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Objectives

Discuss the
etiology,
epidemiology, and
pathophysiology
of Parkinson’s
Disease.

Analyze current
treatment
modalities.

Parkinsonism

Identify new
advancements
in treatment
options.

• A group of neurological
disorders
• Parkinson’s disease is the
most common type
• Other neurodegenerative
diseases
• Multiple system atrophy
• Progressive
supranuclear palsy
• Drug-induced parkinsonism
• Vascular parkinsonism
• Parkinson’s disease is name
for Dr. James Parkinson

Parkinson Disease
Green line = normal aging

• A neurodegenerative disorder that causes motor and nonmotor
symptoms

Blue line – idiopathic PD
Yellow line = environment
Genetic factors

• Second only to Alzheimer’s disease as the most common
degenerative disease of the neurons

Red Line = Early-onset PD

• No cure for motor symptoms
• Drug therapy can maintain functional mobility for years
• prolongs/improves quality of life

Haas et al., 2012
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Epidemiology
of Parkinson’s
Disease (PD)
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• Prevalence
• 1.5 million estimated in US
• 6.1 million estimated in world in
2016
• 2.4 times higher than in 1990
• Expected to double by 2030-2040
• Men> Women (1.5 to 1.0)
• Prevalence increased with age
• Mean age of diagnosis: 60
• Society pays ~ $20 billion/year for
care of PD patients
• Federally funded research - $160180,000

Epidemiology
of Parkinson’s
Disease (PD)

America Parkinson Disease Association; Armstrong &
Okun 2020

America Parkinson Disease Association; Armstrong & Okun 2020

Etiology of PD
• Unknown/idiopathic – 90%
• Genetic - 5-10%
• Causal genes:
• SNCA rare but key component in Lewy body
• ATP13A2 – quite rare
• LRRK2 – most common mutation in adults
• PARKIN – most common mutation in younger adults < 21
years
• 10-20% have family history
• Risk factor interplay with genetics
• Increased risk: GBA heterozygotes, UCHL1
• Alpha-synuclein/Lewy Bodies
• Environment

Pathophysiology

• Results from complex interplay of:
• Aberrant a-synuclein aggregation
• Dysfunction of mitochondria
• Lysosomes or vesicle transport
• Synaptic transport issues
• Neuroinflammation.
• These disease mechanisms result in:
• Accelerated neuronal death of
primarily dopaminergic neurons

• Prevalence increased with age
• Age of onset in 25% of
patients < 50 years
• Age of onset in early or
young onset Parkinson’s
disease < 40 years.
• Three categories of PD onset:
• Juvenile – age < 21 years
• Early Onset – 21-50 years
• Late onset – generally > 60
years

Risk Factors

• Nonmodifiable
• Age (mean age 65)
• Sex (Male >
Female)
• Genetics (10% of
cases)
• LRRK2
mutation (most
common)
• Glucocerebrosi
dase gene
mutation
• Parkin
mutation
(juvenile onset)

• Modifiable
• Industrial
exposure
• Heavy metals
(manganese, lead,
cooper)
• Pesticides
• Obstructed sleep
apnea
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Pathophysiology
• Hallmark pathology – Lewy
bodies
• A neuronal inclusion mainly
consisting of α-synuclein
protein aggregations
• Oligomers of abnormal asyn may be the toxic
species rather than the
Lewy body aggregates.
• Major result: loss of dopamine
production due to neuronal
loss.
Lingjia X., Jiali P. 2016 DOI: 10.1155/2016/172062
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Stage Site Affected by Lewy
Body Deposition

Pathophysiology
of PD
Braak Staging of
Lewy Body
Deposition

I

II

III

Dorsal motor nucleus
of the vagus nerve
and olfactory tract
Locus coeruleus &
subcoeruleus
complex in the
brainstem
Substantia nigra

IV-VI Cerebral cortices –
cortical involvement

Clinical Symptoms

Constipation,
Anosmia
Rapid Eye
Movement Sleep
Behavior
Disorder
Motor Symptoms
of PD
Dementia,
Psychosis
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Clinical Presentation
Nonmotor Symptoms

Motor Symptoms

• Tremor
• Rigidity/Stiffness
• Bradykinesia
• Imbalance

Bradykinesia Manifestations
Hyponia

Festination

Micrographia

Dystonia

Freezing of
gait

Diagnostic Criteria

Dyskinesia

• REM sleep behavior disorders
• Loss of smell
• Constipation
• Urinary dysfunction
• Orthostatic hypotension
• Excessive daytime sleepiness
• Depression
• Mood/cognition
• Perceptual
problems/hallucinations
• Attention/memory
• Sexual function
• Pain

• 4 cardinal symptoms, must
include bradykinesia + 1 other
for diagnosis
• Bradykinesia – not just
slow movement but
amplitude; early fatigue
• Tremor
• Rigidity - stiffness
• Postural instability - later
sign.
• Stooped posture
• Shuffling gait
• Reduced arm swing
https://stanfordmedicine25.stanford.edu/the
25/parkinsondisease.html

Movement
Disorder SocietyUnified
Parkinson’s
Disease Rating
Scale
(MDS-UPDRS)

Prodromal Period
Possible early symptoms of PD
Family history
• REM Sleep Behavior Disorder
1st degree relative with PD
• Autonomic symptoms
Known PD gene mutation in family
• Hyposomia
Physical Examination
Bradykinesia
Rigidity
Tremor
Postural Instability

Diagnostic Period
Patient Medical History
Slowness
Soft voice
Decreased facial expression
Gait changes

Other Factors
Dopamine transporter singlephoton emission CT
Genetic data

Evaluation consistent with Parkinson’s disease
Assessment of features that may indicate atypical parkinsonism
Rapid progression
Severe early dysphonia or dysarthria
Early/recurrent falls
Severe early autonomic failure

Cerebellar findings
Armstrong & Okun, 2020
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Evaluation consistent with Parkinson’s disease
Assessment of features that may indicate atypical parkinsonism
Rapid progression
Severe early dysphonia or dysarthria
Early/recurrent falls
Severe early autonomic failure
No

Are these features present?

Evaluate for patient
response to levodopa

No response

Parkinson’s Disease Subtypes
Cerebellar findings

Yes

Consider diagnosis of
atypical parkinsonism

Response present
Confirmation of Parkinson’s Disease Diagnosis

Mild Motor
Predominant (49-53%)
• Younger age at onset
• Mild motor and
nonmotor symptoms
• Slow progression
• Good medication
response

Intermediate (35-39%)
• Intermediate age at
onset and
symptomatology
• Moderate-to-good
response to
medications

Armstrong & Okun, 2020

Prognosis

• Progressive
neurodegeneration and
increasing symptom burden
• Psychosis occurs in ~40% of
individuals with Parkinson’s,
usually in later stages.
• Average 6.9 to 14.3 years after
a Parkinson’s disease
diagnosis.
• Parkinson’s disease-related
deaths increase with age.
• Aspiration pneumonia is the
most common cause of death.

• Baseline motor symptoms
with several nonmotor
symptoms
• Worse levodopa response
• More prominent
dopaminergic dysfunction
on DaT SPECT
• Rapid progression

• Shared decision making
• Patient reported functional disability
• Clinician observation of disability

Initiation of
Medical
Therapy

• No single preferred therapy – no right answer
• No rational to postpone treatment in people with
PD who develop a disability.
• Conversely, presence of recognizable symptoms
without disability may not indicate need to
initiate treatment.
• Factors to consider:
• Age
• Severity of disease
• Presence of co-existing issues
• Side effect profile of each class

Treatment for Motor Symptoms

• Dopamine based pharmacologic treatments
• Levodopa preparations
• Dopamine agonists
• Monoamine oxidase-B (MAO-B)
• Catechol-O-methyltransferase inhibitors (COMT)
• Anticholinergic agents

Diffuse Malignant (9-16%)

Class of Medications - Levodopa
•
•
•
•
•

Highly effective
Used for diagnosis confirmation
Full therapeutic response may take several months.
Mechanism of action: DOPA decarboxylase inhibitor/DA precursor
Always combine with carbidopa
• Has no therapeutic effect itself
• Does not cross the blood brain barrier
• Decreases breakdown of L-dopa in the periphery
• Increase amount of L-dopa available to the brain
• Helps relieve nausea from levodopa
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Generic Preparations of Levodopa
• Carbidopa/Levodopa, Carbidopa/Levodopa (controlled release)
Carbidopa/Levodopa (orally disintegrating)
• Carbidopa/Levodopa (Extended- release capsules) – newly released;
expensive. Contains both IR and ER beads.
• Side effects: nausea, dizziness, orthostatic hypotension, anxiety,
dyskinesia, confusion, hallucinations,
somnolence, yawning
• Carbidopa/Levodopa (enteral suspension) – intestinal gel; 16
hours/day continuous infusion
• Side effects: Infection related to surgical insertion of tube.
• Levodopa Inhalation Powder - rescue med. 1 dose per off period up
to 5 doses/day.
• Side effects: Cough

Generic Preparations of Dopamine Agonists
Pramipexole, Pramipexole (extended release)
Ropinirole, Ropinirole (extended release)
Apomorphine (injection), Apomorphine (sublingual)
Rotigotine (transdermal patch)
Side Effects:

• Nausea, dizziness, orthostatic hypotension, swelling of ankles, dyskinesia,
hallucinations, confusion, somnolence, sleep attacks, impulse control
disorder.
• Start Tigan for N/V 3 days before starting sublingual apomorphine. Can
cause irritation of mouth.
• Withdrawal symptoms with discontinuation.

Class of Medication: MAO-B Inhibitors
• Mechanism of Action: Inhibits the monoamine oxidase B enzyme
that degrades levodopa in the brain.
• This increases the amount of dopamine available.

• Generic: selegiline, rasagiline (monotherapy or adjunctive);
safinamide (adjunctive for off periods)
• Side Effects:
• Selegiline – insomnia (take 2nd dose by noon)
• Dizziness, nausea, GI upset, dyskinesia, hallucinations, confusion,
headache.
• Can cause hyper or hypotension.
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Class of Medications: Dopamine Agonists
• For patients with mild to moderate symptoms – could
be 1st choice
• Mechanism of action: direct activation of dopamine
receptors in the striatum
• Comparison with levodopa
• Less effective than levodopa
• Not dependent on enzymatic conversion to be active
• Does not compete with dietary proteins
• Lower incidence of response failure
• Less likely to cause dyskinesias

Class of Medication: MAO-B Inhibitors
• Use for mild symptoms
• Might want to start with one of these.
• Monotherapy or used with levodopa
• Combined with levodopa: can decrease the wearing off effect
• Modest improvement in motor function
• Can suppress the destruction of dopamine derived from levodopa and
prolong the effects of levodopa
• Benefits decline dramatically within 12 to 24 months

Class of Medications - catechol-O-methyltransferase
(COMT) Inhibitors
• Benefits: Inhibit metabolism of levodopa in the peripheral tissue and
intestines
• No direct therapeutic effects of their own
• Indicated only for use with levodopa
• Prolongs time that levodopa is available to the brain
• Mechanism of Action:
• Selective and reversible inhibitor of COMT
• This enzyme transfers a methyl group to dopamine producing a
levodopa metabolite which inactivates the dopamine.
• If we inhibit this enzyme, more levodopa is available.
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Class of Medications - catechol-O-methyltransferase
(COMT) Inhibitors
• Generic:
• Entacapone - increases availability of levodopa by ~20%
• Combo – carbidopa/levodopa/entacapone
• Tolcapone
• Opicapone – adjunct therapy for off periods

• Side Effects
• Tolcapone – elevated LFTs; liver failure
• Opicapone – constipation
• Entacapone – same as carbidopa/levodopa

Class of Medications - Dopamine Releaser
• Developed as an antiviral agent
• Later found effective for PD - Not considered a first-line agent
• Responses within 2 to 3 days
• Response are much less profound than with levodopa or the
dopamine agonists
• Responses may begin to diminish within 3 to 6 months
• Improves dyskinesia and tremors
• May be helpful for dyskinesias caused by levodopa

New
Developments
in PD
Management

• Immunotherapies
• Drug repurposing
• Targeting non-dopaminergic
neurotransmitter systems
• Neurotrophic factors
• Regenerative treatments
• Advances in deep brain stimulation
Stoker, T., Barker, R. (2020).
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Class of Medications - Dopamine Releaser
• Developed as an antiviral agent
• Later found effective for PD - Not considered a first-line agent
• Responses within 2 to 3 days
• Response are much less profound than with levodopa or the
dopamine agonists
• Responses may begin to diminish within 3 to 6 months
• May be helpful for dyskinesias caused by levodopa

Class of Medications - Dopamine Releaser
• Mechanism of Action: Inhibition of dopamine uptake,
stimulation of dopamine release, blockade of cholinergic
receptors, and blockade of glutamate receptors
• Generic – Amantadine, amantadine ER
• Common Side Effects
• Hallucinations, leg swelling, dizziness, livedo reticularis,
confusion, dry mouth and eyes, constipation, orthostatic
hypotension, somnolence

Immunotherapies

Use of antibodies
• Target and degrade extracellular αsynuclein
• Prevent α-synuclein from spreading to
neighboring cells.
• Prasinezumab (PRX002, Prothena) –
monoclonal antibody
• Targets the C-terminus of aggregated αsynuclein
• Phase I trials – reduction of free serum αsynuclein by ~ 97% and well tolerated
• Phase II trials currently underway.
• Stoker, T., Barker, R. (2020).
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• BIIB054 (Biogen) – monoclonal antibody
• Targets the N-terminal portion of α-synuclein
leading to reduced propagation of αsynuclein pathology
• Improves motor symptoms in a PD model in
mice.
• Well tolerated and in phase II clinical trials.
• AFFiRiS – investigating a variety of therapies
consisting of α-synuclein fragments to induce an
active immune response.
• Phase I trials are complete. One is being
taken forward to phase II trials.
• Well-tolerated/ subcutaneously injection.

Immunotherapies
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Β-adrenergic receptor
agonists – has not enter
clinical trials yet.

Drug
Repurposing

• These agents are used in
treatment of reversible
airway obstruction.
• Recent epidemiological and
in vitro experiments have
demonstrated an
association with reduction
of α-synuclein levels and
risk of PD.
• Thought to be mediated
through modulation of
SNCA transcription.

Stoker, T., Barker, R. (2020)

Glucagon-like peptide 1
(GLP-1) – Exenatide
Multicenter phase III clinical
trials currently in set up.
• Used for treatment of type
2 diabetes mellitus.
• Found to provide
neuroprotective effects in
cell and animal models.
• Found to be safe in PD
patients and associated
improvement in cognitive
and motor function.
• Improvements persisted
after cessation of
treatment.
• Double-blind randomized
placebo-controlled trial
conducted

Stoker, T., Barker, R. (2020).

Nilotinib – an ABL tyrosine
kinase inhibitor

Drug
Repurposing

Ursodeoxycholic acid (UCDA)
used to treat primary biliary cirrhosis
Restores mitochondrial function
Currently in a randomized placebocontrolled
phase II trial.

• Used in treatment of
chronic myelogenous
leukemia.
• Proposed to enhance
autophagy activity reducing
the accumulation of αsynuclein aggregates.
• Initial phase I trial – drug
was well tolerated and safe.
Preliminary reports of
motor and cognitive
function benefits.
• Moving into randomized
placebo-controlled trials.

Terazosin – an α1 adrenergic
antagonist used in treatment
of benign prostatic
hypertrophy (BPH)
• Shown to have
neuroprotective effects in
rodents and reduced αsynuclein levels in mice and
in neurons from patients
with LRRK2 mutationassociated PD.
• Progressing to randomized,
placebo-controlled trial on
stage 3 PD patients.
• Adverse effects –
orthostatic hypotension.

Targeting
Non-Dopaminergic
Neurotransmitter
Systems

Neurotrophic
Factors

Neuturin –
GDNF analogue

• Nuplazid – pimavanserin
• a serotonin inverse agonist used to reduce the
frequency and/or severity of hallucinations and
delusions associated with PD psychosis.
• Does not block dopamine receptors.

Cerebral
dopamine
neurotrophic
factor (CDNF)

• Pre-clinical trials showed some
beneficial effects and improvements in
motor UPDRS scores.
• Randomized, double blind trials have not
shown same benefits, but more studies
are on-going.
• Same as above.
• Promising open-label trials but no
clinical benefits noted in larger trials.

• Delivered without major side effects but
unable to say there are therapeutic
benefits.

• Cholinesterase inhibitors – rivastigmine & donepezil
• Trialed for reducing falls in PD – promising
preliminary results.
• Methylphenidate and atomoxetine
• Trialed for effect on balance and gait in PD in an
ongoing trial

Stoker, T., Barker, R. (2020).

Glial cell linederived
neurotrophic
factor (GDNF)

• Safinamide – recently received approval for use in PD
• Potent MAO-B inhibitor which helps treat
dopaminergic aspects of PD
• Also modulates glutamate transmission which helps
treat some of the non-motor symptoms of PD.
• More widely available for clinical use as an adjunct to
levodopa

• Aim is to restore dopaminergic tone in a more targeted
manner.
• Several are now entering clinical trials.

Regenerative
Treatments

• Gene therapies – introduction of genes that mediate
dopamine synthesis to increase dopamine levels.
• Adeno-associated virus (AAV) therapy using the gene for
AADC.
• Phase I clinical trial – 15 patients with advanced PD
– received treatment at 3 different doses.
• Benefits correlated with a dose-dependent
reduction in levodopa dose.
• Cell-based therapies
• Stem cell – renewable source of dopaminergic neuron
progenitor cells
• Can be grafted into patients.
• Clinical trials are now underway.
• Stoker, T., Barker, R. (2020).

Stoker, T., Barker, R. (2020).
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• Established treatment for PD
• Offers significant improvements in motor
symptoms of PD

Advances in
Deep Brain
Stimulation
(DBS)

• Adaptive DBS
• system in which the stimulation delivered to
the target is adjusted in response to
physiological signals.
• Non-invasive DBS techniques
• using external devices that deliver electric
fields to deep structures.
• MRI focused ultrasound lesioning in
treatment of patients with essential tremors
and PD tremors. Approved by FDA in 2018
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Repetitive Transcranial Magnetic Stimulation (rTMS)
• Safe, noninvasive
• Electromagnetic brain stimulation
• Alter cortical activity in the brain by repetitive application
• Normalizes aberrant patterns of cortical activity
• FDA approved for treatment of mild-to-moderate medication resistant
depression.
• Has shown moderate improvement in motor symptoms in PD patients
• Average 20% reduction in the UPDRS score.
• Improvement in both upper and lower extremities
Ntetsika, Papathoma, & Markaki, 2021

Stoker, T., Barker, R. (2020).

Case Study

• A 65-year-old male presents to your
clinic with the chief complaint of a
unilateral tremor of his right hand upon
resting. Which of the following
symptoms must be present in order to
make a diagnosis of Parkinson’s disease?
a. Tremor
b. Bradykinesia
c. Postural Instability
d. Rigidity

Case Study

What is one simple measure to diagnosis
Parkinson’s Disease?
a. Brain CT scan
b. Deep brain stimulation to see if
symptoms improve
c. Trial dose of levodopa/carbidopa to see
if symptoms improve
d. Trial dose of dopamine agonist to see if
symptoms improve
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