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• What is Parkinson’s Disease?

• Statistics & Public Health Impact of Parkinson’s Disease

• Diagnosis, Causes, and Course of Parkinson’s Disease

• Management of Parkinson’s Disease

• The Importance of Multidisciplinary and Integrated Care Models
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WHAT IS PARKINSON’S DISEASE?

• Parkinson’s Disease is a progressive neurodegenerative “movement disorder”, which 

is a clinico-pathological entity (disease) versus a group of specific diseases that share 

certain features (syndrome), such as “parkinsonism”

• Originally described (1817) as a disorder with only motor symptoms, it is now 

recognized as a “multisystem” disorder with manifestations in many domains, including 

motor and non-motor (such as neuropsychiatric, gastrointestinal, autonomic), with 

each PD patient’s journey featuring a distinctly unique combination of many possible 

symptoms and subjective disabilities and challenges

• Traditionally diagnosed using clinical diagnostic criteria, with dopamine imaging as an 

optional “confirmatory” test, recently a synuclein-based assay has been suggested as 

a far more accurate diagnostic test, which is expected to fully replace the use of our 

currently “god standard” clinical diagnostic criteria 



Parkinson’s Disease Introduction: 

U.S. Statistics

• Prevalence: 

• ~ 1 million people (to reach 
1.2M by 2030)

• ~10M worldwide

• 1% of the population over 
60 (likely more)

• Incidence per year: ~ 
90,000 new cases

• Mean age of onset: 60 
years

• US annual cost $52B 
(2017) – more since

• The fastest growing 
neurological disease 

• Men are 1.5x more likely to 
have it

https://www.nature.com/articles/s41531-020-0117-1
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Illustration of the Parkinson disease by Sir William Richard Gowers from A 

Manual of Diseases of the System in 1886 (WikiMedia CommonNervouss)

Common Symptoms & Findings

• 4 cardinal features (motor):
- Tremor (rest)

- Rigidity

- Akinesia (or bradykinesia)

- Postural Instability

• Non-motor symptoms
- Speech abnormalities

- Autonomic, sleep impairment

- Cognitive, anxiety, depression

- Pain symptoms, muscle mass↓

- Anosmia



Common Symptoms & Findings

Typical Parkinson patient: video 

includes pre-DBS levodopa OFF & 

ON, as well as post-DBS clips

• 4 cardinal features (motor):
- Tremor (rest)

- Rigidity

- Akinesia (or bradykinesia)

- Postural Instability

• Non-motor symptoms
- Speech abnormalities

- Autonomic, sleep impairment

- Cognitive, anxiety, depression

- Pain symptoms, muscle mass↓

- Anosmia



Non-Motor Features of PD

• Mentation, behavior & mood

Depression (up to 50%)

Dementia (bradyphrenia first, up to 40%)

Anxiety, panic attacks

• Autonomic

Orthostatic hypotension (from both PD + meds)

GI: gastroparesis (dose failure!), constipation

Other: skin (seborrhoea), sexual dysfunction
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How do we make the diagnosis of PD?

• Neurological examination looking for the cardinal features 

(supplemented by observing a good response to dopamine 

replacement): UK BB – more recently MDS criteria

• Imaging can help confirm presynaptic dopaminergic deficits, either 

fluoro-DOPA PET scanning looking for dopamine storage or 

SPECT or PET scanning for the dopamine transporter. DaTscan 

is now approved in the US.

• Also approved is Syn-One Test 
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Normal and abnormal DaTscan SPECT images. a Normal DaTscan 

SPECT image. b–d Abnormal DaTscan images fall into at least one of 

the following three categories (all are considered abnormal): 

abnormal DaTscan SPECT image type 1(b), abnormal DaTscan SPECT 

image type 2 (c) or abnormal DaTscan SPECT image type 3 (d).



A skin biopsy test called the Syn-One Test can 

detect Parkinson's disease and related disorders by testing 

for the presence of P-SYN, an abnormal form of alpha-

synuclein. P-SYN is present in the skin even before 

symptoms appear, so skin biopsies could improve early 

detection. A March 2024 study published in the Journal of the 

American Medical Association found that 93% of people with 

clinically confirmed Parkinson's disease tested positive for P-

SYN in skin biopsies taken from the neck, knee, and ankle.

https://www.parkinsonsecrets.com/blog/should-i-get-a-skin-biopsy-or-dat-scan-for-parkinsons-disease

Skin Biopsy



CLINICAL PROGRESSION OF PD

PRE-CLINICAL STAGE

• REM Behavior Disorder

• Loss of smell

• Constipation, ED, 

• low BP, urinary freq

• Biomarkers: Smell test, 

MIBG scan, SPECT, PET

EARLY STAGE

• One sided symptoms

• Slowness

• Masked face

• (Stiffness) Rigidity

• Shaking (Resting tremor)

• Dystonia

• Shuffling gait

LATE STAGE

• Symptoms on both side

• Involuntary dancing 

movements

• Motor (On-off) fluctuations

• Speech problems

• Some difficulty in swallowing 

• Poor memory (dementia)

• Hallucinations, confusion

• Falls 

• Freezing of gait

*** The pace of disease in every patient is different
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PD Basics: Pathology
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Normal: Nigra (pigment) Parkinson: Nigra (lost pigment)



Cellular Pathology of Parkinson’s disease: the Lewy Body

Lang & Lozano 1998
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Gross Pathology of Parkinson’s Disease
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Neuropharmacology of PD

Dopamine

Dopamine

receptor

Dopamine

Dopamine

receptor

Normal State Parkinson’s Disease

Dopamine Cells Dopamine CellsNigra

Striatum
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Olanow, C. W. et al. Neurology 2009;72:S1-S136

Braak Staging of PD
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*Genetics *Age *Environment

Pathogenesis

Oxidative

Stress

Mitochondria

Dysfunction
Inflammation

Protein

Aggregation

Apoptosis

Cascade

Parkinson’s Disease

“Parkinson’s Disease: The Life Cycle of the Dopamine Neuron”, The New York Academy of Sciences, 2003

What Causes Parkinson’s Disease?
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Parkinson’s Disease Risk Factors

• Age

• Twins: concordance 75% for MZ, 22% for 

DZ by fluoro-dopa PET

• Positive family history

• Environmental factors: rural, pesticides

• Protective factor: smoking, coffee drinking
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Fujita KA, Ostaszewski M, Matsuoka Y, Ghosh S, Glaab E, Trefois C, et al. Integrating pathways of 

parkinson's disease in a molecular interaction map. Mol. Neurobiol. 2014;49:88-102 

Biological systems involved in PD
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Therapeutic Goals

• Address expectations

• Treatment goals are greatly customized –

patients vary with regards to what’s 

important to them

• Currently available treatments are all 

symptomatic

• Many potential confounds, educate

• Dynamic entity, continuously reassess

• Don’t ignore non-motor treatments

• Don’t ignore non-pharmacological 

treatments

Talk to the patient/patient centeredness

Multi-disciplinary teams

 Importance of the care 

partner/biopsychosocial approach

Care away from the hospital: telehealth, 

wearables
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Parkinson Disease Treatments
• Symptomatic

 All currently approved treatments for PD

 Help improve symptoms: the appearance and impact – without affecting the underlying causes of 

disease

 Symptomatic and disease modifying efficacy may not be exclusionary of each other

• “Disease modifying” (not a synonym of “neuroprotective”)

 There is no known proven or approved neuroprotective or disease modifying treatments – only 

symptomatic at this point 

 Disease modifying means altering any aspect of the disease in a lasting manner (e.g. after 

removing the intervention)

 This may be through neuroprotection, but could be through a number of other mechanisms

 Endpoints capturing disease modification technically more feasible than actual neuroprotection in 

human clinical trials

 However, showing disease modification may imply underlying neuroprotection depending on the 

purported MoA
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Management Options
• Supportive therapies! Multidisciplinary care!

 PT

OT

 SLP

 Clinical mental health therapy/counseling

 Social work

Music therapy, dance therapy, tai chi, yoga, rock 
steady boxing, Teracycle, etc

• Oral neurotransmitter replacement and modulation

 C/L

 Dopamine agonists

 Anticholinergics

 Extenders (MAO-B inhibitors, COMT inhibitors)

Others (amantadine)

• Advanced treatments

 Surgical ablation and deep brain stimulation

 Intestinal levodopa suspension (Duopa pump)

 Inhaled C/L

 SQ Apokyn

• Experimental/pending approval in US

 Neuroprotection

 SQ Pumps

Gene therapy

 Stem cells

 tDCS

 Cannabis – CBD oil (NO! THC)
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Summary 2: Pros and Cons of Available 
FDA-Approved Monotherapy

AGENT PROS CONS*

MAO B Inhibitors Effective 

Once-daily dosing

AE profile similar to that of placebo

Potential drug interactions

Carbidopa/
Levodopa

Highly effective

Rapid onset of action

Motor fluctuations and dyskinesia 
are common with long-term use

Dopamine agonists Effective

Delays start of L-dopa

Low risk of motor complications

Neuropsychiatric AEs

Somnolence warning

Agonist-specific AEs

Amantadine Beneficial for tremor 

Antiparkinsonian effects

Cognitive AEs

Anticholinergic AEs

Withdrawal effects
*This does not represent a complete listing of safety information. 
Please see product prescribing information. 
FDA = Food and Drug Administration; L-dopa = levodopa.

AZILECT Prescribing Information. 05/09.
Olanow et al. Neurology. 2001;56(11 suppl 5):S1-S88. 
Jankovic. Neurology. 2002;58(4 suppl 1):S19-S32.



Dopamine receptors

DA

L-DOPA

3-OMD

DA

Dopamine

agonists

COMT 

inhibitors

Carbidopa

MAO-B

inhibitors DOPAC

DA 

3-MT

DA

D

A 

AADC

DA
COMT

inhibitor*

L-DOPA

DADA

Blood-brain barrierPeriphery BrainNeuron

Sites of Action of PD Drugs

*Only tolcapone 

inhibits COMT in 

brain.

L-DOPA = levodopa

3-OMD = 3-O-methyldopa

DA = dopamine

AADC = aromatic acid decarboxylase 

DOPAC = dihydroxyphenylacetic acid

3-MT = 3-methoxytyramine





Adjuvant Treatments for PD
• Istradefylline – novel adenosine A2a receptor antagonist 

• COMT-inhibitors
 Opicapone

 Entacapone

 Tolcapone

• MAO-B inhibitors
 Selegiline

 Rasagiline

 Safinamide

• Amantadine may be adjuvant besides monotherapy – new long-acting formulations 
have become available

• “Rescue” options
 Inhaled carbidopa/levodopa

 SQ injectable apomorphine

 Sublingual film apomorphine
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Surgical Treatments for PD
• MRgFUS

• Deep Brain Stimulation
 Activa device system from Medtronic

 Infinity device system from St. Jude

 Vercise device system from Boston 
Scientific

• Levodopa-carbidopa intestinal gel 
infusion pump
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The integrative care of Parkinson's disease: a systematic review.

Lindsay Penny Prizer, Nina Mikelashvili Browner

Published 2012 in Journal of Parkinson's disease

DOI:10.3233/JPD-2012-12075 33

https://www.semanticscholar.org/author/Lindsay-Penny-Prizer/9837452
https://www.semanticscholar.org/author/Nina-Mikelashvili-Browner/6953252
http://doi.org/10.3233/JPD-2012-12075


Implementation of an Integrative Holistic Healthcare Model for People Living with Parkinson’s Disease

Ingrid Pretzer-Aboff, PhD Allen Prettyman, PhD

The Gerontologist, Volume 55, Issue Suppl_1, 1 June 2015, Pages S146–S153,

https://doi.org/10.1093/geront/gnv004

Published: 16 May 2015

Implementation of an Integrative Holistic Healthcare Model for 

People Living with Parkinson’s Disease
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Social worker

Other supportive care

PATIENT

Movement Disorder

Neurologist

Clinical mental health counselor

Multi-Disciplinary Care in PD

Neuropsychiatrist

PCP

Neuropsychologist

-PT

-OT

-SLP

-nutritionist

-rock steady boxing

-yoga

-personal trainer

-etc.

RN*

Other specialists

-functional neurosurgery

-urology

-cardiology

-orthopedic surgery

-gastroenterology

-neuro-ophthalmology

-neuro-otology

-pain medicine

-anesthesiology

PA/CRNP

Research Team

*depending on the model, RNs may also take the role of

patient educator, research coordinator, and are key toward the PDNS model

AM?
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Parkinson’s Foundation Center of 

Excellence (COE)

• Recognizes medical facilities with specialized, multi-

disciplinary teams providing evidence-based PD care.

• Each center is required to meet rigorous care, professional 

training, research, community education and outreach 

criteria.

• As of 2022, there are 51 COEs in the GCN.

• 37 located in the U.S.

• 14 located internationally
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Designation Criteria

Care

Education

Community Outreach

Research
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Care

• Care must be coordinated, 
comprehensive and provided by 
an interdisciplinary team

• Provide expert care across the 
full spectrum of patient issues, 
including motor, non-motor 
(particularly neuropsychiatric and 
cognitive symptoms)

• Provide all people with Parkinson’s 
equal access to services
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Education

• Provided at the center for:

• Health care professionals

• People with PD

• Care partners

• Ensure that clinicians are knowledgeable about all 
evidence-based treatments for Parkinson’s Disease

• Educational events for people with PD and families, to 
provide current information about Parkinson’s disease (such 
as an annual symposia or lunch and learn programs) 

• Provide resources - such as newsletters, fact sheets, etc.
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Community Outreach

• Provided outside of the Center for:

Healthcare professionals

People with PD 

Care Partners

• Facilitation of community events 

• Provide resources for alternative wellness programs, 
support groups, exercise programs, etc. 

• Provision of disease-specific community provider 
education and training
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Research

Centers must:

• Conduct research relevant to 

Parkinson’s

• Publish findings from this 

research in peer-reviewed 

journals
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U.S. COEs - 2022

AZ—Barrow Neurological Institute

CA—University of Southern California

CA—University of California, San Francisco

CA—University of California, San Diego Movement Disorder Center

CO—University of Colorado Movement Disorders Center

DC—Medstar Georgetown University Hospital

FL—University of Florida Center for Movement Disorders and 

Neurorestoration

FL—University of Miami

FL—University of South Florida Parkinson's Disease and Movement 

Disorders Center

GA—Medical College of Georgia, Augusta University

GA—Emory University

IA—University of Iowa

IL—Northwestern University Movement Disorders Center

IL—Rush University Medical Center

IN—Indiana University School of Medicine

KS—University of Kansas Medical Center

MD—Johns Hopkins Parkinson's Disease and Movement Disorders 

Center

MA—Massachusetts General Hospital

MA—Beth Israel Deaconess Medical Center

MN—Struthers Parkinson's Center

NH—Dartmouth Hitchcock Medical Center

NY—Mount Sinai Beth Israel

NY—Columbia University Irving Medical Center

NY—Marlene and Paolo Fresco Institute for Parkinson's 

and Movement Disorders at NYU Langone Medical Center

NY—University of Rochester Medical Center

NC—Duke Health Movement Disorders Center

NC—University of North Carolina at Chapel Hill School of 

Medicine

NV—Cleveland Clinic Lou Ruvo Center for Brain Health

OH—Cleveland Clinic Center for Neurological Restoration

OR—Oregon Health and Science University Parkinson Center

PA—University of Pennsylvania Movement Disorder Center

PA—Jefferson Health’s Comprehensive Parkinson’s Disease 

and Movement Disorder Center

SC—Medical University of South Carolina

TN—Vanderbilt University Medical Center

TX—Baylor College of Medicine

UT—University of Utah

VA—Virginia Commonwealth University

42



International COEs – 2022

Australia

Victorian Comprehensive Parkinson's Program

Canada

McGill Parkinson Program

University of Western Ontario, London Health Sciences 

Centre

University of Calgary

University of Alberta

Pacific Parkinson's Research Centre, University of British 

Columbia

Toronto Western Hospital Movement Disorders Center

Germany

Philipps University

Israel

Tel Aviv Sourasky Medical Center

Netherlands

Nijmegen Parkinson Center

Singapore

Singapore National Neuroscience Institute

Taiwan

National Taiwan University Hospital, Center 

for Parkinson & Movement Disorders

United Kingdom

Kings College Hospital

Derby Hospitals NHS Foundation Trust and 

The University of Nottingham
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COMMITMENT TO QUALITY: PD & Movement Disorders @CCLRCBH

Multiple recognitions as a Center of Excellence

Director: Zoltan Mari, MD FAAN

Currently: accreditation on hold/re-application 

under way (formerly Co-PIs: MS/ZM, then PI: ZM)

Currently: just re-accredited (director: ZM)

HDSA CoE: application under way (Dr. Oguh)



Clinical Domain: PD & Movement Disorders at the CCLRCBH

Providers

Clinics: no wait

DBS, BoNT, HD, 
Ataxia, virtual, 
general movement

RehabPT, OT, SLP

Behaviora
l medicine

Social work, mental 
health therapy, 
music therapy

Additional services:

• Nursing

• Patient education

• Library

• Outreach

• Research

• Imaging

• Neuropsychology

• Neuropsychiatry

• Genetics counseling
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Minimal disability

Severe disability 

Dramatic Gains from Treatment

Years since diagnosis 

H
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5 years

Hoehn & Yahr, 1967

QII, 2011

Before modern PD 
care:

• Levodopa

• Agonists

• MAO-B

• DBS

• Modern 
antidepressants

Almost double 

the time to 

disability

Not enough 

overall 

improvement.

48 years
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Severe disability 

Minimal disability

Further Gains Are Still Possible

Years since diagnosis 

H
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e
h

n
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n
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a
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e
Average at 

NPF Centers 

of Excellence

Best performing 

3 Centers of 

Excellence
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