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Talk Outline
 Review of what is know about POT

 Current Treatments

Two Broad categories of new research:

1. Descriptive

2. Therapeutic



PrimaryOrthostaticTremor

 Bizarre, frustrating condition

 Severe subjective instability without falls

 Symptoms ONLY occur on standing

 Improve or disappear when walking

 Leg tremor frequency 12-16Hz – uniquely high

 Little to see on examination

 Often misdiagnosed as nonspecific disequilibrium or psychogenic

 Hi degree of disability – can be equivalent to Parkinsons

 Associated psychological impact

 One of many ‘invisible chronic illnesses’







Secondary Orthostatic Tremor
Advanced Parkinsons Disease – tremor dominant – with 

DBS VIM Thalamus OFF vs ON



Biological Origins?
A design flaw affecting creatures who walk on 2 legs?



Dogs With POT



Where does it originate?
Somewhere in the Central 
Nervous System

 Abnormal oscillatory network

No single site proven

- The fact that the same 
treatment eg drugs/spinal 
cord stimulation/deep brain 
stimulation can differ vastly in 
their effectiveness suggests it 
is a ‘syndrome’, not a single 
disease entity

Closest ‘relative’ is Essential 
Tremor – similar concept of 
disease vs syndrome
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The Postural Control Network

16Hz

We still don’t know what causes the unsteadiness!

Is it the chicken or the egg…
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POT MEASURES
 No ‘gold standard’

 Balance measures: Posturography

 Tremor amplitude: Tremor power 

 Surface EMG also useful but sampling bias issues
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PrimaryOrthostaticTremor

 Treatment difficult: partial and often poor 

response to clonazepam 

 Side effects: sedation

 Benefit can wear off over months (tachyphylaxis)

 Levodopa, valproate, primidone

 GABAPENTIN – antiepileptic, analgesic
 Case reports of good response

 ANRI open-label trial of 6 patients encouraging
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Gabapentin for POT: Results
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2006: Son of Gabapentin

 Pregabalin: more potent in epilepsy, pain trials, so why 

not POT?

PREGABALIN VS GABAPENTIN
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Data from 1 patient switched from 

Gabapentin/NeurontinTM to Pregabalin/LyricaTM
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desirable. With respect to OT, this goal is made more

difficult by the lack of a standard measure of disease

severity, which in turn results from a limited understand-

ing of what causes patient’s symptoms. Current hypoth-

eses of OT pathophysiology have been derived from

detailed electrophysiological assessments, functional im-

aging studies, the response to medication, and rare cases

of secondary OT in association with structural lesions.

Two mechanisms for the unsteadiness felt by patients

have been proposed.3 First, the tremor may interfere with

normal proprioceptive integrative mechanisms subserv-

ing balance by causing “noisy” afferent input, leading to

subjective instability and increased postural sway. Alter-

natively, dysfunctional neuronal activity within the cen-

tral nervous system (e.g., cortical, cerebellar, pontine,

and olivary) may cause subjective instability, the tremor

being a secondary phenomenon. The induction of a 16

Hz tremor in normal subjects by galvanic stimulation-

induced instability supports this hypothesis.10 It is of

course possible that both mechanisms may contribute

and interact to produce subjective instability and the

objective impairment seen on posturography.

Whereas assessment of parameters such as tremor

amplitude and postural sway offer themselves as possible

measures of OT severity, the relationship between these

measures and subjective symptoms is complex. Fung and

colleagues3 studied the correlation between symptom

severity and these measures during the course of a single

standing episode. They observed an increase in tremor

amplitude during the course of a single stand in propor-

tion to the severity of perceived instability. They also

showed that, although postural sway is greater than nor-

FIG. 1. Results of pre- and post-treatment with gabapentin (GBP) from individual patients. A: Force platform power spectrum (Patient 6). B:

Electromyography tracings from tibialis anterior muscles (Patient 5). L, left; R, right. C: Center of pressure sway path plot (Patient 4).
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OBJECTIVE
To trial the efficacy of pregabalin as a treatment

for primary orthostatic tremor (POT).

BACKGROUND
Gabapentin has previously been shown to
improve tremor, postural stability and quality of

life in POT patients.1 Pregabalin, a novel agent
with antiepileptic and analgesic properties is

presumed to have a similar mechanism of
action to gabapentin but appears to be more

potent. It therefore may be beneficial in the
treatment of POT, and possibly even superior to

gabapentin in this regard.

RESULTS
All 3 patients who switched from gabapentin to

pregabalin reported a significant improvement
in instability and tremor, and the de-novo

treated patient reported marked improvement

in symptoms. Tremor amplitude fell in all patients
(mean±SEM 70±7% of baseline,p=0.02, figs. 1&2).

Sway area in the 3 previously treated patients
was reduced to 56% of baseline on average, but

increased to 132% in the de-novo treated
patient.

CONCLUSIONS
Pregabalin shows promise as an effective

therapy for POT, with consistent reduction of
symptoms and tremor amplitude and improved

postural stability in some patients. Further trials of
pregabalin are warranted.

References: 1. Rodrigues et al. A Blinded placebo crossover study of
gabapentin in primary orthostatic tremor. Mov Disord. 2006:21(7):900-905

10th International Congress of Parkinson's Disease and Movement Disorders 

Kyoto, Japan October 28-November 2, 2006

University of Western Australia

METHODS
Four patients (1M, mean age 66y) with POT were

studied. The diagnosis was confirmed on surface

EMG recordings of high frequency (13-18Hz)

tremor bursts from the lower limbs in stance and
exclusion of secondary causes. Three were

already on treatment including gabapentin
(mean dose 2500mg/d), primidone, sodium

valproate and clonazepam while one patient
was untreated. Baseline measures were taken

before and after substitution of pregabalin
(mean dose 500mg/d) in gabapentin-treated

patients (other medications were continued)
and treatment with pregabalin 300mg/d in the

untreated patient. Surface EMG was recorded
from the tibialis anterior and gastrocnemius

muscles bilaterally during 60s stance, with

simultaneous recording of sway area on a static
force platform.

Figure 2. Individual and group data for sway

area (A) and surface EMG tremor burst

amplitude (B) during treatment with pregabalin

compared with gabapentin (patients 1-3) and
no treatment (patient 4). Data normalised and
expressed as % of baseline (group=mean±SEM).
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Figure1. Data from patient 2 showing

reduction in tremor burst amplitude (A;

tibialis anterior, 1s sample) and sway area (B;
centre of pressure plot during 60s quiet

stance with 95% confidence ellipse values).
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A STUDY JUST WAITING TO HAPPEN…



17 pts, 17 healthy controls

Used ‘voxel based morphometry’ to measure grey matter

Changes

- Reduced in lateral cerebellum

- Increased in midline cerebellum, Supplementary Motor Area (leg and postural control)

CONCLUSION: POT is a disease of the cerebellum.

Also tried high-freqency rTMS – not convincing 

Reduced Volume Increased Volume



POT: Life in the Fast 

Lane

Wills et al 1998



Wuehr et al 2018

Munich

Other Findings:

- Frequency shifts up~1Hz

- Wide based gait (ataxia)

- Increased step variability

Main Finding:

Proves that tremor persists during 

walking but is damped down



REDUCED 

BODY 

SWAY

COULD COMBINE THIS WITH WEARABLE TECHNOLOGY – FITS IN WITH WALKING POT STUDY

GREY=STIM ON

BLK=STIM OFF

Wuehr et al 2018

Munich



New Drugs: Yet another repurposed antiepileptic drug

1 patient 75yo woman, onset 60



Deep Brain Stimulation for 

POT

After scaling:

Neil Mahant, Victor Fung – Westmead Hospital Sydney



2 DBS Cases
74yo woman

Onset age 50

Gabapentin + Clonazepam + 

Levodopa – modest benefit, 

mood/cognitive side effects

DBS (VIM Thalamus)

Off drugs

Standing time with DBS 

ON/OFF 108s/58s

73yo man

Onset age 65

Propranolol, clonazepam not 

tolerated

Primidone, gabapentin no 

benefit

DBS (Zona Incerta)

Standing time with DBS 

ON/OFF 5mins/30s



DBS FOR POT:REVIEW 



DBS FOR POT:REVIEW 

IE MIXED BAG OF RESULTS. BOTOX ALSO USED

DIMINISHED EFFECT AFTER 4YRS, SOME  STILL GOOD UP TO 8 YRS

NO OBJECTIVE BIOMARKERS REPORTED! SWAY AREA, EMG, WALKING TIME SLOW/FAST



DEEP BRAIN 

STIMULATION



Brief Outline of DBS

Stage 1

2.5-3h



DBS IN ET: CASES
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 Not without surgical risk ~1%

 Stimulation side effects

 Hardware issues e.g. battery life, 

infections

 Limited number of experienced staff 

DBS Downsides:



POT:Summary of New Research

 Descriptive:

 More of the same, just new ways of describing the 

abnormal network

 Treatment

 Noninvasive, Non-drug – “bottom up” muscle tendon 

vibration approach

 Drug – Perampenel – only single case report

 Non-Drug, Invasive – Deep Brain Stimulation

 Lifechanging for some, others no benefits



POT: Suggested Research Goals

1. Find the cause and cure it

2. Find the cause and discover more specific and effective 

treatment

3. Keep coming up with new ways of measuring it both 

subjectively and objectively

4. Keep trying ‘repurposed’ drugs until we find one with 

the best response

5. Keep striving to find non-drug evidence-based 

approaches

NB: Applicable to many ‘mystery’ diseases


