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Abstract

Purpose—The last several years have witnessed a remarkable increase in research on essential

tremor (ET), with consequent advances in our understanding of this entity. An attempt to both

summarize and frame this work has not been undertaken.

Recent Findings—Here, I show that observations on ET arising from clinical practice/clinical

studies have guided scientific studies of this disorder. In turn, the results of scientific studies are

beginning to be translated back to the bedside to improve treatment. Recent ET research has given

rise to several novel and intriguing ideas about the disease. These include the following: 1. ET

may represent a family of diseases rather than a single disease. 2. ET seems to be a disease of the

cerebellum or cerebellar system. 3. ET may be neurodegenerative. 4. Low gamma aminobutyric

acid tone seems to be a central feature of ET. As with many emerging ideas, there is significant

discussion and debate over these emerging ideas, and this fuels additional scientific studies.

Summary—The flow of ideas, from clinical observations about ET, to their translation into

scientific studies, and their translation back to the bedside is expected to eventually lead to

improvements at the patient interface.
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Introduction

Essential tremor (ET) is among the primary (i.e., most common) movement disorders, and

the most prevalent tremor disorder.1 Therefore, its importance as a clinical entity should not

be underestimated. The last several years have witnessed a remarkable increase in ET

research, with consequent advances in our understanding of ET. Observations arising from

clinical practice and clinical studies have been translated to the bench to inform and guide

scientific studies of this disorder. In turn, the results of scientific studies are beginning to be

translated back to the bedside to improve treatment. Hence, we are beginning to see a flow

of ideas and concepts back and forth across clinical and scientific realms. As with many

fresh and emerging ideas, there is significant discussion and debate. The main ideas are the

following:

1. ET may represent a family of diseases rather than a single disease.

2. ET seems to be a disease of the cerebellum or cerebellar system.

3. ET may be neurodegenerative.

4. Low gamma aminobutyric acid (GABA) tone seems to be a central feature of ET.

The goal of this paper is to present the recent advances in the ET field within the above

conceptual framework. Additionally, I wish to emphasize the translational nature of these

ideas. Hence, I will review their origins in clinical observations (i.e., at the bedside), their

support in scientific studies (i.e., at the bench), and the implications for an improved patient

interface (i.e., back at the bedside).

ET may represent a family of diseases rather than a single disease

ET may comprise a family of diseases rather than a single entity. Below, this concept is

elaborated upon.

Bedside

Although for many years ET was viewed as a monosymptomatic condition,2 we now know

that the clinical features are richer, including both motor and non-motor features.3 To begin

with, the tremor itself is not a featureless, nondescript action tremor; rather, it is

characterized by a specific pattern of features: (1) kinetic tremor is greater in amplitude than

postural tremor;4, 5 (2) the tremor involves movement at specific joints in specific directions

(e.g. wrist tremor is greater than metacarpal tremor, wrist flexion-extension tremor is greater

than wrist rotation tremor);6, 7 (3) intention tremor of the arms is seen on finger-nose-finger

maneuver in approximately 50% of cases;8, 9 (4) rest tremor occurs in as many as 20% of

cases as a late feature;10 (5) arm tremor precedes cranial tremor, for which there is a female

preponderance;11, 12 (6) the prevalence of neck tremor is greater than that of jaw tremor,

which is greater than that of tongue/cheek/forehead tremor;13, 14 and (7) there is a tendency

for tremor severity to increase over time.15-17 These features distinguish the tremor of ET

from that of Parkinson's disease, dystonia, and drug-induced tremor. Aside from tremor,

other motor features have been described in ET, including abnormalities in tandem gait and

balance (i.e., the presence of a mild gait ataxia).11, 18-25 In some patients, the gait problem is
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marked, putting them at increased falls risk.26 Furthermore, oculomotor deficits indicative of

cerebellar dysfunction27, 28 have been reported, as well as impairments in both temporal

variability of voluntary movement and predictions in timing of movement, each under

cerebellar control.29-31 The clinical features of ET also include non-motor features,3

including cognitive problems ranging from mild to severe32 and psychiatric problems,33, 34

some of which could be primary.34 Thus, over the past 5 -10 years, there has been a growing

appreciation that the clinical phenomenology is varied in nature, and furthermore, this

variance may be differentially expressed across patients.17, 35, 36 While some of the

differences across patients can clearly be attributed to differences in disease duration (i.e.,

disease stage), others cannot (i.e., patients with similar disease stages may have different

features).37 This gives rise to the idea of different disease subtypes or even different disease

entities.17, 38 Based on available evidence, it is somewhat premature to propose specific

clinical subtypes of ET; however, a number of clinical features, including age of onset,

family history, presence of head tremor, and presence/severity of cerebellar signs, are likely

to be among the key features on which classification schemes are eventually constructed.

Bench

Laboratory-based studies lend further support for the notion that ET is heterogeneous. These

studies include neuroimaging, postmortem, and genetic studies, each discussed below.

Although a recent single photon emission computed tomography (SPECT) study of 13 ET

patients with limb tremor and 11 with only head tremor, found no difference between the

two groups in terms of perfusion changes in the cerebellum and other brain structures,39 a

growing number of imaging studies do suggest such differences. Thus, a voxel based

morphometry study of 50 ET patients reported differences in the cerebellar vermis between

patients with arm tremor vs. patients with both arm and head tremor, leading the authors to

conclude that these could represent distinct subtypes of the disease.40 A study of 20 ET

patients that used voxel-based morphometry similarly detected differences between ET

patients with vs. without head tremor, leading the authors to suggest that patients with

additional head tremor may represent a distinct subgroup of ET.41 In another study, which

used an automated volumetric method to quantify subcortical atrophy, the investigators

noted differences between ET patients with vs. without head tremor in terms of cerebellar

volume loss, again suggesting the presence of two subtypes of ET.42

Postmortem studies all agree that there is heterogeneity in ET brains,43-45 and this lead early

investigators to conclude that there was “no consistent pattern of pathology”.44 However,

recent controlled studies, using larger samples, have attempted to order this heterogeneity.

At the Essential Tremor Centralized Brain Repository, while the vast bulk of ET cases have

structural/degenerative changes in the cerebellum (“cerebellar ET”), smaller subgroups of

patients have other findings, which have been broadly categorized as Lewy-body containing

brains,45, 46 and other brains have ubiquitinated intranuclear inclusions.47 Another subgroup

of ET cases seems more prone to develop superimposed progressive supranuclear palsy.48

Organizing this heterogeneity is a challenge and additional studies are needed to fully

understand and encapsulate it.
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Genetic studies similarly support the presence of different genetic mechanisms for ET and

the presence of clear genetic heterogeneity.49-51 It is expected that the search for ET genes

will lead to many different genetic forms of this disease (i.e., many ETs).

In summary, laboratory-based studies (neuroimaging, postmortem, and genetic) provide

support for the notion that ET is a heterogeneous condition, thereby resonating with clinical

studies that suggest that ET is perhaps multiple diseases.

Bedside

How do these basic findings from the laboratory translate back into the clinical arena? It

would be important to tailor clinical trials, and eventually clinical practice, to account for the

clinical and biological heterogeneity of ET.52 Among clinicians and clinical trialists, the

traditional approach has largely been to regard ET patients as a single, homogeneous

group.52 Perhaps the only exception is the occasional separation of patients with head tremor

from patients with upper limb tremor.53, 54 This “one size fits all” approach is potentially

problematic because it increases the occurrence of Type II errors in clinical trials (i.e.,

failing to reject the null hypothesis when there is a treatment effect) 52 and therapeutic

failure in clinical settings.

That investigators are beginning to think along these lines is evidenced by a recent study of

a group of 32 ET patients who differed with respect to propranolol responsiveness. The

authors reported that the non-responder group showed more severe atrophy in the left

orbitofrontal cortex and right temporal cortex relative to responders. However, the

responders exhibited significantly lower fractional anisotropy values in the bilateral frontal,

corpus callosal, and right parietotemporal white matter compared with the non-responder

group. They concluded that propranolol responsiveness may be a predictive factor to

determine ET subtypes in terms of neuroanatomical heterogeneity.55

ET seems to be a disease of the cerebellum or cerebellar system

Accumulating evidence suggests that ET is a disease of the cerebellar and/or cerebellar

system.

Bedside

As noted above, an emerging clinical literature has gathered increasing support for the

notion that the cerebellum is centrally involved in ET. First, cerebellar-like problems, with

abnormalities in tandem gait and balance, have been repeatedly described in ET

patients.11, 20, 21, 25, 56-59 Intention (i.e., “cerebellar”) tremor of the arms occurs in

approximately one-half of ET patients,8, 60 and in 10% of patients, intention tremor involves

the head as well.59, 61 There are a variety of other motor abnormalities that point to what is

likely to be a more pervasive underlying abnormality of cerebellar function in ET. These

include oculomotor deficits 27, 28 and abnormalities in limb motor behavior in ET.29-31, 59, 62

Second, unilateral cerebellar stroke has been reported to abruptly terminate ipsilateral arm

tremor in patients with ET63, 64 and cerebellar outflow (dentato-rubro-thalamic) pathways

are the target of deep brain stimulation, which is highly effective in treating ET.59, 65, 66 The

presence of a myriad of cerebellar features strongly implicates the cerebellar system.
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Bench

Current neuroimaging research provides converging evidence for the central role of the

cerebellum in the pathophysiology of ET.67 Thus, a growing array of neuroimaging studies

indicate the presence of functional and metabolic abnormalities in the ET cerebellum, as

well as structural abnormalities in both the cerebellar gray and white matter. These include

functional magnetic resonance imaging (MRI) studies,68 positron emission tomography

(PET) studies,69-71 [1H] magnetic resonance spectroscopic imaging studies,72, 73 diffusion

tensor imaging studies,74-76 voxel based morphometry studies,40, 77 and studies using other

automated volumetric methods.78

Postmortem studies of ET, from different groups, consistently report abnormalities in the

neocerebellum. These abnormalities include an increase in number of Purkinje cell dendritic

swellings;79 reductions in Purkinje cell counts in some studies and in Purkinje cell linear

density in others; heterotopic placement of Purkinje cell soma;45, 80, 81 a broad range of

changes in Purkinje cell axonal morphology, including torpedoes;3, 45 increased Bergmann

gliosis;43 abnormalities in basket cell axonal processes (i.e., hypertrophy of perisomal

processes [“hairy baskets”]; elongated LINGO1 labeled pinceau processes);82, 83 and

reductions in GABA(A) and GABA(B) receptors in the dentate nucleus.84 Systematic

postmortem study of the other brain regions that form loop connections with the cerebellum

(i.e., the thalamus, inferior olivary nucleus, red nucleus, and motor cortex) indicate that

significant pathologic changes are not evident in these brain regions,43, 44 reinforcing the

notion that the cerebellum is the focal point of interest in studies of the pathogenesis of ET.

Bedside—The surgical treatments for ET are among the most effective, particularly if one

considers the sheer magnitude and immediacy of the reduction in tremor amplitude.65, 85, 86

Of interest is that there is less response heterogeneity with deep brain stimulation surgery,

with the large majority of ET patients showing a sizable response to the intervention,65 than

there is for pharmacological treatments. For a variety of pharmacological clinical trials in

ET, treatment graphs (before and after treatment) clearly show that a sizable portion (30 -

60%) of patients has little response to medication.17

The number of surgical modalities/options is growing.87 It should be pause for thought that

all of these surgeries, in all of their variety, intervene at the same place, namely, the

cerebellar outflow region (thalamus). This is a final common nodal point for the receipt of

diatheses-affected pathways that emerge from more proximal points within the cerebellar

system in ET.17 This is a clear indicator that future treatments for ET, whether they be

surgical or pharmacotherapeutic, need to take cerebellar pathophysiology and cerebellar

outflow pathways into account. They need to consider on a far more fundamental level how

the cerebellum works, what the specific problem or problems are occurring in this particular

brain region in ET, and how to effectively intervene.

ET may be neurodegenerative

The notion that ET may be neurodegenerative is one that has been proposed recently.

Louis Page 5

Curr Opin Neurol. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Bedside

ET shares a number of important features with the neurodegenerative diseases. Thus,

clinical experience and clinical research indicate that ET has an insidious onset88, 89 and it

then follows a gradual yet progressive clinical course.15, 16 Several patterns of progression

have been described.90 There is a spread of tremor somatopically across body regions (arms

to cranial structures) with time, as well as the development of more extensive tremor

manifestations (rest tremor and intention tremor) with disease progression.9, 10 Furthermore,

both the incidence and the prevalence of ET increase with age and aging, with an

exponential increase in prevalence in advanced age.1, 91, 92 Additionally, carefully-

controlled prospective studies indicate that prevalent ET is associated with an increased risk

of several degenerative disorders, including Parkinson's disease and Alzheimer's

disease.93-95

Bench

Postmortem studies of ET indicate that the vast bulk of ET cases have changes in the

cerebellum (“cerebellar ET”) that are likely to be of a degenerative nature, while smaller

subgroups of patients have other degenerative findings, which may be broadly categorized

as Lewy-body containing brains,45, 46 and brains with ubiquitinated intranuclear

inclusions.47 There is some debate over the issue of Purkinje cell loss in ET,96 however, the

changes that occur in the ET brain, aside from any Purkinje cell loss, are numerous,97 and

are the types of changes that are seen in cerebellar degenerations (e.g., spinocerebellar

ataxias).

Bedside

The conceptualization of ET as a neurodegenerative process98 has several clinical

implications. It indicates that there is a cellular and molecular pathophysiology of ET and

the disease is not merely the result of an electrical disarrangement. This means that the

future drug development could target important molecular and cellular events in the

degenerative cascade. This being said, other than levodopa therapy for Parkinson's disease,

the treatment options for neurodegenerative diseases are quite limited. Another clinical

implication is that, moving forward, this makes the identification of modifiable risk factors

more important, along with strategies aimed at disease prevention. In addition, it raises as a

central issue that of the rational development of neuroprotective agents.

Low GABA tone seems to be a central feature of ET

A central feature of ET may be a reduction in GABA tone. Below, this concept is elaborated

upon.

Bedside

An interesting feature of the treatment of ET is that nearly all effective medications involve

the enhancement of a single and specific brain neurotransmitter system – the GABA-ergic

system. These medications include the barbiturates, primidone, benzodiazepines,

gabapentin, topiramate, and even various alcohols.99, 100 This indicates that there is a

specific central target of underlying biological importance.17, 100 Propranolol is believed to
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have a therapeutic effect in ET by antagonistic binding to nonspecific peripheral β-

adrenergic receptors, yet there is some evidence to suggest that it may also act by enhancing

GABA receptivity in the central nervous system.99

Bench

The clinical observation of the importance of the GABA system in the treatment of ET is

substantiated by a number of scientific studies. One study demonstrated that cerebrospinal

fluid levels of GABA were significantly reduced in 20 patients with ET compared with 16

control subjects.101 A recent PET study102 reported increased 11C-flumazenil binding at

GABA-ergic receptor sites in the ET cerebellum. Furthermore, in another recent 11C-

flumazenil PET study, the severity of tremor in ET correlated with the abnormalities found

in GABA receptor binding, suggesting a primary GABA-ergic deficiency or a functional

abnormality at the level of GABA(A) receptor subtypes in ET.103 A recent postmortem

study demonstrated reductions in GABA(A) and GABA(B) receptors in the dentate nucleus

in ET.84 Finally, one of the features to emerge from postmortem studies is a reduction in

Purkinje cell counts.45

Bedside

Taking these observations to the bedside will be a challenge. Clearly, there is already a

plethora of GABA-ergic agents that have been tried, with only modest success, in the

treatment of ET. The development of more effective medications will be dependent on a

more detailed understanding of the specific GABA-ergic abnormalities in ET. Even in the

non-disease state, GABA biology in the cerebellum is complex, with several cerebellar

neurons, aside from Purkinje cells, releasing this neurotransmitter. How this complex

biology is altered in ET is not fully known, but will be important in terms of developing

more targeted GABA-ergic agents.

Conclusions

Recent years have witnessed a notable increase in research on ET, with consequent advances

in our understanding of this entity. Observations arising from clinical practice have

motivated scientific studies of this disorder. In turn, the results of scientific studies are

beginning to be translated back to the bedside and may advance treatments of the future.

Hence, we have seen a flow of new ideas and concepts back and forth across clinical and

scientific realms. The success of future attempts to advance therapeutics will depend on this

flow of ideas.
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Bullet Points

• Observations on ET arising from clinical practice/clinical studies have guided

scientific studies of this disorder, and the results of scientific studies are

beginning to be translated back to the bedside.

• Recent ET research has given rise to several novel and intriguing ideas about the

disease. These include the ideas that ET may represent a family of diseases

rather than a single disease, that ET seems to be a disease of the cerebellum or

cerebellar system, that ET may be neurodegenerative, and that low gamma

aminobutyric acid tone seems to be a central feature of ET.

• As with many emerging ideas, there is significant discussion and debate over

these emerging ideas.

• The flow of ideas, from clinical observations about ET, to their translation into

scientific studies, and their translation back to the bedside is eventually expected

to lead to improvements at the patient interface.
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