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ABSTRACT

Background: This evidence-based guideline is an update of the 2005 American Academy of Neu-
rology practice parameter on the treatment of essential tremor (ET).

Methods: A literature review using MEDLINE, EMBASE, Science Citation Index, and CINAHL was
performed to identify clinical trials in patients with ET published between 2004 and April 2010.

Results and Recommendations: Conclusions and recommendations for the use of propranolol,
primidone (Level A, established as effective); alprazolam, atenolol, gabapentin (monotherapy), so-
talol, topiramate (Level B, probably effective); nadolol, nimodipine, clonazepam, botulinum toxin A,
deep brain stimulation, thalamotomy (Level C, possibly effective); and gamma knife thalamotomy
(Level U, insufficient evidence) are unchanged from the previous guideline. Changes to conclu-
sions and recommendations from the previous guideline include the following: 1) levetiracetam
and 3,4-diaminopyridine probably do not reduce limb tremor in ET and should not be considered
(Level B); 2) flunarizine possibly has no effect in treating limb tremor in ET and may not be consid-
ered (Level C); and 3) there is insufficient evidence to support or refute the use of pregabalin,
zonisamide, or clozapine as treatment for ET (Level U). Neurology® 2011;77:1752–1755

GLOSSARY
AAN � American Academy of Neurology; DBS � deep brain stimulation; ET � essential tremor; FTM � Fahn-Tolosa-Marin;
TRS � Tremor Rating Scale.

Essential tremor (ET) is the most common tremor
disorder and often affects activities of daily living,
including writing and eating.1 The head and voice
are commonly affected. Diagnostic criteria for ET
may be found in the Consensus Statement of the
Movement Disorder Society on Tremor.2

Propranolol and primidone are the medications
used most frequently and successfully to treat ET,
and propranolol is the only medication approved by
the US Food and Drug Administration to treat ET.
Unfortunately, 30% to 50% of patients will not re-
spond to either primidone or propranolol.3 This
evidence-based guideline is an update of the Ameri-
can Academy of Neurology (AAN) 2005 practice pa-
rameter regarding treatment of ET4 and includes
relevant research published since the 2005 publication.

DESCRIPTION OF THE ANALYTIC PROCESS

The AAN invited neurologists with expertise in ET
to perform the review. Computer-assisted literature
searches were conducted for relevant English-
language articles pertinent to the treatment of ET.
The MEDLINE, EMBASE, Science Citation Index, and
CINAHL databases were searched from the years 2004 to
2010. Appendix e-1 on the Neurology® Web site at
www.neurology.org lists the key words and phrases used in
the search.

The search identified 589 articles pertaining to
the treatment of ET, the titles and abstracts of which
were each reviewed by at least 2 committee members.
Articles were accepted for further review if they con-
sisted of controlled trials, observational studies, co-
hort studies, open-label studies, or case series. Of the
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589 articles, 252 were reviewed in their entirety.
Panel members who were authors of reviewed studies
did not grade their own research.

ANALYSIS OF EVIDENCE Pharmacologic agents
without evidence to change the conclusions or recom-

mendations. There were no additional trials pub-
lished since the previous guideline and rated better
than Class IV that examined the efficacy and safety of
propranolol, primidone, alprazolam, atenolol, gabap-
entin (monotherapy), sotalol, propranolol for head
tremor, clonazepam, nadolol, nimodipine, botuli-
num toxin, clozapine, acetazolamide, isoniazid, pin-
dolol, trazodone, methazolamide, mirtazapine,
nifedipine, verapamil, sodium oxybate (in ethanol-
sensitive ET), oxcarbazepine, tiagabine, amantadine,
clonidine, gabapentin (adjunct therapy), glutethim-
ide, l-tryptophan/pyridoxine, metoprolol, nicardi-
pine, phenobarbital, quetiapine, and theophylline.4

Several new Class II studies addressed the
efficacy of topiramate for ET.5,6 The results of
these studies confirmed those of previous studies
showing efficacy of topiramate for ET and do not
lead to a change in the previous guideline’s recom-
mendation. Table e-1 summarizes the previous
conclusions and recommendations regarding phar-
macologic interventions.

Olanzapine. Olanzapine, an atypical antipsychotic,
was compared with propranolol in one Class III study
of limb tremor.7 Thirty-eight patients were randomized
to receive olanzapine (20 mg/day) or propranolol (120
mg/day) in a crossover study and were evaluated at base-
line and after 1 month. Propranolol and olanzapine sig-
nificantly reduced scores on all evaluation measures,
although a placebo effect cannot be ruled out. The evi-
dence is insufficient to support or refute the efficacy of
olanzapine for ET (single Class III study).

Surgical interventions without evidence to change the

conclusions or recommendations. There were no ad-
ditional trials rated better than Class IV that exam-
ined the efficacy and safety of thalamotomy for
contralateral limb tremor, gamma knife thalamotomy,
or deep brain stimulation (DBS) of the thalamus for the
treatment of ET. Moreover, no additional trials rated
greater than Class IV were available that assessed the
relative efficacy of thalamotomy vs thalamic DBS, bilat-
eral vs unilateral surgical procedures, or direct subtha-
lamic vs zona incerta/prelemniscal stimulation.4 Table
e-2 summarizes the previous conclusions and recom-
mendations pertaining to surgical interventions.

Clinical context. No high-quality, long-term studies
exist regarding the efficacy and safety of these inter-
ventions for ET.

Pharmacologic agents with evidence supporting new
conclusions or recommendations. Levetiracetam. One
Class I study and 2 Class II studies investigated the
efficacy of levetiracetam in ET. The randomized,
crossover Class I study evaluated the acute effects of a
single dose of levetiracetam on limb tremor and
found some improvement in line drawing at 70 and
130 minutes (p � 0.007), whereas other tests did not
show improvement (handwriting at 70 and 130 min-
utes and spirals at 70 minutes).8 Because the clinical
relevance of the short-term outcome in this Class I
study is unclear, the study was not considered fur-
ther. Two Class II randomized, crossover studies
showed no benefit of levetiracetam for ET.9,10

Conclusion. Levetiracetam probably does not reduce
limb tremor in ET (2 Class II studies).

3,4-Diaminopyridine. One adequately powered
Class I study failed to find any improvement in ET
with 3,4-diaminopyridine.11

Conclusion. 3,4-Diaminopyridine probably does not
reduce limb tremor in ET (1 Class I study).

Flunarizine. Flunarizine is a selective calcium channel
blocker. Two Class III studies using blinded video anal-
ysis found flunarizine to be ineffective in treating ET.12,13

Conclusion. Flunarizine possibly has no effect in re-
ducing limb tremor in ET (2 Class III studies).

Pregabalin. The effect of pregabalin on tremor was
evaluated in 2 Class II studies. One study was a ran-
domized, parallel-group, double-blind, placebo-
controlled trial of 22 patients with ET.14 Pregabalin
was initiated at 50 mg/day and escalated by 75 mg/
day every 4 days to a maximum dose of 600 mg/day.
Significant reduction in tremor amplitude in the pre-
gabalin group at a mean dose of 286 mg/day and
improvement in action tremor limb scores on the
Fahn-Tolosa-Marin (FTM) Tremor Rating Scale
(TRS) were observed. A second Class II randomized,
crossover study of pregabalin in 20 patients with ET
found no improvement in any of the TRS measures
and a significant worsening of Quality of Life in Es-
sential Tremor Questionnaire scores.15 Patients were
treated with pregabalin (150–600 mg/day) or pla-
cebo, titrated over 6 weeks. Reported adverse events
in these studies included drowsiness and dizziness.

Conclusion. The evidence is insufficient to support
or refute the efficacy of pregabalin for ET (conflict-
ing Class II studies).

Zonisamide. The effect of zonisamide, an antiepilep-
tic medication, in ET was investigated in 2 Class III and
several open-label studies.16–18 One Class III double-
blind, placebo-controlled, randomized trial evaluated
the efficacy and tolerability of zonisamide in treating
ET in 20 patients at a mean dose of 160 � 50 mg/
day.17 No significant improvements in the FTM total
score or its subsections were observed at the study end-
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point, although tremor amplitude as assessed by acceler-
ometry significantly improved in the zonisamide group
at endpoint relative to baseline. Another evaluator-
blinded Class III study found significant improvements
in FTM rating scores in patients treated with zoni-
samide in both the blinded treatment phase and the
open-label extension phase, with mean doses of zoni-
samide of 252 mg/day and 225 mg/day, respectively.16

Conclusion. The evidence is insufficient to support
or refute the efficacy of zonisamide for ET (conflict-
ing Class III studies).

Clozapine. Clozapine, an antipsychotic medication
that received a Level C recommendation in the 2005
practice parameter, has been downgraded to a Level U
recommendation because of a trial that evaluated the
acute effects of clozapine in a controlled setting, fol-
lowed by a chronic open-label phase of the study in
“responders”19 (Level U for chronic use).

Conclusion. The evidence is insufficient to support
or refute the efficacy of clozapine for chronic use in
the treatment of ET.

NEW RECOMMENDATIONS Levetiracetam and
3,4-diaminopyridine should not be considered for
treatment of limb tremor in ET (Level B).

Clinicians may choose not to consider flunarizine
for treatment of limb tremor in ET (Level C).

The evidence is insufficient to make recommen-
dations regarding the use of pregabalin, zonisamide,
or clozapine (Level U).

CLINICAL CONTEXT Flunarizine use may result in
development of movement disorders, including
akathisia, dyskinesia, dystonia, and parkinsonism.

As an atypical neuroleptic agent, olanzapine can
induce parkinsonism. A review of 11 published stud-
ies of olanzapine use in patients with PD found re-
ports of worsening parkinsonism in 64 of 145
patients (44%).20 However, this side effect was not
observed in the study of patients with ET.

ET is a common movement disorder, and Class
I evidence supports the successful use of primi-
done and propranolol in ET treatment. However,
not all patients improve on or tolerate these medi-
cations. A survey of 223 patients in a clinical data-
base revealed that 70.9% had taken primidone or
propranolol, and 56.3% had discontinued one or
both medications.21 Thus, these first-line medica-
tions for ET clearly fail to meet the needs of many
patients.

RECOMMENDATIONS FOR FUTURE RESEARCH
Controlled clinical trials of additional medications
are needed using standardized outcome measures of
tremor, including disability scales and cost-benefit
analyses.

The pursuit of better treatments for ET is ham-
pered by our limited understanding of the patho-
physiology of ET. Despite its high prevalence, few
postmortem studies had historically been conducted.
Recent postmortem evidence, however, indicates the
presence of a heterogeneous set of degenerative
changes in the brains of people with ET, indicating
that ET is likely to be a syndrome or family of dis-
eases rather than a single disease, which adds a layer
of complexity to matters. Furthermore, the sequence
of molecular events that underlie these degenerative
changes has yet to be elucidated, and until such a
time, it will be difficult to design specific targets for
pharmacotherapeutic intervention.
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versus propranolol in essential tremor. Clin Neurol Neuro-
surg 2005;108:32–35.

8. Bushara KO, Malik T, Exconde RE. The effect of levetirac-
etam on essential tremor. Neurology 2005;64:1078–1080.

9. Elble RJ, Lyons KE, Pahwa R. Levetiracetam is not effective
for essential tremor. Clin Neuropharmacol 2007;30:350–356.

10. Handforth A, Martin FC. Pilot efficacy and tolerability: a
randomized, placebo-controlled trial of levetiracetam for
essential tremor. Mov Disord 2004;19:1215–1221.

11. Lorenz D, Hagen K, Ufer M, Cascorbi I, Deuschl G,
Volkmann J. No benefit of 3,4-diaminopyridine in essen-
tial tremor: a placebo-controlled crossover study. Neurol-
ogy 2006;66:1753–1755.

12. Vecchio I, Rampello L, Tornali C, Malaguarnera M, Raf-
faele R. Flunarizine and essential tremor in the elderly.
Arch Gerontol Geriatr 1996;22(suppl 1):73–77.

13. Curran T, Lang AE. Flunarizine in essential tremor. Clin
Neuropharmacol 1993;16:460–463.

14. Zesiewicz TA, Ward CL, Hauser RA, et al. A pilot, double-
blind, placebo-controlled trial of pregabalin (Lyrica) in the treat-
ment of essential tremor. Mov Disord 2007;22:1660–1663.

15. Ferrara JM, Kenney C, Davidson AL, Shinawi L, Kissel AM,
Jankovic J. Efficacy and tolerability of pregabalin in essential
tremor: a randomized, double-blind, placebo-controlled,
crossover trial. J Neurol Sci 2009;285:195–197.

16. Morita S, Miwa H, Kondo T. Effect of zonisamide on essen-
tial tremor: a pilot crossover study in comparison with aroti-
nolol. Parkinsonism Relat Disord 2005;11:101–103.

17. Zesiewicz TA, Ward CL, Hauser RA, Sanchez-Ramos J,
Staffetti JF, Sullivan KL. A double-blind placebo-
controlled trial of zonisamide (Zonegran) in the treatment
of essential tremor. Mov Disord 2007;22:279–282.

18. Handforth A, Martin FC, Kang GA, Vanek Z. Zoni-
samide for essential tremor: an evaluator-blinded study.
Mov Disord 2009;24:437–440.

19. Ceravolo R, Salvetti S, Piccini P, et al. Acute and chronic effects
of clozapine in essential tremor. Mov Disord 1999;14:468–472.

20. Fernandez HH, Trieschmann ME, Friedman JH. Treat-
ment of psychosis in Parkinson’s disease: safety consider-
ations. Drug Saf 2003;26:643–659.

21. Diaz NL, Louis ED. Survey of medication usage patterns among
essential tremor patients: movement disorder specialists vs. gen-
eral neurologists. Parkinsonism Relat Disord 2010;16:604–607.

Neurology 77 November 8, 2011 1755



DOI 10.1212/WNL.0b013e318236f0fd
 published online October 19, 2011Neurology 

T.A. Zesiewicz, R.J. Elble, E.D. Louis, et al. 
Quality Standards Subcommittee of the American Academy of Neurology

Evidence-based guideline update: Treatment of essential tremor: Report of the

This information is current as of October 19, 2011

Services
Updated Information &

 e318236f0fd.full.html
http://www.neurology.org/content/early/2011/10/18/WNL.0b013
including high resolution figures, can be found at:

Supplementary Material

 e318236f0fd.DC1.html
http://www.neurology.org/content/suppl/2011/10/19/WNL.0b013

 e318236f0fd.DC2.html
http://www.neurology.org/content/suppl/2011/11/06/WNL.0b013
Supplementary material can be found at: 

Citations

 e318236f0fd.full.html##otherarticles
http://www.neurology.org/content/early/2011/10/18/WNL.0b013
This article has been cited by 3 HighWire-hosted articles: 

Subspecialty Collections

 http://www.neurology.org//cgi/collection/tremor
Tremor
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/misc/about.xhtml#permissions
or in its entirety can be found online at:
Information about reproducing this article in parts (figures,tables)

  
Reprints

 http://www.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

http://www.neurology.org/content/early/2011/10/18/WNL.0b013e318236f0fd.full.html
http://www.neurology.org/content/early/2011/10/18/WNL.0b013e318236f0fd.full.html
http://www.neurology.org/content/suppl/2011/11/06/WNL.0b013e318236f0fd.DC2.html
http://www.neurology.org/content/suppl/2011/11/06/WNL.0b013e318236f0fd.DC2.html
http://www.neurology.org/content/suppl/2011/10/19/WNL.0b013e318236f0fd.DC1.html
http://www.neurology.org/content/suppl/2011/10/19/WNL.0b013e318236f0fd.DC1.html
http://www.neurology.org/content/early/2011/10/18/WNL.0b013e318236f0fd.full.html##otherarticles
http://www.neurology.org/content/early/2011/10/18/WNL.0b013e318236f0fd.full.html##otherarticles
http://www.neurology.org//cgi/collection/tremor
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus

