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Abstract. The pathophysiology of Parkinson’s disease (PD) tremor remains incompletely understood and there is a lack of
clinical trials specifically addressing its pharmacological treatment. Levodopa is the most efficacious drug for most patients
and should be used as primary approach to control troublesome tremor. While the efficacy of oral dopamine agonists on PD
tremor has been demonstrated in controlled trials, there is no evidence of greater antitremor efficacy compared to levodopa.
The magnitude of the antitremor effect of anticholinergics is generally lower than that of levodopa. Due to their adverse effects,
anticholinergics have a limited role in selected young and cognitively intact patients. Propranolol may improve resting and
action tremor and may be considered as an adjunct in patients with insufficient tremor response to levodopa and this also
applies to clozapine, despite its unfavorable adverse effect profile. Treating motor fluctuations with MAO-B and COMT
inhibitors, dopamine agonists, amantadine, or on-demand treatments such as subcutaneous or sublingual apomorphine and
inhaled levodopa as well as with continuous infusions of levodopa or apomorphine will improve off period tremor episodes.
For patients with drug-refractory PD tremor despite levodopa optimization deep brain stimulation and focused ultrasound
are first-line considerations. Surgery can also be highly effective for the treatment medication-refractory tremor in selected
patients without motor fluctuations. The present review highlights the clinical essentials of parkinsonian tremor, critically
examines available trial data on the effects of medication and surgical approaches and provides guidance for the choice of
treatments to control PD tremor in clinical practice.
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INTRODUCTION

The presence of classical asymmetric 4-6-Hz rest-
ing tremor has remained an important criterion for
a clinical diagnosis of Parkinson’s disease (PD) ever
since its first meticulous description by James Parkin-
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son in 1817. Tremor is also one of the most obvious
clinical signs of PD and can be distressing even
when its severity or impact on motor function is
limited. The pathophysiology of PD tremor remains
incompletely understood and, in contrast to bradyki-
nesia and rigidity, its severity is not related to the
overall degree of nigro-striatal dopaminergic dener-
vation [1–3]. The response of tremor to levodopa
is often perceived as less consistent than that of
bradykinesia and rigidity, although underdosing of
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levodopa or non-adherence are important causes of
poor tremor control in clinical practice [4]. In a
subgroup of patients, PD tremor can be genuinely
resistant to dopaminergic or other drug therapies,
and this scenario is an important indication for deep
brain stimulation (DBS) surgery and, more recently,
alternatively for focused ultrasound thalamotomy [5].
However, ‘drug-resistance’ of PD tremor has never
been formally defined and the efficacy of different
classes of PD medication specifically on tremor has
not been reviewed in a comprehensive manner. The
present review will highlight the clinical essentials
of PD tremor including diagnostic pitfalls, summa-
rize current knowledge on pathophysiology, critically
examine available studies providing controlled data
on medication effects on tremor in PD and finally
provide guidance for the choice of drug regimens to
control PD tremor in clinical practice.

METHODS

We reviewed English-written articles and abstracts
published in PubMed between 1967 and August
2022 using the keywords ‘Parkinson’s disease’ AND
‘tremor’ AND ‘treatment’ or ‘randomized clini-
cal trial’, ‘clinical trial’, ‘dopa’, ‘levodopa’, ‘MAO
B inhibitor’, ‘selegiline’, ‘rasagiline’, ‘safinamide’,
‘COMT inhibitor’, ‘tolcapone’, ‘entacapone’, ‘opi-
capone’, ‘dopamine agonist’, ‘pramipexole’, ‘ropini-
role’, ‘rotigotine’, ‘piribedil’, ‘pergolide’, ‘apomor-
phine’, ‘anticholinergic’, ‘trihexiphenidyl’, ‘biperi-
den’, ‘beta blocker’, ‘propranolol’, ‘clozapine’,
‘adenosine receptor antagonist’, ‘istradefylline’,
‘zonisamide’, ‘cannabinoid’, ‘cannabidiol’, ‘tetrahy-
drocannabinol’, ‘botulinum toxine’, ‘deep brain
stimulation’, ‘subthalamic nucleus stimulation’,
‘thalamic stimulation’, ‘pallidal stimulation’, ‘tha-
lamotomy’, or ‘focussed ultrasound’. Using similar
key words we reviewed ongoing trials on the
https://clinicaltrials.gov/ website. Previously pub-
lished reviews on the treatment of PD tremor were
scanned for additional references. Abstracts from the
International Congress of Movement Disorders and
Parkinson’s Disease from the years 2020 and 2021
were searched for abstracts covering new treatment
trials of PD tremor.

Randomized, placebo-controlled trials were
included for further review. For drugs without
evidence from randomized controlled studies, lower
quality studies including post-hoc analyses from
randomized trials, open label trials and single dose

studies, were also reviewed. Additionally, relevant
literature on the phenomenology and pathophysiol-
ogy of PD tremor published up to August 2022 was
reviewed.

CLINICAL CLASSIFICATION AND
PHENOMENOLOGY OF TREMORS IN PD

Tremor is defined as an involuntary rhythmic oscil-
lating movement of a body part [6], usually as a result
of alternating contractions of agonistic and antago-
nistic muscles. The classical tremor presentation in
PD is a 4–6 Hz asymmetric resting tremor of the dis-
tal extremities (Supplementary Video 1), which may
be provoked or exacerbated by actively moving other
body parts (e.g., hand tremor during walking), cog-
nitive tasks, or stress [6, 7]. Cranial resting tremor
presentations may involve the head, lips, tongue, or
chin, but are less common (Supplementary Video 2)
[8]. Classical resting tremor is one of the cardinal
motor features of PD. Resting tremor is a presenting
feature in approximately 70% of patients [8, 9] and
was recorded in about 77% of patients at some stage
during the course of PD in a clinicopathological study
[9]. Ephemeral episodes of tremor may be observed
in some people years before the onset of classical
motor signs and a diagnosis of PD [10].

Resting tremor commonly abates with voluntary
movement of the affected body part (e.g., lifting an
affected hand) but can re-occur on posturing or dur-
ing movement after a delay (Supplementary Video
3). This re-emergent tremor is in the same frequency
range as resting tremor and the severity of the tremor
in the two situations is usually correlated [11, 12].
The average latency for a resting tremor to re-emerge
with tonic muscle activation is around 9 seconds, with
a broad interindividual range from 1 to more than
30 seconds [11]. Tremor may also affect the legs
during standing, where it has been called ‘pseudo-
orthostatic’ [13] (in contrast to the separate entity
orthostatic tremor, which has a much higher fre-
quency).

Areas of phenotypic overlap between PD and
essential tremor (ET) include the occurrence of
higher frequency action tremors in PD. In patients
with ET who also exhibit resting tremor, a helpful
sign in the differential diagnosis from PD tremor is
the lack of upper extremity resting tremor suppression
with postural muscle activation [14]. However, it is
possible to have a similar postural tremor that arises in
the context of PD which is apparently not ET. A study

https://clinicaltrials.gov/
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has shown that around 20% of patients with tremulous
PD exhibited postural tremor of a higher frequency
than re-emergent tremor and without amplitude sup-
pression [15]. Isolated asymmetric postural tremor,
without resting tremor, can also occur as an early
sign of PD and may be a source of diagnostic confu-
sion [11, 16]. On the other hand, PD emerges in some
patients with long-standing ET and some researchers
have argued that PD risk is increased in ET [17, 18].
However, in many of these cases, the latency between
the onset of ET and PD symptoms was in the range
of only a few years. The initial sign in most patients
with a putative history of ET is resting tremor, and
the side of the body with predominant PD tremor
usually matches that with predominant ET tremor
[17]. These facts cast doubt on the accuracy of the
initial diagnosis of ET in some of these patients.
Nevertheless, a substantial overlap between PD and
ET can be expected based on the high prevalence of
both conditions. Many PD patients develop a kinetic
tremor of low amplitude during grip and lift maneu-
vers which can contribute to impaired dexterity [19].
Action tremor with higher frequency than resting
tremor responds less well to dopaminergic treatment
than classical resting tremor or re-emergent tremor
[15, 20], and there is ample evidence from neurophys-
iological studies that resting tremor and action tremor
in PD are subserved by different neuronal networks
([15, 21], see below).

The contribution of tremor to the progression of
disability in PD appears to be different from the other
cardinal motor features. While tremor progression
from the initially affected limb to the other extremities
is commonly observed during the first years of disease
[8], the average rate of worsening of resting tremor
appears to be slower than the worsening of bradyki-
nesia, rigidity, and axial symptoms [22]. Tremor can
even be greater on the side opposite the one affected
by more severe bradykinesia, a clinical constellation
denoted as “wrong-sided tremor” [23, 24]. Whereas
there is a clear correlation between the degree of
bradykinesia and rigidity in PD, neither the severity
of resting tremor nor that of action tremor are related
to bradykinesia or rigidity scores [25]. The latter is
supported by studies investigating the dimensional-
ity of the UPDRS motor section where tremor ratings
represented an independent factor without significant
correlation to the symptom factors rigidity, bradyki-
nesia, axial symptoms/gait, and speech/hypomimia
[26].

These specific aspects in the clinical expres-
sion of tremor compared to bradykinesia, rigidity,

postural instability, and gait disorder have been
used as the basis for empirical definitions of
PD-subtypes, including rigid-akinetic or postural
instability/gait difficulty type and tremor-dominant
PD [27]. ‘Benign-tremulous’ parkinsonism has been
empirically defined as a variant of PD marked by a
predominance of resting tremor, often accompanied
by action tremor, very slow progression without the
development of gait impairment over at least 8 years’
disease duration and a lack of cognitive decline [28,
29]. However, subjects who initially meet criteria for
benign tremulous PD nearly always develop com-
mon features of advanced PD during the final stages
of their disease course [29]. According to a clinico-
pathological study, the slower clinical progression
in benign tremulous PD correlates with less severe
neuronal loss in the substantia nigra as compared
to the general PD population [29]. Similarly, post-
mortem studies found less marked dopamine nerve
cell loss and less severe striatal dopamine loss in
tremor-dominant than in other clinical subtypes of PD
[30, 31]. However, it is conceivable that the overall
milder dopaminergic deficit in tremor-dominant ver-
sus other subtypes of PD may be an artefact due to the
earlier recognition and diagnosis of tremor-dominant
PD because tremor is such an obvious clinical sign
that is commonly associated with PD.

The response of tremor to levodopa and other
antiparkinsonian drugs is less consistent than that
of bradykinesia and rigidity [32]. Whereas some
patients may show an excellent response (for an illus-
trative example, see Supplementary Video 4a, b),
others do not respond to standard doses of levodopa
and end up with “treatment-resistant” tremor. The
variability of drug response as well as the temporal
variability and alterations in severity of tremor dur-
ing the course of PD remain poorly understood. In an
open observational study of PD patients with severe
resting tremor off medication, those with longer dis-
ease duration and more severe motor impairment, in
particular those with more severe bradykinesia and
rigidity, showed a better tremor response to levodopa
than patients predominantly affected by tremor [33].
The correlation between clinician-rated, semiquan-
titative measures of tremor and patient-experienced
tremor intensity is moderate at best [34]. In gen-
eral, patients tend to overestimate the severity of
resting tremor [35]. PD resting tremor is amplified
by cognitive stress. A recent study using accelerom-
etry showed that cognitive co-activation reduced
the response of resting tremor to levodopa [36]
and patients’ subjective experience of the effect of
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levodopa on tremor during cognitive coactivation is
more closely related to objective measures of tremor
improvement than during relaxation [34]. This sug-
gests that patients may evaluate the antitremor effect
of levodopa mainly based on its ability to reduce
tremor during stress.

Improved methods of PD tremor assessment
including long-term measurements using wearable
sensors may be needed to better understand treatment
effects.

PATHOPHYSIOLOGY OF PD TREMOR
AND TARGETS FOR DRUG THERAPY

Neurophysiological studies have identified mul-
tiple sites of oscillatory activity both within and
outside the basal ganglia [37]. In PD patients and
primates with experimental parkinsonism, neurons
in the striatum, globus pallidus, and subthalamic
nucleus discharge in oscillatory bursts at the tremor
frequency or at double or triple the tremor frequency
but these oscillations are not consistently coherent
with simultaneously recorded tremor. This is in con-
trast to a high tremor synchronicity of neurons in the
thalamic ventral intermediate nucleus (VIM) [38].
The VIM is part of the cerebello-thalamo-cortical cir-
cuit whereas the ventral anterior nucleus represents
the target of basal ganglia output to the thalamus.
Synchronization of basal ganglia neuronal activity
in the beta range (15–30 Hz) is closely related to
bradykinesia and rigidity but not to tremor [39]). In
contrast, tremor is related to oscillatory activity in the
motor cortex and cerebellum [40], suggesting that the
cerebello-thalamo-cortical circuit may be essential
for the expression of resting tremor [41]. According to
the “dimmer-switch model” of parkinsonian resting
tremor, the initiator of tremor episodes is localized in
the basal ganglia and triggers tremor-related activity
in the cerebello-thalamo-cortical circuit, which deter-
mines tremor intensity. According to this model, both
circuits converge in the motor cortex [41] although it
is now clear that there are subcortical connections
between cerebellum and basal ganglia [42]. Loss of
dopaminergic projections to the internal globus pal-
lidus and thalamus appear to be critical determinants
of tremor control [43].

The cerebello-thalamo-cortical pathway appears
to play a larger role in the generation of postu-
ral tremor than in resting tremor in PD [44, 45].
Transcranial magnetic stimulation (TMS) over the
cerebellum resets postural tremor (specifically shown

for re-emergent tremor by Helmich et al. [45]) but not
resting tremor. In these studies, TMS over the motor
cortex resets both resting and postural tremor.

Neurons in the different basal ganglia nuclei and
thalamus can have 3 different types of behavior, theta
(or tremor) frequency, beta frequency, or no clear
oscillatory behavior [46, 47]. Neurons can change
their behavior; thus, when there is more tremor activ-
ity, there will be less beta activity. This phenomenon
can be observed with local field potentials as well,
leading to observations such as the emergence of rest-
ing tremor being associated with attenuation of beta
band oscillations in the subthalamic nucleus [48].
According to the dimmer-switch model, it is a change
in the basal ganglia that initiates the tremor activity,
but the cellular mechanism of such a change is not
known. In line with this hypothesis, tremor mainte-
nance was associated with beta power suppression
as well as subthalamic and cortical power increases
around the individual tremor frequency [49], suggest-
ing that the subthalamic nucleus may be a critical hub
for both onset and maintenance of resting tremor.

Current invasive therapies of PD tremor such
as DBS or focused ultrasound (FUS) target criti-
cal nodes in tremor-related oscillatory networks like
the VIM or subthalamic nucleus. In contrast, the
exact sites of action of pharmacological therapies
of PD tremor are less clear. Dopaminergic striatal
denervation is a prerequisite for the emergence of
parkinsonian resting tremor and other cardinal motor
features. However, in contrast to bradykinesia, the
severity of parkinsonian tremor is poorly correlated to
indices of dopaminergic deficiency like the degree of
nigral cell loss, striatal dopamine loss, or the decrease
of the dopamine metabolite homovanillic acid in cere-
brospinal fluid [50–52]. Likewise, fluorodopa PET
and dopamine transporter (DAT) SPECT imaging
studies found a pronounced inverse correlation of
striatal uptake with bradykinesia, a moderate inverse
correlation with rigidity and axial symptoms, but no
correlation with tremor [1–3]. The lack of correlation
with striatal DAT binding applies to resting as well
as to action tremor in PD [3].

Such discrepancies with the obvious anti-tremor
efficacy of dopaminergic drugs in a majority of
patients may be the result of differences between
the pattern of dopaminergic degeneration underly-
ing bradykinesia and tremor in PD. A small post
mortem study observed more severe DA cell loss
in the retrorubral field A8 in tremulous vs. non-
tremulous PD [53]. Dopaminergic degeneration of
the retrorubral field may contribute to the generation
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of tremor via more recently described projections to
the subthalamic nucleus, globus pallidus or thalamus
[54].

Dopaminergic dysfunction in the globus pallidus
may indeed play a role in PD tremor as suggested by
some, but not all studies. In a SPECT study involving
16 tremor-dominant and 19 non-tremor PD patients,
the side-to-side difference in resting tremor severity
correlated with the side-to-side difference in pallidal
DAT binding, which the authors took as an argu-
ment that differences in pallidal dopamine function
may trigger PD tremor [55]. However, subsequently
a large study involving 382 de novo patients from the
PPMI cohort found no correlation of pallidal DAT
uptake with resting tremor amplitude or constancy in
tremor-dominant PD and in the total cohort of PD sub-
jects, making differences in pallidal dopamine a less
likely determinant of PD tremor [56]. Alternatively,
direct dopaminergic projections to components of the
cerebello-thalamo-cortical circuit, in particular the
VIM as thalamic relay of this pathway, have been
hypothesized to be involved in the control of PD
resting tremor [43].

In addition to loss of nigral dopaminergic neurons,
PD is characterized by a degeneration of serotonergic
and noradrenergic projections originating in the mid-
brain raphe nuclei and locus coeruleus and alterations
in these non-dopaminergic systems have been put
forward as possible contributors to the development
of tremor. A postmortem study found no signifi-
cant difference in dorsal raphe cell counts between
tremulous and rigid-akinetic PD but less severe cell
loss in the locus coeruleus in tremulous vs. rigid-
akinetic PD [30]. Studies of serotonin transporter
(SERT) availability in the brainstem, striatum, and
thalamus found lower SERT levels in these regions
in tremor-dominant vs. other subtypes of PD, though
the absolute differences were quite small [57, 58]. In
the Loane et al. (2013) study, the decrease in SERT
correlated with action-postural tremor, but not rest-
ing tremor [57]. In line with these SERT imaging
studies, a 11C-WAY 100635 PET study found an
inverse correlation of raphe serotonin 5HT1A recep-
tor binding with resting tremor and total (resting plus
action) tremor [59]. These findings do not correlate
with the absence of an established effect of seroton-
ergic agents on PD tremor in clinical trials [60–62].
Agonism at 5HT1A and antagonism at 5HT2A recep-
tors, however, may contribute to the antitremor effects
of clozapine [63], suggesting that new drugs acting
on these receptors may be potential targets for anti-
tremor drug development [64].

The anti-tremor effect of anticholinergics in PD has
been traditionally explained by a potential compen-
sation of a striatal imbalance of reduced dopamine
and increased cholinergic neurotransmission [65].
However, pathology and imaging studies rather point
towards a reduction of cholinergic markers in PD and,
according to a recent PET imaging study, parkin-
sonian tremor is correlated to reduced cholinergic
nerve terminal function in the putamen and the cere-
bellar vermis [66]. Cholinergic interneurons make
up only 1–2% of all striatal neurons but project
widely throughout the striatum. The large aspiny
cholinergic interneurons tonically interact with most
neuronal components of the striatum via synaptic and
non-synaptic transmission and thus have substantial
impact on striatal microcircuitry function [67]. In
mice, dopamine deficiency has been shown to reduce
striatal cholinergic activity, but dopamine release
from remaining nerve terminals increased the avail-
ability of acetylcholine, which may contribute to the
imbalance and the expression of parkinsonian motor
features [68]. In addition, dysfunction of cholinergic
projection systems including the pedunculopontine-
laterodorsal tegmental complex probably contributes
to the development of non-motor and motor fea-
tures from the earliest stages of PD [66]. Although
it is unclear if these mechanisms also contribute to
the development of PD tremor, the clinical efficacy
of anticholinergic drugs and the effect of antimus-
carinics [69] in experimental models as well as ample
evidence of a clinical effect in PD patients [70] all
support a role of the cholinergic system in PD tremor.

Anatomical regions involved in the pathophysiol-
ogy of PD tremor and specifics of neurotransmission
differentiating the tremor-dominant variant from
other motor subtypes of PD are illustrated in Fig. 1.

DRUGS TARGETING PD TREMOR:
EVIDENCE FROM TRIALS

Few drug trials in PD have specifically focused
on tremor. The available trial literature and rele-
vant references are summarized in the Supplementary
Material.

Dopaminergic agents

Levodopa
Levodopa is the most efficacious drug for the

treatment of motor symptoms of PD [71, 72] and
this includes the symptomatic control of PD tremor,
although published data from controlled trials of lev-
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Fig. 1. Anatomical regions (bold) involved in the pathogenesis of parkinsonian tremor. Distinctive changes in neurotransmission differen-
tiating the tremor-dominant variant from other motor subtypes of Parkinson’s disease in italics. DA, dopamine; STN, subthalamic nucleus;
VIM, ventral intermediate nucleus of the thalamus; SNpc, substantia nigra pars compacta; RRF, retrorubral field; GP, globus pallidus; 5-HT,
serotonin; NE, norepinephrine; LC, locus coeruleus.

odopa have rarely reported differential effects on
the different cardinal motor features. In his seminal
paper on the efficacy of levodopa George Cotzias
noted that “the sequence in which the signs of
Parkinsonism responded seemed to be the follow-
ing: first akinesia, then rigidity and finally tremor.”
[73]. He also noted that tremor sometimes emerged
after improvement of rigidity but tended to respond
to higher doses of levodopa. Overall, all motor
symptoms including tremor improved [73]. The first
double-blind, placebo-controlled trial of levodopa
reported a similar long-term effect of levodopa on
bradykinesia, rigidity, and tremor [74]. A recently
published post-hoc analysis of the randomized-
controlled LEAP-study [75] also reported similar
effect sizes of levodopa for the three cardinal motor
domains bradykinesia, tremor, and rigidity in early
PD (see Supplementary Material for further details
and studies).

The beneficial effect of levodopa on PD tremor
applies to both resting and postural tremor [76, 77],
although none of the studies clarified if the postural
tremor studied was re-emergent tremor or a higher
frequency postural tremor. The antitremor effect of
levodopa and apomorphine appear to be at least as
good as, if not better than that of anticholinergics
[78–80]. Levodopa may be superior to propranolol in
suppressing postural tremor [77], although this may
reflect levodopa’s good effect on re-emergent and not
on high-frequency postural tremor. The proportion of

patients with PD tremor resistant or poorly respon-
sive to levodopa and the dose-response relationship
of tremor have never been investigated. Furthermore,
the effect of higher levodopa doses or higher single
levodopa doses on poorly responsive tremor has not
been formally studied.

MAO-B and COMT inhibitors
Post hoc analysis of the pivotal rasagiline tri-

als suggests that MAO-B inhibitors and the COMT
inhibitor entacapone added to levodopa may lead
to an improvement of tremor [81]. This is in
line with the established efficacy of both COMT
and MAO-B inhibitor adjunct therapy in improving
motor symptoms and also with clinical experi-
ence, showing that an increase of levodopa dose
or adjunct therapy with enzyme inhibitors can lead
to an improvement of previously suboptimal tremor
control.

Dopamine agonists
The effect of dopamine agonists on tremor poorly

responsive to standard levodopa treatment was inves-
tigated in two randomized controlled trials involving
pramipexole and pergolide [82, 83]. In addition, the
effect of ropinirole on PD tremor was studied by
post hoc analysis of three pivotal trials [84]. Over-
all, these studies confirm the effect of oral dopamine
agonists on PD tremor when taken as monotherapy
as well as when administered as adjunct to levodopa.
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Since the dopamine agonist trials in patients with
insufficiently controlled tremor on levodopa [82, 83]
did not have a control arm of increased levodopa
dose they do not allow conclusions about possible
higher efficacy of agonists compared to levodopa.
Such enhanced agonist efficacy would seem unlikely
given the consistent evidence from comparative ran-
domized controlled trials showing a weaker overall
effect of oral dopamine agonists on motor symptoms
compared to levodopa [85].

Apomorphine is the only antiparkinsonian agent
with an effect size on motor symptoms that is equiv-
alent to that of levodopa ([86] for review). This
includes similar anti-tremor effects compared to lev-
odopa as shown in single-dose challenge studies [79,
87].

Non-dopaminergic agents

Anticholinergics
Anticholinergics were the earliest pharmacolog-

ical agents developed for the treatment of PD.
For historical reasons, most studies documenting
their efficacy do not match current standards for
randomized controlled trials but consistently show
improvements of parkinsonism both as monother-
apy and as adjuncts to levodopa [71]. Single dose
comparative studies with dopaminergic agents have
documented a stronger effect on tremor than on other
motor symptoms. However, the effect size of anti-
cholinergics on PD tremor did not exceed the effect
of levodopa or apomorphine [79] and may be even
lower. The clinical utility of anticholinergics in PD is
limited by their poor tolerability: Due to their periph-
eral antimuscarinic action, they are contra-indicated
in narrow-angle glaucoma and tachycardia. They may
cause blurred vision due to accommodation impair-
ment, urinary retention, dry mouth, and impaired
sweating. Their central nervous adverse effects limit
their use, in particular in cognitively impaired and
elderly patients in whom they may worsen cognition
and induce confusional states, although such adverse
effects may also occur in cognitively intact patients
[70]. In addition, a negative impact on gait has been
described [88] and withdrawal may lead to deteri-
oration of motor symptoms [70]. This unfavorable
adverse effect profile calls for restrained use of anti-
cholinergics in PD. In health care settings where other
choices are available, anticholinergics should only be
considered in young and cognitively intact tremor-
dominant patients with insufficient tremor control
on optimized dopaminergic treatment, and clinicians

should actively monitor cognitive tolerability during
treatment.

Amantadine
Amantadine is thought to exerts its effect on

PD motor symptoms by blocking NMDA receptors,
which modulate glutamatergic-dopaminergic inter-
actions in the basal ganglia. Nowadays, amantadine is
mainly used for the treatment of motor complications,
in particular dyskinesias. Most studies in PD patients
without motor complications were conducted in the
early 1970 s and do not meet current methodologi-
cal standards. Systematic reviews by the Movement
Disorder and Parkinson’s Disease Society classified
amantadine only as likely efficacious in symptomatic
monotherapy or adjunct therapy of stable PD [63,
72]. Available evidence from older clinical studies
points towards a weak effect on PD tremor, with an
effect size markedly below that of levodopa and anti-
cholinergics [89, 90]. However, the recent finding of a
significant off time reduction with controlled-release
amantadine [91] makes it likely that off period tremor
responds to amantadine.

Beta blockers
Several small studies point towards a possible

effect of propranolol and other beta-adrenoceptor
antagonists (beta blockers) on tremor in PD, although
evidence from adequately powered randomized
controlled trials is lacking [92]. Adjunct therapy
with beta blockers has been suggested to improve
both resting and postural tremor in PD [89]. The
mechanism underlying this effect is not entirely
clear but may involve effects on beta2 recep-
tors on central tremor-oscillators and an indirect
effect on stress-related adrenergic activation, which
commonly enhances PD tremor [36, 93]. In addi-
tion, effects of beta blocking agents on action
tremor in PD could also be mediated by periph-
eral effects akin to those in ET [94]. The most
common side effects include hypotension, bradycar-
dia, fatigue and erectile dysfunction and their use is
contraindicated in patients with higher-degree AV-
conduction blocks and severe obstructive pulmonary
disease [95].

Benzodiazepines
Based on very limited evidence, clonazepam does

not appear to be useful in the treatment of PD.
Although a short-term effect on stress-enhanced
tremor components is conceivable, this class carries
a well-known risk of drug dependence. There is no
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evidence for an antitremor effect of primidone in PD
[89].

Clozapine
Clozapine is a first-line option for the treat-

ment of severe PD psychosis. It was studied as
an antitremor drug in several open-label and two
randomized, controlled studies [96, 97], demon-
strating an improvement of PD resting and action
tremor. Moreover, a randomized study of the effi-
cacy of clozapine in PD psychosis demonstrated an
improvement of tremor as compared to placebo [98].
Open-label studies have suggested that this beneficial
effect also occurs in PD tremor resistant to other med-
ications, including anticholinergics [99–101]. An
open-label observation over more than a year found
no evidence for the development of tolerance to the
antitremor effect [97]. Clozapine may have other ben-
eficial motor effects in PD including the improvement
of dystonic symptoms and of levodopa-induced dysk-
inesias [102, 103].

The clinical utility of clozapine for tremor is
limited by its risk to induce agranulocytosis and
other side effects including sedation [104]. Its use
as an antitremor agent in PD is off-label. Provided
that mandatory leukocyte monitoring regulations are
strictly followed, clozapine can be considered in
patients intolerant to other antitremor medications
and not eligible for tremor surgery. Slow dose titration
(starting at 6.25 or 12.5 mg), single dosing at bedtime
or prescribing a higher dose of clozapine before sleep
and a very low dose in the morning may improve
tolerability in patients responding with sedation or
orthostatic hypotension.

Cannabinoids
A number of patient surveys and open-label studies

suggest that smoked cannabis and oral cannabinoids
(tetrahydrocannabinol, cannabidiol or mixed prepa-
rations) may improve PD tremor [105]. A randomized
crossover trial compared the effect of a single dose of
cannabidiol (CBD) and placebo on anxiety and PD
tremor induced by a simulated public speaking test.
CBD attenuated anxiety and tremor amplitude, sug-
gesting that CBD may be a beneficial in PD patients
with anxiety-related tremor [106]. Another random-
ized controlled trial found a beneficial effect of the
synthetic cannabinoid nabilone on PD non-motor
symptoms, in particular anxiety and sleep problems
[107]. According to a recently published patient
survey, substantially more PD patients observed an
improvement of tremor with tetrahydrocannabinol

(THC) or mixed preparations than with CBD [108].
Cannabinoids may be a class of drugs with the poten-
tial to ameliorate PD via the improvement of stress
and anxiety, which are common problems in PD.
Evidence for a direct antitremor effect is, however,
lacking and the dose range for the treatment of PD
tremor is unknown. Since CBD lacks psychotropic
effects, it is of particular interest in the PD popu-
lation and warrants further study. In real life, many
CBD products contain various levels of THC and
other contaminants, and even highly purified CBD
preparations are associated with adverse events when
dosed adequately [109]. Based on the low level of evi-
dence, cannabinoids cannot be recommended for the
treatment of PD tremor outside of clinical trials at
present.

Botulinum toxin
Botulinum toxin A (BoNT-A) is occasionally used

to treat sialorrhea or dystonic symptoms in PD
[110, 111]. Its effect on parkinsonian upper limb
tremor was investigated in open-label studies and
one randomized, placebo-controlled study ([112], see
Supplementary Material). These studies suggest that
BoNT-A injections can lead to an improvement of
disabling upper limb tremor in PD and that this may
be associated with clinically meaningful functional
improvement. BoNT-A treatment of the upper limbs
carries a risk of relevant (but transient) weakness,
which can be controlled by using targeted injection
techniques and cautious dosing, especially for hand
and finger extensors. This type of treatment is time-
consuming and requires a high level of physician
expertise. There is insufficient evidence to conclude
on the efficacy and usefulness of BoNT-A injections
as a treatment for jaw and chin tremor in PD (see
Supplementary Material).

TRANSLATING EVIDENCE FROM
TRIALS INTO CLINICAL PRACTICE

When initiating treatment, therapy of PD tremor
goes hand in hand with the treatment of other motor
symptoms. The choice of initial medication depends
on clinical factors like age, cognitive status, comor-
bidities and severity of motor symptoms, and the
side effect profile of a given therapeutic approach.
A summary of pharmacological and surgical treat-
ment options for PD tremor is presented in Table 1.
Practical recommendations for the management of
PD tremor are summarized below and presented in
Figs. 2 and 3.
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Table 1
Interventions against PD tremor

Intervention Mechanism of action Level of evidence* Comments

Dopaminergig agents
Levodopa striatal DA replacement +++ marked antitremor effect in majority of pts
Selegiline MAO-B inhibition + low antitremor effect
Rasagiline MAO-B inhibition + low antitremor effect, option to improve tremor associated with motor fluctuations
Safinamide MAO-B inhibition EO low antitremor effect, option to improve tremor associated with motor fluctuations
Tolcapone COMT inhibition EO antitremor effect via levodopa enhancement
Entacapone COMT inhibition + antitremor effect via levodopa enhancement
Opicapone COMT inhibition EO antitremor effect via levodopa enhancement
Pramipexole Direct D2/D3 receptor agonism ++ overall motor effect (including tremor) weaker than levodopa
Ropinirole Direct D2/D3 receptor agonism +++ overall motor effect (including tremor) weaker than levodopa
Piribedil Direct D2/D3 receptor agonism ++ overall motor effect (including tremor) weaker than levodopa
Rotigotine Direct D1/D2/D3 receptor agonism + overall motor effect (including tremor) weaker than levodopa
Apomorphine Direct D1/D2/D3 receptor agonism + antitremor effect similar to levodopa
Non-dopaminergig agents
Trihexiphenidyl Muscarinic ACh receptor antagonism ++ moderate antitremor effect, use only in young and cognitively intact pts
Bornaprin Muscarinic ACh receptor antagonism ++ moderate antitremor effect, use only in young and cognitively intact pts
Methixene Muscarinic ACh receptor antagonism ++ moderate antitremor effect, use only in young and cognitively intact pts
Benztropine Muscarinic ACh receptor antagonism ++ moderate antitremor effect, use only in young and cognitively intact pts
Amantadine Glutamate NMDA receptor antagonism ++ low antitremor effect, option to improve tremor associated with motor fluctuations
Propranolol Non-selective adrenergic �-receptor antagonism ++ moderate antitremor effect
Oxprenolol Non-selective adrenergic �-receptor antagonism ++ moderate antitremor effect
Clozapine 5HT1A receptor agonism, 5HT2A/5HT2C receptor

antagonism
++ may improve tremor resistant to DAergic medication, unfavorable AE profile

requiring safety monitoring
D2/D4 receptor antagonism, actions on other
receptors

Cannabidiol CB1/CB2 receptor partial agonism + investigational
Botulinum toxin A peripheral/reduction of muscle strength ++ treatment option in selected patients
Surgical treatments
STN DBS modulation of basal ganglia output +++ marked antitremor effect (includes levodopa resistant tremor)
VIM DBS electrical modulation of oscillatory VIM activity +++ marked antitremor effect (includes levodopa resistant tremor)
VIM FUS ablation of VIM oscillatory neuronal activity +++ marked antitremor effect (includes levodopa resistant tremor)
RF thalamotomy ablation of VIM or VOA oscillatory neuronal

activity
++ marked antitremor effect (includes levodopa resistant tremor)

GK thalamotomy ablation of VIM or VOA oscillatory neuronal
activity

+ generally marked antitremor effect (includes levodopa resistant tremor)

Levels of evidence: +++efficacy shown in at least one high quality randomized controlled trial. ++efficacy shown in at least one low-quality randomized controlled trial. +efficacy shown at least
in one randomized single-dose study, one case-control study. or one post-hoc analysis of randomized trials. EO expert opinion level of evidence. D1, D2, D3 receptor, dopamin D1, D2, D3
receptor; ACh, acetylcholine; NMDA, N-methyl-D-aspartate, 5-HT, 5-hydroxytryptamine; CB receptor, cannabinoid receptor; STN, subthalamic nucleus; DBS, deep brain stimulation; VIM,
ventral intermediate nucleus of the thalamus; FUS, high-intensity focussed ultrasound; RF, radiofrequency; GK, gamma knife; VOA, ventral oral anterior nucleus of the thalamus; AE, adverse
events.
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Fig. 2. Sequential treatment options in PD patients with insufficient tremor response to different baseline regimens. PD, Parkinson’s disease;
ICD, impulse control disorders; L-dopa, levodopa; DA, dopamine; rx, risk; STN, subthalamic nucleus; DBS, deep brain stimulation; VIM,
ventral intermediate nucleus of the thalamus; FUS, high-intensity focused ultrasound; pts, patients; motor compl., motor complications; inh.,
inhibitor; tx, treatment; MAO-B, monoamine oxidase B; COMT, catechol-O-methyl-transferase.

Fig. 3. Surgical options in-drug refractory PD tremor. *Age limit for STN DBS in patients with established motor complications 70–75
years. Note that VIM FUS in PD is usually performed unilaterally, resulting in unilateral tremor reduction in the contralateral hemibody. PD,
Parkinson’s disease; rx, risk; STN, subthalamic nucleus; DBS, deep brain stimulation; GPi, globus pallidus interna; VIM, ventral intermediate
nucleus of the thalamus; FUS, high-intensity focused ultrasound.

DRUG SELECTION AND DOSING
PRINCIPLES

The role of levodopa as the ‘gold-standard’ of
symptomatic efficacy relates to all cardinal motor
features of PD including tremor. If classical rest-
ing tremor does not respond to an adequate trial
of levodopa, it is unlikely to respond to other oral
dopaminergic agents. Levodopa also appears superior
to propranolol in suppressing postural tremor.

The proportion of patients with PD tremor resis-
tant or poorly responsive to levodopa has never been
formally studied nor have guidelines been formu-
lated on how to dose levodopa and to assess its
antitremor effect in order to define lack of response.
In the recently revised diagnostic criteria for MSA—a

condition where poor or absent response of parkin-
sonism to levodopa is a key diagnostic feature [113]
- daily levodopa doses of up to 1000 mg over at least
2 months are required to confirm lack of respon-
siveness, which may not be easily applicable or
advisable in patients with early PD. Nonetheless,
common clinical experience suggests that poorly
responsive tremor can be improved by increasing
the total daily dose of levodopa or optimizing its
delivery by avoiding administration close to meal-
times, by using enzyme inhibitors (MAO-B in stable
patients, or COMT inhibitors in fluctuating PD,
which may be combined with MAO-B inhibitors) and
dispersible formulations where available or, in fluc-
tuating patients, by using non-oral routes of delivery
of levodopa or apomorphine.
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Peripheral pharmacokinetic factors such as
impaired swallowing, altered gastric motility and
bacterial overgrowth leading to impaired absorption
of levodopa in the small intestine may contribute to
levodopa “pseudoresistance”, problems which might
be overcome by bypassing the oral route by direct
intestinal administration of levodopa in gel formula-
tions (with or without combined entacapone), or by
subcutaneous delivery of apomorphine (or levodopa
when this becomes available). Although ‘levodopa
resistant tremor’ has occasionally been listed as
a potential decision node towards DBS [114], in
patients with impaired levodopa absorption, par-
enteral administration of levodopa or apomorphine
may still be efficacious. The effect of these continu-
ous infusions in patients with ‘resistant tremor’ has
never been formally studied.

The use of oral non-ergot dopamine agonists to
improve PD tremor should follow the same principles
as have been formulated by international guidelines
for their use as monotherapy or levodopa adjuncts in
early and advanced PD [115–117]. Similarly to lev-
odopa, dopamine agonists likely improve not only
resting but also action tremor. Evidence from avail-
able studies does not allow conclusions on the effect
size of dopamine agonists specifically on PD tremor.
The overall effect of oral dopamine agonists on motor
symptoms is weaker than the effect of levodopa
[85, 117], and there is no evidence to suggest supe-
rior antitremor efficacy. Dopamine agonist treatment
carries a substantial risk of inducing impulse con-
trol disorders and excessive daytime sleepiness, but
initial agonist monotherapy remains an option for
patients at high risk to develop motor complications
[115–117]. The goal of delaying motor complications
and a potentially additional antitremor effect should
always be weighed against their adverse effect profile.
Conversely, in selected patients with poorly respon-
sive PD tremor tolerating dopamine agonists without
adverse events, adequate doses should be tried, up to
the maximum approved dose, under close monitoring
of tolerability.

Adding anticholinergics should only be consid-
ered in young and cognitively intact patients with
tremor poorly controlled by optimized dopaminer-
gic treatment, provided no contraindications exist and
weighing their potential to worsen cognition even
in initially cognitively intact patients. Propranolol
can sometimes lead to a meaningful improvement of
resting and action tremor and is a treatment option
for PD tremor not well controlled by dopaminergic
drugs unless there are contraindications. Clozapine

can improve resting and action tremor in PD, but its
use is limited by its unfavorable side effect profile.
Cannabinoids may have the potential to ameliorate
PD via the improvement of stress and anxiety but evi-
dence for a direct antitremor effect is lacking. Since
CBD lacks psychotropic effects, its potential effect
on PD tremor warrants further study. At present,
cannabinoids cannot be generally recommended for
the treatment of PD tremor outside of clinical stud-
ies. BoNT-A can lead to an improvement of disabling
upper limb tremor in individual PD patients. Using a
targeted injection technique and cautious dosing, the
risk of muscle weakness can be kept low.

If tremor is a disabling part of motor fluctua-
tions, the treatment target is reduction in off-time
and oral options include increasing levodopa dose
frequency, use of extended-release formulations of
levodopa and adjunct therapy with MAO-B or COMT
inhibitors, oral dopamine agonists, amantadine and,
depending on the health care system, other drugs
such as zonisamide or istradefylline [72]. Such
approaches can be supplemented by on-demand ther-
apies to terminate off periods including dispersible
levodopa formulations, subcutaneous or sublingual
administration of apomorphine or inhaled levodopa.
Device-aided treatments like DBS or infusion thera-
pies should be strongly considered in all fluctuating
patients refractory to these non-invasive measures.
DBS and focused ultrasound have an additional
potential role in treating resistant and disabling PD
tremor in patients without motor fluctuations.

SURGICAL AND ABLATIVE
APPROACHES TO PD TREMOR

Surgical treatment should be offered to all patients
with confirmed drug resistant tremor but also for
patients intolerant to drug treatment at effective
doses. With focused ultrasound thalamotomy now
becoming an alternative to DBS and to traditional
forms of lesional surgery, the number of patients eli-
gible for tremor surgery is increasing and now also
includes the very elderly and patients with substan-
tial comorbidities. The beneficial effect of bilateral
subthalamic nucleus (STN) stimulation in controlling
motor symptoms and improving quality of life in PD
has been well documented in randomized controlled
studies [118]. A non-randomized study in fluctuat-
ing PD patients with substantial off-tremor found that
STN stimulation led to an 82% improvement of rest-
ing and a 78% improvement of action tremor during
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the “medication off” condition [119]. A randomized
study that included a high number of patients with
tremor as the reason for considering surgery found
a similar impact of STN stimulation on quality of
life in this subgroup as in patients with fluctuations
and/or dyskinesias as the main reason for surgery
[120]. Long-term studies demonstrate that the marked
improvement of off period tremor by STN stimulation
is maintained at 5 years and beyond [121]. Finally,
a double-blind, sham-controlled study found a 61%
improvement of tremor in the “medication off” con-
dition by STN stimulation at 3 months post surgery
[122]. Open-label 1 year follow up of the stimu-
lated patients showed an 82% improvement of tremor
[122].

Among the principal motor features of
PD—tremor, bradykinesia, rigidity, balance,
and gait, tremor appears to be the symptom most
responsive to STN stimulation, independent of its
response to medication [118, 119, 122].

The globus pallidus internus (GPi) is an alternative
target for the treatment of patients with medica-
tion refractory motor complications. A retrospective
study found a comparable improvement of PD rest-
ing and action tremor following 1 year of GPi and
STN stimulation [123]. Ten-year follow up of a large
randomized study comparing GPi and STN stimu-
lation showed a sustained response of PD tremor to
stimulation of both targets [124]. However, the over-
all motor effects of pallidal stimulation are somewhat
smaller than those of STN stimulation and in contrast
to STN surgery, GPi stimulation does not allow for a
sustained reduction in PD medication [118].

Several non-randomized studies document the
beneficial effect of thalamic VIM stimulation on PD
tremor [125, 126]. Whereas unilateral VIM stimula-
tion ameliorates contralateral limb tremor, bilateral
stimulation is needed for improving bilateral and
axial PD tremor [126]. Long-term follow up found
a sustained >60% improvement of PD tremor with
VIM stimulation beyond 10 years [127].

Since VIM stimulation effectively reduces tremor
but does not alter other motor features of PD, STN
stimulation is preferred in PD tremor patients suf-
fering from fluctuations and dyskinesias and in those
with a future risk of developing motor complications.
However, due to its lower risk of cognitive and other
adverse events, thalamic surgery is a good alterna-
tive for elderly PD patients with medication resistant
tremor. Advances in DBS technology including direc-
tional stimulation, the application of short pulse
widths and alternative targets including the dentato-

rubro-thalamic tract and the posterior subthalamic
area may further improve the risk-benefit ratio of
DBS in PD tremor [128].

Lesional surgery was the main approach to the
treatment of medication refractory tremor from the
1960 s to the 1980 s. Radiofrequency (RF) thalamo-
tomy requires brain penetration with a RF probe for
thermocoagulation. This has been shown to improve
contralateral limb tremor but is associated with a rel-
atively high rate of adverse events including paresis,
dysarthria, and gait ataxia, which may be transient
but can persist in a minority of patients [129]. A
randomized controlled study comparing RF thalam-
otomy and VIM stimulation found a better functional
outcome and fewer adverse events with stimulation
[130]. The superiority of VIM stimulation in terms of
tremor control is owed to the fact that DBS surgery
can be safely performed bilaterally, whereas RF tha-
lamotomy, due to its higher risk of side effects, is
usually restricted to unilateral lesions [129].

Gamma knife thalamotomy is another treatment
option for unilateral or asymmetrical limb tremor.
This technique does not require brain penetration
but lacks intraoperative clinical feedback. Improve-
ments in tremor become apparent only months after
treatment. In addition, some patients undergoing
radiosurgery develop adverse events months to years
after treatment [129].

Magnetic resonance guided high-intensity FUS
thalamotomy is the most novel surgical modality
for the treatment of medication refractory tremor.
FUS combines high-resolution imaging for targeting
with incisionless surgery using transcranial delivery
of ultrasound energy. Advantages of the technique
include intraoperative monitoring of tremor and side
effects during the application of progressive doses of
ultrasound energy and magnetic resonance thermom-
etry to verify target temperatures and location, finally
allowing for the application of a permanent lesion
with optimal efficacy and minimal side effects [129].
The antitremor effect of FUS thalamotomy in PD
was documented in a randomized, sham-controlled
study which showed a 62% improvement of con-
tralateral hand tremor (on medication) in the FUS
group vs. a 22% improvement in the sham-treated
group at 3 months [131]. Adverse events in this and a
number of non-randomized series of FUS in patients
with medication refractory PD tremor included pares-
thesias, dygeusia, gait ataxia, and transient paresis
[129]. A decay of benefit over time, similar to VIM
stimulation, has been observed in some PD patients
[132]. Long-term follow up (max. 5 years, median
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3 years) of 26 tremor-dominant PD patients with
good to excellent initial tremor response to thala-
mic FUS found overall good long-term tolerability, a
complete loss of effect in 2, a partial return of tremor
in 8 and a persisting excellent antitremor effect in
the remainder of the patients [133]. Initial experi-
ence regarding staged bilateral FUS thalamotomy,
particularly in patients with essential tremor, has been
published. However, bilateral treatments are still con-
sidered experimental [134] and PD patients may not
be good candidates for bilateral FUS for their intrinsic
high risk of balance and gait problems.

Other targets for FUS in PD patients, in addition
to VIM, are under investigation and include GPi, the
pallidothalamic tract, and STN [129]. Patients may
not be eligible for FUS treatment because of a low
skull bone ratio, skull deformities, and contraindica-
tions to magnetic resonance imaging. The method is
incisionless but not non-invasive, and anticoagulants
and platelet inhibitors have to be withheld for the
procedure [134].

SUMMARY

The treatment of tremor in PD follows the
same principles as that of the other levodopa-
responsive motor features. This means that for each
patient, the individually adequate levodopa dose
needs to be determined, making an increase in lev-
odopa the fundamental strategy in the majority of
patients. In younger patients with stable PD, an
additional treatment goal may be to delay motor
complications by using levodopa-sparing drugs,
if they are well tolerated and achieve sufficient
improvement.

Tremor differs from bradykinesia and rigidity in
its pathophysiology and in its correlation to disease
duration and nigrostriatal neurodegeneration, which
may explain why in some patients, tremor does not
respond equally well to dopamine replacement treat-
ment as other motor symptoms. In addition, tremor
may be exacerbated by mental stress, which likely
contributes to social stigmatization [135] and to the
subjective perception of tremor severity.

Treatment resistance has not been formally defined
for PD tremor but if it is perceived as persistently
troublesome, the primary approach should be opti-
mizing levodopa treatment. This includes factors that
improve bioavailability, such as ensuring intake on
an empty stomach, adding dispersible formulations,
blocking the degrading enzymes MAO-B and COMT,

and, most importantly, increasing the levodopa dose
based on each patient´s needs.

There is no evidence that any other class of drugs
has an effect that would exceed that of levodopa
although very rarely, individual patients may show
a better response to a dopamine agonist than to lev-
odopa. When considering dopamine agonists, their
higher adverse event rate compared to levodopa needs
to be taken into account. Adding anticholinergics
may be considered in patients with tremor poorly
controlled by optimized dopaminergic treatment but
this should be limited to young and cognitively
intact patients and requires monitoring for central and
peripheral anticholinergic side effects. Propranolol
may improve resting and action tremor in individual
patients without contraindications for beta blockers.
Clozapine is a treatment option for patients intoler-
ant to other antitremor medications and not eligible
for tremor surgery, provided that regular leukocyte
monitoring is performed.

When patients report troublesome tremor, it is
important to determine if this is part of motor
fluctuations, in which case control of fluctuations
becomes the treatment goal. This may include the
use of levodopa or apomorphine infusion, or on-
demand treatments such as apomorphine injections
or sublingual strips for off periods not otherwise
well controlled. All these interventions may help
off period tremor. Surgical options and MRI-guided
focused ultrasound can improve all off symptoms
including tremor, and patients with refractory tremor
may benefit from DBS even if they do not fluctu-
ate. However, a substantial proportion of PD patients
with troublesome tremor do not have access to tremor
surgery or are not willing to take the risk of surgical
tremor treatment despite an overall good risk-to-
benefit ratio of DBS and thalamic FUS, highlighting
the need of optimal medical treatment.

In summary, while studies are needed that specifi-
cally investigate the effects of interventions on PD
tremor and its subtypes, and new treatments are
emerging, such as focused ultrasound, the most
important approach that should be offered to patients
with PD tremor that appears refractory is an ade-
quately dosed levodopa treatment trial.
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