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ABSTRACT: ObjectiveObjective: To present a case of refractory medication-induced tremor successfully treated with
deep brain stimulation (DBS) of the thalamic ventral intermediate nucleus (Vim) and to propose a medical and
surgical treatment algorithm based on a systematical review of the literature.
MethodsMethods: Patient data were retrospectively collected. A systematic search was performed in PubMed, Embase,
and Cochrane Library. Subjective and objective data were pooled for analysis by classifying them into 5
predefined categories(no, minimal, moderate, good, and excellent effects).
ResultsResults: The patient presented with lithium-induced bilateral progressive hand tremor lasting 25 years. After
DBS, he reported excellent tremor suppression until the last follow-up (36 months after Vim-DBS). For the
review, 34 of 140 studies were included and evaluated (178 unique subjects, 31 different treatments). A good-to-
excellent tremor suppression (50%–100%) in at least 50% of subjects was achieved using propranolol
(12 studies, 50% of 56 subjects), tetrabenazine (5 studies, 51% of 13 subjects), and metoprolol (4 studies, 75% of
8 subjects). The effect of benztropine and diphenhydramine was none or only minimal to moderate (up to 50%
improvement; both: 3 studies, 50% of 4 patients). One article reported minimal-to-moderate effectiveness after
DBS of the ventral oral posterior nucleus of the thalamus. Methods were highly heterogeneous. All studies
scored grade III or IV quality of evidence, which was insufficient for recommendations (level U).
ConclusionConclusion: Treatment decision making should be performed on a case-by-case basis considering the low level
of evidence, and we propose a practically oriented treatment algorithm. Propranolol, tetrabenazine, and
metoprolol might be effective. For selected and refractory cases, DBS might be considered.

Several movement disorders can occur as adverse effects of medica-
tions. Medication-induced symptoms, including tremor, can mani-
fest immediately after starting or stopping medication or with a
delay of weeks, months, or even years. The latter are named
“tardive.” Medications strongly associated with tardive syndrome(s)
include neuroleptics, antiemetics, and drugs for dizziness (Table S1
in Appendix S1).1 The use of neuroleptics is steadily increasing
internationally,2 bringing neurologists and psychiatrists to often
encounter their adverse effects in patients. The incidence of tardive
tremor in patients using neuroleptics is approximately 2%.3 Tardive

tremor typically exhibits a coarse amplitude, has a frequency
between 3 and 6 Hz, and may involve the upper and lower limbs,
head, and face. It is most severe during posture, but also occurs in
rest and during movement.4

Treatment of medication-induced syndromes can be challeng-
ing as little evidence is available and results are conflicting.
Medication-induced tremor might respond to some tremor-
suppressing medications, but the results are often insufficient.
Thalamic deep brain stimulation (DBS) is effective in the treat-
ment of different kinds of medication-resistant tremor.5–10 DBS

1Department of Neurology, Haga Teaching Hospital, The Hague, The Netherlands; 2Department of Neurology, Leiden University Medical Center, Leiden,
The Netherlands

*Correspondence to: Dr. Maria Fiorella Contarino, Haga Teaching Hospital, Department of Neurology, Els Borst-Eilersplein 275 - 2545 AA,
The Netherlands; E-mail: m.contarino@hagaziekenhuis.nl
Keywords: deep brain stimulation, thalamus, medical treatment, medication-induced tremor, tardive tremor.
Relevant disclosures and conflicts of interest are listed at the end of this article.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.
Received 29 October 2021; revised 30 January 2022; accepted 5 April 2022.
Published online 24 May 2022 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/mdc3.13463

676
MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(5): 676–687. doi: 10.1002/mdc3.13463

© 2022 The Authors. Movement Disorders Clinical Practice published by Wiley Periodicals LLC. on behalf of International Parkinson and Movement Disorder Society.

CASE SERIES WITH LITERATURE REVIEW

CLINICAL PRACTICE

https://orcid.org/0000-0002-0312-184X
mailto:m.contarino@hagaziekenhuis.nl
http://creativecommons.org/licenses/by/4.0/


of other targets (subthalamic nucleus and globus pallidus inter-
nus) is also safe and effective in the treatment of tardive dystonia
and dyskinesias.11,12

Here, we report a severe case of lithium-induced tremor suc-
cessfully treated with bilateral DBS in the ventral intermediate
nucleus (Vim). Furthermore, we systematically review the effec-
tiveness of medical and surgical treatments in suppressing
medication-induced tremor. Finally, we propose a treatment
paradigm to aid clinical decision making.

Patients and Methods
Data concerning the case report were retrospectively collected
from the patient’s electronic health record. The systematic
review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.13

Search Strategy
A comprehensive literature search was performed in the elec-
tronic databases PubMed (Legacy version), Embase, and the
Cochrane Library up to December 10, 2019. The following sea-
rch terms were used: “tardive tremor,” “medication-induced
tremor,” “medication induced tremor,” “drug-induced tremor,”
“drug induced tremor.” The limits were set to “English lan-
guage” and “human” (File S2 in Appendix S1). The reference
lists of retrieved studies were also reviewed. All articles retrieved
using this search strategy (“potential records”) were manually
screened for duplicates, which were subsequently removed from
the list. The remaining articles were screened by 2 authors based
on the title and abstract. Disagreements were solved by
consensus.

The principal author further selected eligible studies according
to inclusion and exclusion criteria by reading the full text.

Eligibility Criteria
Studies were eligible if they met all of the following inclusion
criteria: (1) 1 or more patients with medication-induced tremor,
(2) reported effectiveness of medical treatment using either sub-
jective (qualitative scales or narrative improvement reported by
the patient or examiner) or objective measurements (rating scales
or measurement of tremor amplitude or frequency), and
(3) English language.

Review articles, conference abstracts, and animal studies were
excluded. No restrictions based on sex or ethnicity were applied.

Risk-of-Bias Analysis
All included studies were subjected to a risk-of-bias analysis at
the study level. The risk-of-bias assessment criteria (Table S2 in
Appendix S1) were adapted from Marinus et al.14 A total of
2 authors reviewed the risk of bias (S.v.d.G., W.E.A.). Disagree-
ments regarding classification were resolved by consensus.

Data Extraction
The following data were extracted: (1) publication information,
(2) tremor-inducing drug, (3) treatment arms, (4) study design,
(5) sample size, and (6) effect of each described medication. In
studies involving multiple patients with different tremor types,
only data from patients with medication-induced tremors were
extracted. Individual subjects within studies who were treated
with multiple tremor-reducing drugs simultaneously were
excluded from the analysis. If multiple dosages of the same drug
were tested, the most effective dosage was used in the analysis.

Conversion of Tremor
Improvement Rate to
Intervention Effect
Tremor Improvement Rate: Analysis of
Qualitative Data

The tremor improvement rate on qualitative data was catego-
rized as: 0% if a treatment effect was reported as “worsening/
deterioration of tremor,” “no improvement,” or “failed to
resolve problem”; 12.5% (middle value of the category of
improvement 0%–25% [see Calculation of Intervention Effect])
if reported as “mild,” “slight,” “some” or “modest/marginal
improvement”; 37.5% if reported as “tremor improved/
reduced,” “moderate improvement,” or “partially effective”;
62.5% if reported as “marked,” “good,” “much” or “clear”
improvement, or “(well) controlled tremor” and “tremor not dis-
turbing”; 87.5% if reported as “excellent,” “substantial,”
“significant,” “dramatic” improvement, “very much improved,”
“almost” or “complete” tremor control, “sharp reduction”
“tremor remission/resolution,” “mild residual tremor,” “dimin-
ished tremor.” When a reasonable interpretation of effect was
impossible because of a lack of information, the effect was con-
sidered “undetermined” and left out of subsequent calculations.

Tremor Improvement Rate: Analysis of
Outcomes on Quantitative Data

Results were reported as a percentage of improvement on the
used scale. When change in tremor was reported on a qualitative
scale, we calculated the amount of improvement as a percentage.

Tremor Improvement Rate: Analysis of
Outcomes in Case of Mixed Data

When an article applied multiple methods of tremor analysis, we
pooled the results if these were consistent among each other. We
considered results consistent if they did not differ by more than
1 category of overall improvement. Outcome measures were
weighted equally.

MOVEMENT DISORDERS CLINICAL PRACTICE 2022; 9(5): 676–687. doi: 10.1002/mdc3.13463 677

AMERIKA W.E. ET AL. CASE SERIES WITH LITERATURE REVIEW



Calculation of Intervention Effect

After averaging the tremor improvement rates of all subjects in a
study, we calculated the intervention effect. We categorized the
tremor improvement rate in 5 categories as follows: 0% effect
was categorized as “no effect,” up to 25% improvement as “min-
imal effect,” 25% to 50% improvement as “moderate effect,”
50% to 75% improvement as “good effect,” and 75% to 100%
improvement as “excellent effect.”

Quality of Evidence
Articles were assessed based on the classification of evidence of the
American Academy of Neurology (AAN).15,16 Recommendations
were linked to the level of evidence.17 Two authors reviewed the
levels of evidence (W.E.A., M.F.C.). Disagreements regarding classifi-
cation were resolved by consensus.

Results
Case Report
A 72-year-old man with a history of bipolar disorder had been
treated with lithium for 30 years (up to 800 mg daily), and dur-
ing the past 25 years, he had developed a progressive bilateral
tremor of the hands. Other than an overactive bladder, his medi-
cal history was unremarkable. There was no family history of
movement disorders or other neurological diseases. At the time
of presentation, his medication included fluoxetine (20 mg daily),
lithium (400 mg daily), mirabegron (50 mg daily), and
desmopressin (120 μg daily). In the past, he had temporarily been
treated with valproic acid for his bipolar disorder.

A temporary reduction of lithium dosage resulted in a clear
improvement of the tremor, but unfortunately induced a relapse into
a depression unresponsive to other treatments, and hence lithium

was reinstituted. Tremor did not respond to levodopa/carbidopa
(500 mg daily). Tetrabenazine and propranolol were contraindicated
because of depressive symptoms and the use of fluoxetine.

Neurological examination revealed severe rest, postural, and
kinetic tremor in both arms and minimal rest tremor and moder-
ate postural tremor in both legs, predominant on the right side
of the body. Gait was normal. Tendon reflexes were symmetri-
cally brisk, with indifferent plantar reflexes. There was no evi-
dence of rigidity, bradykinesia, or ataxia.

Blood testing revealed a therapeutic lithium concentration
and no significant abnormalities. Brain magnetic resonance imag-
ing (MRI) was normal. Neuropsychological testing showed no
cognitive decline. Psychiatric symptoms were stable.

Based on the clinical presentation (progressive rest, postural,
and kinetic tremor) and history of long-term use of lithium,

Video 1. Ten days after ventral intermediate deep brain
stimulation surgery, with stimulation still switched OFF. The
patient presents with severe rest, postural, and kinetic tremor
involving the upper and lower limbs (right more than left). No
re-emerging tremor phenomenon. Drinking from a cup with the
right hand is not possible without spilling. Writing and drawing
of Archimedes’ spiral is severely affected.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13463

Video 2. Ten days after ventral intermediate deep brain
stimulation surgery, immediately after monopolar contact
review, with stimulation turned ON (right: second-deepest
contact monopolar, 2.2 mA; left: deepest contact monopolar,
3.0 mA; both with 130 Hz frequency and 60 μs pulse width).
Tremor suppression, with residual minimal resting tremor of
the left upon distraction, and mild proximal postural and
kinetic tremor. Drinking from a glass, writing, and drawing of
Archimedes’ spiral are significantly improved.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13463

Video 3. Three years after ventral intermediate deep brain
stimulation. Tremor suppression substantially unchanged with
minimal residual kinetic tremor.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13463
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with clear improvement during temporary reduction of the
dosage, a diagnosis of tardive tremor was made. There were no
contraindications for DBS. Patient underwent awake bilateral
Vim DBS surgery based on stereotactic MRI with Leksell frame
as previously described, with intraoperative microelectrode
recording and test stimulation.18 The target was determined
bilaterally 16 mm lateral and 4 mm posterior to mid-commis-
sural point, at the depth of the anterior commissure - posterior

commissure (AC-PC) line. The central track was chosen for
definitive lead implantation (lead model 3389; Medtronic, Min-
neapolis, MN) on the right side and the posterior track on the
left side.

Because of the stun effect of leads placement, tremor severity
was markedly reduced bilaterally during 4 days following surgery
and gradually returned to the preoperative situation within 9 days,
when the Essential Tremor Rating Assessment Scale (TETRAS)

FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection in systematic review.
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part A score was 28. Drinking from a glass with the right hand
was not possible without spilling. Writing and drawing Archime-
des’ spiral was severely affected bilaterally (Video 1). At the
follow-up visit 9 days after surgery, a standard impedance check
and monopolar contact review were performed. With monopolar
stimulation at the deepest electrode in the left hemisphere
(3.0 mA, 60 μs, 180 Hz) and at the second-deepest electrode in
the right hemisphere (2.2 mA, 60 μs, 180 Hz), the patient experi-
enced an immediate improvement of tremor, with residual mini-
mal resting tremor of the left hand and leg upon distraction and
mild proximal postural and kinetic tremor. Accordingly, tasks such
as drinking from a glass, writing, and drawing Archimedes’ spiral
were significantly improved (TETRAS part A score 4; Video 2).
There were no stimulation-induced adverse effects at the effective
stimulation settings.

Routine follow-up neuropsychological testing 6 months after
surgery revealed no change. At the last follow-up, 36 months
after surgery, tremor remained suppressed to the patient’s satisfac-
tion (Video 3). His psychiatric status remained unchanged. The
chronic selected settings were bilateral monopolar stimulation
using the deepest electrode in the left hemisphere (3.2 mA,
60 μs, 180 Hz) and the deepest electrode in the right hemisphere
(2.5 mA, 60 μs, 180 Hz).

Literature Review
The literature search identified 140 records of which 34 studies
met the inclusion criteria and were analyzed (Fig. 1).

Study Characteristics and Quality

The characteristics of the included studies are shown in
Tables S3 and S4 in Appendix S1. All studies were case reports

or case series (30) or randomized controlled trials (RCTs; 4) pub-
lished between 1973 and 2015. In 228 interventions, 30 different
drugs and 1 stereotactic treatment were investigated.19 There
were 178 unique subjects. Some of the subjects underwent sev-
eral measurements with different medications. According to the
AAN level of evidence, 31 articles had a quality grade IV, and
3 articles had a quality grade III. A total of 25 articles used quali-
tative outcome measures to describe tremor improvement,
including patient or examiner experience (20 studies), assessment
of spiral drawing (3), handwriting (2), and finger–nose testing
(1). A total of 10 studies used quantitative methods, including
accelerometer recordings (3); the tremor subscale of the
Simpson-Angus Scale (2)20; the Subjective Clinical Improvement
Impression Scale, which is a modification of the Clinical Global
Impressions Scale (2)21,22; the Abnormal Involuntary Motor
Scale (1)23; the Clinical Global Impression of Change Scale (1)24;
TETRAS (1)25; and other various tremor rating scales
(4 studies).24,26

Patient and Tremor Descriptions

Clinical data reporting (medication, dosage, age, sex, tremor
location, type, and frequency) was incomplete in many studies.
From available data, ages ranged from 18 to 79 years, and there
were at least 54 men and 47 women. Lithium was the most
common tremor-inducing drug, reported as a single causative
agent in 102 subjects (45% of total). Tremor location was mostly
reported in the upper extremities with or without additional
locations such as head or lower extremities. The trunk was
involved in only 1 case.27 Of 21 articles reporting tremor type,
17 described a combination of postural (16 articles), resting (13),
kinetic (5), intention tremor (5), and unspecified action tremor
(3). A total of 4 articles reported a single tremor type: postural

FIG. 2. Effectiveness of most investigated drugs, for which at least 3 articles were available. The investigated drugs are shown on the y-
axis, and the amount of studies pertaining a particular result are shown on the x-axis. Effects are divided in 3 groups: good to excellent,
minimal to moderate, and no effect. The numbers at the end of each bar represent the number of subjects. A red border indicates the
inclusion of 1or more level III quality studies.
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TABLE 1 Overview of investigated drugs with their effectiveness, studied in 227 interventions with 178 unique subjects in 34 articles

Class Drug No effect Minimal to moderate Good to excellent Total

β-blockers Total 3a 8a 14a 25a

Arotinolol 1 1

Atenolol 1a 1 2a

Metoprolol 1 1 2 4

Nadolol 2 2

Oxprenolol 2 2

Practolol 1a 1a

Propranolol 1a 4a 7a 12a

Sotalol 1a 1a

Anticholinergics Total 3 3 6

Amantadine 1 1

Benztropine 2 1 3

Ethopropazine 1 1

Trihexyphenidyl 1 1

Monoamine reuptake inhibitors Total 1 1 4 6

Reserpine 1 1

Tetrabenazine 1 4 5

GABAergics Total 1 2 2 5

Clonazepam 1 1 2

Pregabalin 1 1

Primidone 1 1 2

Antihistaminergics Total 2 2 4

Cryptoheptadine 1 1

Diphenhydramine 2 1 3

Dopaminergic drugs Total 2 1 3

Bromocriptine 1 1 2

Carbidopa/levodopa 1 1

Vitamins Total 1 2 3

Inositol 1 1 2

Vitamin B6 1 1

Dopamine antagonists Total 1 1 2

Clozapine 1 1

Haloperidol 1 1

Fatty acids Linoleic acid 1 1 2

Carbonic anhydrase inhibitors Acetazolamide 1 1

Cholinesterase inhibitors Donepezil 1 1

Electrolytes Potassium 1 1

(Continues)
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(3) or unspecified action tremor (1). Tremor frequency (11 arti-
cles) ranged between 3 and 10 Hz.

Risk of Bias

With regard to risk of bias, 1 study was scored as a high-quality
study, 8 studies as medium quality, and 25 studies as poor quality
(Table S5 in Appendix S1).

Intervention Effect per Treatment

Propranolol, tetrabenazine, metoprolol, benztropine, and
diphenhydramine were tested in at least 3 articles; another
25 medications and DBS were tested in fewer than 3 articles,
with only 1 medication (oxprenolol) studied in a larger study
population.28 The effect of treatments studied in at least 3 articles
are shown in Figure 2. Propranolol up to 240 mg daily was
investigated in 12 articles (including 3 grade III quality studies),
with a total of 56 subjects.Among the medications tested in
fewer than 3 articles, the following 3 medications were tested in
at least 1 class III study: sotalol, practolol, and atenolol. The class
III studies on sotalol 0.5 mg/kg showed a good-to-excellent
intervention effect and the study on atenolol showed minimal-
to-moderate effect, whereas the study on practolol 120 mg daily
showed no effect. In this study, sotalol and atenolol were
injected intravenously during a 4-minute period in weekly inter-
vals. All other treatments examined in fewer than 3 articles were
studied in class IV studies only.

Intervention Effect per Treatment Class

We grouped all interventions per treatment class (Table 1). The
largest number of studies, as well as the only class III evidence
studies, were performed with β-blockers (25 studies, 146 sub-
jects). With respect to surgery, only 1 case report was found on
ventral oral posterior nucleus of the thalamus (Vop) DBS with a
minimal-to-moderate effect.19

Level of Recommendation

There were no class I or II quality-of-evidence studies. Although
4 studies were RCTs, these did not meet all the criteria for classifi-
cation of AAN class I or II. As such, the effect of all investigated
treatments is considered unproven (level U recommendation:
insufficient data to support or refute use of a particular treatment).

Flowchart

To aid clinical decision making, we propose here a paradigm for
the management of bothersome medication-induced tremor
based on the aforementioned reported results (Fig. 3). The first
proposed step is to attempt sequential withdrawal, reduction, or
substitution of the most likely causative agents for a sufficient
period (eg, 3–6 months), similar to what is suggested for other
tardive syndromes.29 In 1 prospective cohort study, the response
rate to the withdrawal of dopamine modulators was as low as 1%
to 20%, with a remission rate of only 2%,30 whereas a post hoc
analysis found a higher improvement rate after discontinuation of
neuroleptics in patients with tardive dyskinesia (81% in patients
aged younger than 54.5 years and 46% in older patients).31

Despite insufficient evidence for the efficacy of medication with-
drawal (also for other medication-induced syndromes), this
appears to be a logical first step in clinical practice.

If medication withdrawal is not possible or the tremor persists,
we advise starting medication. In the flowchart, priority is given to
the medications for which more evidence for good-to excellent
effect is available. The first choice is thus reserved to treatment with
propranolol up to 100 mg daily (US Food and Drug Administration
[FDA]–suggested maximum dosage: 240 mg daily for essential
tremor). As a second choice, tetrabenazine could be considered up
to 100 mg/day. The FDA advises not to increase the dosage above
50 mg/day before cytochrome P450 2D6 genotyping, as poor
metabolizers are at an increased risk of overdosing.

If these treatments prove unsuccessful or produce adverse
effects, another β-blocker such as metoprolol up to 200 mg/day
may be useful as a next step.

If no medical treatment is successful and symptoms are dis-
abling, DBS could be considered based on the large experience
with tremor of other origins and the 2 available cases (including
the 1 described here) reporting encouraging results on
medication-induced tremor. However, because this treatment is
still supported by scanty evidence, this step in the flowchart is
marked as “consider to” to underline that the choice should be
made on clinical grounds on a case-by-case basis. Although there
is ample experience with thalamotomy to treat tremor of other
origins, we did not mention this explicitly in the flowchart
because of the lack of reported cases with medication-induced
tremor. Also, thalamotomy is currently advised as a unilateral
treatment, whereas medication-induced tremor is most often
bilateral.If stereotactic surgery is contraindicated, other second-
line medications for which less evidence is available could still be
tried. In this context, preference could be given to oxprenolol, a

TABLE 1 Continued

Class Drug No effect Minimal to moderate Good to excellent Total

NaSSA Mirtazapine 1 1

DBS Vop-DBS 1 1

Numbers indicate the number of articles stating the effect.
aOne or more level III studies.
NaSSA, noradrenergic and specific serotonergic antidepressant; DBS, deep brain stimulation; GABA, gamma-aminobutyric acid; Vop, ventral oral posterior nucleus of the
thalamus.
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FIG. 3. Suggested flowchart for the treatment of medication-induced tremor. The steps suggesting deep brain stimulation (DBS) or use of
other medications are marked as “consider to” because of the scanty of available evidence. *Nadolol, acetazolamide, donepezil,
potassium, pregabalin, primidone, sotalol, or vitamin B6.
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medication that showed minimal-to-moderate effect in 2 articles
that included a large number of subjects.28,33 Also for this step,
given the low quality of evidence, caution should be used.

Discussion
Treatment of refractory medication-induced tremor is challeng-
ing, and (international) guidelines are not available. We report
the successful long-term effect of thalamus DBS (Vim) in a
patient with a severe treatment-resistant medication-induced
tremor, which had been reported only in another case previously
(Vop). Furthermore, our systematic review showed that the exis-
ting literature is highly heterogeneous. Studies were scarce and
mostly limited to case reports or small case series. Therefore, the
quality of studies, both in terms of quality of evidence as well as
risk of bias, was low; with regard to quality of evidence, there
were no high-quality controlled trials, and the vast majority of
studies only met criteria for class IV (and a few class III). With
regard to the risk of bias, there was only 1 high-quality study,
few medium-quality studies, and many poor-quality studies. This
indicates a high risk of bias within the included studies.

The lack of high-quality evidence on the treatment of
medication-induced tremor is most likely multifactorial. One
possible reason is the relative rarity of the disorder (2.4% among
people using antipsychotics)3 partly because of the
underreporting by patients and unawareness of physicians.34

Other factors are the heterogeneity of the presentation, cause,
and reaction to treatment and the lack of biomarkers and con-
sensus criteria to make a definite diagnosis, which make it diffi-
cult to gather large homogeneous cohorts.

Notwithstanding these limitations, the available literature sug-
gests that propranolol, tetrabenazine, and metoprolol may be
effective treatments, where propranolol has been studied most
extensively.

In the proposed treatment flowchart (Fig. 3), we propose to
consider sequential withdrawal of suspect medication as a first
step. The persistence of diagnosed medication-induced move-
ment disorders for months or even years after withdrawal of the
suspected medication has been previously reported.35 The quite
low30 or incomplete31 response rates reported in some studies
could be caused by a (long-term) alteration in the receptor pro-
file or maladaptive plasticity changes, but could also indicate an
insufficient follow-up, progression of a preexisting unnoticed
movement disorder, or a latent condition (eg, Parkinson’s dis-
ease, essential tremor) exposed by the use of the suspected drug.

Medication withdrawal is not always possible on clinical gro-
unds and should always be closely supervised to monitor the
underlying disorder, especially in case of psychiatric disorders,
ideally in the context of a multidisciplinary team.

β-blockers in general were the most studied drug category
with the highest class of evidence and showed an overall good
effect on medication-induced tremor. Explaining the effective-
ness of these treatments on a structural level is difficult, as the
pathophysiology of medication-induced tremor is poorly

understood.36 The effectiveness of β-blockers is also supported
by the clinical experience with these agents in other types of
tremors, such as essential and enhanced physiological tremors.
Multiple studies have argued that the tremorolytic action of
β-blockers is peripherally mediated, possibly at the level of the
β-2 adrenergic receptors of skeletal muscle spindles.37–39 This
would explain the nonspecific effect of β-blockers on different
kinds of tremor. Although results indicate mainly good-to-
excellent effect in monoamine reuptake inhibitors, this was
driven almost exclusively by studies with tetrabenazine.
Tetrabenazine is a benzoquinolizine pharmacore that selectively
depletes vesicular monoamines through inhibition of vesicular
monoamine transporter type 2 (VMAT2) and improves hyperki-
netic syndromes.40 Because tardive syndromes are thought to be
caused by dopamine hypersensitivity, reducing postsynaptic
dopamine receptor stimulation by inhibition of VMAT2 may
also improve tardive syndromes.41,42 For tetrabenazine there is
level C recommendation that it is effective for the treatment of
tardive dyskinesia,12 suggesting that it could be effective in
tardive tremor as well.

It is also important to notice that new compounds of the fam-
ily of vesicular monoamine transporter 2 inhibitors, namely,
deutetrabenazine and valbenazine, have recently entered the
market. Both are shown to be safe and are FDA approved.43–45

Deutetrabenazine seems to be safer than tetrabenazine in the
treatment of Huntington’s disease.46 Although there are cur-
rently no reports for the treatment of tardive tremor, this might
be a promising option in the future.47 Studies on anticholinergics
and antihistaminic drugs produced disappointing results with
either minimal-to-moderate or no effect. Although anticholiner-
gics are commonly used in the treatment of tardive syndromes,
the available evidence does not confirm their efficacy.48,49

Results on a number of drugs studied in fewer than 3 articles
(acetazolamide, arotinolol, donepezil, potassium, pregabalin,
primidone, sotalol, and vitamin B6) show good-to-excellent
effect, indicating that these drugs may be candidates for future
research as well. Importantly, all of the aforementioned drugs
have a specific range of adverse effects, which can be more com-
mon in certain categories of patients. For example, β-blockers
are contraindicated in patients with asthma and should be used
with caution in patients under treatment for cardiovascular
pathologies, tetrabenazine is contraindicated in patients with
depressive symptoms or a history of suicide attempts, and anti-
cholinergics have a high incidence of adverse effects (eg, cogni-
tive problems, dizziness, constipation), especially in older
individuals.

DBS treatment may be effective in medication-induced
tremor: our literature search revealed 1 case with minimal-to-
moderate effectiveness of Vop-DBS, and our own case
showed a good-to-excellent effect of Vim-DBS. In another
case, Vim-DBS showed a good-to-excellent response on a
possible tardive tremor. However, this study was excluded
from this review because the authors could not rule out
essential tremor as an alternative diagnosis because of a posi-
tive family history for tremor and the responsiveness of
tremor to alcohol.50
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Although evidence for the effectiveness of DBS on
medication-induced tremor is very scarce and therefore definite
conclusions cannot be drawn, positive effects of thalamic DBS
have been shown in other forms of tremor5,51 and in other
tardive syndromes (with different targets).11,12

However, the risks related to DBS surgery need to be consid-
ered before indicating this invasive therapy.52 Furthermore, DBS
for movement disorders is contraindicated for subjects with active
psychiatric conditions. Subjects with a history of psychiatric epi-
sodes are considered to be at risk of symptom recurrence after
surgery as a result of stressors around the surgical procedure and
possibly also attributed to direct stimulation effects. Nevertheless,
this has not been frequently reported in patients with tardive
syndromes who had a stable control of the psychiatric symptoms
at the time DBS surgery.32 Similarly, no psychiatric adverse effects
or deterioration or previous psychiatric conditions were observed in
our patient, who was under stable symptom control at the time of
surgery. However, as the perspective of these positive effects and
possible risks are valued differently by every patient, decision mak-
ing seems best to be performed on a case-by-case basis and after
extensive discussion with the patients and their caregivers.Given the
heterogeneity of this class of patients, the choice of both medical
and surgical treatment strategies should also be accurately weighed
against possible individual contraindications and the subjective risk
of specific medication-induced adverse effects, thus the diagram
should be evaluated case by case.

Our study has several limitations. First, there was a large variety
of medications reported to induce tremor as well as a large variety
of treatments investigated with heterogeneous methods. Most of
the studies were case reports and case series, which could generate
a publication bias, perhaps leading to an overestimation of the
effects. Unfortunately, because the quality of the included studies
was low, lacking large randomized controlled clinical trials and
comparative trials and often presenting incomplete clinical data, all
reported effects remain unproven (level U recommendation),
which makes it difficult to draw definite conclusions. Further-
more, reports were not always accurate, for example, a clear dis-
tinction between tardive tremor and other forms of medication-
induced tremor was often missing. However, we do not expect
that treatment of medication-induced tremor in general would
differ substantially from treatment of tardive tremor.

Because of the low quality of the majority of articles included,
there was insufficient information available to properly verify the
originally reported diagnoses of medication-induced tremor.
Therefore, we accepted the original authors’ diagnoses, possibly
leading to bias in our review. Another limitation is the necessity of
converting subjective into objective data, possibly inducing errors.
Also, because of the scarcity of studies and the lack of identifica-
tion of the causative agents, we could not subcategorize the
results, leading to generalized conclusions. Lastly, we used the
number of articles that examined the intervention as a way of
determining the power of each intervention effect because the
number of different sources can be important to establish the cred-
ibility of the results. As most articles included only a few partici-
pants, classifying treatment effects based on the number of patients
tested instead would have resulted in similar results, with

oxprenolol as the only notable exception, as mentioned
previously.

Notwithstanding the limitations, we believe our results do have
merit. First, this is the first effort to review themedical and surgical treat-
ment options for medication-induced tremor. With our categorization
method, we managed to pool results from a heterogeneous group of
studies. Despite the lack of high-quality evidence, our data clearly
identify at least 3 medications that appear to have good-to-excellent
effectiveness (propranolol) or a trend toward good-to-excellent effec-
tiveness (tetrabenazine and metoprolol). Moreover, we identified other
medications that are mostly proven not useful and could be avoided in
clinical practice. Based on this knowledge, we created a treatment algo-
rithm thatmay serve as a starting point to aid clinical decisionmaking.

In conclusion, our review identified a clear knowledge gap,
which could be used a starting point to guide future research into
medication-induced tremor. In particular, high-quality studies
are not only needed for the drugs that have had promising results
in preliminary reports but also the new medications that have
recently entered the market, such as deutetrabenazine,
valbenazine, or perampanel. Finally, the successful treatment of
our patient with a severe, refractory medication-induced tremor
with Vim-DBS should encourage clinicians to consider referral
of similar patients to a DBS center to explore the possibility of
stereotactic treatment.
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