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Background: Essential Tremor (ET) is one of themost commonmovement disorders butmany controversies still exist in
regards to its definition and pathophysiology. In view of the recent published criteria by the Tremor Task Force of the
International Parkinson's and Movement Disorders Society (IPMDS), we intended to analyze if this has changed our
view of ET and if new developments have arisen since.
Methods: A Medline search for English-written articles was done on June 15, 2019 using the keyword “Essential
Tremor”. Publications from November 2017 (publication date of the new tremor classification) were taken into ac-
count. Reviews, letters and original studies relevant to the subject were selected and reviewed according to the follow-
ing themes: clinical characteristics, epidemiology, genetics, pathology, biomarkers and treatment.
Results: Out of 132 publications the most relevant articles were selected and reviewed (total of 65 articles). The great
majority of these studies focused on surgical treatments (new targets, new technologies) while relatively few articles
addressed epidemiology, pathology and pathophysiology.
Conclusions: The use of the new classification is not commonly used still, exceptingmore recent studies on therapeutics.
This is in keepingwith diverse opinions and criticisms reported by the IPMDS task force members themselves. One im-
portant change has been validating ET as a heterogeneous condition and defining the ET-plus category. We propose a
further sub-group classification derived from the new definition of ET-plus.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Essential tremor (ET) is one of the most common movement disorders.
In November 2017, the Tremor Task Force of the International Parkinson's
and Movement Disorders Society (IPMDS) published a new tremor classifi-
cation. In it, ET was defined as an isolated tremor syndrome involving both
upper limbs during action for a minimum time frame of 3 years, with or
without tremor in other body segments (Table 1) [1]. Furthermore, the con-
struct of “ET-plus” was defined for those ET patients also presenting with
other subtle signs, which are not evident enough to change the diagnosis
to another clinical entity. Examples of these ‘soft signs’ are difficulties in
tandem gait, questionable dystonic posturing, rest tremor, other non-
motor symptoms such as mild memory impairment or any other mild neu-
rological signs of unknown significance [1].

In the following paragraphswewill focus on themain publications after
the release of this new tremor classification in order to further discuss how
it has changed our view of ET.

2. Methods

A Medline search for English-written articles was done on June 15,
2019 using the keyword “Essential Tremor”. Publications from November
2017 onwards were taken into account. The search yielded 132 publica-
tions, of which a total of 65 reviews, letters and original studies relevant
to the subject were selected and reviewed according to the following
themes: clinical characteristics, epidemiology, genetics, pathology, bio-
markers and treatment. These articles were selected based on the personal
opinion of the authors, according to relevance identified by screening the
title and abstract. Particular emphasis was given to studies discussing
novel findings in any of the selected themes. In case relevant references
were mentioned in any of these articles which were not identified by our
first search, these were also included for review.

3. Clinical characteristics

Although the new IPMDS classification finally validates the well-known
heterogeneity in ET, it also adds complexity and doubts of what ET truly is
[2]. A frequent critique to the new definition is the difficulty in defining the
accuracy and clinical meaning of soft signs, as these features are susceptible
to a wide range of inter-observer variability [3]. Cerebellar signs (subclini-
cal ataxia, eye movement abnormalities) and other soft signs have been de-
scribed so frequently in these patients that ET-plus has been argued to be
much more common than “pure ET” [4].

Resting tremor in ET is not an uncommon finding, and has been re-
ported in up to 18–30% of patients [5,6]. Some authors state that resting
tremor is more common in severe and longstanding cases. Lower limb
tremor can also be found in ET and ET-plus patients, although it is rare (re-
spectively seen in 28.6% and 51.4% of patients) [7]. Lower limb tremor is
Table 1
ET diagnostic criteria by the IPMDS Tremor Task Force (from [1]).

Essential tremor diagnostic criteria

• Isolated tremor syndrome of bilateral upper limb action tremor
• At least 3 years duration
• With or without tremor in other segments (head, voice, lower limbs)
• Absence of other neurological signs (dystonia, ataxia, parkinsonism)

ET-plus
ET with additional neurological signs of uncertain significance (e.g. impaired tandem
gait, questionable dystonic posturing, memory impairment, others)

Exclusion criteria
• Isolated focal tremor (voice, head)
• Orthostatic tremor with a frequency >12 Hz
• Task- or position-specific tremors
• Sudden onset and stepwise deterioration

Abbreviations: ET: Essential Tremor; IPMDS: International Parkinson and Move-
ment Disorders Society.
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more common in dystonia, functional disorders, cerebellar tremors and
Parkinson's disease (PD) but – when found in ET – it denotes longer and
more severe disease than patients without it [7].

Differentiating ET from dystonic tremors can be specially challenging in
patients with “ET-like tremors”. Dystonic tremor aside (i.e., when tremor
affects the body region also presenting dystonia), tremor involving a differ-
ent body segment from the one affected by dystonia should be labelled as
‘tremor associated with dystonia’, as proposed in the first tremor classifica-
tion, two decades ago [8]. Likewise, ‘tremor associated with a dystonia
gene’ (i.e., when no dystonia is seen in an ET-like tremor patient but dysto-
nia is present among their family members) is also a useful construct espe-
cially for clinico-genetic studies [8]. Interestingly, neither tremor
associated with dystonia nor tremor associated with a dystonia gene are
mentioned in the new classification [1]. This probably reflects some intrin-
sic problems with these definitions. For example, the recognition of dysto-
nia in family members is very low when patients are simply asked and no
formal evaluation of the family is carried out [9].

Another critical issue is the arbitrary time frame of 3 years to classify an
action hand tremor as ET. “Indeterminate tremor” is the term used for pa-
tients whose disease duration is shorter than this proposed cut-off (Fig. 1)
[1]. Three years is probably too short considering that most ET patients
seek medical attention many years after tremor onset. Nevertheless, this
cut-off might favor the differentiation between ET and medication/toxin-
related tremor or enhancement of physiological tremor, which normally re-
solves when the causing factor is withdrawn. Accordingly, a recent study
addressing the clinical differences between valproate-induced tremor ver-
sus ET found that the former is seen in younger patients and with a shorter
disease duration by the time they consulted medical attention (1.8 years
versus 15.2 years for ET patients) [10].

Although ET patients present with a longer disease duration compared
to PD or dystonic tremor [11], the differential diagnosis can still be difficult
in some cases. Another layer of complexity is represented by those ET pa-
tients that are later diagnosed with PD, a condition labelled as “PDwith an-
tecedent ET” (Fig. 1) [1]. This clinical scenario is theoretically possible for
many other conditions (e.g. “dystonia with antecedent-ET”), which are
however not considered in the new classification.

Non-motor symptoms have been reported with increasing frequency in
ET [12]. Cognitive impairment, hearing loss, dysautonomic features, neuro-
psychological comorbidities like depression and anxiety aswell as sleep dis-
orders like REM behavioural disorder (RBD) have been described. A recent
Portuguese study reported that 98% of ET patients had at least one symp-
tom of autonomic dysfunction (urinary being the most frequent). Authors
also described a frequency of 27% of probable RBD (questionnaire-based)
in ET patientswho also happened to have higher autonomic dysfunction es-
pecially in the thermoregulatory sphere [13]. Unfortunately, this study
used the old criteria for ET and included patients that would be disregarded
according to the new criteria (e.g. isolated head tremor).

4. Epidemiology

Clinical manifestations and epidemiology seem to be connected in ET.
For instance, a study found that ET incidence has two peaks: young-onset
(<25 years) and late-onset (>65 years) [14]. Young-onset ET is more
often characterized by a positive family history and alcohol responsiveness.
Late-onset ET is linked to a greater frequency of dementia [12]. This bi-
modal distribution of ET cases might explain some of the inconsistencies
seen in the past, e.g. the variable mortality rates [15].

Ametanalysis found an overall ET prevalence of 0.4–0.9% (all ages) and
of 4.6–6.3% in populations over 65 years [16]. The issue of multiple defini-
tions of ETwas taken into account by Eliasen et al. [17], although they used
definitions derived from a population-based genetic study rather than the
new IPMDS criteria. These authors studied the very enclosed population
of the Faroe Island. During the first phase of the study, a questionnaire
was randomly sent to subjects over 39 years. The second phase was a med-
ical evaluation by a movement disorders specialist of the selected candi-
dates according to their responses. A total prevalence of 2.9%, 3.1% and



Fig. 1. The possible evolution of a patient with action tremor later developing a neurodegenerative disease (PD in this example) based on the new tremor classification by the
IPMDS Tremor Task Force.
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4.8% was respectively found for the entire sample, for individuals over 40
and over 69 [17].

As for the incidence, there are no new studies using the new IPMDS
criteria within the timeframe studied. A previous study reported an inci-
dence of 0.6% in the Spanish population over 65, although – again –the au-
thors acknowledged the difficulties in estimating prevalence and incidence
for ET given so many different definitions [12].

5. Genetics

On an etiologic level, ET is considered to have a strong genetic compo-
nent. Indeed, first-degree relatives of ET patients are 4–5 times more likely
thanfirst-degree relatives of controls to develop ET [12]. It is estimated that
between 20% and 90% of ET patients have a positive family history, which
is more frequent in young-onset cases [18,19]. There is a concordance be-
tween 60 and 77% in monozygotic twins [12,20].

In spite of these observations, identifying causal genes in mono or poly-
genic forms has proven challenging. Three loci were identified in linkage
studies (ETM 1, 2 and 3), but no causal gene was found [21]. Genes associ-
ated with the risk of developing ET have been described: LINGO1, SLC1A2/
EAAT2, SORT1, SCN4A, NOS3, KCN52, among others [12,21]. Recently,
FUSmutationwas described in one family affected by ET [18]. Another sep-
arate family, presenting with ET and PD in different family members, de-
scribed mutations in the HTRA2 gene, with an earlier onset and more
severe presentation (including PD) in the recessive dominant cases versus
the autosomal ones [22]. The role of FUS and HTRA2 mutations have not
been confirmed in other cohorts of patients.

5.1. The relationship between Essential tremor and Parkinson's disease

The discovery of HTRA2mutated cases emphasized the well-known de-
bate on whether a relationship between ET and PD really exists [23]. These
are very common movement disorders, especially in elderly populations,
and several studies have shown a significant overlap between them
[23,25]. ET has been seen as a risk factor for the future development of
PD, with some studies reporting up to a 4-fold increase [12]. Also, ET is
more common in relatives of PD patients and, as already mentioned, ET
and PD can co-exist among family members, possibly indicating ET-
related genes might predispose to the future development of PD. A recent
Canadian study searched for a potential genetic overlap between ET and
PD in 717 PD patients and 595 controls from French and French-
Canadian descent [26]. The authors tested 26 loci derived from genome-
wide association studies in ET patients and found no role for them in PD pa-
tients. Similarly, a Chinese group studied LRRK1 and LRKK2 variants (a
common cause of monogenic PD) in a cohort of ET patients, again finding
no association [20].

6. Pathology

The pathology background is filled with inconsistent findings and only
descriptive analyses with no controls were published before 2004 [12].
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Subsequent controlled studies were performed showing inconsistent re-
sults. Louis et al. have described two types of mutually exclusive pathology:
ET with brainstem Lewy Bodies (within the locus coeruleus in particular)
and ET with loss of Purkinje cells (PC), presence of Torpedos (i.e., ovoid en-
largement of the proximal part of PC's axon) and PC heterotopias
(i.e., misplacement of the PC soma in themolecular layer of the cerebellum)
[12,27–29]. The same research group recently compared 43 brains of ET
patients with 22 age-matched controls and 31 spino-cerebellar ataxia
(SCA) patients (SCA1, 2, 3 and 6). ET patients had moderate loss of PC
and number of heterotopias, an intermediate degree between controls
and SCA patients that had the greatest PC loss (except for SCA3) and
heterotopias. Overall, their hypothesis is that ET is a neurodegenerative
condition at an intermediate stage compared to cerebellar degeneration
seen in SCAs [29]. Other researchers were not able to replicate the afore-
mentioned pathological findings [27]. In fact, some authors have seen PC
loss as a product of aging and torpedos as an unspecific finding of many de-
generative ataxias.

Despite these conflicting pathologic findings, there are other types of
studies supporting a cerebellar origin of ET. For example, volumetric stud-
ies bymeans of magnetic resonance imaging (MRI) have consistently found
cerebellar atrophy in ET patients relative to controls or PD patients [28,30].

7. Biomarkers

7.1. Biochemical and other systemic biomarkers

In the search of a valid biomarker for ET, uric acid has been studied re-
cently. This metabolite is known as a natural antioxidant and could have a
protective role in neurodegeneration. It has been reported to be low in sev-
eral neurodegenerative diseases, such as PD, Alzheimer's disease and amyo-
trophic lateral sclerosis [31]. A prospective study, dividing cases of
sporadic-ET and hereditary-ET, compared their levels of uric acid with con-
trols. No significant differences were found, thus not supporting a neuro-
protective role of uric acid in ET. However, it is interesting to note that
there was a correlation between lower levels of uric acid and higher age
of onset in sporadic cases that could point to its role as a marker of neuro-
degeneration in those patients [32].

Retinal thickness measured through optical coherence tomography has
been discovered to be low in several neurodegenerative diseases such as
PD, Alzheimer's Disease and others. A group studied this phenomenon in
young-onset ET patients as a surrogate measure of neurodegeneration. In
keeping with previous studies, they found a bilateral decrement of retinal
nerve fiber layer thickness only in the nasal area in ET patients compared
to controls. Furthermore, this study also found an increase of the global thick-
ness of the choroid layer, which indicates more vascularization and possible
inflammation, features supposed to occur prior to neurodegeneration [33].

7.2. Brain imaging

Dopamine transporter (DAT) imaging has been proposed as a useful tool
to differentiate tremor dominant-PD from ET with 84.4% sensitivity and

Image of Fig. 1
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96.2% specificity, but this technique is expensive and involves use of radi-
ation [34]. As an alternative, brain MRI has been studied in the differential
diagnosis between PD and ET. Neuromelanin inside the dopaminergic neu-
rons of the substantia nigra has paramagnetic properties that makes it visi-
ble with high resolution T1-weighted fast spin echo imaging, the so-called
neuromelanin-sensitive MRI (NM-MRI). This signal has been shown to be
decreased in PD patients, while it remains unchanged in ET [34]. The ab-
sence of nigrosome-1 (N1) in T2*-weighted or susceptibility weighted im-
aging (SWI) sequences is described as the “swallow-tail sign” and has
been described in PD patients, but not in ET [34]. A study used NM-MRI
combined with N1 imaging using quantitative susceptibility mapping
(QSM) in 68 PD patients, 25 ET and 34 controls and found that the combi-
nation of both images can differentiate de novo PD from non-treated ET or
controls with 85.3% sensitivity and 92% specificity [34].

In regards to functional neuroimaging, a recent study examined the ef-
fects of visual feedback on blood-oxygen-level-dependent activation and
connectivity during the completion of a grip-force task in dystonic tremor
versus ET patients. The results showed that dystonic tremor and ET are
characterized by distinct functional activation signatures in higher-level
cortical and visual regions, but common cerebellar impairments [35].

7.3. Neurophysiology

There are also accelerometric differences between ET tremor, tremor
dominant-PD and dystonic tremor that have been recently described. A
study by Bove et al. proposed that ET could be diagnosed with a 95% sen-
sitivity and 90% specificity if at least 4 of five criteria are fulfilled. These
criteria are: 1. tremor frequency of 5-15 Hz, 2. a peak dispersion equal or
below 2.5 Hz, 3. spectral coherence higher than 80%, 4. no unilateral
tremor, and 5. action amplitude greater than resting amplitude [11].

An interesting work published by di Biase et al. presented another
promising neurophysiological parameter that was shown to differentiate
ET from PD-tremor with high accuracy: the tremor stability index (TSI).
TSI is a quantitative measure taken by accelerometry, independent of the
condition in which the tremor is registered (rest or postural) and
operator-independent. TSI derives from measuring the changes of varying
tremor frequency during 10 s. This index shows a higher value in patients
with ET, while in PD tremor the index is lower, reflecting lesser frequency
changes over time. TSI showed a high sensibility and specificity (~90–
95%) and was validated in another cohort of heterogeneous published pa-
tients with ET and PDwith tremor, with the limitation of clinical diagnoses
(formulated using the old consensus criteria) [36].

8. Treatment

ET is a burden for the patients and their caregivers. This is determined
not only by the functional impairment brought by the tremor itself, but
also from the social stigma that this visible condition brings. A recent
study found that patient's embarrassment as perceived by the caregiver is
a stronger predictor of caregiver burden, more than the cognitive and phys-
ical impairment of the patient himself [37].

A recent systematic review by the IPMDS Tremor Task Force analyzed
the medical and surgical treatments for ET [38]. Primidone, propranolol
and topiramate were found to be clinically useful, particularly primidone
and propranolol, which can improve tremor in 30–70% of patients by a sig-
nificant, but modest, extent [39]. Unfortunately, about half the patients
started on these medications eventually stop them due to side effects
[40,41]. Botulinum toxin type A injection and alprazolam were found
possibly useful with less quality evidence or conflicting results in different
studies [38].

Two main surgical treatments are currently available: non-lesional
(neuromodulation) or lesional (thalamotomy). Although surgery ismore ef-
fective thanmedical treatments, it is reasonable to perform a trial of at least
two first-line drugs before considering a surgical procedure due to the irre-
versible adverse events that can be caused by the latter.
4

8.1. Deep brain stimulation

Deep brain stimulation (DBS) of the intermedius ventralis nucleus
(VIM) of the thalamus is a known effective treatment for medication
refractory-ET. Studies show a reduction of 50–90% in tremor scores and
significant improvement in functionality [42]. Good results in cases of ET
with dystonic features (ET-plus) have also been reported [43]. In spite of
its success, VIM-DBS has two main caveats: side effects and loss of benefit
in the long run. Bilateral procedures have been related to a higher risk of
side effects (up to 76%), gait/balance abnormalities and dysarthria being
the most common [44]. A five-year follow-up study reported 25% of gait
abnormalities in bilateral VIM-DBS compared to 0% in unilateral procedure
[45]. In another recent study involving unilateral or bilateral VIM-DBS for
ET with axial involvement, 25% of patients with unilateral VIM-DBS devel-
oped dysarthria and/or gait abnormalities, which could be resolved by re-
programming in a third of the cases. The percentage of these side effects
in the cohort that underwent staged bilateral VIM-DBS rose to 40% and
could be resolvedwith reprogramming only in 14% of the cases [46]. Inter-
estingly, this study also shows that even unilateral VIM-DBSmay have a sig-
nificant efficacy in the control of axial tremor (by 58–65%).

Although gait and speech problems have beenmore frequently reported
in bilateral VIM-DBS procedures, unilateral procedure is not free of these
risks. A recent publication studied gait before and after unilateral VIM-
DBS in 24 subjects with ET and assessed patients on and off DBS after a
washout period of 1 h. Results showed that there was a significant decrease
in walking speed (−10–30%) after DBS in 25% of the patients. This change
was not dependent on stimulation, as it was present with or without ongo-
ing stimulation, thus suggesting a detrimental effect of the surgery itself.
Coincidentally, all these patients reported a subjective worsening of gait
after DBS. These authors also suggest that a diagnosis of ET-plus could pre-
dict worsening of gait after VIM-DBS, since in their cohort, patients who
worsened their gait after DBS had worse tandem gait performance pre-
DBS (slower velocity and more missteps) [47].

Other possibly underreported side effects of VIM-DBS have been
described, such as dysgeusia, which was found in 15% of a 52-patient
series [48].

New technological advances have been adopted to overcome the devel-
opment of side effects. Recently an ET-plus patient with head and hands
tremor who had bilateral VIM-DBS with a directional lead was reported:
steered stimulation avoiding medial and posterior areas of the thalamus
did not worsen baseline ataxia, as compared to non-steered stimulation,
which worsened it [49]. Shortening the pulse width from the standard 60
microseconds is another way to minimize side effects, as this expands the
therapeutic windowwithout compromising tremor control [50]. Square bi-
phasic pulse stimulation has been tried to enhance DBS effectiveness in ET.
A study using it unilaterally for 3 h showed better or as good tremor control
as conventional stimulation, with no side effects [51].

The long-term effectiveness of VIM-DBS has been reported to be lost in
15–40% of patients in one study [52], but up to 73% in another one [53].
The variable and individual combination of disease progression with habit-
uation (historically labelled as “tolerance”) has been pointed as culprits.
Since ET is not constant (i.e. it is an action tremor) delivering stimulation
only as needed (closed loop DBS) might mitigate tremor habituation over
time. In order to detect action tremor, local field potentials from the tha-
lamic electrodes have been proven to be able to differentiate voluntary
movement from tremor [54]. Further prospective studies are needed to
prove that closed loop DBS reduces the risk of habituation in the long term.

Finally, new DBS targets have been the focus of interest for patients in
whom VIM-DBS has not been successful (Table 2) [40,43,55–58].

8.2. Lesional therapies

There are various techniques to perform a thalamotomy. Currently,
there are invasive (radio-frequency) and non-invasive (gamma knife radio-
surgery and MRI-guided focused ultrasound, MRgFUS) ones. Unfortu-
nately, there are no randomized controlled trials comparing these



Table 2
DBS targets for tremor control in ET.

Motor
thalamus

• Ventro-Intermediate (VIM)
• Ventralis oralis anterior (VOA)
• Ventralis oralis posterior (VOP)

Posterior subthalamic area*

• Caudal Zona Incerta (cZi)
• Prelemniscal radiation (Raprl)
• Cerebello-thalamic tract (or Dentato-rubro-thalamic tract)

Others

• Globus pallidus pars interna (GPi)
• Subthalamus (STN)

Abbreviations: *more recently studied in [57,58].
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different techniques or VIM-DBSwith the newerMRg-FUS thalamotomydi-
rectly. But it is interesting to note that some indirect comparison studies
show similar clinical efficacy between DBS and thalamotomy [59,60].
Others have shown less absolute reduction in tremor control with MRg-
FUS, but it has shown to be significant enough to improve functionality
and quality of life [41,59]. One hypothesis is that the effect is technique-
independent because targeting VIM might only be able to reduce tremor
to that certain extent (ceiling effect) [61].

MRg-FUS thalamotomy is the most recent approved treatment for ET
and it has been reported to reduce tremor scores and disability by about
35–56% and 60–80%, respectively [62]. The longest reported follow-up
is 4 years in a prospective study showing significant and sustained tremor
improvement without permanent adverse events [62]. By contrast, another
study has reported a 23% worsening in tremor scores after the first year
post-MRIgFUS thalamotomy [52]. Indeed, some MRgFUS patients also
lose completely the benefit initially seen and VIM-DBS [52], radio-
frequency thalamotomy or even a second MRIg-FUS thalamotomy have
been performed successfully [52].

In a safety analysis of MRg-FUS thalamotomy (186 patients reported in
5 studies with variable follow-up duration), a total rate of 1.6% procedure-
related serious adverse events was reported. Milder side effects varied be-
tween 9 and 49% and were mostly sensory and gait disturbances, transient
or mild (79%) or moderate causing some impact in daily living (20%). Se-
vere side effects (incapacitating)were only seen in 1%of patients [63]. Uni-
lateral MRIgFUS thalamotomy had been shown to be safe from a cognitive
Fig. 2.A proposal to further subclassify ET based on the new tremor classification by the
I would divide ET-plus into ETc (as in cerebellum) if ataxia is present, ETp if mild parkin
present. Each syndromic category can, with time, change to overt parkinsonism or cere
‘antecedent ET’).
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standpoint. According to a 1-year follow up, there was no decline in cogni-
tive tests of various domains [64].

MRg-FUS is a fairly new techniquewith someunknowns. For example, a
recent study showed that there is a loss of energy-temperature efficacy dur-
ing the process of serial sonications as the surrounding tissue (skull mainly)
heats not uniformly, among other variables. This could produce a non-
linear relationship between the energy delivered and the temperature
reached, resulting in greater diffusion and focus dispersion, producing a
larger lesion in the end [65]. Besides, targeting is not directly seen by the
MRI, and there is no microrecording to assist in targeting precision. The op-
timal site of the lesion within the VIM is still under investigation. A recent
study suggests this site is within the posterior part of the VIM. Interestingly,
this study also relates side effectswith the total volume of the lesion as these
were more common with lesions over 170mm3 [66].

9. Discussion and unmet needs

In this reviewwe gathered the main publications after the release of the
new tremor classification by the IPMDS Tremor Task Force. In recent years
our view of ET has changed. For example, the construct of ET-plus has
forced clinicians to develop the term “Pure ET”, which is a less common
and unclear entity. Patients and their family members rarely present with
just tremor. More often we encounter hand tremor along with tremor in
other body segments, or subtle parkinsonism,mild ataxia, cognitive impair-
ment or dystonia. If not present during the initial evaluations, frequently
some of these features appear with disease evolution or are present in
other family members, thus forcing clinicians to a constant monitoring of
patients' features (and diagnosis).

The new IPMDS tremor classification does not allow for more detailed
classification among the ET-plus group. This scenario might argue for a
new paradigm, which could subclassify ET-plus according to its accompa-
nying symptoms and signs, as Axis I could divide ET into subtypes: ETc
(as in cerebellum) if ataxia is present, ETp if mild parkinsonism is present,
ETd if mild dystonia is present, ETcog if cognitive impairment is present
(Fig. 2). This model accepts that each syndromic category can, with time,
change to overt parkinsonism or cerebellar ataxia, dystonia or dementia,
keeping the fact that it presented with antecedent ET. Future studies are
needed to clarify if an evolution from pure ET to ET-plus and then to an-
other overt neurological condition has biological plausibility under one
mechanism. Alternately, concurrent dual (or more) pathology is to be
acknowledged.

In conclusion, some progress has been achieved in the uncertain terrain
of ET, but perhaps much more challenges stand ahead of us, as we still
IPMDS Tremor Task Force. According to the accompanying symptoms and signs, axis
sonism is present, ETd if mild dystonia is present, ETcog if cognitive impairment is
bellar ataxia, dystonia or dementia (and therefore these conditions presented with

Image of Fig. 2
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struggle to find biomarkers allowing deep phenotyping (e.g. genetic muta-
tion in Fragile X-associated tremor/ataxia syndrome or DAT imaging in
‘monosymptomatic tremor at rest’ caused by PD pathology).

It has to be recognized that most studies quoted in this review did not
embrace the new classification nor used it to analyze their findings. For ex-
ample, is Lewy body pathologymore common in ET-pluswith parkinsonian
signs (ETp)? Although very recent studies are now adopting the IPMDS
criteria, the great majority of ET studies focus on surgical treatments
(new targets, new technologies) whereas the least address epidemiology,
pathology and etiology, without any consistent finding in most cases.
Clearly, we are still far from understanding what ET (or its complex) really
is. Validating ET as a heterogeneous condition, and not the
monosymptomatic disease it once was thought to be, has certainly been
an important step forward.
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