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Essential Tremor-Overview

* Most common adult-onset movement disorder
* Can start at any age
* SLOWLY progressive (2-5%/yr)
= increased tremor amplitude
= extension to previously unaffected body parts
* AKA- Hereditary Tremor, Essential Tremor
* Not associated increased mortality; Absence of other
neurological signs
* Not benign for many patients (Function & Quality of Life)
» Possibly accompanied by:
« Other motor features (e.g. ataxia, rest tremor, dystonia)
+ Spasmodic dysphonia

* non-motor features (e.g. cognitive impairment, depression and
personality disturbances)

Louis, et al., Parkinsonism Relat Disord. 2011)
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Essential Tremor- Objectives

* Recognize key features distinguishing essential
tremor from other tremor syndromes

* Understand the natural history, epidemiology and
pathophysiology of essential tremor

* Review current and emerging medical, non-
medical and surgical treatment options for
essential tremor
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Tremor Terminology YaVaVvavavi

=  Tremor: rhythmic, oscillating, alternating contraction of
agonist and antagonist muscles

=  Action tremor: occurs during voluntary contraction of
skeletal muscles.

. Kinetic: during guided voluntary movements; e.g,. writing, touching
finger to nose.

- Postural: in a body part maintained against gravity; sustained arm
extension, arms extended/abducted with elbows flexed

= Rest tremor: when a limb is fully relaxed
* observing upper limbs while walking is a valuable tool
. Intention tremor:

. tremor with visually guided movement
. Increases in amplitude with approach of the target
- most often seen with other signs of cerebellar dysfunction
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Essential Tremor can be Disabling

85% of ET patients have impaired socialization & work
performance

15-25% of ET patients are disabled and can’t work
Social withdrawal & isolation

Tremor worsens with anxiety, fatigue and iliness
Anxiety and depression

Medication side effects

Factors associated with disabling tremor
* Physical disability related to age
* Tremor amplitude
* Ability to execute fine motor tasks

Kinetic Tremor

— e.g., writing, drinking, eating and other ADLs
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Essential Tremor Can Occur at Any Age

(N=470 Patients Evaluated in Routine Clinical Practice)

Number of Patients

1 6 11 16 21 26 31 37 42 47 52 57 6267 7277 84

Age at Onset of Essential Tremor
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Genetics of Essential Tremor

= Familial clustering noted as early as 1836
= Family history of ET in 1t degree relative in 30-70%
= Higher risk if relative had younger onset ET
NTIAL TREMOR HEREDITARY?
= Complex Genetics

Most likely autosomal dominant,
variable penetrance

Genome-wide linkage:

= Loci ETM1, ETM2, ETM3
Association studies: TREM2, GABA-A
= GWAS

+ LINGO1 (1.2-1.7)
+ SLC1A2 (OR 1.4)

Clark and Lewis, Handb Clin Neurol. 2018 ; 147: 229-239
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ET Pathophysiology

= Interconnected oscillatory loops & =
= olivo-cerebello-rubral loop

= Central oscillator
= Inferior Olivary Nucleus, Corticothalamic L

= Sensory feedback from muscle

= Peripheral contribution
= Beta adrenergic blockers attenuate ET (B2 and/or B3 antagonists)
= Peripheral injuries or severe neuropathy can cause tremor

= IV or IA administration to isolated forearm
* Epinephrine- increases tremor
* Beta antagonists reduce tremor and can block the ability of epinephrine to cause
tremor

= GABA Deficit Hypothesis
= T-Type Calcium Channel Oscillator ., . ua. swousirnsn 1556 103615520

Boecker et al., J Nucl Med. 201
Gironell, et al,, Park Relat Disord. 2012
Paris-Robidas. et al, Brain. 2012
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Epidemiology of Essential Tremor

* Incidence: 24/100,000
(Olmstead County, Rajput, et al, Neurology 1993)
« Incidence: 24/100,000
+ Prevalence: 3.06%(1.1-5.7) :
« M=F i S

* Prevalence: 3.2% (1.4-10.3)
(Global Meta-Analysis, Song, et al. J Global Health, 2021)
« Prevalence increases with age
+ M>F (3.6 vs 2.8)- age dependent
« 25 Million affected worldwide

« Epi-Factoids

* 39% have family history of tremor

+ 3% have comorbid cervical dystonia

« Subsequent diagnosis of PD in 2%
« Risk Factors: Age and ET family history >
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Pathophysiology of Essential Tremor

= Pathways thought to be involved
= Thalamus (Vim),Sensorimotor Cortex, Olivary nucleus,
Cerebellum
= Ablation/lesions in these areas can reduce tremor
= Postmortem studies have demonstrated a
heterogeneous pathology, clustered into 2 groups:
* Cerebellar degenerative changes
* Brainstem Lewy bodies ('Lewy body variant of ET')
= Environmental toxicant link?
* harmane and lead

10

MICHIGAN STATE UNIVE!

Diagnostic Criteria for Essential Tremor
Exclusion Criteria

Q Core Criteria Qother abnormal neurological signs
+ Bilateral action tremor of the hands * e.g., rigidity, bradykinesia, dysmetria,
and forearms fixed posturing
— no resting tremor O Known causes for enhanced
« Absence of other neurological signs physiological tremor
* May have isolated head tremor Q Historical or clinical evidence for
— No abnormal (dystonic) posture psychogenic tremor

Inclusion Criteria

0O secondary Criteria 0 Sudden onset or stepwise progression

+ Long Duration (>3 years) Q Tremor in isolated position or location

* Voice

+ Family Histol
Y v Unilateral leg*

* Improvement with alcohol

Tongue/chin
Postural/orthostatic
Specific task (e.g., writing)
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Other Causes of Action/Postural Tremor

= Enhanced physiologic tremor
> Occurs during stressful or fear-provoking times

= Medication induced tremor
> Over the counter, herbal and prescription medications

> Steroids, Depakote, Lithium, TCA’s, Amiodarone, dopamine
antagonists, Cyclosporin, stimulants

= Drug & alcohol withdrawal
= Trauma

= Closed head injury

= Peripheral Injury

= Metabolic: Hyperthyroid, hypercalcemia
= Other Hereditary Disorders (e.g., Wilson Disease)
= Psychogenic tremor
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Relationship of Essential Tremor (ET) and
Parkinson Disease (PD)? — both are common
= Some (but not all) studies show a higher risk of PD in ET patients
= 2-19% of patients with ET have subtle parkinsonism
10% of patients with ET have a family history of PD

= PDis more common in ET kindreds than expected

Striatonigral degeneration observed in ET
= Lewy bodies found in the locus coeruleus in a few ET patients

T I R T T
gy y Ko
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Can Tremor Frequency Help Identify Essential
Tremor From Other Tremors?

Cerebellar Tremor | [ ]

Parkinsonian Tremor |:|

L]
L]

Essential Tremor

Exaggerated Physiologic Tremor

10 15
Hz
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Table 2. Selected Medications and Substances Table 3. Characteristics of Psychogenic Tremor
That May Exacerbate Tremor
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Essential Tremor: Diagnosis
Clinical history

« careful attention to functional disability

« alcohol responsiveness

« onset and progression

« alcohol responsiveness

« family history
Physical examination

« Affected body part

* Rest vs posture

* Walking and distraction

« Absence of parkinsonism, dystonia, cerebellar dysfunction
Objective/Function Assessment Tools

« Spiral drawing, handwriting samples

« Water pour test, Cereal bowl, Grooved Peg Board

« Electrophysiology, Accelerometry
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Essential Tremor
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Characteristic

Parkinson disease

Family History

Usually negative

Positive in >50%

Improved with alcohol

Postural tremor

Marked reduction in most

Maximum tremor

Resting and Postural

Posture, kinetic>>resting

Symmetry No Yes
Affected body part Hands, Leg, Hands, Head,
Oral-buccal-lingual Voice
Age at onset 62.4 All ages
Treatment sought Early Often late

Disease Course

Slowly Progressive

Very Slowly Progressive

Associated conditions

Bradykinesia, rigidity,
postural instability

Spasmodic dsyphonia,
Spasmodic torticollis
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Tremor Time-Frequency Analysis
i
Tremor O 2 <
ts S T
o ‘
<9 0 «© [ ) 100 120 140 180 180 200
5
g [2m2 ]
Tapping & 7
E!
: 4
A o
20 “ ] 80 100 120 1w 100 180 200
Seconds
19

MICHIGAN STATE UNIVI

ET Therapeutic Options

= No treatment
= Reassurance: none of the symptomatic treatments modify natural history
= Physical and psychological adaptation, lifestyle changes

= Pharmacological
= Top Shelf (Best Evidence)

= Beta-adrenergic antagonists

* Primidone

= Others

i l?r‘;}!“?ﬁ%ﬁ:‘p
AFTERER e
s [: A3 :

= Botulinum Toxin
= Wearable Devices

= Functional Neurosurgery
= Research Studies www.clinicaltrials.gov www.essentialtremor.org
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Primidone (Mysoline)*
* Primidone and propranolol have similar efficacy for ET

* 66% have improvement in placebo-controlled trials

* Up to 20% have acute adverse effects
— Sedation most common
— Associated with higher starting dose, advanced age
— Over time, tolerance reduces side effects

* Initiation of therapy with low dose (Start= 25 mg at bedtime)
* Slow upward titration
— 25 mg each week
* Divide dose BID or TID
* Average effective dose = 250 mg/day
* Maximum dose = 750 mg/day
* CBC prior to initiation and 6 &12 months after starting

*Off label use
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Essential Tremor: Diagnostic Testing
* Laboratory Studies

— TSH, calcium
— Ceruloplasmin/24 hr urine copper

* Screen for Wilson disease
— if younger than 50yrs or other atypical features

* MRI Brain Imaging
— if Atypical Presentatio
* e.g.- unilateral postural/k}
» DaTScan™
— SPECT imaging with dopa
— Approved by FDA for differ|
tremor of parkinsonism
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Symptomatic ET Treatment: Beta Blockers

" Propra nolol (only FDA-approved drug indicated for ET) OH
= 50-70% of patients obtain some symptomatic benefit %0\)\)‘\(
= Tremor is rarely totally suppressed l /‘
. litud i, but often is
= Effects mediated by B2 and B3 Adrenergic Receptor
= Wide dose range (60-240 mg/day)
= Sustained Release = or > than immediate release

= Selective Other Beta Blockers: Timolol, Nadolol
= Beta-1 Antagonists?

= Atenolol, Metoprolol.... May be less effective
= Use with CAUTION for patients with:

= Obstructive Lung Disease (Asthma, COPD)

= Severe or poorly controlled depression

= Insulin requiring diabetes mellitus
= Advance age (higher risk of symptomatic bradycardia)

AAN Evidence-based guideline update: Treatment of essential tremor Zesiewicz, Neurology, 77(19), 1752-1755, 2011, 2022

htps://wi Detail/492
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Other Pharmacological Approaches”

* Combination of Propranolol and Primidone
Synergism? May reduce tremor more than either used alone
No worsening of adverse events when used in combination
* Benzodiazepines (modulate synaptic GABA-A Receptor)
— Clonazepam, diazepam, lorazepam, alprazolam
— Tolerance, dependence, withdrawal
— Can impair thinking and balance
— May be helpful if anxiety drives tremor
* Anticonvulsants
— Gabapentin, Topiramate, Zonisamide

* Carbonic anhydraze inhibitors

— Acetazolamide, Neptazane

* Clozapine

— Small study, need to monitor for agranulocytosis

*Off label use
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What doesn’t work or is unknown to work for limb tremor
AAN Practice Parameter

= Advises against the following agents for limb tremor:
= Trazodone

= Acetazolamide, isoniazid, and pindolol, methazolamide,
mirtazapine, nifedipine, verapamil probably does not reduce
limb tremor.

= |nsufficient or conflicting data for ET limb tremor:

= Amantadine, clonidine, glutethimide, L-tryptophan,
pyridoxine, metoprolol, nicardipine, olanzapine,
phenobarbital, quetiapine and theophylline

hitps://www.aan Detail/492
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Treatment of Essential Tremor with Alcohol ?

® Alcohol reduces tremor in some patients
® Rebound tremor may occur after excessive
alcohol intake
® tremor can be temporarily more severe the }r
next day
® Pre-treating prior to event ?
® Avoid excessive use of alcohol
® Do not drink and drive

What about Cannabis Products?
" No data from large RCT to support use

CB1 and CB2 receptors found in brain areas
associated with ET

Synthetic CB1 agonist reduced tremor in
harmaline rodent ET model

Current trial- NCT03805750
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Asssistive Technologies:
Wearable weight, gyroscopic weighing, counter levering, exoskeleton
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Botulinium Toxin Chemodenervation for ET

= Botulinum toxin type A
= Effect on limb tremor is modest
= Associated with dose-dependent hand weakness

= May reduce head tremor and voice tremor, but data
is limited

Trading off weakness for tremor reduction,
sometimes a hard balance to strike
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Adaptive and Alternative Therapies

= Benefit is unconfirmed when using alternative O ——
therapies such as acupuncture, hypnosis,
massage therapy, nutritional supplements, eye 1

of newt, wing-o-bat... B

= Biofeedback, Cognitive-Behavioral Therapy

= May be helpful for people whose tremor worsens
with stress

= Occupational therapy

= Found helpful 3 e —
= Assistance with adaptive devices such as
weighted utensils, plate guards, etc. -~

—_— [y .

>
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Transcutaneous Peripheral Nerve Stimulation
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Essential Tremor Functional Neurosurgery

* Thalamotomy
= Stereotactic lesion of the Vim Thalamus for
severe, refractory essential tremor
* 78-100% show significant improvement
« Bilateral thalamotomy increases risk for dysarthria
= Gamma knife thalamotomy shows favorable
outcomes in some studies, but:
+ Delayed complications have been reported
« Delayed clinical effects (weeks to months)
= Deep Brain Stimulation
= Vim thalamus target approved in 1998
= Unilateral or bilateral
* MRI Guided Focused Ultrasound
* Unilateral only
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Deep Brain Stimulation (DBS) for Essential Tremor

= Consider DBS when:
= Medications fail to provide adequate
relief
= Dose-limiting medication side effects
* Moderate to severe tremor

= DBS is an efficacious tremor
treatment
= Tremor amplitude and frequency
* 80-95% reduction in extremity tremor

* 50-85% reduction in midline tremor
(head, voice) with bilateral stimulation
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MRI Guided Focused Ultrasound for Essential Tremor

Elias WJ et al. N Engl J Med 2016;375:730-739.
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Table 1 A comparison of surgical outcomes for ET

DBS FUS. GKRS. RF
Experience 1093 patients 151 patients. 360 patients 278 patients
since 1998 since 2013 since 2007 since 1986
Level of Evidence,  Level 2 Level 1 Level 4 Levels 24
(OCEM)
Tremor control, Unilateral Unilateral Undateral Unilat

12-month follow-  53.4%-62.8% =

4 b
wp Bilateral Bilaterakno  Bilateral: no  Bilateral: no
66%-78% data data data

Tremor control,  Unilatera Unilateral  Unilateral:  Unidateral
long-term follow-  60%-75% 56% IN-63%  A%-90%
wp Bilateral
5%
Quality of ife STO%-82%  ITH-TI% 6% am
improvements
Complcations
(range, transient  Unilateral,
and permanent)  bilateral
1M%-39%,
Dysarthria 12%-75% 3% 1%-3% A46%-29%
Ph-17%,
Aaniaigait 56%-B6% % 0%-17%  S%-27%
Paraesthesia 5%, 5.9% WH-25%  1%-9% 6%-02%
Hermiparess 45%, 6.7% 2%-T% 0h%-8% 0%-34%

£, essential tremor; DBS, deep brain stimulation; FUS, focused ultrasound; GKRS,
gamma knife radiosurgical thalamotomy; RF, radsolrequency
Dallapiazza , et ., J Neurol Neurosurg Psychiatry 2019
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Essential Tremor Surgery Comparisons

es Fus GRS RF
Frame appicaton Yes Yes Yes Yes

*Can be perbormed kamelessly
Hait remoal Compierety Neme Partial
Cranial b hoke Mo o Yes
Target confematon Testlesions, procedural evakiatons  Indeect anatomical rgetng MER. electncal stamulatin, test
Ireatment efects immesate L
Adprstatie Mo e o
Reverstle wo Mo "o
Blateral westmen No s N
implanted devces. Mo N o
Other consiserstons e Radaton

Sullp n

aton, FUS, locmed ultasound, GRS, gamema ke radosirgica thalamotormy, R, radlrequency
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Treatments Under Development

= Drug Treatments
= GABA-A Receptor Allosteric Modulators
* SAGE 324, KINETIC-2 Trial
= T-type Calcium Channel Blocker
* Suvecaltemide (JZP385)
 Ulixcaltamide (PRAX944, Essentiall Trial)
= Surgical Treatments
= Posterior Subthalamic Nucleus Deep Brain Stimulation
= Closed-Loop Deep Brain Stimulation
= Bilateral MRI-Guided Focused Ultrasound and Gamma Knife

= How to Find Clinical Trials for Essential Tremor
= www.clinicaltrials.gov
= www.essentialtremor.org
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Summary: Essential Tremor
* Essential Tremor is the most common movement
disorder

* Essential Tremor can be differentiated from other
conditions like Parkinson disease (in most cases)

* Pharmacological treatment with beta-blockers
or/and primidone can reduce tremor

* Functional neurosurgery is highly effective in treating
Essential Tremor

* New Treatment Are Under Development !
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