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Abstract Tremor is a hyperkinetic movement disorder charac-
terized by rhythmic oscillations of one or more body parts. It
can be disabling and may impair quality of life. Various etio-
logical subtypes of tremor are recognized, with essential tremor
(ET) and Parkinsonian tremor being the most common. Here
we review the current literature on tremor treatment regarding
ET and head and voice tremor, as well as dystonic tremor,
orthostatic tremor, tremor due to multiple sclerosis (MS) or
lesions in the brainstem or thalamus, neuropathic tremor, and
functional (psychogenic) tremor, and summarize main findings.
Most studies are available for ET and only few studies specif-
ically focused on other tremor forms. Controlled trials outside
ET are rare and hence most of the recommendations are based
on a low level of evidence. For ET, propranolol and primidone
are considered drugs of first choice with a mean effect size of
approximately 50 % tremor reduction. The efficacy of
topiramate is also supported by a large double-blind placebo-
controlled trial, while other drugs have less supporting evi-
dence. With a mean effect size of about 90 % deep brain
stimulation in the nucleus ventralis intermedius or the subtha-
lamic nucleus may be the most potent treatment; however, there
are no controlled trials and it is reserved for severely affected
patients. Dystonic limb tremor may respond to anticholinergics.
Botulinum toxin improves head and voice tremor. Gabapentin
and clonazepam are often recommended for orthostatic tremor.
MS tremor responds only poorly to drug treatment. For patients
with severe MS tremor, thalamic deep brain stimulation has
been recommended. Patients with functional tremor may ben-
efit from antidepressants and are best be treated in a multidis-
ciplinary setting. Several tremor syndromes can already be
treated with success. But new drugs specifically designed for
tremor treatment are needed. ET is most likely covering

different entities and their delineation may also improve treat-
ment. Modern study designs and long-term studies are needed.
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Tremor is a hyperkinetic movement disorder characterized by
rhythmic oscillations of one or more body parts. Tremor most
commonly affects the hands and arms, but the legs, head, jaw,
chin, palate, voice, and trunk may also be affected.

Different Types of Tremor

Different types of tremor are recognized. The diagnosis of
tremor is based on the history and the clinical examination, as
there are no specific biological markers or diagnostic tests for
primary tremor, i.e., tremor without identifiable secondary
cause. Essential tremor (ET) is among the most common
neurological diseases, with a prevalence of ~0.9% [1] in people
older than 65 years. However, although tremor may have a
considerable impact on quality of life [2, 3] by affecting activ-
ities of daily living, such as eating, drinking, and writing, only a
proportion seeks medical attention. Only 27 % of our
population-based cohort in Germany ever saw a doctor for
tremor [4] in line with a study in the USA, where only 8.3 %
had been prescribed tremor medication [5]. However, the most
severe cases cannot even eat or drink without help. Indeed,
tremor intensity may range from mild to severe, so treatment
decisions need to be made on an individual basis.

The most common cause of tremor at rest is Parkinsonism,
the treatment of which is beyond the scope of this review. The
most common cause of postural arm tremor is ET, which may
be accompanied by tremor of the head and voice in some, with
little or no tremor in the lower limbs and torso [6]. Gross signs
of ataxia, Parkinsonism, and dystonia are, by definition,
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absent in ET [6, 7]. A common form of kinetic (intention)
tremor is cerebellar tremor related to multiple sclerosis (MS),
but there are other etiologies of cerebellar tremor. In this
review, which extends earlier analyses [8, 9], we will concen-
trate on the common forms.

Essential tremor may cover different entities which are not
separated by the current Tremor InvestigationGroup (TRIG) and
Movement Disorders Society (MDS) consensus criteria. This
has to be kept in mind as it may result in heterogeneity of study
populations and results of treatment trials. Thus, recent efforts
have been made to better delineate and dissect these tremor
forms [10, 11] and theMDS has commissioned a new task force
on tremor to improve clinical practice and research into the field.

Measurements of Tremor

Tremor severity can be measured using rating scales (i.e.,
Fahn–Tolosa–Marín tremor rating scale) [12, 13]. Presently,
a new scale [the essential tremor rating assessment scale
(TETRAS)] is under development for tremor rating [14].
Another tool is accelerometry, which informed early propran-
olol and primidone trials, and there is good correlation be-
tween clinical ratings and log-transformed transducer mea-
sures of tremor, as predicted by the Weber–Fechner laws of
psychophysics [15]. Action tremor can be reliably measured
with spiral drawing [16, 17]. Maybe in the future modern
mobile applications [18] will allow long-duration monitoring
of treatment effects, which may be helpful considering
minute-to-minute variations of tremors including ET [19].

Treatment of Tremor

Treatment of tremor may be challenging. Most treatment stud-
ies have been conducted for ET. Accordingly, this review will
begin by reviewing treatment studies for ET and, with the lack
of data for other tremor syndromes, empirical data of ET are
often transferred to other forms of action tremor (i.e., fragile x-
associated tremor ataxia syndrome (FXTAS), etc.) [20]. Limb,
head, and voice tremor will be discussed separately, followed
by separate sections on dystonic tremor, orthostatic tremor
(OT), cerebellar tremor in the context of MS, Holmes and
thalamic tremor, and, finally, functional (psychogenic) tremor.

Treatment of Limb Tremor in ET

Numerous agents have been studied for potential benefit for
ET over the years (Tables 1, 2 and 3). However, only 2
drugs—propranolol and primidone—appear to have sufficient
class I support for a level A recommendation of efficacy, and
these are thus often recommended as drugs of “first choice”

[8, 9, 32]. However, more recent analyses suggest that
topiramate may be better established than previously recog-
nized. New drugs in the pipeline for ET tremor treatment are
drugs developed analogous to alcohol, which is still the most
potent, but dangerous (short-term), treatment of most ET
patients.

Having sifted through the literature, we wish to point out
that many studies are based on small patient numbers and
relatively brief observation periods. Notably, drugs used for
tremor treatment in day-to-day practice may not always have
approved indications, depending on the country, so when
using medications “off label”, published guidelines should
be followed.

Propranolol and Other Betablockers

Historically, the first treatment, recognized in 1971, for ET
was propranolol [33]. Subsequently, other betablockers, in-
cluding metoprolol [21, 34], nadolol, atenolol, and sotalol
were also studied (see below). The majority of studies are
cross-over trials comparing propranolol (including long-
acting suspensions) or other betablockers against placebo or
comparing betablockers in a head-to-head design or against
other drugs (i.e., gabapentin, primidone).

For propranolol, we identified 13 relevant double-blind,
placebo-controlled trials using a crossover design [22, 23,
34–41] and 2 studies with a parallel design [34, 42]. Notably,
mean duration of treatment (60–240 mg per day) on stable
dosages of medication was less than 3 weeks. Furthermore,
particularly in early studies, there is sometimes no specific
information onwashout duration between treatment periods or

Table 1 Recommended drugs for essential tremor

Drug Mean or median
effective daily dosage

Estimated percentage
improvement in tremor
amplitude

Propranolol 40–240 (320) mg/d 32–75

Primidone <62.5 –750.0 mg/d 42–76

Topiramate 100–333 mg/d 30–41

Table 2 Drugs for essential tremor with probable or weak efficacy

Drug Mean or median
effective daily
dosage

Estimated
percentage
improvement in
tremor amplitude
[ref.]

Percentage
improvement
by accelerometry
[ref.]

Atenolol 50–100 mg/d 24–38 [21, 22] 37 [23]

Sotalol 80–240 mg/d 29–51 [21, 22] –

Gabapentin 1200–1800 mg/d 39 [24] 77

Alprazolam 0.75–1.5 mg/d 48–60 [25, 26] –
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reference made to possible carry-over effects. On average, 18
adults (range, 9–33) were included. There are no randomized
controlled trials on the long-term effects of propranolol in ET.

Improvement in the range of 60–70 % has been reported in
line with a mean reduction of tremor amplitude of 54 %
(range, 32–75 %) measured by accelerometry in 8 controlled
studies [23, 34–36, 38, 39]. Occasional dramatic responders
have been described [37], but there are no known predictors of
response. The side effects of propranolol are well known and
frequently dose-limiting, and include bradycardia, syncope,
fatigue, and erectile dysfunction. It is thus recommended to
begin with a low dose (e.g., 30–60 mg/day) and to gradually
increase the dosage as needed. Total daily dosages of 60–
240 mg are adequate in most responders.

Clinical trials of other beta blockers (i.e., atenolol, metopro-
lol, sotalol) are likely efficacious for limb tremor in ET, but
none has been found to be superior to propranolol (Table 2).
Efficacy comparisons are shown in Fig. 1, and they may be

considered when propranolol is contraindicated. There are in-
sufficient data on long-term efficacy. The different betablockers
have also helped the understanding of the pharmacology of
betablockers. It is likely that betablockers work mainly through
central and peripheral beta-blockade and β2-receptors mainly
[21–23, 43].

Primidone

We found 6 double-blind, placebo-controlled studies on ETwith
a crossover design, and none with a parallel design [25, 38,
44–46]. Mean duration of treatment with a stable dosage of
medication was, again, rather brief with a duration of 1–5 weeks.
Overall, primidone is considered likely efficacious with a benefit
of around 60 % reduction in tremor amplitude [25], which
correlates with accelerometry findings (59 %; range, 42–76 %)
[25, 38, 44–46]. At least 50 % of patients experienced some
benefit, and occasional “dramatic responders” have been

Table 3 Drugs for essential
tremor with uncertain efficacy
(likely not efficacious)

Level C possibly effective (daily dosage
of the respective studies) [ref.]

Agents with recommendations
against use

Inadequate evidence to confirm
or exclude efficacy

Clonazepam (0.5–4.0 mg) [27] Acetazolamide/methazolamide Olanzapine

Clozapine (18–75 mg) [28] Amantadine Pregabalin

Flunarizine (10 mg) [29] Carisbamate Tiagabine

Nadolol (120–240 mg) [30] Isoniazid Sodium oxybate

Nimodipine (120 mg) [31] Levetiracetam Zonisamide

Botulinum toxin (depending on
injected muscles)

Pindolol

Trazodone

3,4-Diaminopyridine

Mirtazapine

Nifedipine

Verapamil
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Fig. 1 The estimated percent
improvement of tremor amplitude
of different interventions is
shown. The values show themean
value of the studies reported here.
Patients in the surgical studies
usually have much higher tremor
amplitudes. Tremor amplitude
estimation is based on standard
algorithms computed as change in
tremor rating scale and change in
tremor amplitude on
accelerometry [9, 15]
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described. However, there are no known predictors of response
[45].

However, side effects are common and frequently dose-
limiting (see below). The average study cohort size was 18
adults (range, 11–22), and thus similar to beta blocker studies,
but many randomized patients in studies did not complete the
trials. Besides drowsiness and dizziness reported by most pa-
tients on total daily dosages of 500 mg or more, children,
elderly, and patients with comorbid psychiatric disorders are
prone to develop depression, cognitive, and behavioral effects.
Unfortunately, acute toxic reaction to the first dose of primidone
also frequently occurs and is characterized by nausea, sedation,
malaise, ataxia, dizziness, and confusion, and patients may
refuse continuation of treatment.

In view of these side effects, it is common practice to start
on very low dosages (12.5 or 25 mg) by dividing available
(50 mg or 100 mg) tablets into halves or quarters; however, a
double-blind, double-dummy trial concluded that even very
low initial doses and a graduated titration schedule do not
appear to improve primidone tolerability [47]. Thus, caution
and patient education are advisable when starting primidone.
Total daily dosages of 150 mg or less are often sufficient.

Long-term controlled trials are mostly lacking; one 12-
month open-label study found lasting beneficial response in
52 % and tolerance to side effects in 13 % [48]. In another 1-
year study comparing different dosages (250 mg/day and
750 mg/day of primidone), 14 % and 31 % of patients on
lower and higher doses, respectively, had dropped out [49].

Topiramate

Topiramate is an anticonvulsant, discovered in 1979. Com-
mon side effects are weight loss, paresthesias, trouble concen-
trating, and memory disturbance, as well as an increased risk
of kidney stones. Dropout owing to side effects was a problem
in reported controlled trials.

It has been studied in the largest study for ET so far [50].
Four relevant studies [50–53] assessed the effect of topiramate
in limb tremor, providing evidence for therapeutic benefit
[50–53]. A placebo-controlled cross-over study in 24 patients
using up to 400mg/d as mono- or adjunct therapy [51] found a
significant reduction of tremor subscores. In a subsequent
article [53], the same authors report combined results of 3
randomized, double-blind, placebo-controlled, cross-over tri-
als of topiramate for ET (maximum tolerated dose of up to
400 mg/d) in adult patients observed for 10 weeks per treat-
ment arm (active drug then placebo vs placebo then active
drug). Total tremor scores were significantly improved in the
topiramate-treated arms for tremor severity, motor task perfor-
mance, and functional disability. In contrast, Frima and
Grünewald [52] did not find significant differences in favor
of topiramate in their double-blind, placebo-controlled, cross-
over study at doses of 25, 50, or 100 mg daily. Finally, Ondo

et al. [50] reported a multicenter, double-blind, placebo-
controlled, parallel-design trial of topiramate with a 24-week
treatment plan. More than 100 patients with moderate-to-
severe tremor were enrolled per group, making it the largest
study of topiramate so far. It is also notable when compared to
trials available for betablockers or primidone. Target dose was
400 mg/day; 229 mg/day was the actual average final dose.
Outcome measures (tremor rating scales) improved by almost
30% (compared to 16% for placebo) for the 6-month duration
of this study. Adverse events were common (32 %), but
similar to those seen with topiramate for other indications.

Medications with Less Established Efficacy

Numerous other agents have been reported, mostly based on
small studies or single cases. No definite conclusions can be
drawn from these (Table 3).

Possibly Efficacious Drugs

The calcium channel blocker flunarizine [29], with H1 recep-
tor blocking properties, may reduce tremor; however, side
effects include extrapyramidal symptoms. Alprazolam, a ben-
zodiazepine used for treatment of anxiety and panic disorder,
led to significant improvement in 2 double-blind placebo-
controlled trials in ET [25, 26]. There was no difference
compared to primidone. In a double-blind, placebo-
controlled, cross-over study [54] tremor was improved by
theophylline (dose: 150 mg/day) in 80 % of patients (com-
pared with 60% of the propranolol-treated arm). One placebo-
controlled small study has shown an effect of gabapentin
(1800 mg and 3600 mg) [55], while another failed [56], and
1 small crossover study with propranolol has shown similar
improvement for both drugs [57].

Likely not Efficacious Drugs

Numerous drugs have been investigated for the treatment of
ET; however, results are conflicting or questionable owing to
the methodological flaws of studies.

Zonisamide (mean dosage: 160–250 mg/day) produced
mixed results ranging from failure of treatment to improve-
ment in postural and kinetic tremor (estimated at 41–46 %) to
inconclusive results with lack of clinical improvement, but
statistically significant 40 % improvement in accelerometry
[58–60]. Thus, results for zonisamide remain inconclusive
(level U). Other drugs with inconclusive evidence (level U)
include tiagabine (30mg/day) and sodium oxybate (maximum
dosage 4 mg three times a day) [61].

We identified 2 relevant double-blind, placebo-controlled
studies for levetiracetam in ET [13, 62]. Overall, no significant
effect was found at doses up to 3000 mg/day. Levetiracetam is
therefore not recommended.
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Similarly, pregabaline [63, 64] (doses up to 600 mg/day)
and progabide [65] (at 1800 mg/day and 3600 mg/day), as
well as amantadine (dose: 200 mg/day) [66] failed to produce
significant benefit. Likewise, the antidepressants trazodone
(dose: 100 mg/day), a serotonine reuptake inhibitor [67], and
mirtazapine (dose: 45 mg/day) [68] showed no significant
results. In a cross-over study comparing olanazpine (20 mg/
day) and propranolol, tremor significantly improved in both
groups [69]. However, there was no placebo group so it was
unclear how much of the improvement may have been
placebo-related. The carbonic anhydrase inhibitors acetazol-
amide (mean dose: 500 mg/day) and methazolamide (dose:
200–300 mg/day) did not produce significant benefits when
compared with placebo [25, 70]. A double-blind, placebo-
controlled, cross-over study of 20 and 40 mg 3,4-
diaminopyridine in 18 patients found no improvement [71].
Amulticenter, randomized, double-blind, cross-over, placebo-
controlled study of carisbamate 400 mg/d in 62 ET patients
also revealed no beneficial effect [72].

The antibacterial isoniazid (used for treatment of tubercu-
losis) produced no benefit [73], but is associated with unac-
ceptable risks of side effects (including possible fatal hepati-
tis), so this drug is not recommended for the treatment of ET.

More recently, T2000 (1,3-dimethoxymethyl-5,5-diphenyl-
barbituric acid), a new nonsedating barbiturate was explored in
double-blind, placebo-controlled trials [74]. Daily doses at
800–1000 mg of T2000 led to significant reduction of tremor
in 1 study, but no benefits in the other. In 1 of the studies, 1/12
patients discontinued owing to a rash followed by a febrile
illness [74]; in the other study, 6/10 patients withdrew owing
to central nervous system-related adverse events. Thus, there is
yet insufficient evidence regarding this new compound.

Botulinum Toxin for ET Limb Tremor

There are two relevant published trials of botulinum toxin type
A for treatment of limb tremor in ET [75, 76]. This includes
one RCT parallel group study [75] using a 2-staged injection
pattern with low-dose injections into hand flexors and exten-
sors followed by a higher dose 4 weeks later if patients were
unresponsive to the initial dose. Accelerometry revealed
around 60–70 % improvement of postural hand tremor, but
there were no significant improvements in functional ratings.
Eleven of 12 (92 %) patients developed moderate
nondisabling wrist or finger weakness. Another study of ET
[76] compared low-dose (50 U) and high-dose (100 U) botu-
linum toxin with placebo in a 12-week randomized, double-
blind, controlled trial in 133 patients. Postural and kinetic
tremor improved, but without consistent benefit on function.
Dose-dependent weakness developed in 30 % after low-dose
group and 70 % after high-dose injections. While botulinum
toxin may be likely efficacious, side effects are often limiting
and, in our experience, efficacy is modest, at best.

Stereotactic Surgery, Gamma Knife Thalamotomy
and Experimental Approaches for ET

Thalamotomy and thalamic [ventralis intermedius (Vim)]
deep brain stimulation (DBS) have large treatment effects
for upper limb tremor in ET with gradual loss of control of
tremor over months or years and a mean 0–10 satisfaction
rating of more than 8 (10 = extremely satisfied; 0 = not
satisfied) [77–83]. Vim, the zona incerta, and the radiation
praelemniscalis are all in close proximity and are probably the
best targets for ET [9]. Several articles have summarized the
long-term results [8, 9]; however, there are no double-blind,
placebo-controlled trials, also because true blinding is
difficult.

The risks and side effects of thalamic DBS are well-
documented, although their incidence and severity are some-
what uncertain owing to widely varying methods of follow-up
and documentation. They include hardware complications
(25 % of patients), paresthesias (6–36 %), dysarthria (3–
18 %), ataxia (6 %), limb weakness (4–8 %), balance distur-
bance (3–8 %), dystonia (2–9 %), and perioperative compli-
cations (i.e., intracerebral bleeding, ischemic stroke, infec-
tion). The mortality rate of DBS surgery was found to be
0.4 % [83].

For gamma knife thalamotomy controlled trials are scarce:
1 study [84] used blinded rating, but there are no placebo-
(sham-) controlled trials. Two recent uncontrolled case series
report conflicting results, with efficacy and risks comparable
to Vim DBS in 1 [85, 86], but only mild benefit in the other
[84]. The risk of uncontrolled long-term enlargement of the
lesions has been described [84, 87]. Therefore, we conclude
that there is insufficient evidence to recommend the use of
gamma knife thalamotomy in the treatment of ET.

Most recently, noninvasive magnetic resonance-guided fo-
cused ultrasound has been proposed for treatment of disabling
tremor. Lipsman et al. [88] produced ablative lesions by
stereotactically-guided focused ultrasound energy in 4 pa-
tients with ET and produced immediate and sustained im-
provement of about 90 %. Elias et al. [89] produced about
45 % improvement of total tremor rating scales (with effects
on hand tremor of 20.4 at baseline to 5.2 at 12 months) in 15
ET patients. Larger studies are needed to validate safety and
ascertain the efficacy of this interesting approach. Transcranial
magnetic stimulation has also been explored [90].

Treatment of Dystonic Limb Tremor

According to current MDS tremor criteria, tremor in dystonia
is subclassified as “dystonic tremor” when tremor occurs in a
body part that is affected by dystonia, for example head tremor
in torticollis or arm tremor in patients with writer's cramp, and
as “tremor associated with dystonia”when tremor is present in
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a body part not affected by dystonia, for example hand tremor
in cervical dystonia patients. However, dystonia may be subtle
and ET may be overly generously diagnosed in patients with
dystonic (and other types of) tremor. Presence of an irregular
jerky tremor with “flurries” or task- or position-specificity
may be pointers towards this diagnosis. Asymmetric resting
arm tremor with impaired arm swing does not exclude the
diagnosis [11] and dopamine imaging may help to differenti-
ate it from Parkinsonian rest tremor.

Few studies have specifically focused on dystonic tremor,
but patients may have accidentally been included in ET trials.
A recent study of 25 patients with dystonic tremor found that
only 40 % of patients benefitted from oral therapy. Anticho-
linergics [i.e., trihexyphenidyl (range, 3–6 mg/day)] produced
the best results; propranolol also produced some benefit [91].

Treatment of Primary Writing Tremor

Primary writing tremor is a condition in which tremor pre-
dominantly or only occurs during writing, or also when
adopting the hand position normally used for writing. There
are no specific drugs for primary writing tremor, so overall
treatment is similar to what is discussed above. Main studies
and their results are summarized by Hai et al. [92]. In brief,
60 % of patients treated reported that they had obtained some
benefit from drug therapy. Better results can probably be
obtained with botulinum toxin [93], but there are no controlled
studies. Some patients received DBS for writing tremor.

Treatment of Head Tremor in ET and Dystonic Tremor

While hand tremor is usually the predominant symptom in ET
[7], head and voice tremormay occur. However, it may also be
a feature of dystonic tremor, and patients with cervical dysto-
nia frequently have tremulous head movements (dystonic
head tremor); 1 study reported occurrence in 38 % of patients
[94]. These patients often also have postural hand tremor
(dystonic tremor/tremor associated with dystonia) and this
should not be mistaken as ET. Amongst others, essential and
dystonic head tremor may be separated by the positive geste
antagoniste for dystonic tremor [95]. Temporal discrimination
has also been proposed for discrimination [96].

Few studies have specifically addressed treatment of head
and voice tremor. From the current literature there is insuffi-
cient evidence for beta blockers, including propranolol for the
treatment of head tremor in ETor dystonic tremor. Botulinum
toxin injections produces good benefit in head tremor in the
context of ET [97] and dystonic [95] head tremor, as shown in
29 patients with predominant tremulous torticollis in an open
trial. Vim-DBS seems to be a potent treatment, but bilateral
surgery is important for severe head tremor [98, 99].

Treatment of Voice Tremor

Similarly, voice tremor may be a feature in ET or associated
with dystonic limb or head tremor, but may also occur in
isolation. In dystonia, 25–30 % of patients with spasmodic
dysphonia have associated vocal tremor [100]. Again, only a
few studies specifically focused on treatment of voice tremor.
Overall, fewer than 50 % patients with voice tremor respond
to oral medication [101]. Botulinum toxin may be helpful, and
a treatment algorithm for botulinum toxin use in vocal tremor
has recently been proposed [101]. Also, DBS does improve
voice tremor [99].

Treatment of OT

OT is a rare form of tremor and is characterized by subjective
unsteadiness during standing, which is relieved by sitting or
walking. Neurophysiological recording confirms the presence
of a fast, 13–18 Hz, tremor [102, 103]. Disease course is often
slowly progressive. Notably, about one third of patients have
associated other movement disorders (OT-plus) and may go on
to develop Parkinsonism [104]. Gabapentin (up to 2400 mg/
day) was found to be effective in case series [105–107]. Clo-
nazepam (0.25–3.5 mg/day, median 1 mg/day) may even be
more effective, but has more long-term side effects [108, 109].
In those unresponsive to these drugs treatment is challenging as
only 12 % in a large series responded to alternative drugs (e.g.,
valproic acid, acetazolamide, mirtazapine, primidone, and
levetiracetam) [110–112]. Levetiracetam has not produced ben-
efit in a controlled trial [111]. Levodopa had no benefit on OT
in any of the patients with a diagnosis of Parkinsonism. Tha-
lamic DBS was helpful in few cases but less efficient than in
other tremors [113, 114].

Treatment of Cerebellar Tremor Related to MS

Cerebellar tremor is common in MS, with a prevalence rang-
ing around 25–60 % in different studies, with a mean latency
between onset of MS and development of tremor of about
11 years [115]. It typically occurs on action as postural and
kinetic tremor, while classical rest tremor is usually not found
in MS. Tremor most frequently affects the arms, but may also
involve head, voice, and trunk. Titubation of the head and
trunk are the most severe manifestations. Treatment with
pharmacological agents is usually unsuccessful. Small case
series or single cases showed improvement after carbamaze-
pine [116], propranolol, topiramate [117], primidone [118],
isoniazid, ondansetron, or 4-aminopyridine [119], but there is
insufficient evidence to support or refute efficacy of these
drugs. A recent randomized, placebo-controlled, cross-over
study [120] assessed botulinum toxin for MS-related limb
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tremor in 23 patients. Differences in all primary outcomes
were highly significant at 6 and 12 weeks. Mild-to-moderate
weakness after botulinum toxin injections occurred in 42 %.
The most potent treatment is DBS or lesioning of the Vim
nucleus of the thalamus [121, 122].

Treatment of Holmes Tremor and Thalamic Tremor

Holmes tremor is characterized by the combination of slow
(4–5 Hz or less) rest and intention tremor, and is often less
“rhythmic” than other tremor variants. Additional postural
tremor may be present. Neuroimaging, with special focus on
the brainstem, is crucial in the work-up of these patients. In
contrast, lesion in the thalamus (typically in the dorsolateral
part) causes thalamic tremor typically characterized by a com-
bination of rest, postural and intention tremor, and dystonia,
whichmay be indistinguishable fromHolmes tremor purely on
clinical grounds. Treatment of both is challenging. Single cases
have responded to high-dose levodopa [123], trihexyphenidyl
(2–12 mg), clonazepam (0.5–4.0 mg), clozapin (<75 mg), or
levetiracetam. Pharmaco-refractory cases may respond to DBS
[124–126]; however, in thalamic tremor electrode placement
(into the damaged area) is difficult, so opting for 2 targets has
been proposed [127, 128].

Tremor in Peripheral Neuropathies

Tremor may be a rare accompanying feature of peripheral
neuropathy. In inflammatory neuropathies tremor is found in
up to 80 % of cases with IgM paraproteinemic neuropathy
[129, 130]. Clinically, neuropathic tremor mostly presents as
postural or kinetic tremor [131]. Propranolol may be beneficial.
Others reported improvement after pregabalin (30–80 mg)
[132, 133]. However, in a recent series no patient responded
to medication prescribed for tremor, but some reported im-
provement after treatment for their neuropathy (intravenous
immunoglobulin, rituximab or chemotherapy regimen
consisting of cyclophosphamide, hydroxydaunorubicin,
oncovin and prednisone plus rituximab (CHOP-R) chemother-
apy) [129]. DBS of the thalamus (Vim) has been described
successful in cases of hereditary neuropathy [134–136].

Treatment of Functional (Psychogenic) Tremor

Psychogenic tremor is the most common form (55 %) of all
functional movement disorders and may be remarkably vari-
able in its presentation. It should be suspected when there is
sudden onset and spontaneous remission. Examination shows
entrainment, distractibility, or the co-contraction sign. Tremor
remission rates have been estimated at only 20–60 %

[137–139]. For better outcome, diagnostic delay should be
avoided and treatment is best offered in a multidisciplinary
approach, including symptom-focused cognitive–behavioral
therapy approaches and physical interventions [140, 141].
With respect to pharmacotherapy patients may benefit from
antidepressants [142] when there is a history of recent or
current depression or anxiety. Overall, there is a terrible need
for clinical treatment trials.

Conclusions

Treatment of tremor is challenging. The first step is to estab-
lish the correct diagnosis. This may not always be straightfor-
ward, particularly because the current definition of ET may
cover different subgroups. For many tremors, controlled stud-
ies are lacking or the quality of existing trials is poor by
modern standards. For ET there are at least 3 drugs (propran-
olol, topiramate, primidone) that have reasonable evidence to
receive a level A recommendation. But, in general, only 50 %
of the patients respond to 1 of the drugs. For many other drugs
there is insufficient evidence to recommend them for treat-
ment of ET.

Other tremor types show variable response to oral medica-
tion. Dystonic limb tremor may respond to anticholinergics.
Gabapentin and clonazepam are often used for OT. Similarly,
MS tremor may respond to primidone or topiramate, but there
are no controlled trials. Botulinum toxin improves head and
voice tremor. Finally, patients with functional tremor may
benefit from antidepressants, but should best be treated in a
multidisciplinary setting.

The most severe organic tremors usually show a poor
response to medical treatment. Therefore, surgical treatments
have a role for very severe tremors with good success for ET
and, probably, dystonic tremor, while they are less favorable
for other tremors (MS tremor, neuropathic tremor, and tha-
lamic and Holmes tremor), but still worth trying in severely
handicapped patients when drugs have failed.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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