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This review addresses tremor, which is among the maladaptive and difficult-to-treat symptoms of Parkinson’s
disease (PD). Along with classical resting tremor, patients with PD may experience postural and kinetic types
of tremor, reflecting the multimodal mechanism of its formation, which involves multiple neurotransmit-
ter systems. Unpredictable therapeutic responses and mixed responses to levodopa also reflect the roles of
multiple underlying pathophysiological processes. Among medication-based methods for tremor correction,
preference is given to dopamine receptor agonists because of their wide range of pharmaceutical effects and
high efficacy in relation to the major motor and various non-motor manifestations. Evidence of the efficacy
of advanced neurosurgical and non-invasive treatment methods is not always convincing; there have been
no large-scale comparative studies assessing their efficacy in patients with tremor-dominant forms of PD.

Keywords: Parkinson’s disease, tremor, resting tremor, postural tremor, kinetic tremor, tremor pathogenesis, dopamine

receptor agonists, piribedil.

Parkinson’s disease (PD) is a progressive neurodegen-
erative disease characterized by a constellation of features
including bradykinesia, tremor, rigidity, and postural insta-
bility [1, 2]. Tremor is among the commonest motor symp-
toms in PD, being seen in 75% of patients. Tremor may be
the most maladaptive of the movement disorders [3, 4].
Although patients with PD may experience several forms
of tremor, the most common is the characteristic resting
tremor (RT) of the “pill-rolling” type [5]. RT can be com-
bined with both kinetic tremor (KT) and secondary postural
tremor (PT), which can lead to significant functional im-
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pairments [4—7]. Compared with other clinical subtypes,
tremor-dominant PD tends to progress more slowly, has less
disabling non-motor symptoms, and is characterized by a
lower risk of developing levodopa-induced dyskinesia and
resistance to dopaminergic drugs [8, 9].

The pathogenesis of tremor in PD is complex and
not fully understood. It has been suggested that the onset,
severity, and progression of tremor are caused by multi-
ple factors and its pathogenesis goes beyond the classical
ideas of depletion of dopamine stores in the nigrostriatal
system [10-13]. The dimmer (from dimmer-switch) mod-
el of tremor generation in PD suggests the occurrence of
synchronous oscillatory activity in two distinct but partially
overlapping central pathways [14, 15]. Dysfunction of the
cerebellothalamocortical and subcortical-cortical circuits
produces changes in physiological central neural oscilla-
tions, ultimately leading to the development of tremor [14].
This model is based on results from neurophysiological,
neuroimaging, and intraoperative studies during functional
stereotactic neurosurgical procedures [11, 16-18]. In par-
ticular, tremor is suppressed by stereotaxic interventions
targeting anatomical structures associated with both path-
ways (the subthalamic nucleus (STN), ventral intermediate
nucleus (Vim), and globus pallidus interna (GP1)) [19]. The
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model suggests that the basal ganglia constitute the key
structure whose activation causes tremor and which func-
tions as a switch [15, 20]. Oscillatory activity in the striatum
increases the inhibitory output in the thalamus, which, in
addition to spike activity in the GPi, can generate rhythmic
discharges in the anterior ventrolateral nucleus of the thal-
amus (VLa) [21]. The primary motor (M1) and premotor
areas of the cortex are the main areas where convergence
of the two circuits occurs [22, 23]. Convergence at this lev-
el activates the cerebellar-thalamo-cortical circuit, which
modulates tremor amplitude, acting as a dimmer [23, 24].

The origin of RT and PT was studied using non-invasive
transcranial magnetic stimulation of M1 and the cerebellum.
Suppression of both RT and PT was achieved by stimula-
tion of M1, whereas cerebellar stimulation suppressed only
the postural component [25, 26]. These data suggest that M1
controls the amplitude and rhythm of RT and PT in PD, while
modulation of RT is more related to the cerebellum.

Tremor in PD is associated less with degeneration of
dopaminergic neurons in the substantia nigra pars compac-
ta than with degeneration in the retrorubral area (RRA) of
the midbrain [27]. Loss of dopaminergic projections from
the RRA to the subthalamic region, basal ganglia, and VLa
leads to depletion of dopamine in these regions and rep-
resents one of the main neurochemical causes of tremor in
PD [22, 28]. The severity of tremor has been found to be
related to the density of dopamine transporters (DAT) in
the pallidum, while other motor symptoms are correlated
with the density of DAT in the striatum [22]. This suggests
a more selective depletion of pallidal dopamine reserves in
tremor in PD.

It has been suggested that, in addition to dopamine,
other neurotransmitters may also play an important role in
the pathogenesis of tremor in PD. In patients with PD dom-
inated by tremor, degeneration of locus coeruleus interneu-
rons is relatively less marked, and the receptor binding of
noradrenaline receptors is enhanced [28, 29]. The amplitude
and severity of tremors are related to serotonin deficiency.
Thus, loss of serotonin transporters in the raphe nuclei of
the midbrain correlates with more severe tremor [4, 11].
More marked manifestations of tremor are associated with
lower values levels of serotonin transporter availability in
the raphe nuclei as compared with the availability of the
dopamine transporter [30]. In addition, patients with trem-
or-dominant PD tend to mount relatively small responses to
dopaminergic therapy. Both conclusions indicate that more
severe and dopamine-resistant tremor is indicative of more
widespread neurodegeneration with severe raphe nucleus
dysfunction [4, 30, 31]. The fact that anticholinergic drugs
suppress tremor in PD has led to the suggestion that ace-
tylcholine contributes to the development of tremor in PD
[21, 24]. Dopamine deficiency is thought to lead to hyper-
activity of striatal cholinergic interneurons, which in turn
reduces dopamine release and aggravates the symptoms of
PD, including tremor [11, 32].
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An asymmetric resting tremor with a frequency of
4-6 Hz is predominant in PD and is often suppressed by
voluntary movements [7, 33]. RT is often combined with
KT or PT [33-35]. KT appears during hand movements, for
example when writing or when performing the finger-tap-
ping test. PT occurs when the subject holds the arms ex-
tended in front of himself while holding the limbs against
gravity [34]. Secondary PT is a form of PT occurring after
a short latent period (a few seconds) while holding the arms
in an antigravity position [35].

The mean prevalence of RT in PD is 58.2%, while iso-
lated RT occurs in only 14.5%. In contrast, the prevalences
of action-related tremor overall and pure action tremor are
36.6% and 9.6% respectively. The prevalences of PT and
isolated PT are 49.7% and 4.0% respectively; KT overall
and isolated KT occur in 52.3% and 8.1% respectively. The
proportion of patients without tremor is only 19.9%. Mild,
weak, moderate, and severe tremor were reported by 52.8%,
21.4%, 5.3%, and 1.0% of patients respectively [36]. All
types of tremor decrease on dopaminergic therapy, which
is consistent with the conventional view regarding the ef-
fects of levodopa and dopamine agonists on tremor in PD
[37-39]. The prevalence of KT is high in PD patients with
RT. Patients with KT have more severe RT than patients
without KT [40]. This suggests that KT may be part of a
broader tremor-dominant syndrome in PD. It is of note that
the MDS-UPDRS does not assess PT, secondary PT, or iso-
metric tremor, and does not capture PT or KT of the lower
extremities or tremor of the head [35].

An early classification suggested that akinetic-rigid,
tremulous, and mixed forms of PD should be discriminat-
ed. Later, the concept of “benign tremulous parkinsonism”
appeared, in which limb tremor is asymmetrical. Although
tremor progresses over time, bradykinesia and rigidity
are minimal or absent. In some patients, RT is combined
with PT. Most first-degree relatives of these patients have
tremor or PD [41]. Currently, the concept of “benign tremu-
lous parkinsonism” is virtually unmentioned in the literature.

The tremor-dominant form of PD has more recently
been divided into four categories based on clinical phenom-
enology: type I, in which tremor is pure RT with a frequen-
cy of 4-6 Hz; type II, when RT is associated with an action
tremor component at the same frequency; type III, in which
patients experience isolated action tremor; and type 1V, in
which mixed RT and action tremor coexist, each with a dif-
ferent frequency, and the patient may have signs of essential
tremor (ET) [7,42].

Another classification of types of PD with tremor dis-
criminates between a tremor-dominant subtype, an indeter-
minate (mixed) subtype, and postural instability/gait distur-
bances [43], which are linked with different rates of disease
progression. Particular subtypes of the tremulous form of
BP are identified by assessment of eight or 11 tremor indi-
cators on the UPDRS or MDS-UPDRS scales, which are
then correlated with assessment of postural instability/gait
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disturbance [36, 43]. The identification of tremor-dominant
PD with postural instability and gait difficulty changes our
understanding of the more favorable course of PD when as-
sociated with tremor.

Treatment of Patients with Tremor-Dominant PD.
Levodopa and other dopaminergic drugs remain the first-line
treatment for all motor symptoms in PD, including tremor
[44—46]. The choice of pharmacotherapy is determined by
circumstances related to the characteristics of both the dis-
ease (severity of tremor and levodopa sensitivity) and the
patient (age, functional and cognitive status, etc.) [44]. The
effect of levodopa is most marked in relation to bradykine-
sia, while its effect on tremor severity is variable [46, 47].
Beneficial effects are more obvious for RT and secondary
PT than KT or isolated PT [35, 48]. The intensity of the
effect varies widely, from the absence of any objective clin-
ical response to an 80% reduction in tremor intensity [49].
These differences in treatment efficacies have led to the pro-
posal that three subtypes of tremor should be discriminated:
dopamine-sensitive, dopamine-resistant, and partially sen-
sitive (intermediate) [50, 51]. Unfortunately, the drug dose
and treatment duration required for tremor to be regarded
as dopamine-resistant have not been determined. Based on
this classification, dopamine resistance is defined accord-
ing to the response obtained in the levodopa challenge test,
which uses higher doses of the drug. The definition of dopa-
mine-resistant tremor is based on the absence of clinical and
electrophysiological responses despite a twofold increase in
drug dose [50].

Insufficient responses in some patients may be due in
part to pseudoresistance, a phenomenon in which levodo-
pa-sensitive symptoms are falsely resistant [51-53]. This
occurs due to a number of factors which contribute to a sub-
optimal response [51, 54]. Factors leading to pseudoresis-
tance include gastrointestinal dysfunction associated with
poor food absorption and a high-protein diet. Cognitive
stress is also a factor known to weaken the therapeutic ef-
fect of dopamine [15, 51, 53]. As the tremor-controlling ef-
fect of levodopa is dose-dependent, increased doses may be
necessary even if other symptoms show sustained responses
to lower doses [55]. However, the possibility of increasing
the dose is often limited because of possible dose-depen-
dent side effects (nausea, vomiting, dyskinesia, or halluci-
nations). Some studies have shown that tremor may, para-
doxically, increase with higher doses of levodopa [56].

Dopamine agonists (DAA) can be used as initial mono-
therapy or adjuvant therapy to levodopa [46, 57]. DAA may
enhance the effect of levodopa, thereby providing greater
control of tremor [58, 59]. Both selective (pramipexole) and
non-selective (pergolide) DAA produce the same degree
of suppression of resting tremor in monotherapy, though
with different tolerabilities [60]. The addition of an DAA
to levodopa decreases UPDRS tremor scores by 45% and
produces a significant reduction in the frequency of waking
tremor as measured by long-term electromyography [58].
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Apomorphine is a potentially highly effective short-act-
ing DAA; given via by continuous subcutaneous infusion
with a pump or by intermittent sublingual or subcutaneous
injections, it can have effects on tremor comparable to those
of levodopa, albeit with a shorter duration [61, 62].

Among DAA, piribedil has a particular spectrum of
activity, characterized by a triple binding profile: balanced
affinity for D2- and D3-dopamine receptors, selective antag-
onism of a2-adrenergic receptors, and minimal interaction
with serotoninergic receptors [63]. D2 receptors in PD are
hypersensitive, with the result that partial agonism is suf-
ficient to relieve motor dysfunction (increased activity in
the nigrostriatal pathway) while limiting undesirable effects
due to an excess of normosensitive D2 receptors in other
dopaminergic pathways. In addition, antagonism of a2-ad-
renergic receptors enhances adrenergic, dopaminergic, and
cholinergic transmission, with beneficial effects on motor
and cognitive functions, mood, and the preservation of do-
paminergic neurons [63, 64]. Piribedil is effective against all
major motor symptoms (tremor, rigidity, bradykinesia, and
postural instability) [65—67]. Piribedil has the advantage that
its major effect is on tremor, decreasing it by 70% [68, 69].
The marked reduction in tremor with piribedil may be due
not only to stimulation of D2 and D3 receptors on dopami-
nergic neurons, but also to direct effects on dopaminergic
and cholinergic receptors on cholinergic neurons [70].

The most common dose-related side effect associated
with DAA is impulse control disorder [71]. The moderate
activity of piribedil against D3 receptors, combined with its
lack of affinity for D1 receptors, gives a low risk of de-
veloping impulsive-compulsive disorders, which contrasts
with other DAA drugs [63]. In contrast to pramipexole,
there are no descriptions of increases in or the development
of camptocormia during treatment with piribedil [72, 73].
Treatment of the early stages of PD with DAA is associated
with a reduction in the risk of motor fluctuations in the first
five years after treatment initiation, especially in younger
patients [74, 75].

The use of anticholinergic drugs can be considered if
tremor is not adequately controlled by dopaminergic agents
[52, 76]. Anticholinergics are effective in reducing trem-
or and other motor symptoms of PD, though they have a
high risk of psychiatric and cognitive adverse events [77].
Because of the potential side effects, anticholinergic drugs
should only be used in young patients with tremor-dominant
PD where dopaminergic drugs have failed to provide im-
provement [52, 76]. If necessary, drug doses can be reduced
slowly, as rapid treatment discontinuation may result in ex-
acerbation of parkinsonism [78].

Monoamine oxidase B (MAO-B) inhibitors work by
increasing the bioavailability of central monoamines, in-
cluding dopamine. They may be effective in relieving motor
and non-motor symptoms in the early stages of PD, thereby
delaying the need for levodopa [79]. The positive effects
of MAO-B inhibitors are noticeably higher in akinetic-rigid
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PD than in tremor-dominant PD [80]. Rasagiline has been
studied as monotherapy or adjuvant therapy to levodopa in
patients with tremor, and significant reductions in tremor
were found after 10 weeks of treatment [81, 82].

Clozapine is an antipsychotic drug used to treat patients
with schizophrenia and drug-induced psychosis in PD [83].
The exact mechanism of its antitremor effect is not com-
pletely clear, though the explanation may lie in its anticho-
linergic and antiserotoninergic properties [84]. Clozapine
decreased RT and PT in 72% of patients with PD, with a
64% reduction in severity [85]. In addition to its antitrem-
or effect, the advantage of its antipsychotic action may be
important in patients with psychosis [84]. One of the main
limitations of the use of clozapine is the risk of developing
agranulocytosis, so monitoring of blood cell composition is
required [86].

Non-selective -blockers, particularly propranolol, are
widely used in the treatment of ET. The efficacy and safety
of propranolol and other B-blockers for tremor in PD have
not been confirmed [86]. Propranolol may reduce the pos-
tural component of tremor in PD and may be useful in the
context of associated anxiety, which increases tremor [87].
The efficacy of propranolol is generally not sustained, with
a large proportion of patients eventually discontinuing the
drug due to poor tolerability, loss of an initial positive re-
sponse, and increased risk of orthostatic hypotension [88].

Like anticholinergic drugs, 3-blockers should be tapered
gradually to prevent withdrawal symptoms [89]. Other thera-
peutic approaches include clonazepam, budipine, zonisamide,
amantadine, and mirtazapine, which have shown different
levels of efficacy [90]. Botulinum neurotoxins (BoNT) act on
cholinergic presynaptic nerve terminals by cleaving and inac-
tivating SNARE proteins and inhibiting acetylcholine release.
This in turn prevents muscle contraction and leads to paraly-
sis of the injected skeletal muscles. BONT type A (BoNT-A)
is widely used to treat tremor and other movement disorders
[91-93]. The efficacy of injections depends on the dose, the
muscles selected, and the doctor’s technique and experience.
The long-term effect of BoNT injections was demonstrated
at a mean follow-up period of 29 months, with more than
80% of patients reporting moderate or marked improvement
[94, 95]. The severity of RT and KT decreased significantly
from baseline; more than half the patients experienced tran-
sient weakness in the injected muscles [95].

Deep brain stimulation (DBS) is the most common sur-
gical treatment for PD. Its long-term efficacy in improving
refractory and poorly controlled motor symptoms and fluc-
tuations makes DBS indispensable [96, 97]. The therapeutic
mechanism of DBS is not well understood, though placing
electrodes within structures with oscillatory activity (the
basal ganglia and cerebellothalamocortical circuits) may
suppress their ability to generate tremor [98, 99]. The selec-
tion of DBS targets for patients with tremor-dominant PD is
individual. Electrode placement in the STN, ventral interme-
diate Vim, GPi, and posterior subthalamic region has been
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reported to be effective in reducing tremor in PD [100-102].
The STN and GPi have an obvious advantage over other tar-
gets, in that targeting these structures reduces the severity of
all movement disorders [100]. STN-DBS may be superior
to GPi-DBS in controlling dopamine-resistant tremor [103].
Selection of the Vim is preferred for patients with long-last-
ing and mostly unilateral tremor as the main symptom when
there are no other significant motor disturbances or fluctua-
tions. Dual stimulation of the GPi and Vim can also be used
in patients with dopamine-resistant tremor who have other
significant motor symptoms or fluctuations [103]. Bilateral
Vim-DBS is potentially associated with the risks of dysar-
thria, loss of balance, and impaired coordination [104].

MRI-guided focused ultrasound (FUS) destruction,
gamma knife (GK) treatment, and radiofrequency thermal
ablation are accessible methods for thermal destruction
[105, 106]. Although thermal ablation has fallen out of fa-
vor with the advent of DBS, interest in this approach has
been growing in recent years with the advent of non-surgi-
cal treatments such as FUS or GK. The advantage of these
methods is that they do not require general anesthesia and,
as compared with DBS, have fewer of the side effects asso-
ciated with surgical interventions [106]. They may provide
an alternative to DBS for treating patients in remote areas
where access to DBS treatment and monitoring is limited.
The advantage of FUS is that it provides real-time assess-
ment of results during procedures to achieve optimal clinical
effects [105]. Unlike DBS, any thermal destruction method
results in irreversible damage, which is regarded as a serious
drawback. Furthermore, the evidence for the long-term effi-
cacy of DBS in PD is overwhelming compared with exist-
ing studies on the efficacy and safety of thermal destruction,
which have been relatively small and short-term [107].

FUS is a promising treatment for refractory tremor
in PD. The safety and efficacy of FUS were first demon-
strated in the treatment of ET, with the result that it was
approved by the Food and Drug Administration (FDA) as
a treatment for drug-resistant tremor [108]. Thalamotomy
with FUS provides an average improvement of 7 UPDRS
tremor points as compared with preintervention levels
[109, 110]. Subthalamotomy using FUS leads to improve-
ments in UPDRS-III scores (including tremor), as well as
quality of life on the UPDRS-II scale [109]. At present, this
method is mainly used for unilateral lesions to control the
most affected side [111]. Bilateral ablation in PD remains
controversial, though a growing number of reports on ET
have indicated good efficacy and safety [112]. Most side
effects are transient, usually disappearing 3—12 months after
the procedure [113], and include reversible ataxia, paresthe-
sia, and weakness [108, 112, 113]. FUS subthalamotomy
may lead to dyskinesia in the off state [112].

Non-invasive stimulation techniques offer new pos-
sibilities for reducing tremor. Stimulation has been seen to
produce therapeutic effects using high-frequency repetitive
transcranial magnetic stimulation and anodal transcranial
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direct current stimulation [114], along with peripheral func-
tional electrical stimulation, sensory electrical stimulation,
and transcutaneous electrical nerve stimulation [115]; further
study and standardization of the methodology are required.

Conclusions. Tremor is one of the most common
symptoms of PD. Along with classic RT, patients with PD
may experience tremor of other modalities, reflecting multi-
modal mechanisms of tremor formation involving multiple
neurotransmitter systems. Unpredictable treatment respons-
es and mixed responses to levodopa also reflect the roles
of multiple underlying processes. Among drug treatments,
preference should be given to drugs which are effective
against motor and non-motor symptoms, with broad profiles
of selective binding to dopaminergic, adrenergic, and cho-
linergic receptors. Evidence for advanced neurosurgical and
noninvasive modalities is mixed, and there are not enough
comparative studies for their efficacies to be evaluated in
patients with tremor-dominant forms of PD.

This article was prepared with the informational sup-
port from the Servier company.

REFERENCES

1. M.]J. Armstrong and M. S. Okun, “Diagnosis and treatment of par-
kinson disease: A review,” JAMA, 323, 548-560 (2020), https://doi.
org/10.1001/jama.2019.22360(2020).

2. Parkinson’s Disease, Secondary Parkinsonism and Other Diseases
Manifested by Parkinsonism Syndrome. Clinical Guidelines (2021).

3. H.Zach, M. Dirkx, B. R. Bloem, et al., “The clinical evaluation of
Parkinson’s tremor,” J. Parkinsons Dis., 5, 471-474 (2015);https://
doi.org/10.3233/JPD-150650.

4. J.Pasquini, R. Ceravolo, Z. Qamhawi, et al., “Progression of tremor
in early stages of Parkinson’s disease: A clinical and neuroimaging
study,” Brain, 141, 811-821 (2018), https://doi.org/10.1093/brain/
awx376.

5. S.Kipfer, “Resting Tremor in Parkinson Disease,” Arch. Neurol., 68,
1037-1041. https://doi.org/10.1001/archneurol.2011.147(2011).

6. Z.A. Zalyalova, “Tremor phenotypes of Parkinson’s disease,” in:
Parkinson’s Disease and Movement Disorders. A Guide for Doctors
Based on Materials from the II National Congress, S. N. Illarioshkin
and O. S. Levin (eds.), Moscow (2011), pp. 5-59.

7. A. Gironell, B. Pascual-Sedano, I. Aracil, et al., “Tremor types in
Parkinson disease: A descriptive study using a new classification,”
Parkinsons Dis., 56, No. 7, 45-50 (2018), https://doi.org/10.1155/
2018/4327597.

8. D. Aleksovski, D. Miljkovic, D. Bravi, et al., “Disease progression
in Parkinson subtypes: the PPMI dataset,” Neurol. Sci., 39, No. 7,
1971-1976 (2018), https://doi.org/10.1007/s10072-018-3522-z.

9. 0. S. Levin and V. K. Datieva, “ Tremor in Parkinson’s disease:
Phenomenological features and treatment,” Sovrem. Ter. Psikhiatrii
Nevrol.,0.S. 3,No. 6, 14-19 (2014).

10. S. N. Illarioshkin and I. A. Ivanova-Smolenskaya (eds.), Tremor
Hyperkinesis: Guidelines for Doctors (Manual Series “Movement
Disorders” ), Atmosfera Press, Moscow (2011).

11.  A. M. Madelein van der Stouwe, F. Nieuwhof, and R. C. Helmich,
“Tremor pathophysiology: lessons from neuroimaging,” Curr. Opin.
Neurol., 33, No. 4, 474-481 (2020), https://doi.org/10.1097/WCO.
0000000000000829.

12. M. Hallett, “Tremor: pathophysiology,” Parkinsonism Relat. Disord.,
20, Suppl. 1, S118-S122 (2014), https://doi.org/10.1016/S1353-8020
(13)70029-4.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

813

R. C. Helmich and M. F. Dirkx, “Pathophysiology and management of
Parkinsonian tremor,” Semin. Neurol., 37, 127-134 (2017), https://doi.
org/10.1055/s-0037-1601558(2017).

R. C. Helmich, “The cerebral basis of Parkinsonian tremor: A net-
work perspective,” Mov. Dis.,33,No.7,219-231 (2018), https://doi.
org/10.1002/mds.27224.

M. F. Dirkx and M. Bologna, “The pathophysiology of Parkinson’s
disease tremor,” J. Neurol. Sci., 435, 120196 (2022), https://doi.org/
10.1016/j.jns.2022.120196.

L. Timmermann, J. Gross, M. Dirks, et al., “The cerebral oscillatory
network of parkinsonian resting tremor,” Brain, 126, 199-212
(2003), https://doi.org/10.1093/brain/awg022.

M. E. Dirkx, H. den Ouden, et al., “The cerebral network of parkin-
son’s tremor: An effective connectivity fMRI study,” J. Neurosci.,
36, 5362-5372 (2016), https://doi.org/10.1523/INEUROSCI.3634-
15.2016.

M. F. Dirkx, H. E. M. den Ouden, E. Aarts, et al., “Dopamine con-
trols Parkinson’s tremor by inhibiting the cerebellar thalamus,”
Brain, 140, 721-734 (2017), https://doi.org/10.1093/brain/aww331.
N.I.Kremer, R. W.J. Pauwels, N. G. Pozzi, et al., “Deep brain stim-
ulation for tremor: Update on long-term outcomes, target consider-
ations and future directions,” J. Clin. Med., 10, No. 5,23-29 (2021),
https://doi.org/10.3390/jcm10163468.

R. C. Helmich, M. Hallett, G. Deuschl, et al., “Cerebral causes and
consequences of parkinsonian resting tremor: A tale of two circuits?”
Brain, 135, No. 8, 3206-3226 (2012), https://doi.org/10.1093/brain/
aws023.

C. Duval, J. F. Daneault, W. D. Hutchison, et al., “A brain network
model explaining tremor in Parkinson’s disease,” Neurobiol. Dis.,
85, 49-59 (2016), https://doi.org/10.1016/j.nbd.2015.10.009.

R. C. Helmich, M. J. R. Janssen, W. J. G. Oyen, et al., “Pallidal dys-
function drives a cerebellothalamic circuit into Parkinson tremor,”
Ann. Neurol., 69,269-281 (2011), https://doi.org/10.1002/ana.22361.
C.F. Underwood and L. C. Parr-Brownlie, “Primary motor cortex in
Parkinson’s disease: Functional changes and opportunities for neu-
rostimulation,” Neurobiol. Dis., 147, No. 53, 45-49 (2021), https://
doi.org/10.1016/j.nbd.2020.105159.

R. G.Burciu and D. E. Vaillancourt, “imaging of motor cortex phys-
iology in Parkinson’s disease,” Mov. Dis., 33, 1688—-1699 (2018),
https://doi.org/10.1002/mds.102.

Z.Ni, A.D. Pinto, A. E. Lang, et al., “Involvement of the cerebello-
thalamocortical pathway in Parkinson disease,” Ann. Neurol., 68,
816-824 (2010), https://doi.org/10.1002/ana.22221.

M. K. Lu, S. M. Chiou, U. Ziemann, et al., “Resetting tremor by
single and paired transcranial magnetic stimulation in Parkinson’s
disease and essential tremor,” Clin. Neurophysiol., 126, 2330-2336
(2015), https://doi.org/10.1016/j.clinph.2015.02.010.

K. A. Jellinger, “Neuropathology of sporadic Parkinson’s disease:
Evaluation and changes of concepts,” Mov. Dis., 27, 8-30 (2012),
https://doi.org/10.1002/mds.23795.

W. Paulus and K. Jellinger, “The neuropathologic basis of different
clinical subgroups of Parkinson’s disease,” J. Neuropathol. Exp.
Neurol.,50,No.6,743-755 (1991), https://doi.org/10.1097/00005072-
199111000-00006.

1. U. Isaias, G. Marotta, G. Pezzoli, et al., “Enhanced catecholamine
transporter binding in the locus coeruleus of patients with early
Parkinson disease,” BMC Neurol., 11, No. 6, 12-19 (2011), https://
doi.org/10.1186/1471-2377-11-88.

Z.Qamhawi, D. Towey, B. Shah, et al., “Clinical correlates of raphe
serotonergic dysfunction in early Parkinson’s disease,” Brain, 138,
2964-2973 (2015), https://doi.org/10.1093/brain/awv215.

V. Caretti, D. Stoffers, A. Winogrodzka, et al., “Loss of thalamic
serotonin transporters in early drug-naive Parkinson’s disease pa-
tients is associated with tremor: An ['2’I] B-CIT SPECT study,”
J. Neural. Transm., 115, 721-729 (2008), https://doi.org/10.1007/
s00702-007-0015-2.



814

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

S. Perez-Lloret and F. J. Barrantes, “Deficits in cholinergic neuro-
transmission and their clinical correlates in Parkinson’s disease,”
Parkinsons Dis., 34, No. 2, 34-39 (2016), https://doi.org/10.1038/
npjparkd.2016.1.

A. Lenka and J. Jankovic, “Tremor syndromes: An updated Review,”
Front. Neurol., 12, No. 7, 1-17 (2021), https://doi.org/10.3389/fneur.
2021.684835.

C. W. Hess and S. L. Pullman, “Tremor: Clinical phenomenology
and assessment techniques,” Tremor Other Hyperkin. Mov. (N.Y.), 2,
1-15 (2012), https://doi.org/10.5334/tohm.115.

M. F. Dirkx, H. Zach, B. R. Bloem, et al., “The nature of postural
tremor in Parkinson disease,” Neurology, 90, €1095-102 (2018),
https://doi.org/10.1212/WNL.0000000000005215.

D. K. Gupta et al., “prevalence and relationship of rest tremor and
action tremor in Parkinson’s disease,” Tremor Other Hyperkin. Mov.
(N.Y.), 10, No. 1, 1-7 (2020) (2006) (2006), https://doi.org/10.5334/
tohm.552.

V. L. Golubeyv, “Treatment algorithm for the early stages of Parkin-
son’s disease,” Atmosfera. Nervnye Bolezni, 12, No. 4,9-12.

G. Tedeschi, “Tremor in Parkinson disease: acute response to oral
levodopa,” Ital. J. Neurol. Sci., 11, No. 3, 259-263 (1990), https://
doi.org/10.1007/BF02333855.

B. S. Connolly and A. E. Lang, “Pharmacological treatment of Par-
kinson disease: a review,” JAMA, 311, No. 16, 1670-1683 (2014),
https://doi.org/10.1001/jama.2014.

A. Gigante, “Action tremor in Parkinson’s disease: frequency and
relationship to motor and non-motor signs,” Eur. J. Neurol., 22,
No. 2,223-228 (2015), https://doi.org/10.1111/ene.12583.

K. A. Josephs, J. Y. Matsumoto, and J. E. Ahlskog, “Benign trem-
ulous parkinsonism,” Arch. Neurol., 63, No. 3, 354-357 (2006),
https://doi.org/10.1001/archneur.63.3.354.

T. G. Govorova, T. E. Popova, and A. A. Tappakhov, “Electrophy-
siological features of tremor in essential tremor and Parkinson’s dis-
ease,” in: Botkin Readings. All-Russian Therapeutic Congress with
International Participation (2019), pp. 56-57.

G. T. Stebbins, “How to identify tremor dominant and postural in-
stability/gait difficulty groups with the Movement Disorder Society
Unified Parkinson’s Disease Rating Scale: comparison with the
Unified Parkinson’s Disease Rating Scale,” Mov. Dis., 28, No. 5,
668-670 (2013), https://doi.org/10.1002/mds.25383.

R.M.A.De Bie, C. E. Clarke, A. J. Espay, et al., “Initiation of phar-
macological therapy in Parkinson’s disease: when, why, and how,”
Lancet Neurol., 19, 452-461 (2020), https://doi.org/10.1016/S1474-
4422(20)30036-3.

R. Balestrino and A. H. V. Schapira, “Parkinson disease,” Eur. J.
Neurol.,27,No. 8,27-42 (2020), https://doi.org/10.1111/ene.14108.
T. Pringsheim, G. S. Day, D. B. Smith, et al., “Dopaminergic therapy
for motor symptoms in early Parkinson disease practice Guideline
summary,” Neurology, 97, 942-957 (2021), https://doi.org/10.1212/
'WNL.0000000000012868.

J. Nonnekes, M. H. M. Timmer, N. M. de Vries, et al., “Unmasking
levodopa resistance in Parkinson’s disease,” Mov. Dis., 31, 1602—
1609 (2016), https://doi.org/10.1002/mds.26712.

L. E. Heusinkveld, M. L. Hacker, M. Turchan, et al., “Impact of
tremor on patients with early stage Parkinson’s disease,” Front.
Neurol.,9,34-39 (2018), https://doi.org/10.3389/fneur.2018.00628.
H. Zach, M. Dirkx, J. W. Pasman, et al., “The patient’s perspective:
The effect of levodopa on Parkinson symptoms,” Parkinsonism
Relat. Disord., 35, 48-54 (2017), https://doi.org/10.1016/j parkreldis.
2016.11.015.

H. Zach, M. F. Dirkx, D. Roth, et al., “Dopamine-responsive and
dopamine-resistant resting tremor in Parkinson disease,” Neurology,
95, No. 11, el461-1470 (2020), https://doi.org/10.1212/WNL.
0000000000010316.

M. Beckers, B. R. Bloem, and M. M. Verbeek, “Mechanisms of pe-
ripheral levodopa resistance in Parkinson’s disease,” NPJ Parkin-

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Zalyalova, Katunina, Pokhabov, et al.

son’s Dis., 8, No. 1, 56-61 (2022), https://doi.org/10.1038/s41531-
022-00321-y.

J. Jankovic and E. K. Tan, “Parkinson’s disease: Etiopathogenesis
and treatment,” J. Neurol. Neurosurg. Psychiatr., 91, 795-808 (2020),
https://doi.org/10.1136/jnnp-2019-322338.

A. Maillet, S. Thobois, V. Fraix, et al., “Neural substrates of levodo-
pa-responsive gait disorders and freezing in advanced Parkinson’s
disease: a kinesthetic imagery approach,” Hum. Brain Mapp., 36,
No. 3,959-980 (2015), https://doi.org/10.1002/hbm.22679.

N. V. Titova, E. A. Katunina, R. T. Tairova, et al., ”Pharmacoresistant
tremor in Parkinson’s disease and essential tremor,” Zh. Nevrol.
Psikhiatr., 122, No. 10, 24-30 (2022), https://doi.org/10.17116/
jnevro202212210124.

H. V. Gupta, K. E. Lyons, N. Wachter, et al., “Long term response
to levodopa in Parkinson’s disease,” J. Parkinsons Dis., 9, No. 3,
525-529 (2019), https://doi.org/10.3233/JPD-191633.

M. P. Caligiuri and J. B. Lohr, “Worsening of postural tremor in pa-
tients with levodopa-induced dyskinesia: a quantitative analysis,”
Clin. Neuropharmacol., 16, No. 3, 244-250 (1993), https://doi.org/
10.1097/00002826-199306000-00008.

R. R. Bogdanov, “Features of drug therapies for the initial manifes-
tations of Parkinson’s disease,” Nervnye Bolezni, No. 1,2-5 (2013).
O. Pogarell, T. Gasser, J. J. van Hilten, et al., “Pramipexole in pa-
tients with Parkinson’s disease and marked drug resistant tremor:
a randomised, double blind, placebo controlled multicentre study,”
J Neurol. Neurosurg. Psychiatry,72,No. 6, 713-720 (2002), https://
doi.org/10.1136/jnnp.72.6.713.

R.J. Elble, “Tremor and dopamine agonists,” Neurology, 58, No. 4,
Suppl. 1, S57-S62 (2002), https://doi.org/10.1212/WNL.58.suppl_
1.857.

P. Navan, L. J. Findley, et al., “Double-blind, single-dose, cross-over
study of the effects of pramipexole, pergolide, and placebo on rest
tremor and UPDRS part III in Parkinson’s disease,” Mov. Disord., 18,
No. 2, 176-180 (2003), https://doi.org/10.1002/mds.10320.

F. Carbone, A. Djamshidian, K. Seppi, et al., “Apomorphine for
Parkinson’s Disease: Efficacy and safety of current and new formu-
lations,” CNS Drugs, 33, 905-918 (2019), https://doi.org/10.1007/
840263-019-00661-z.

P. A.Kempster, J. P. Frankel, G. M. Stern, et al., “Comparison of mo-
tor response to apomorphine and levodopa in Parkinson’s disease,”
J. Neurol. Neurosurg. Psychiatr., 53, 1004-1007 (1990), https://doi.
org/10.1136/jnnp.53.11.1004.

M. J. Millan, “From the cell to the clinic: A comparative review of
the partial D2/D3 receptor agonist and a2-adrenoceptor antagonist,
piribedil, in the treatment of Parkinson disease,” Pharmacol. Ther.,
128, No. 2, 229-273 (2010), https://doi.org/10.1016/j.pharmthera.
2010.06.002.

A. Gobert, B. Di Cara, L. Cistarelli, et al., “Piribedil enhances fron-
tocortical and hippocampal release of acetylcholine in freely moving
rats by blockade of a2a-adrenoceptors: A dialysis comparison to tal-
ipexole and quinelorane in the absence of acetylcholinesterase inhib-
itors,” J. Pharmacol. Exp. Ther., 305, No. 1,338-346 (2003), https://
doi.org/10.1124/jpet.102.046383.

V.G. Evidente, R. P. Esteban, F. M. Domingo, et al., “Piribedil as an
adjunct to levodopa in advanced Parkinson’s disease: the Asian ex-
perience,” Parkinsonism Relat. Disord., 10, No. 2, 117-121 (2003),
https://doi.org/10.1016/s1353-8020(03)00096-8.

A. A. Pilipovich and V. L. Golubev, “Potential of using piribedil
from the point of view of evidence-based medicine,” Ross. Med. Zh.,
26, No. 12-1,39-43 (2013).

N. V. Fedorova, E. G. Artem’eva, Chigir’, I. P, et al., “Use of pro-
noran (piribedil) for Parkinson’s disease,” Zh. Nevrol. Psikhiatr.,
103, No. 9, 71-72 (2003).

P. Rondot and M. Ziegler, “Activity and acceptability of piribedil in
Parkinson’s disease: a multicenter study,” J. Neurol., 239, Suppl. 1,
S28-S34 (year).



Tremor-Dominant Form of Parkinson’s Disease

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

G. Mentenopolous, Z. Katsarou, S. Bostantjopoulou, et al., “Piribedil
therapy in Parkinson’s disease,” Clin. Neuropharm.,12,23-28 (1989).
Y. Evrard, “Piribedil, a dopaminergic agonist,” JAMA, 34, No. 8,
16-20 (1991).

J.C.Corvol, F. Artaud, F. Cormier-Dequaire, et al., “Longitudinal anal-
ysis of impulse control disorders in Parkinson disease,” Neurology, 91,
¢189-201 (2018), https://doi.org/10.1212/WNL.0000000000005816.

R. Djaldetti, R. Mosberg-Galili, H. Sroka, et al., “Camptocormia
(bent spine) in patients with Parkinson’s disease characterization and
possible pathogenesis of an unusual phenomenon,” Mov. Dis., 14,
No. 3, 443-447 (1999), https://doi.org/10.1002/1531-8257(199905)
14:3<443::aid-mds1009>3.0.co;2-g.

M. Suzuki, T. Hirai, Y. Ito, et al., “Pramipexole-induced antecollis in
Parkinson’s disease,” J. Neurol. Sci., 264, No. 1-2, 195-197 (2008),
https://doi.org/10.1016/].jns.2007.08.008.

R.G. Holloway, I. Shoulson, S. Fahn, et al., “Pramipexole vs levodo-
pa as initial treatment for Parkinson disease: a 4-year randomized
controlled trial,” Arch. Neurol.,61,No. 7, 1044-1053 (2004), https://
doi.org/10.1001/archneur.61.7.1044.

O.Rascol, D. J. Brooks, A. D. Korczyn, et al., “A five-year study of
the incidence of dyskinesia in patients with early Parkinson’s disease
who were treated with ropinirole or levodopa,” N. Engl. J. Med.,
342, No. 20, 1484-1491 (2000), https://doi.org/10.1056/NEJM20
0005183422004.

C. Marras, K. R. Chaudhuri, N. Titova, et al., “Therapy of Parkinson’s
disease subtypes,” Neurotherapeutics, 17, 1366-1377 (2020), https://
doi.org/10.1007/s13311-020-00894-7.

R. Katzenschlager, C. Sampaio, J. Costa, et al., “Anticholinergics
for symptomatic management of Parkinson’s disease,” Cochrane
Database Syst. Rev., 3, CD003735 (2002), https://doi.org/10.1002/
14651858.CD003735.

Y. Saeedi, M. Ghadimi, M. Rohani, et al., “Impact of anticholinergic
drugs withdrawal on motor function in patients with Parkinson’s dis-
ease,” Clin. Neurol. Neurosurg., 202, No. 3, 106480 (2021), https://
doi.org/10.1016/j.clineuro.2021.106480.

J. J. Van Hilten, C. C. Ramaker, R. Stowe, et al., “Bromocriptine
versus levodopa in early Parkinson’s disease,” Cochrane Database
Syst. Rev., 2007, No. 4, CD002258 (2007), https://doi.org/10.1002/
14651858.CD002258.pub2.

R. Krishna, M. Ali, and A. A. Moustafa, “Effects of combined
MAO-B inhibitors and levodopa vs monotherapy in Parkinson’s dis-
ease,” Front. Aging Neurosci.,6,1-9 (2014), https://doi.org/10.3389/
fnagi.2014.00180.

M. F. Lew, “Rasagiline treatment effects on parkinsonian tremor,”
Int. J. Neurosci., 123, 859-865 (2013), https://doi.org/10.3109/0020
7454.2013.812085.

F. Stocchi and J. M. Rabey, “Effect of rasagiline as adjunct therapy
to levodopa on severity of OFF in Parkinson’s disease,” Eur. J.
Neurol., 18, No. 12, 1373-1378 (2011), https://doi.org/10.1111/j.
1468-1331.2011.03512 x.

Parkinson Study Group, “Low-dose clozapine for the treatment of
drug-induced psychosis in Parkinson’s disease,” N. Engl. J. Med.,
340, No. 10, 757-763 (1999), https://doi.org/10.1056/NEJM 19990
3113401003.

T. K. Yaw, S. H. Fox, and A. E. Lang, “Clozapine in parkinsonian
rest tremor: A review of outcomes, adverse reactions, and possible
mechanisms of action,” Mov. Disord. Clin. Pract.,3,No. 6, 116-124
(2016), https://doi.org/10.1002/mdc3.12266.

R. M. Trosch, J. H. Friedman, M. C. Lannon, et al., “Clozapine use
in Parkinson’s disease: A retrospective analysis of a large multi-
centered clinical experience,” Mov. Dis., 13,377-382 (1998), https://
doi.org/10.1002/mds.870130302.

A. A. Thomas and J. H. Friedman, “Current use of clozapine in
Parkinson disease and related disorders,” Clin. Neuropharmacol.,
33, No. 1, 14-16 (2010), https://doi.org/10.1097/WNF.0b013e3181
c47168.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

815

. N.J. Crosby, K. Deane, and C. E. Clarke, “Beta-blocker therapy for

tremor in Parkinson’s disease,” Cochrane Database Syst. Rev.,
CDO003361 (2003), https://doi.org/10.1002/14651858.CD003361.

S. H. Fox, “Non-dopaminergic treatments for motor control in
Parkinson’s disease,” Drugs, 73, 1405-1415 (2013), https://doi.org/
10.1007/s40265-013-0105-4.

J. Marjama-Lyons and W. Koller, “Tremor-predominant Parkinson’s
disease. Approaches to treatment,” Drugs Aging,16,No. 4,273-278
(2000), https://doi.org/10.2165/00002512-200016040-00003.

A. H. Abusrair, W. Elsekaily, and Bohlega S., “Tremor in Parkinson’s
disease: From pathophysiology to advanced therapies,” Tremor Other
Hyperkinet. Mov., 12,29 (2022), https://doi.org/10.5334/tohm.712.

R. M. Trosch and S. L. Pullman, “Botulinum toxin A injections for
the treatment of hand tremors,” Mov. Dis.,9,No. 6,601-609 (1994),
https://doi.org/10.1002/mds.870090604.

S. O. Mittal and S. Pandey, “Botulinum toxin for the treatment of
tremor,” J. Neurol. Sci., 435, 120203 (2022), https://doi.org/10.1016/
jjns.2022.120203.

S. O. Mittal, M. Jog, J. Lee, et al., “Novel botulinum toxin injection
protocols for parkinson tremor and essential tremor — the Yale tech-
nique and sensor-based kinematics procedure for safe and effective
treatment,” Tremor Other Hyperkinet. Mov., 10, 1-8 (2020), https://
doi.org/10.5334/tohm.582.

N. Niemann and J. Jankovic, “Botulinum toxin for the treatment of
hand tremor,” Toxins (Basel), 10, 1-10 (2018), https://doi.org/10.
3390/toxins10070299.

O. Samotus, J. Lee, and M. Jog, “Long-term tremor therapy for
Parkinson and essential tremor with sensor-guided botulinum toxin
type A injections,” PLoS One, 12, 1-19 (2017), https://doi.org/10.
1371/journal.pone.0178670.

P. S. Larson, “Deep brain stimulation for movement disorders,”
Neurotherapeutics, 11, No. 3, 465-474 (2014), https://doi.org/10.
1007/s13311-014-0274-1.

E. Y. Uc and K. A. Follett, “Deep brain stimulation in movement
disorders,” Semin. Neurol., 27, No. 2, 170-182 (2007), https://doi.
org/10.1055/s-2007-971175.

T. M. Herrington, J. J. Cheng, and E. N. Eskandar, “Mechanisms
of deep brain stimulation,” J. Neurophysiol., 115, No. 12, 19-38
(2016), https://doi.org/10.1152/jn.00281.2015.

S. Chiken and A. Nambu, “Mechanism of deep brain stimulation:
Inhibition, excitation, or disruption?” Neuroscientist, 22, No. 8,
313-322 (2016), https://doi.org/10.1177/1073858415581986.
Z.Mao,Z.Ling, L. Pan, et al., “Comparison of efficacy of deep brain
stimulation of different targets in Parkinson’s disease: A network me-
ta-analysis,” Front. Aging Neurosci., 10, No. 8, 1-8 (2019), https://
doi.org/10.3389/fnagi.2019.00023.

C.R. Honey, C. Hamani, S. K. Kalia, et al., “Deep brain stimulation
target selection for Parkinson’s disease,” Can. J. Neurol. Sci., 44,
3-8 (2017), https://doi.org/10.1017/cjn.2016.22.

J. K. Wong, V. T. Viswanathan, K. S. Nozile-Firth, et al., “STN ver-
sus GPi deep brain stimulation for action and rest tremor in Parkin-
son’s disease,” Front. Hum. Neurosci., 14, 578615 (2020), https://
doi.org/10.3389/fnhum.2020.578615.

Z.Lin, X.Zhang, L. Wang, et al., “Revisiting the L-dopa response as
a predictor of motor outcomes after deep brain stimulation in
Parkinson’s disease,” Front. Hum. Neurosci.,15,No. 5, 1-10 (2021),
https://doi.org/10.3389/fnhum.2021.604433.

A. Rughani, J. M. Schwalb, Sidiropoulos C., et al., “congress of
neurological surgeons systematic review and evidence-based guide-
line on subthalamic nucleus and globus pallidus internus deep brain
stimulation for the treatment of patients with Parkinson’s disease:
Executive summary,” Neurosurgery, 82, No. 6, 753-756 (2018),
https://doi.org/10.1093/neuros/nyy037.

H. Walters and B. B. Shah, “Focused ultrasound and other lesioning
therapies in movement disorders,” Curr. Neurol. Neurosci. Rep., 19,
6671 (2019), https://doi.org/10.1007/s11910-019-0975-2.



816

106.

107.

108.

109.

110.

C. Ohye, Y. Higuchi, T. Shibazaki, et al., “Gamma knife thalamoto-
my for Parkinson disease and essential tremor: a prospective multi-
center study,” Neurosurgery, 70, No. 3, 526-536 (2012), https://doi.
org/10.1227/NEU.0b013e3182350893.

D.Bergand J. Corvol, “European Academy of Neurology/Movement
Disorder Society — European Section Guideline on the Treatment of
Parkinson’s Disease,” Invasive Ther., 37, 1360-1374 (2022), https://
doi.org/10.1002/mds.29066.

Z. Lin, C. Zhang, D. Li, et al., “Preoperative Levodopa response
and deep brain stimulation effects on motor outcomes in Parkinson’s
disease: A systematic review,” Mov. Disord. Clin. Pract., 9, No. 2,
140-155 (2021), https://doi.org/10.1002/mdc3.13379.

V. Krishna, F. Sammartino, R. Cosgrove, et al., “Predictors of out-
comes after focused ultrasound thalamotomy,” Neurosurgery, 87,
229-237 (2020), https://doi.org/10.1093/neuros/nyz417.

A. E. Bond, B. B. Shah, D. S. Huss, et al., “Safety and efficacy of
focused ultrasound thalamotomy for patients with medication-re-
fractory, tremor-dominant Parkinson disease: A randomized clinical
trial,” JAMA Neurol., 74, No. 9, 1412-1418 (2017) (2021) (2021),
https://doi.org/10.1001/jamaneurol.2017.3098.

111.

112.

113.

114.

115.

Zalyalova, Katunina, Pokhabov, et al.

R. M. Galimova, D. K. Krekotin, and O. V. Kachemaeva, et al.,
“Focused ultrasound therapy under magnetic resonance navigation
control of motor disorders in Parkinson’s disease and essential trem-
or,” in: IX All-Russian Congress of Neurosurgeons. Collection of
Abstracts, Moscow (2021), pp. 91-92.

R. Martinez-Fernandez, S. Mahendran, J. A. Pineda-Pardo, et al.,
“Bilateral staged magnetic resonance-guided focused ultrasound
thalamotomy for the treatment of essential tremor: a case series
study,” J Neurol. Neurosurg. Psychiatry,92,927-931 (2021), https://
doi.org/10.1136/jnnp-2020-325278.

Y. Xu, Q. He, M. Wang, et al., “Safety and efficacy of magnetic res-
onance imaging-guided focused ultrasound neurosurgery for Parkin-
son’s disease: a systematic review,” Neurosurg. Rev., 44, 115-127
(2021), https://doi.org/10.1007/s10143-019-01216-y.

M. A. Chalah, J. P. Lefaucheur, and S. S. Ayache, “Non-invasive cen-
tral and peripheral stimulation: New hope for essential tremor?” Front.
Neurosci., 9, 1-11 (2015), https://doi.org/10.3389/fnins.2015.00440.
L.Meng,M.Jin, X.Zhu,et al., “Peripherical electrical stimulation for
parkinsonian tremor: A systematic review,” Front. Aging Neurosci.,
14, 1-11 (2022), https://doi.org/10.3389/tnagi.2022.795454.



	ABSTRACT
	Treatment of Patients with Tremor-Dominant PD
	Conclusions
	REFERENCES

