD. Path
physiologically, MPTP is oxidized to the true toxin, MPP+, in a
reaction catalyzed by MAO-B. This is then taken up by dopamine
neurons, causing mitochondrial defects similar to those found in PD
[122]. The MPTP has been used to create animal models of PD for
research purposes, and supports the likelihood that an
environmental factor may cause PD.

Several environmental factors have been reported
to reduce the PD risk. Kessler reported in a community based survey
that cigarette smoking reduces PD risk by about 40%, possibly, on
the basis that smoking causes an induction of protective enzymes
[123]. It has also been reported that coffee drinkers have
approximately 30% less risk of developing PD relative to non-coffee
drinkers, which may be attributed to adenosine receptor blockade.
Nonetheless, smoking, nicotine treatment, and caffeine have not
currently been reported to provide symptomatic benefit to patients
with PD [124].

1.6 Diagnosing Parkinson’s Disease

PD is primarily diagnosed clinically. While there
is no definitive test for diagnosis, the recent development of
imaging scans may assist in differentiating PD from ET. Idiopathic
PD is marked by asymmetry of symptoms that improve with
dopaminergic treatment. Diagnostic criteria are used by clinicians
to identify certain symptoms characteristic of PD. The age of
onset, duration, and characteristics of these symptoms may be
further analyzed in comparison to their relative frequency in given
disorders in order to determine the probability of a specific
diagnosis.

The National Institute of Neurological Disorders
and Stroke (NINDS) diagnostic criterion for PD includes
histological confirmation of Lewy bodies (Table 1.2), whereas the
UK Parkinson’s Disease Society Brain Bank instead includes
quantification of rest tremor (Table 1.1) [9]. Although
histological confirmation is a significant finding representative
of “definite PD,” this determination may only be made at autopsy.
In addition to the classical tetrad of symptoms, both sets of
clinical criteria require substantial and sustained response to
levodopa or dopaminergic therapy for a diagnosis of PD to be made.
Substantial response to levodopa or dopaminergic therapy allows the
clinician to rule out other movement disorders like essential
tremor.





	
Step 1


	
Bradykinesia

At least one of the following:


	Rigidity

	Rest tremor with frequency of
4-6 Hz

	Postural instability not caused
by primary visual, vestibular, cerebellar or proprioceptive
dysfunction







	
Step 2


	
Exclusion of other parkinsonism
causes





	
Step 3


	
At least three of the following
supportive criteria:


	Unilateral onset

	Rest tremor

	Progressive disorder

	Persistent asymmetry affecting
side of onset

	Excellent response (>70%) to
levodopa

	Severe levodopa-induced
dyskinesia

	Levodopa response for at least 5
years

	Clinical duration of at least 10
years









Table
1.1. UK Parkinson’s Disease Society Brain Bank diagnostic
criteria [125].







	
Group A. Features


	

	Resting tremor

	Bradykinesia

	Rigidity

	Asymmetric onset







	
Group B. Features: suggestive
of alternative diagnosis


	

	Unusual early onset of
features

	Prominent postural instability
in the first 3 years

	Freezing phenomenon in the first
3 years

	Hallucinations unrelated to
pharmaceutical interventions in 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 dysautonomia unrelated to
pharmaceutical interventions

	Documentation of secondary
parkinsonism (focal brain lesions, neuroleptics within the past 6
months)







	
Criteria for possible PD


	

	Presence of at least two of the
four features in Group A; one being tremor or bradykinesia,
and

	Either none of the features in
Group B present or symptoms present for less than 3 years and none
of the Group B features are present, and

	Either substantial and sustained
response to levodopa or dopamine agonist has been documented or the
patients has not had an adequate trial of levodopa or a dopamine
agonist







	
Criteria for probable PD


	

	Presence of at least three of
the four features in Group A, and

	None of the features in Group B
are present (symptom duration must be greater than or equal to 3
years), and

	Substantial and sustained
response to levodopa or a dopamine agonist







	
Criteria for definite PD


	

	All criteria for probable PD
have been met, and

	Histopathological confirmation
of the diagnosis obtained at autopsy









Table
1.2. National Institute of Neurological Disorders &
Stroke (NINDS) diagnostic criteria [126].



Differential Diagnosis of PD

PD is characterized by asymmetry of motor symptoms
and a positive response to levodopa. The diagnosis of Parkinson’s
disease is not always straightforward, and misdiagnosis of PD is
not uncommon. Studies suggest that up to 24% patients with PD
actually have other movement disorders, including essential tremor,
vascular parkinsonism, Alzheimer’s disease, dementia with Lewy
bodies, and drug-induced parkinsonism [127]. One clinicopathologic
study of 100 cases of Parkinson’s disease, only 77% of patients
with pathologically proven PD had a good response to levodopa
[128]. Additionally, PD symptoms, including gait disturbance and
rigidity, may occur as a result of normal aging or multifactorial
disorders, including diabetes and arthritis [9,129]. Correct
diagnosis of PD is essential when considering which route of
pharmacotherapy is most suitable for the patient.

Neuroimaging techniques are becoming a more
commonly used method of differentiating between PD and atypical
parkinsonism, but need further improvement in sensitivity and
resolution to become a more reliable diagnostic tool [130].

Atypical Parkinsonism

Patients with atypical parkinsonism or “Parkinson
Plus” syndrome commonly present with early speech and balance
difficulty, lack of tremor, bradykinesia, rigidity often greater in
the neck than in the extremities, and symmetric symptoms
[9,130,131]. Lack of a response to dopamine medication therapy is
the most important diagnostic clue to atypical parkinsonism.
Atypical parkinsonism is commonly attributed to a degenerative
disorder, including progressive supranuclear palsy, corticobasal
degeneration, and the multiple-system atrophies [130].

Progressive supranuclear palsy (PSP) is known as a
Parkinson Plus syndrome. Patients are typically diagnosed in their
sixties or seventies, having a later age of onset than patients
with PD. Common clinical traits of PSP include many of the clinical
traits of PD, such as bradykinesia, rigidity, postural instability,
gait disturbances, contracted facial muscles, and difficulties with
speech and swallowing. The pathognomonic clinical sign of PSP is
supranuclear gaze palsy, in which the patient is unable to
voluntarily move the eyes, particulary downward. A distinguishing
feature possibly seen in the PSP patient is extension of the neck
versus the typical stooped posture of the PD patient.

Corticobasal degeneration (CBD) is characterized
by marked asymmetry, focal rigidity, significant rest and action
tremor, cortical sensory deficit, and parkinsonism [130]. A unique
finding in patients with CBD is the “alien-limb” phenomenon
(levitation of the arm) [131]. Cognitive deficits and gait
abnormalities are also common with this disease. A glucose PET may
show marked asymmetry that may assist the diagnosis. The pathology
of CBD is closely related to that of PSP, with a common tau
haplotype [130].

Multiple-system atrophy (MSA) is an adult-onset,
sporadic degenerative disorder characterized by parkinsonism,
autonomic and cerebellar dysfunction, and an early onset of
frequent falls [132,133]. Unlike PD, resting tremor is not commonly
seen in MSA. Speech is also often more affected in MSA than in PD.
Furthermore, neuronal degeneration in the MSA patient often
includes the striatum, substantia nigra, olives, pons, cerebellum,
and the spinal cord. Pathologically, MSA is characterized by
oligodendroglial cytoplasmic inclusions that are positive for
stains of α-synuclein [133].

Drugs and Toxin Induced Parkinsonism

Many pharmacologic drugs have been reported as
inducing PD-like symptoms, including tremor, bradykinesia, rigidiy,
shuffling gait, and speech abnormalities. These include many
neuroleptics, antiemetics (dopamine blockers), and dopamine
depleters (such as resperine and tetrabenazine). Metoclopramide, a
gastrointestinal motility drug, is a dopamine antagonist that has
been reported to cause drug induced parkinsonism [131]. Drug
induced parkinsonism may bear a striking resemblance to idiopathic
PD.

Additional Disorders and Illnesses
intheDifferential Diagnosis of PD

It is sometimes difficult to distinguish from
essential tremor (ET) [9], which is characterized by a bilateral
postural and intention limb tremor, head or voice tremor and a lack
of bradykinesia and rigidity. Tremor in PD occurs at a frequency of
4-6 Hz, is not improved by consumption of alcohol, and does not
usually involve the head or voice tremor; whereas essential tremor
occurs at a frequency of 5-10 Hz, can be alleviated by alcohol, and
may involve the head or voice [9]. The cause for confusion is that
ET may begin asymmetrically [9], and in some cases, may not
completely resolve with the limbs at rest. ET, however, may improve
with beta blockers, certain antiepileptics, and alcohol.
Classically, a five year history of bilateral postural and
intention upper extremity tremor with no accompanying rigidity and
bradykinesia suggests a diagnosis of ET [131].

Vascular parkinsonism (VP) is commonly
characterized by a history of falls, dementia, and incontinence,
and step-wise progression. It is usually described as “lower body”
parkinsonism, and less commonly has an associated tremor.
Pathologically, lesions on the VP brain consisting of lacunar,
white matter changes are not highly distinguishable from
coincidental vascular lesions seen in the brain of a PD patient
[134].

Normal-pressure hydrocephalus (NPH) may manifest
into PD-like symptoms, including postural instability, gait
abnormalities, and sometimes bradykinesia. Shuffling gait and
urinary incontinence may also be present in NPH [131]. Imaging
findings of hydrocephalus are most often used to yield a
diagnosis.

Other neurological conditions that may mimic PD
include head trauma, infections such as HIV tumors, and additional
rare neurological disorders: for example, Wilson’s Disease
[131,135].

1.7 The Stages of PD

Classifying the severity of PD into different
stages is commonly done by the Hoehn and Yahr scale, developed in
the 1960s by Margaret Hoehn and Melvin Yahr [136]. This scale
classifies PD into five stages, reflecting the worsening of disease
from Stage I through Stage V, as seen in Table 1.3.

The Hoehn and Yahr scale is recommended for use as
eligibility criteria for research studies and demographically
classifying patient groups [137].





	
Hoehn & Yahr Stage


	
Description





	
I


	
Unilateral symptoms, including the
cardinal features of tremor, rigidity, or bradykinesia





	
II


	
Bilateral symptoms listed above, along
with possible speech abnormalities, postural instability, and gait
abnormalities





	
III


	
Patients are still able to function
independently. Bilateral symptoms have worsened





	
IV


	
Patients are unable to function
independently





	
V


	
Patients are unable to get out of bed,
and need wheelchair assistance







Table
1.3. Hoehn and Yahr Staging.



Clinical Rating Scales Used to Assess PD
Progression

Given the complexity of the symptoms of PD,
neurologists generally use qualitative testing to stage, evaluate,
and follow PD patients. The most commonly used rating scale in the
clinic is the Unified Parkinson’s Disease Rating Scale (UPDRS),
developed in the 1980s, which originally consisted of 55 items each
scored from 0 to 4, to evaluate a patient’s mental status,
activities of daily living, and motor skills [138]. The motor
skills section is evaluated by examination, while the first two
sections are evaluated by provider interview [139]. A revised
version of the UPDRS was recently released by the Movement
Disorders Task Force (MDS-UPDRS). The MDS-UPDRS consists of four
parts and 65 total items: I=Non-motor Experiences of Daily Living;
II=Motor Experiences of Daily Living; III=Motor Examination;
IV=Motor Complications. Many questions within Part I and Part II
are designed for the patient/caregiver to complete as a
questionnaire. For the questions within Part I that assess complex
behaviors and all of the questions in Part IV that evaluate motor
fluctuations and dyskinesias, the physician conducts the interview.
Part III requires the physician to conduct an examination, and
contains specific instructions for doing so that are not present in
the original UPDRS. The individual item scores 0 to 4 are defined
by commonly accepted clinical terms: 0=normal, 1=slight, 2=mild,
3=moderate, and 4=severe. These different clinical terms are
further defined within the MDS-UPDRS to diminish ambiguities [140].
The MDS-UPDRS passed initial clinimetric testing and was submitted
to a large-scale comparison with the original UPDRS in 2008, where
its validity for rating PD was verified and supported by the
MDS-UPDRS Task Force [141].

The UPDRS is often accompanied by a Step-Second
Test, which is used to evaluate and score the number of steps a
patient takes within 15 feet. Scoring is again done on a 0 to 4
scale, with 0 indicating “not disabled” and 4 indicating
“completely disabled” [130]. An additional scale commonly used to
assess disability in PD research is the Schwab and England
Activities of Daily Living Scale. This can be scored by the rater
or by the patient [139].





	
Score (%)


	
Description





	
100


	
Completely independent; able to do all
chores without slowness, difficulty, or impairment; essentially
normal; unaware of any difficulty





	
90


	
Completely independent; able to do all
chores with some degree of slowness, difficulty and impairment; may
take twice as long as normal; beginning to be aware of
difficulty





	
80


	
Completely independent in most chores;
takes twice as long as normal; conscious of difficulty and
slowness





	
70


	
Not completely independent; more
difficulty with chores; takes three to four times as long as normal
in some; must spend a large part of the day with chores





	
60


	
Some dependency; can do most chores,
but exceedingly slowly and with considerable effort and errors;
some chores impossible





	
50


	
More dependent; needs help with half of
chores, slower, etc.; difficulty with everything





	
40


	
Very dependent; can assist with all
chores but few alone





	
30


	
With effort, now and then does a few
chores alone or begins alone; much help needed





	
20


	
Does nothing alone; can be a slight
help with some chores; severe invalid





	
10


	
Totally dependent and helpless;
complete invalid





	
0


	
Vegetative functions such as
swallowing, bladder and bowel function are not functioning;
bedridden







Table
1.4. Schwab and England Activities of Daily Living
Scale.
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