Treatment of essential tremor: current status
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ABSTRACT

Essential tremor is the most common cause of tremor
involving upper limbs, head and voice. The first line of
treatment for limb tremor is pharmacotherapy with
propranolol or primidone. However, these two drugs
reduce the tremor severity by only half. In medication
refractory and functionally disabling tremor, alternative
forms of therapy need to be considered. Botulinum toxin
injections are likely efficacious for limb, voice and head
tremor but are associated with side effects. Surgical
interventions include deep brain stimulation; magnetic
resonance-guided focused ultrasound and thalamotomy
for unilateral and deep brain stimulation for bilateral
procedures. Recent consensus classification for essential
tremor has included a new subgroup, ‘Essential tremor
plus’, who have associated subtle neurological 'soft
signs’, such as dystonic posturing of limbs and may
require a different treatment approach. In this review,
we have addressed the current management of essential
tremor with regard to different anatomical locations of
tremor as well as different modalities of treatment.

INTRODUCTION

Tremor is one of the most common movement
disorders encountered in clinical practice and
essential tremor (ET) is the most common cause of
a pathological tremor. ET is defined as an isolated
tremor syndrome, without other neurological signs,
that presents with action tremor of bilateral upper
limbs of at least 3 years” duration with or without
involvement of head, voice or lower limbs.! The
symptoms of ET can vary from being mild which
may not require any treatment other than reassur-
ance to being severe enough to cause functional
disability needing active management. In this
review, we have divided the treatment into three
major categories, namely pharmacological, botu-
linum toxin (BoNT) and surgical therapies. Each
of these treatment approaches will be described in
relation to the anatomical site of involvement, that
is, limb, head or voice tremor.

Search strategy

A literature search was performed on PubMed for
articles published until April 2019 using the term
‘treatment of essential tremor’ which yielded 2128
articles. To refine our search, we looked up the
following terms and came up with the following
number of articles: 261 articles on ‘propranolol
in essential tremor’, 269 articles on ‘beta blockers
in essential tremor’, 159 articles in ‘primidone in
essential tremor’, 65 articles on ‘benzodiazepines
in essential tremor’, 238 articles on ‘anticonvul-
sants in essential tremor’, 124 articles on ‘botu-
linum toxin in essential tremor’, 246 articles on

‘thalamotomy in essential tremor’, 139 articles on
‘focused ultrasound in essential tremor’, 870 arti-
cles on ‘deep brain stimulation in essential tremor’,
51 articles on ‘transcranial magnetic stimulation
in essential tremor’ and 44 articles on ‘essential
tremor plus’. The study design criteria for inclusion
were reviews, systematic reviews, meta-analysis and
randomised controlled trials (RCT) published in
the English language since 1972 until April 2019.
There was no minimal sample size or minimum
duration of follow-up for exclusion, however, case
reports were omitted. References from articles on
treatment recommendations by consensus groups
were also scrutinised.

PHARMACOLOGICAL TREATMENT OF ET
Pharmacotherapy of ET depends on several variables
like the severity of tremor, situational exacerbations
and interference with everyday activities.” The two
most commonly prescribed drugs, propranolol and
primidone, have been available since the 1970s and
1980s; in fact, propranolol was the first treatment
to be used for tremor in 1971.% A recent evidence-
based review of treatment for ET by the Movement
Disorder Society concluded that the pharmacolog-
ical therapies with the most robust efficacy in clin-
ical practice are propranolol and primidone.’ Most
of the studies on pharmacotherapy have predomi-
nantly focused on limb tremor. Although pharma-
cotherapy is the initial treatment of ET, one-third
to one-half of the subjects develop pharmacoresis-
tance.* A study by Louis and Rios found that nearly
one-third of the 528 subjects with ET including
those having severe tremor stop their medica-
tions.” Despite these drawbacks, pharmacotherapy
is still the first line of treatment. Here, we review
the treatments based on efficacy in managing limb,
head or voice tremor (table 1).>¢7

Learning point

» The two most commonly used drugs for ET are
propranolol and primidone.

» Treatment of ET is dependent on the limitations
in everyday activities and the severity of tremor.

PHARMACOLOGICAL TREATMENT OF LIMB
TREMOR

Propranolol and primidone are the mainstay of
treatment of limb tremor. A combination of these
two drugs yields a better response compared with
using either of them alone.®? Both these drugs have
shown efficacy in reducing tremor amplitude up
to 1year of treatment.'®"” However, there are no
RCTs done to assess the long-term effects of either
propranolol or primidone in ET."” Younger subjects,
shorter disease duration, lower tremor frequency
and higher tremor amplitude at treatment initiation
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Table 1

Medical management of essential tremor

Treatment Level of evidence® Dosing Efficacy Side effects

Essential limb tremor  Propranolol (long/short Short-acting formulation: Short-acting propranolol: start Effective in improving the  Hypotension, bradycardia,

acting) efficacious.® with 10 mg twice/thrice a day severity of hand tremor syncope, fatigue,
Long-acting formulation: increase to 20-30mg thrice  (clinical scores, tremor depression, erectile
insufficient evidence.? a day, maintenance dose amplitude, performance dysfunction in males.
10-320 mg/day. score). Caution in patients with
Long-acting propranolol: Reduces tremor amplitude  asthma and chronic
60-80mg once a day, by 50%. obstructive pulmonary
maintenance dose 60— disease.

320mg/day. Can worsen congestive
heart failure.
Primidone Efficacious’ Start with 25mg/12.5mg Improves hand tremors. Sedation, cognitive side
once a day and increase to Reduces tremor amplitude  effects, depression.
50-100 mg thrice a day. by 50%. The first dose effect of
Daily dosage range 25— nausea, dizziness, malaise,
750 mg/day in two or three sedation and confusion
divided doses. can be seen in some
patients.
Start with low dose to
overcome initial side
effects of cognitive
problems and dizziness.
Topiramate Efficacious (only for doses more ~ Start with 25 mg twice a Improves clinical rating Patients allergic to sulfa
than 200 mg/day). day, maintenance dose of scale scores for hand drugs, history of renal
50-325 mg/day. However, tremors. stones and angle closure
efficacious in higher doses. ~ Can be used as a second-  glaucoma need to be
line drug. cautious.
Causes weight loss,
paraesthesias.
Alprazolam Likely efficacious® Start with 0.125 mg/day,
maintenance dose 0.125—
3 mg/day.
Long-chain alcohol: 1-octanol No recommendations® Up to 128 mg/kg Good tolerability. Bad oral taste

Requires administration of
large amount.

Octanoic acid No recommendations’ Itis the active metabolite of  Delayed effect on tremor ~ Well tolerated

1-octanol. reduction.
Given orally
4mg/kg.
Clozapine® Weak recommendation and low 50 mg/day May be used as a second-  Sedation, which improves
quality of evidence.” line treatment in selected  on chronic therapy.
patients.
Gabapentin Insufficient evidence® Start with 50 mg/day, May be tried in limb Causes dizziness, lethargy.
maintenance dose 50— tremors when other
1800 mg/day. medications have failed

especially as an add-on
therapy.

Pregabalin, levetiracetam Non-efficacious®

Nadolol, metoprolol,
atenolol, sotalol, zonisamide,
phenobarbitone,
amantadine, isoniazid,
carisbamate, flunarizine,
nimodipine, methazolamide,
acetazolamide, mirtazapine.

Insufficient evidence

Essential head tremor  Zonisamide Insufficient evidence® May be effective in treating
isolated head tremor as

compared with propranolol.
Propranolol, primidone, Insufficient evidence

topiramate

Can give a trial.

Methazolamide Insufficient evidence
Propranolol

Methazolamide

Essential voice tremor Insufficient evidence

Insufficient evidence® May be of some benefit;
especially if voice tremor is

the presenting symptom.
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appear to be factors that may determine a favourable outcome
following propranolol therapy.'s 1’

Propranolol at a dose of 120-240 mg/day has been proposed
to elicit a favourable response but, only short-acting formu-
lations have proven to be efficacious and there is insufficient
evidence for the use of long-acting formulations.® ' 22 On the
other hand, most studies on primidone caution starting treat-
ment with a low dose of 50-62.5 mg and escalating gradually
to a maximum dose of 1000 mg/day."* '* However, lower doses
of up to 250 mg/day have been found to be equally effective as
higher doses.”* The duration of efficacy is similar for both drugs,
but primidone has the advantage of bringing the tremor under
control earlier than propranolol after instituting therapy.**

The side effect profile differs between the two drugs with
acute reactions more common with primidone and chronic
reactions with propranolol therapy.”® The acute side effects
associated with primidone are sedation, nausea and vertigo that
manifest following the first dose and tend to subside on chronic
administration.”® * % However, propranolol is a non-selec-
tive beta blocker which may lead to bradycardia, hypotension
and breathlessness especially when higher doses are used and
are contraindicated in conditions such as chronic obstructive
pulmonary disease, asthma, severe peripheral vascular disease
and diabetes.'! 2°¥” Under these circumstances, a cardioselective
beta blocker such as metoprolol could be considered as an alter-
native. Metoprolol has proven to be equally effective in reducing
tremor magnitude as propranolol in a double-blind controlled
study.?® %

The improvement in tremor magnitude based on accelerometric
measurements is comparable for propranolol and primidone with
mean improvement of 54.1% (range 32%-75%) and 59.9%
(range 4290-76%), respectively.” **° Primidone could also be effec-
tive in those individuals who have had an unsatisfactory response
to propranolol or developed adverse reactions to propranolol.” %
Therefore, a trial of either propranolol or primidone should be
given before resorting to alternative drugs.? >

Learning point

» Although propranolol and primidone are the first-line thera-
pies, their mean efficacy is about 50% in terms of reduction
of tremor.

» Primidone is equally efficacious as propranolol in reducing
tremor amplitude.

» Long-term side effects are more common with propranolol
whereas short-term side effects are seen more often with
primidone.

» Cardioselective beta blocker could be used in situations where
propranolol, a non-selective beta blocker, is contraindicated.

Several medications have been investigated either to be used

as adjunct to the first-line therapies or as individual treatments.

Topiramate decreases tremor magnitude and improves functional

disability as shown in four placebo-controlled studies.** 1=

Therefore, topiramate is considered to be an effective treatment in

moderate to severe ET.> **** However, a higher dose (more than

200 mg/day) of topiramate seems to be more efficient in reducing

the tremor compared with a lower dose of 25-100 mg/day.® ** Side

effect profile of topiramate consists of nausea, paraesthesias and
sedation and can limit treatment in as many as one-third of the
subjects.” Gabapentin, a y-aminobutyric acid derivative, may be

tried as an adjunct to other antitremor medications at doses of 1800

and 3600 mg/day, however, there is insufficient evidence regarding

its efficacy.’ ** Drugs that have shown uncertain efficacy are zoni-
samide, levetiracetam, clonazepam, flunarizine, nimodipine and

pregabalin.**** Newer drugs are being studied for the treatment of
ET, including 1-octanol and perampanel. ¥~

PHARMACOLOGICAL TREATMENT OF VOICE AND HEAD
TREMOR

No effective drug therapy is available for either voice or head
tremor. Propranolol and primidone are both ineffective in the
treatment of voice and head tremor and currently there is insuf-
ficient evidence regarding their efficacy in midline tremor treat-
ment.? 413931 Methazolamide, a carbonic anhydrase inhibitor, has
been tried in essential voice and head tremor and although found
to be of some benefit, the side effect profile leads to its discontinu-
ation in the majority.* %

Learning point
Propranolol and primidone are ineffective in controlling voice and
head tremor.

BONT THERAPY FOR ET

The first-line pharmacotherapies fail to produce any functional
improvement in nearly one-third of the treated individuals and
lead to unwanted side effects in one-third of those who begin
treatment. Surgical interventions carry their own risks and are
limited due to accessibility.’* Therefore, the need of the hour is to
try an alternative treatment modality like BoNT, but its uses are
also limited by side effects like weakness in the injected muscles
(table 2).

BONT THERAPY FOR LIMB TREMOR

BoNT has been investigated as a treatment option for essential
hand tremor since the early 1990s.5°7° Several open-label trials
have shown that BoNT decreases the tremor amplitude; the
improvement is predominantly of the postural component of the
tremor.>” °**! However, there are certain limitations to treatment
of limb tremor with BoNT. The first limitation is the inability of
translation of the tremor improvement on clinical rating scales
to functional improvement as was shown in two randomised
controlled studies.” °” ® The other limitation is the development
of wrist and finger weakness.”” > ® The reason for development
of muscle weakness is the standard, fixed selection of muscles
(wrist flexors and extensors) as well as a fixed dosing in all subjects
based on the assumption that tremor involves the muscles and
joints in a uniform pattern in all subjects.’* ®* An individualised
muscle selection and dosing may overcome the limitation imposed
by muscle weakness. One such technique would be use of motion
sensors, which are capable of characterising tremor at individual
joints.* ®* An open-label study by Samotus et al has shown func-
tional improvement from reduction in tremor amplitude by using
this kinematics technology.** ®* However, there were certain limita-
tions to this study. Lack of comparison between visually based and
kinematically based assessments was not done and the injections
were non-blinded. Although the Food and Drug Administration
and Health Canada approve the kinematics device, its availability
at the basic healthcare level limits its application in clinical use.®
Since the two first-line drugs, namely propranolol and primidone,
decrease the limb tremor amplitude by only half, it is important to
investigate alternative therapies such as BoNT (figure 1).%

Learning point

BoNT is considered to be ‘likely efficacious’ in the treatment of
essential limb tremor but is limited in its efficacy due to develop-
ment of muscle weakness.

Sharma S, Pandey S. Postgrad Med J 2019;0:1-10. doi:10.1136/postgradmedj-2019-136647 3

"1ybuAdoo Ag paroaioid ‘TLT.VIVY
43y 821MI8S UONdLISANS SIBMS T8 6T0Z ‘ST J9G0100 U0 /Wod [ fwd)/:dny Woly papeojumoq ‘6102 1940190 T UO /#998T-6T0z-[pswpeifisod/osTT 0T Se paysignd 1Sl :c psw pesBisod


http://pmj.bmj.com/

Table 2 Summary of studies for treatment of essential limb tremor with botulinum toxin

Use of
needle
EMG to Improvement in
Process of identify clinical rating Improvement
Patients, selecting target  Process of and inject  scales/objective  Functional in tremor

Authors Design n muscles determining dose muscles measures improvement amplitude Side effect

Essential limb tremor

Trosch and Open label 14 Surface EMG Previous experience;  Yes Not significant/not  5/14 reported Decreased by~ Weakness of digit

Pullman® large muscles and significant moderate to 25% extension after wrist

muscles contributing marked functional extensor injections.
more to tremor got improvement.
higher dose.

Pullmanet  Prospective 17 Clinical judgement ~ Previous experience;  Yes Not significant = Decreased by ~ Weakness of digit

al® empirically on muscle 25%. extension after wrist

size, function and extensor injections.
regional anatomy.

Jankovicet  Randomised 25 Fixed dose in Fixed - Significant (60%—  Not significant Decreased by Insignificant finger

al’’ double-blind wrist flexors and 70%) improvement 30% weakness
placebo- extensors. in clinical rating
controlled study. scales.

Modugno Prospective 10 Wrist flexors and ~ Empirically chosen Yes Some improvement  All subjects - Mild forearm

etal’® extensors injected.  based on clinical reported weakness
status or previous improvement of
experience. average 20%.

Pacchettiet  Open-label study 20 Surface EMG done  Based on mass of No - Significant Significant Digit extension

al”® while doing specific selected muscles and improvement decrease weakness
tasks. previous experience.

Brin et af*° Double-masked 133 Wrist flexors and  Fixed dose (2 groups: ~ Yes Significant Mild improvement  Significant Grip strength
randomised extensors selected. low and high dose). improvement improvement  significantly reduced.
controlled study.

Samotus et Single-centre, 24 Kinematics Botulinum toxin Yes Significant reduction  Significant Significant Insignificant muscle

al* single-injector, assessment A dose decided in scores improvement reduction weakness reported by
open-label pilot based on multijoint 40% of subjects.
study. biomechanical

recordings for each
patient.

Niemann and Retrospective 91 (53 ET) Forearm flexors Injection pattern Yes, in 5 - Moderate - Transient and

Jankovic © (majority of was based on tremor  subjects. to marked non-disabling limb

patients). aetiology. improvement. weakness.

EMG, electromyography; ET, essential tremor.

BONT THERAPY FOR VOICE AND HEAD TREMOR

Since pharmacotherapy is not very successful in treating
voice and head tremor alternative forms of therapy need to
be explored. One such option is BoNT injection (table 3). A
remarkable improvement has been shown in subjective clinical
rating scales in head tremor treated with BoNT.** ® Similarly, a
subjective improvement of 50%-65% is reported in voice tremor

following BoNT injections as a result of reduced vocal effort due
to decreased laryngeal airway resistance.®*”? Side effects such
as neck weakness, soreness, dysphagia and headache occur in
less than half the subjects injected for head tremor and do not
require any medical intervention.®* ® On the other hand, mild
voice weakness and breathiness occur following BoNT treat-
ment for voice tremor.®® ¢ 7! Since pharmacological therapy is

TREATMENT OF

LIMB TREMOR
MILD SEVERE
MODERATE
TREMOR TREMOR TREMOR
No e Botulinum .
treatment Oral medications Oral medications s Surgical
Oral medications Botulinum toxin
% Bilateral procedure
Infermfteent Prophylactic treatment FIRSTLINE T e for midine or
treatment Propranolol . Propranolol THERAPY Unilateral bilateral limb
o oo . rocedure for s
Primidone THERAPY Primidone Topiramate P! e tremor: DBS
Topiramate tremor:DBS/
Propranolol Thalamotomy/
Alprazolam FIRST LINE ADD ON THERAPY MRgFUS
Primidone Propranolol Topiramate
Primidone

Figure 1

Treatment of limb tremor. DBS, deep brain stimulation; MRgFUS, magnetic resonance-guided focused ultrasound.
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Table 3 Summary of studies on treatment of essential head and voice tremor with botulinum toxin

Authors Study design Patients, n Muscles injected Clinical rating scales Side effects

Essential head tremor

Pahwa et al** Double-blind, placebo- 10 Sternocleidomastoid and Moderate to marked Mild side effects and

controlled study splenius capitis. improvement. transient (neck weakness,
dysphagia, headache).

Wissel et al®® Prospective 14 Splenius capitis Significant subjective Mild and transient
improvement noted in all patients. side effects (local

pain, dysphagia, neck
weakness).

Voice tremor

Hertegard et a/*® Prospective 15 Thyroarytenoid plus either  Treatment was effective in 50%— Mild temporary voice

cricothyroid or thyrohyoid ~ 65% of cases. weakness noted in
muscles. majority which improved
in 1-2 weeks.

Warrick et al®’ Prospective open-label 10 Unilateral or bilateral vocalis. Subjective reduction in vocal Most common side effect

cross-over study effort noted in majority of was breathiness.
patients.

Adler et af®® Randomised study 13 Bilateral vocal cord. All patients reported botulinum  Patients complained of
toxin to be effective with breathiness and dysphagia
improvement in mean tremor as side effects.
severity scale scores.

Gurey et al® Retrospective analysis 16 Bilateral thyroarytenoid and  All patients had symptomatic Mild postinjection

strap muscles.

Guglielmino et a/® Prospective 15 (EVT and dystonic

voice tremor).

Left thyroarytenoid muscle
versus oral propranolol.

improvement with a reduction in  hoarseness.

tremor amplitude.
EVT did not respond significantly —
to either intervention.

EVT, essential vocal tremor.

not very successful in either voice or head tremor, BONT could
be considered in subjects with disabling axial tremor (figure 2,
table 3).”!

Learning point

BoNT injection for voice tremor is perceived to improve subjec-
tive vocal effort. However, more studies should be performed, as
the evidence is quite weak. Also, we should offer this treatment
to a selective group of patients only in a specialised clinic due to
concern regarding development of voice breathiness.

SURGICAL INTERVENTIONS FOR ET
Medical treatment fails or becomes intolerable due to side
effects in nearly half of the subjects with ET. Therefore, surgical

HEAD TREMOR

Mid Moderate Severe

Oral medications

. Botulinum
Oral medications in Botulinum
toxin
No treatment Associated limb
tremor: trial of
propranolol/ . 5
primidone Associated limb

tremor: trial of
propranolol/
primidone

Isolated head tremor:
trial of zonisamide/
methazolamide

Figure 2 Treatment of axial (midline) tremor. DBS, deep brain stimulation.

intervention is preferred when ET is pharmacoresistant and
producing functional limitations in everyday activities. Surgical
interventions can be divided into neuromodulation techniques
and lesional surgeries. Neuromodulation refers to deep brain
stimulation (DBS) surgery and lesional surgeries include radiofre-
quency thalamotomy, gamma knife radio-induced thalamotomy
and magnetic resonance-guided focused ultrasound (MRgFUS)
(figures 1 and 2, tables 4 and 5).

DBS of the thalamus is an invasive surgery done in subjects
with medication refractory and functionally disabling tremor
and has proven to be effective in the short term of over 6-12
months postoperatively.”>”® But, several studies have pointed
out that tolerance develops in 13%-40% of the subjects after
chronic ventral intermediate nucleus (VIM) stimulation which

TREATMENT OF
AXIAL/MIDLINE
TREMOR
VOICE TREMOR
Mild Moderate Savers
Botulinum
isolated: A
No treatment  yyt oy Associated with Botulinum toxin DBS
limb tremor: trial toxin

DBS of propranolol
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Table 4 Magnetic resonance-guided focused ultrasound in the treatment of essential tremor

Follow-up
duration

Authors Study design Patients,n  (months) Site of ablation  Side effects Outcome Conclusion

Lipsman et Prospective 4 3 Thalamus One developed postoperative Immediate and sustained Safe and effective for

al'® persistent paraesthesia. improvement in tremor medication-resistant ET.

which leads to functional
improvement.

Eliasetal/'®  Open-label 15 12 Thalamus Persistent paraesthesias in 4 Improvement noted in both  Further studies needed to
uncontrolled patients tremor scores and quality-of- establish the procedure’s
study life scores. safety and efficacy.

Eliasetal'  Randomised trial 76 12 Thalamus 9% of patients had persistent The improvement in Focused ultrasound

gait disturbance and 14% hand tremor was noted reduced the severity of
had persistent paraesthesias. immediately after hand tremor.

focused ultrasound

thalamotomy compared

with sham procedure. And

the improvement was

maintained.

Gallay et al/®  Prospective 21 24 Cerebellothalamic  Mild worsening of previously Tremor reduction was It is safe, effective and
tract in posterior  existing gait instability was ~ maintained at follow-up. minimally invasive
subthalamic area  seen in 5 subjects. Bilateral lesioning showed  treatment and could

good tolerance. potentially be used for
bilateral treatment.

Kim et a/'® Retrospective 23 12 Thalamus Least side effects at 12 Absent/mild tremor at MRgFUS is equally

months when compared with 1 month postoperatively efficacious as RF
RF thalamotomy and DBS. which is maintained at 12 thalamotomy or DBS with
months. fewer complications.

Schreglmann  Prospective study 6 6 Unilateral Mild and transient hand Significant reduction of Unilateral MRgFUS of CTT

etal'® cerebellothalamic  clumsiness and gait tremor in contralateral arm s highly effective.
tract (CTT) impairment that lasted 3 with improvement in quality

months postoperatively. of life.
Zaaroor et Prospective 18 6-24 Thalamus Significant side effects but ~ Immediate cessation of It is a safe and effective
al'”’ none persisted beyond 3 tremor seen. procedure in drug-
months. Reappearance of tremor seen resistant ET although side
in 2 patients although it was effect profile is worse
less severe. compared with other
surgical procedures.
Tianetal'®  Retrospective 8 12 Thalamus Minimal Significant improvement in  Diffusion tractography
tremor immediately which improves outcome by
was maintained. accurate target location
Strong correlation between  for MRgFUS.
good outcome and the
overlap between induced
and tractography-identified
location.
Jungetal'®™  Prospective 20 12 Thalamus Insignificant cognitive decline Clinical rating scale for MRgFUS is an acceptable

treatment for ET without
causing any significant
cognitive decline.

tremor and quality of life
improved at 12 months.

DBS, deep brain stimulation; ET, essential tremor; MRgFUS, magnetic resonance-guided focused ultrasound; RF, radiofrequency.

requires an increase in stimulation parameters.”* "¢ The
reasons postulated for the development of tolerance are progres-
sion of the disease and larger distance between the active contact
and dentate-rubro-thalamic tract (DRTT), the structure that
needs to be stimulated to alleviate the tremor.”” 8! % In fact,
several authors have recommended stimulating the posterior
subthalamic area (PSA) as the DRTT passes through the supe-
rior portion of PSA before it ends in ventrolateral thalamus and,
unlike VIM DBS, tolerance does not develop following PSA
stimulation, even up to 3-5 years.**”°

Among the lesional surgeries, both radiofrequency and
gamma-knife thalamotomy are effective in suppressing limb
tremor in 85%-90% of the subjects and the effect is main-
tained in the long term.”” "% Another form of lesional surgery
is the MRgFUS that uses high-intensity focused ultrasound

(table 4).'°171% MRgFUS-thalamotomy has been reported to
produce significant improvement in hand tremor, clinical rating
scales and quality of life and the benefits have been main-
tained at 2 years’ follow-up.'% ''° The side effects from unilat-
eral MRgFUS-thalamotomy are paraesthesias and imbalance
whereas bilateral targeting causes cognitive, gait, balance and
speech disturbances.'* """ In summary, the side effects from
lesioning surgeries are more pronounced and permanent after
bilateral compared with unilateral procedures, thus they are
currently performed only unilaterally,”” 10! 102 109 111 113

The decision to select one procedure over another depends
on several factors. For unilateral procedures looking to alleviate
asymmetrical upper limb tremor, thalamotomy, MRgFUS-thal-
amus or VIM/PSA DBS can be considered.”” '"* '3 For axial
tremor (voice or head), bilateral DBS of VIM or PSA is a better
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Table 5 Studies of ventral intermediate (VIM) nucleus deep brain stimulation (DBS) in essential tremor with long-term follow-up of more than 3

years
Site of Development
Authors Study design  Patients,n  Follow-up duration stimulation Side effects Outcome of tolerance
Koller et a/™ Prospective 49 3-40.2 months VIM Mild stimulation-related Significant improvement in tremor  Yes
adverse events scores
Sydow et al** Multicentre 37 6 years Thalamus Mild stimulation-related side Markedly significant reductionin ~ No
effects tremor scores and improvement in
activities of daily living.
Rehncrona et a/*®  Prospective 19 6.5+0.3 years VIM Significant improvementin  Mild No
hand function
Pahwa et al” Prospective 26 5 years VIM Significant improvementin  Unilateral implants: paraesthesia ~ —
hand tremor and pain; bilateral implants:
dysarthria and balance difficulty.
Blomstedt et al”®  Prospective 19 84-118 months VIM Significant improvementin  Lead breakage seen in 6 subjects  Yes
tremor scores
Zhang et al*® Prospective 34 Average 56.9 months ~ VIM Significant improvementin ~ Hardware-related complications Yes
tremor seen in 23.5% cases
Borretzen etal’  Retrospective 46 Median 6 years ViIM Significant improvementin  Mild Yes

tremor scores

and effective option.*” ' "7 MRgFUS may provide certain
advantages over other surgical interventions due to it being a
non-invasive procedure.'”" '% " A recent systematic literature
review concluded that the efficacy in tremor control as well as
improving quality of life with unilateral MRgFUS-thalamotomy
might be comparable to unilateral DBS in the short term up to
12 months after procedure.'” On the other hand, DBS is the
favoured treatment in subjects with bilateral and axial tremor as

well as in those with contraindications to undergo MRI before
the procedure.’273 7678 83 101 115

Learning point

» Both radiofrequency and gamma-knife thalamotomy are
effective in reducing limb tremor, however, it is performed
only unilaterally as complications are significant after bilat-
eral procedures.

» DBS is preferred treatment option in individuals with bilat-
eral moderate to severe limb tremor in addition to midline
tremor.

» MRgFUS-thalamotomy has comparable efficacy to DBS of
the VIM in the short term when performed unilaterally.

NON-INVASIVE THERAPIES FOR ET
The non-invasive brain stimulation investigated in ET involves
transcranial direct current stimulation, repetitive transcranial
magnetic stimulation and theta burst stimulation.!?” These
non-invasive procedures have been found to be effective in the
reduction of clinical tremor rating scales.'*® The site of stim-
ulation is either the posterior cerebellum or motor cortical
regions.'”® However, these studies have been done on small
number of subjects with ET and the population studied have
been heterogeneous and not well defined. Further studies should
focus on patient selection criteria in addition to optimising and
individualising the protocols for the non-invasive stimulation.
Another non-invasive form of treatment is the handheld assis-
tive device using active cancellation of tremor technology, which
has shown some promise in reducing tremor amplitude and
severity while performing tasks in a limited pilot trial.!*' Effi-
cacy of non-invasive peripheral nerve stimulation was assessed
in a randomised controlled study by Pahwa et al.'** Subjects
receiving a single in-office session of peripheral nerve stimula-
tion showed transient relief in hand tremor symptoms. Although

some of these techniques and devices have shown some encour-
aging results, future studies are required to confirm the efficacy
of non-invasive stimulation therapies.

TREATMENT OF ET PLUS

In addition to classical presentation of bilateral upper limb action
tremor, some patients demonstrate subtle or ‘soft’ neurological
signs of uncertain significance such as mild dystonic posturing of
arms, impaired tandem gait and are now classified as ET plus.'
The treatment of such cases would then depend on the predomi-
nant symptom. In a published case report, Patel et al described a
64-year-old woman who had a disabling postural-action tremor
with subtle dystonic posturing which responded very well to
VIM DBS.'* Interestingly, a recent retrospective study by Rajal-
ingam et al revealed that ET plus might be more common than
pure ET."** Out of the 283 subjects diagnosed as ET, 110 were
reclassified as ET plus based on the recent criteria for ET and
ET plus.! They pointed out to the fact that there is no clear
definition of the ‘soft signs’ associated with ET. Also, some of
the apparent soft signs like gait dysfunction or memory impair-
ment could be related to ageing. They, however, did not mention
the treatment responses of this study cohort. Therefore, further
studies are needed to better define the neurological soft signs
that are associated with ET and the response to conventional
treatment of this subset of patients.

CONCLUSION

ET is one of the most common movement disorders encountered
in clinical practice. It has a very varied presentation in terms of
severity and anatomical site of involvement. Treatment options
depend on the tremor severity, functional disability, anatomical
localisation of tremor, other medical comorbidities and, most
importantly, subjects’ desire to be treated. For mild to moderate
limb tremor, pharmacotherapy can be started; if symptoms are
intermittent, then treatment can be administered accordingly.
For moderate to severe limb tremor option is either BoONT
injections or surgical. If unilateral surgery is considered for the
dominant hand, thalamotomy, VIM/PSA DBS or MRgFUS could
be the treatment options. For bilateral limb involvement DBS is
a more suitable option. For head and voice tremor, pharmaco-
therapy is not very beneficial, and these subjects require either
BoNT injections or bilateral DBS.
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