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Learning Objectives

Diagnose
° Identify idiopathic Parkinson's disease & essential tremor by their clinical presentation.

Name ancillary tests that can be used to help in diagnosis.

Treat
e Implement evidence-based management strategies for PD and ET.

Refer
e Review the spectrum of advanced therapeutics with attention to deep brain stimulation & MRI guided focused
ultrasound & subcutaneous dopamine — and know when to refer.
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Parkinson's Disease

Recognition & Diagnosis

Source: Armstrong MJ, Okun MS. JAMA Neurol. 2020;77(11):1345-1346.

Part 1
Rest
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Proteinopathies

n-synuclein

Alpha-Synuclein
Substrate of DLB and PD and MSA

Co-Pathology

Commonly identifiable as amnestic impairment:
° PD + AD
. DLB + AD

AD co-path is more common in DLB than PD

Source: Kwon et al. Neurotherapeutics. 2020;17(3):935-954.




Source:

Gibbons et al. (2023). Neurology
100(15):e1529-39
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The Role of Imaging

Q DaTscan (loflupane SPECT)

Visualizes dopamine
transporter density
in the striatum.

Identify
primary
parkinsonism

Q MRI

Not diagnostic for PD, but rules out structural causes, vascular
parkinsonism, and NPH. Reasonable in workup of new
parkinsonism.

Q When to Order
Differentiates PRE-synaptic dopaminergic denervation from:

 Essential tremor
 Drug-induced parkinsonism

€) When NOT to Order
Clear-Cut motor parkinsonism

Prodromals
Should NOT be frequently ordered

New Tools

CSF alpha-synuclein seed amplification assay (SAA)
Skin biopsy immunoflorescence

Highly sensitive/specific

10
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Skin Biopsy

@

©2002 MARK MOORE

Q Where?

3mm x3 punch biopsy:
—Posterior cervical
—Distal leg

—Distal thigh

0 When to Order

—Validate clinical dx of PD, DLB, MSA, PAF

0 When NOT to Order

—Established disease
—Differentiate PD vs DLB vs MSA vs PAF
—If high likelihood genetic parkinsonism

11
o .
Skin Biopsy
Table 2. Primary Outcomes
P Proportion of participants
Rarticigantso} positive for P-SYN, %

Diagnosis P-SYN positive® P-SYN negative® (95% CI)
Synucleinopathy 213 10 95.5(91.9-97.8)
Parkinson disease 89 7 92.7 (85.6-97.0)
Multiple system atrophy 54 1 98.2 (91.7-99.9)
Dementia with Lewy bodies 48 2 96.0 (86.3-99.5)
Pure autonomic failure 22 0 100 (84.6-100)
No synucleinopathy 4 116 3.3(1.3-8.0)
Source: Gibbons et al 2024
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CSF Seed Amplification

When to Order
—Validate clinical dx of PD, DLB, MSA, PAF

—Prodromal (hyposmia or REM behavior disorder)
—If ordering CSF AD testing, it can be added on

When NOT to Order
—Established disease

—Differentiate PD vs DLB vs MSA vs PAF
—If high likelihood genetic parkinsonism

3 (Mo LaF)

Image created with Al

Biomarkers of PD & ET

DECISION GUIDE: ORDERING A SYNUCLEIN BIOMARKER

ART HERE: If you want a Synuclein biomarkel

Q2 WHY? What is the primary reason?

v
For clinical study referrals?J B/c patient is very interested to "know"]

& IF NONE OF THE ABOVE, then RECONSIDER doing it at all.
Make sure they know when it WON'T change management too.

/\\ CAUTION: Consider Patient Profile H

Change management?

222 We do NOT expect 15! degree family members to have PD.

THEN probably want the CSF SAA & We do NOT expect young (<50yrs) onset.
(Cerebrospinal Fluid Seed Amplification Assay)

Reason: There's more data for it.

A\ IF EITHER ABOVE: They may have >20% likelihood of a

genetic parkinsonism, which CAN be syn-negative.

=) COST & COVERAGE COMPARISON

CSF SAA 4 SKIN BX (Biopsy)

Es Cost: ~$700 out-of-pocket _\i Cost: Varies

x@ g;:z;ﬁ?yiryﬂl;ﬁ:ifg?nhls point \/9 Coverage: Generally COVERED

14
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Parkinson's Disease

When to Start Treatment

o Treat When Functionally Bothered/Impaired

Start meds when there are motor sx that bother / cause issues
Specifically ask about fine motor: (1) Shoes, (2) Buttons/zippers,
(3) writing and typing

0 The "Levodopa-Sparing" Strategy Is Outdated

The historical concern that early levodopa "uses up" its benefit
or accelerates dyskinesias has been debunked (LEAP study;
NGJM 2019).

There is no to withholding
bothersome sx

dopa when there are

0 No Disease-Modifying Therapy — Yet

Available treatments are symptomatic only and not neuro-
protective

.
R Exercise IS the Closest to Neuroprotection

Sustained aerobic exercise (SPARX trial data), resistance training,
and balance work
Exercise should be encouraged at EVERY visit

16
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Starting Dose

Administration

Common Side Effects

First-Line Pharmacotherapy: Carbidopa/Levodopa

Carbidopa/Levodopa (Sinemet) remains the gold standard.
Clear kick-in and wear-off allows differentiation of responsive symptoms early in treatment course.

25/100 mg TID (can start half-tabs for one week, then whole tabs).

Take 30-60 min before meals or 1 hour after for best absorption. Protein competes for absorption at the gut amino acid transporter. Small
carbohydrate snack is OK if nauseous.

Nausea (mitigated by adding extra carbidopa or small carb snack), lightheadedness/orthostasis, somnolence, vivid dreams. Nausea is
common early and often self-limited.

17

Dose Extenders

* MAO-B Inhibitor
« Selegiline, Rasagiline
* Safinamide
* COMT Inhibitor
* Entacapone
* Opicapone
* Adenosine A2A Antagonist
* Istradefylline

Long-Acting Dopamine

* Carbidopa/Levodopa CR
* Rytary®
* Crexont®

Image generated using Al / LLMs with supervision

A “Dose” of Dopamine

Amantadine

Plasma L fod Levels & Th

T .

5 Dyskinesia Threshold
3

. | -

]

g N

3 Therapeutic Window
3

F

B R e e e e & e

2

a

Motor Fluctuation

(Wearing-0ff) Threshold

5—— Dose Extenders

Time (Hours)

Anti Dyskinetic

* Amantadine

* Amantadine ER (Gocovri®)
* (Long-Acting Dopamine)
* (Advanced Therapies)

Continuous Dopamine

* Duopa™ (c/l enteral suspension)
* Vyalev™ (foslevodopa)
* Onapgo™ (apomorphine)

18
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A “Dose” of Reality
b Mild
Inconsistency ]
§ Dyskinesia
« Delayed Kick-In H
« Partial/Incomplete ON s on
* Dose Failure < Therapeutic
H window
2
S : o
2 3
Oyears 4years Byears >10years Time
c
E 2000
g ~ End-of-dose wearing off
;i 1,500 Dyskinesia
°
°
1 1,000
b= On
° q
2 *%|Early moming: Delayed; ERTTRN R L [
© f on — off
£
H 0 = . . . . . . = = =
= 6 7 8 9 10 11 1z 13 14 15 16 17 18 19 Timeof day(h)
A A A A A
A Levodopa administration
Source: - = 1
Teymourian H, Tehrani F, Longardner K, et al. Closing the loop for patients with Parkinson disease: where are we? Nature Reviews Neurology. 2022;18(8):497-507.
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Essential Tremor

10



3/9/2026

Epidemiology

Most common movement disorder. Often familial (autosomal
dominant with variable penetrance). Prevalence increases with
age (~5% over 65). Bimodal onset: late teens/20s and 60s.

Beyond the Hands

Can involve: head tremor ("yes-yes" or "no-no" oscillation), voice
tremor (quavering quality), and less commonly legs and trunk.

What Is Essential Tremor?

Phenomenology

Bilateral action tremor: both postural (arms outstretched) and
kinetic (during movement, e.g., pouring, writing). Frequency
typically 4-12 Hz. Upper extremities most commonly affected.

Progressive & Disabling

“Benign essential tremor" is a misnomer. ET is progressive and
can be significantly disabling — impairing writing, eating,
drinking, and professional tasks. Social embarrassment is
common.

21

What Is Essential Tremor?

Essentlal tremor Dystonic tremor Parkinson’s disease
|

Size ormal or large Hormal Usually small Variable

Tremor features Regular amplitude and | Irregular jerky ampiitude | Regular amplitude and
frequency and frequency froquancy

Tremor intrusion it | vertical letter strokes; | All soctions of letters; | Vartical letter strokes;

letter sections axis axis

Progressive Yes—shape of letters

deteriarstion worsens due to Somatimes —size of
No posturing letters may decrement

Pen pressure Normal Hard pressure Normal

‘Spirals |

Size Hormal Wormal Small

Spacing of turns Normal [maybe wider) | Normal {maybe tighter] | Tighter

Tremor axis — [

Tremor frequency Regular Irregular/erky Regular

Progressive Sometimes —more

deterioration No tremor and pressure | Na

Tremor axis Unidirectianal Multidirectional Unidirectional Right:8-2 :
Right; B-2 o'clock Left: o'clock Left:10-4 o'clock
10-4 o'clock

Tremor frequency Ragular Irregular Usually regular

Tremor amplitude. Small, regular Small, irregular Small, regular

Symmetry Symmetrical Asymmetrical Asymmatrical

Source: NASA for Doctors.(n.d.). Dystonic tremor. In Movement disorders: Tremor.

ET as a Phenotype

® Isolated tremor syndrome of b/l upper limb action
tremor

e >3 yearsduration

° With or without tremor in other locations (head, voice,
lower limbs)

®  Absence of other neurological signs

Source: Bhatia et al. (2018). Movement Disorders 33(1):75-87.

Don’t Split Hairs

®  Can be a spectrum of tremor & dystonia
° Multiple tremor types can be present

. Parkinson:
o “Parkinson tremor” doesn’t exist
o  Can’t diagnose PD on tremor alone
©  Can’tr/oPD ontremor alone

22
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ET - PD

@ A
ESSENTIAL TREMOR (ET) PARKINSONISM
CLINICAL SYNDROME CLINICAL SYNDROME
COMORBIDITY:
Po ET PHENOTYPE TREMOR + PARKINSONISM
f—
J \\ [ &
Ul e Conbinedeatnesaraposbe B e ¢ vt
Long:standing ET*con” be followed by, + Rigidit
 Postural Tremor insonismsi igidity
(heing a poson oot arknscrems T (it
i i i g * Resting Tremor
« Often Bilateral & Symmetric plenct gav‘eh.?;%’gcségrust (:oﬂe,, asr:nmet:-?
= Can Affect Head & Voice ] tic Chall « Postural Instability
; i (RenaessCacrl Evmupen) (Balance problems)
» Typically Long-standing History « A syndrome with various
_ causes (e.g., PD) )

Image generated using Al / LLMs with supervision
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ET First-Line Treatment

Propranolol

First-line. Non-selective beta-blocker.

Starting dose: 10mg TID - 20mg TID - 60mg/day ER
Titrate as tolerated

Monitor: heart rate, orthostasis

Contraindications: asthma or COPD with respiratory flares,
diabetes with hypoglycemic events, heart block

Can be used PRN for performance situations

Second-Line Options

* Gabapentin — mild benefit, well tolerated

Primidone

Equally effective first-line. Barbiturate.

Starting dose: 25 mg QHS (even 12.5 mg)
Titrate as tolerated

Can combine propranolol + primidone for additive effect
when monotherapy is insufficient.

* Topiramate — evidence-based but limited by cognitive side effects and weight loss

* Benzodiazepines (alprazolam, clonazepam) — effective but use judiciously due to dependence, sedation, fall risk
* ~50% of ET patients have medically refractory tremor - consider referral for advanced therapies

24
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Advanced Therapeutics

Images created using generative Al

Deep Brain Stimulation (DBS)

How it Works

° Awake (generally)
° Bilateral simultaneous (can be exceptions)

Controller:
Tabiet

START: APPROX. 2 WEEKS LATER: ~ APPROX. 2 WEEKS LATER ~ APPROX.1MONTHLATER ~ APPROX. 1 MONTH LATER ONGOING
EAD CEMENT (WEEK 4 TOTAL): EK8

DBS LI IPG PLA (! ) (WE! TOTAL): (WEEK 12 TOTAL): CLOSE
IMPLANTATION INITIAL PROGRAMMING FOLLOW-UP FOLLOW-UP FOLLOW-UPS
CLINIC VISIT PR visIT1 VISIT2 (NEXT 12 MONTHS)

13
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DBS Features

Sensing & Adaptive / Closed Loop

®  Medtronic

° Deep brain signal (local field potential) sensing:
O Electrode identification
o Capture clinical events
o  Adaptin real-time

Telehealth DBS

®  Abbott: NeuroSphere™ Virtual Clinic
®  Program DBS remotely

approved for madia vae

27

New at HMC

Our first case was in 2026 (Dr. Pratik Talati)

How it Works
Converging ultrasound beams - Thermal energy

Sub-Therapeutic energy - Test the lesion
Increased energy - Make permanent ablation

MRI Guided Focused Ultrasound (MRIgFUS)

History

Essential Tremor:
—Approved 2016 (unilateral)
—Bilateral approval in 2023

Skull Density Ratio (SDR): Too much density makes not a
candidate

28
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DBS vs MRIgFUS

Invasive Craniotomy w/ lead & IPG placement Lesioning (still permanent).

Anesthesia Monitored anesthesia; awake or asleep Awake (need to give feedback on side effects)
Laterality Bilateral can be done same time Unilateral initially; contralateral side possible as staged
Adjustability Programmable (clinician & user) None

Durability Sustained effect (with programming adjustments) Benefit may wane

Non-Motor Symptoms No coverage (motor only) No coverage (motor only)

Approval ET & PD & dystonia ET only (PD could be cash-pay)

Ideal Candidate Younger Older

(my opinion) Less surgical risk Higher surgical risk

DBS = Deep brain stimulation
MRIgFUS = MRI guided focused ultrasound

29

When to refer for advanced therapies?

o Essential Tremor o Parkinson’s Disease
(1) First line meds (primidone & propranolol) are (1) Response to Sinemet (at least bradykinesia responds)
inadequate at max tolerated doses together (2) One of the below:
Or contraindicated
One of:
(1) Consider: -Motor fluctuation despite long-acting dopamine
(a) Trial of 2nd line meds: Gabapentin, -Dyskinesia despite long-acting dopamine and amantadine
topiramate, clonazepam -Difficulty sustaining consistent good ON-time d/t poor
(b) Occupational therapy assessment fluctuation/dyskinesia, failed doses, etc.
(c) Devices (i.e. CALA kiQ with TAPS) -Severe resting tremor (i.e. tremor predominant phenotypes)

Everyone has different standards of acceptable

Nobody has to be “bad enough” for advanced therapies

30
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Candidacy: DBS & MRIgFUS

Q Good Candidates 0 DBS Doesn’t work for:
(1) We know what they have * Poorly levodopa responsive sx
* Gait freezing
(1) Their goals are reasonable * Speech and swallowing
* Cognitive symptoms
(1) Their exam fits their goals * Axial symptoms

 Postural instability (levodopa-unresponsive)
(1) No red flags (esp. on neuropsychological screening)
i.e. dementia, unstable psychiatric disease In PD: DBS improves what improves

Help purely with motor symptoms

Picking the right candidate

Diagnoses MUST be clear to ensure benefits >>> risks

Goals / expectations must be reasonable to estimate benefits
Neuropsychiatric profile must be clear to estimate risks

31

Subcutaneous Infusion

Available as VYALEV™ and ONAPGO™
Vyalev = foscarbidopa/foslevodopa
Onapgo = apomorphine hydrochloride

Advantages

— Avoid medication dynamics (No fluctuations or dyskinesia)
— Avoid failed / delayed oral doses
— Low invasive! (only skin site rotations)

0 . Infusion
Caution tubing

— Have to carry around device on-person
— Support / caregiver to help with device (esp. if motor-OFF)
— Requires frequent site exchanges

Carrying
case

Image from: VYALEV delivery system. (n.d.). AbbVie Inc. Retrieved March 1, 2026, from https://uw com/delivery-syste

32

Cannula

16


https://www.vyalev.com/delivery-system
https://www.vyalev.com/delivery-system
https://www.vyalev.com/delivery-system
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What happens when you refer for “DBS”?

Multi-Disciplinary Clinic

Evaluated by:
1. Movement disorders subspecialist
Sol De Jesus, MD; or Joseph Seemiller, MD
2. Neuropsychologist
Elana Farace, PhD
3. Neurosurgeon
James Mclnerney, MD; or Pratik Talati, MD
4.  Physical therapist
Jackie Bentlage-Brown, MSPT

Thank you!

Discussion

®  Group discussion after full neuropsychological eval

° Outcome:
o Good idea / Offer procedure
O Relative contraindication / Decline candidacy
o Not optimized / recommend steps

Thank you for your referrals!
We welcome personal communication (email too) if desired

33

Questions?

Joseph Seemiller, MD

Movement Disorders Division | Penn State Health

Email:
nnst: th.psu.edu

17
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