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The past 10 years has seen a remarkable advance in our understanding of the disease traditionally referred to as “essential tremor” (ET). First, the clinical phenotype of ET has been expanded from that of a bland, unidimensional, and monosymptomatic entity to one with a host of heterogeneous features. These features include a broader and more nuanced collection of tremors, non-tremor motor features (e.g., gait abnormalities) and a range of non-motor features, including cognitive, psychiatric, sleep, and other abnormalities. The natural history of these features, as well as their relationships with one another and with disease duration and severity, are better appreciated than they were previously. Studies of disease etiology have identified a number of candidate genes as well as explored several environmental determinants of disease. In addition, the decade has seen the beginnings and expansion of rigorous postmortem studies that have identified and described the postmortem changes in the brains of patients with ET. This emerging science has given rise to a new notion that the disease, in many cases, is one of cerebellar system degeneration. Across all of these studies (clinical, etiological, and pathophysiological) is the observation that there is heterogeneity across patients and that “essential tremor” is likely not a single disease but, rather, a family of diseases. The time has come to use the more appropriate terminology, “the essential tremors,” to fully describe and encapsulate what is now apparent. In this paper, the author will review the clinical, etiological, and pathophysiological findings, referred to above, and make the argument that the terminology should evolve to reflect advances in science and that “the essential tremors” is a more scientifically appropriate term.
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INTRODUCTION

During the last decade or two, we have witnessed notable advances in our understanding of the neurological disease that traditionally has been referred to as “essential tremor” (ET). Advances have spanned several key areas, from clinical features to natural history and from etiology to disease pathogenesis. This evolution is largely driven by new data and, along with these new data, a growing appreciation of the broader diversity and assortment of clinical features, etiological factors, and pathophysiological mechanisms. In this paper, we review the clinical, etiological, and pathophysiological heterogeneity in ET and put forth the argument that the terminology should adapt to reflect advances in science and that “the essential tremors” is a more scientifically appropriate term.



EXPANSION OF THE CLINICAL PHENOTYPE OF ET


Introduction

The clinical phenotype of ET has expanded from that of a bland, unidimensional, monosymptomatic entity to one with a diverse array of features. These may include both a broader and a more nuanced assemblage of tremors, the appearance of motor features aside from tremors (e.g., gait abnormalities), and a range of non-motor features, including cognitive, psychiatric, and sleep abnormalities, among others. Here, we review the details.



Tremors

A myriad of tremors may be seen in patients with ET. The primary clinical feature of ET is kinetic tremor (1–4). This may be observed during a range of activities of daily living, from writing to drinking to eating, and may be elicited on neurological examination during a variety of maneuvers (e.g., finger-nose-finger maneuver, spiral drawing, pouring water between two cups) (1, 5). In ~50% of ET patients, the tremor has an intentional component (6), with observed worsening of tremor as the patient approaches the target (i.e., either the finger or the nose) during the finger-nose-finger maneuver. Intention tremor in ET is not limited to the arms; 10% of ET patients exhibit intention tremor in their neck when their head approaches a target (7). This may be observed, for example, when the patient lowers their head to meet the cup or spoon as it approaches their face during the tasks of drinking or using a spoon (1). Intention tremor is observed during toe-to-target movements in 27.3% of ET patients (8).

In addition to kinetic and intention tremors, patients with ET often have postural tremor of the arms, which can range in severity, although the amplitude of this tremor is generally lower than that of the kinetic tremor (3, 9).

Tremor at rest, without the other cardinal features of Parkinsonism such as bradykinesia or rigidity, occurs in ~1–35% of patients with ET, depending on the method of case ascertainment (10, 11). In contrast to that seen in patients with Parkinson's disease, it is a late-disease feature, and it has only been observed in the arm (i.e., it has not been observed in the leg) (1, 2, 10, 11).

Over time, there is a tendency for the tremor in ET to involve other body regions aside from the upper limbs, and patients may develop cranial tremors, involving the neck, voice, or jaw (1, 12, 13). Hence, there is heterogeneity not only with respect to the activation condition during which tremor is observed (e.g., kinetic, postural, intention, and rest) but with respect to the somatotopic distribution of tremor. Cranial tremors, and especially neck tremor, is particularly prevalent in women with ET, among whom the prevalence of neck tremor is several times higher than that of neck tremor in men with ET (14, 15). This neck tremor often begins as a uni-directional tremor, either “no–no” (i.e., horizontal) or “yes–yes” (i.e., vertical); with time this can evolve into a more complex, multi-directional tremor (1, 16).



Other Motor Features

The motor features of ET are not limited to tremors. Another motor feature of ET is gait ataxia (17–19), which may be elicited on neurological examination by asking patients to perform tandem gait. The number of tandem gait missteps in ET is in excess of that seen in control subjects of similar age (17, 19). In most ET patients, this ataxia is mild, although in some ET patients it may reach moderate severity (20). This ataxia has been shown to result in a reduction in patients' confidence in balance and a mild but significant increase in the number of near-falls and falls in ET patients compared to age-matched controls (21). There are several studies that suggest that certain phenotypic features (e.g., midline tremor) track with greater gait difficulty (22, 23). Subclinical eye movement abnormalities (24–26) as well as other motor abnormalities (e.g., eye-hand incoordination, greater temporal variability in repetitive movements, and abnormalities in motor learning) point to what is likely to be a more pervasive underlying abnormality of cerebellar function in ET (27–31).

There are other motor features as well. Several studies have also reported the presence of movement slowness in finger tapping and other tasks in ET cases compared to controls, with a heterogeneous range of values across ET cases (32–34).

The above discussion would be incomplete without a discussion of dystonia. There is growing recognition and acceptance that some degree of dystonia may be present during the examination of patients with ET (35–38). It is apparent that the presence vs. absence, distribution, severity, and natural history of that dystonia is not uniformly distributed across patients, although further work needs to be done to define the full spectrum of dystonic postures in patients with ET. Such work will have obvious implications for the conceptualization and framing of the entity now referred to as “dystonic tremor.” The ensuing discussion should recognize that different underlying disease entities may have overlapping clinical features; in this case, both tremor and dystonia might be referable to a disordered cerebellum (39–41).



Non-motor Features

As with many neurodegenerative movement disorders (e.g., Parkinson's disease, Huntington's disease), the clinical features in ET extend beyond the motor system. These non-motor features may be divided into those that are cognitive, psychiatric, sensory, and other (e.g., sleep). These have been reviewed in detail elsewhere (42–47).

Beginning with studies published nearly two decades ago, investigators observed mild cognitive deficits in patients with ET when compared with controls, and the number of such studies is considerable (42, 48, 49). These deficits involve a number of cognitive domains, particularly executive function and memory (50). Studies have documented that the rate of cognitive decline in older ET patients is greater than that observed in age-matched controls (51). Epidemiological studies in Spain and New York have demonstrated that, beyond the presence of mild cognitive deficits, ET is associated with both an increased odds of prevalent dementia (52, 53) and an increased risk of incident dementia (53, 54). Conversion rate in ET from mild cognitive impairment to dementia seems to be in excess of that seen in control groups (55). The basis for the cognitive changes and dementia in ET is likely to be multi-factorial, and further studies are needed (42, 56, 57).

Many neurodegenerative diseases are indeed neuropsychiatric disorders. In ET, the presence of specific personality traits has been demonstrated in several studies (58–60), as well as a range of psychiatric features (anxiety, social phobia, and depression) (61–63), and there is evidence that some of these (e.g., depression) could be primary rather than a response to the disabling features of tremor (64).

Olfactory deficits have been variably reported in some although not all ET cohorts (65, 66), and hearing deficits have more consistently been reported in other cohorts (67–69). Sleep abnormalities have consistently been demonstrated in patients with ET (70–72).



Additional Clinical Features

The age of onset in ET is not uniform. That is, there is considerable heterogeneity. Whether an individual who develops the disease at age 40 years has the same underlying disease as someone who develops the disease at a more advanced age (e.g., 75 years) is an interesting question. To date, no compelling data have been presented to suggest that there is an age cutoff for developing ET. In a similar sense, there is no age cutoff for Parkinson's disease or Alzheimer's disease.



Electrophysiological Features

Electrophysiological studies also point to heterogeneity in ET. For example, there is evidence from kinematic recordings that ET cases with head tremor differ from those without head tremor with respect to the severity of their limb tremor (73). Other electrophysiological studies, using electromyography and testing of long-latency reflexes, suggest that ET cases are dividable into distinct groups based on the mode of activation of antagonist muscles or reflex pattern (74, 75). Different responses to cerebellar transcranial magnetic stimulation, observed across studies, could also be the result of heterogeneity across patient groups (76, 77).



Neuroimaging Features

A variety of neuroimaging studies in ET have attempted to identify subdivisions of patients who differ with respect to neuroimaging features. There is some evidence that patients with head tremor differ from those without head tremor in resting-state fMRI studies (78) and that in tractography studies, ET patients with vs. without resting tremor differ from one another with respect to structural connectivity (79).



Pharmacological and Surgical Response Phenotype

Additional evidence of heterogeneity in ET comes from the observed variable response to medications across patients. It is a common observation in clinical trials that responsiveness to medication is not uniform across patients and that there tend to be responders and non-responders and that the proportion of the latter is sizable (80). Several studies have shown that patients with specific phenotypic, electrophysiologic, or neuroimaging features respond more favorably to propranolol (74, 81).

There is also some evidence in the literature that surgical responsiveness may differ across ET patients with, for example, thalamotomy used as a salvage solution in patients who do not respond to deep brain stimulation surgery (82). However, one study that examined clinical correlates of deep brain stimulation surgical outcome across ET patients did not identify any clinical characteristics that correlated with response (83).



Summary

The past decade or two has seen an expansion of the ET phenotype. This is broadly recognized in the field. How to deal with this heterogeneity is not clear. There have been some initial attempts to develop new nomenclature to acknowledge that ET might not comprise a single entity (e.g., ET vs. “ET-plus”) (38), although the proposed terminology has been criticized, and further work is needed (37, 84–87). More specifically, it is important to recognize clinical heterogeneity within ET; however, it is then important to take additional steps to determine whether that clinical heterogeneity is a marker of distinct, separable underlying etiological, pathophysiological, and/or mechanistic entities. If the clinical differences are not linkable to such meaningful differences, then they are superficial ones, and they should not be used as the basis for decisions about disease classification and disease nomenclature.




GREATER UNDERSTANDING OF THE NATURAL HISTORY OF ET AND RECOGNITION OF HETEROGENEITY ACROSS PATIENTS

Over the past decade or two, we have developed a greater understanding of the natural history of ET. In most individuals with ET, tremor amplitude increases with time (88, 89). The pattern of progression is not the same in all individuals. Several patterns of progression have been described, the two most common of which are (1) late life onset (i.e., after age 60) with progression and (2) early life onset (i.e., before age 40) with mild, stable tremor for many years followed in the 60s and onwards with progression (1). The least common pattern is that of early life (e.g., childhood) onset with marked worsening over the ensuing decade (1).

Aside from the above-described heterogeneity in pattern of progression, we also know that patients are not homogeneous with respect to rate of progression. There are faster progressors and slower progressors (90, 91), and in ET families, there is a fourfold difference in rate of progression, with some families being markedly faster progressors than others (92). A number of factors have been identified that seem to track with or predict differences in rate of progression, including older age of onset (90), family membership (slower vs. faster progressing family) (92), and asymmetrical tremor (91).

A feature of progression in ET is the layering on of additional tremors with time [e.g., intention tremor (6), rest tremor (11), and head tremor (15)], with the number of such features increasing over time (93). Yet these features do not monotonously each appear in all ET patients—patients differ with respect to their development of these features.

In this discussion, we have focused on motor features of ET and specifically tremor. Yet there is evidence that non-motor features, and particularly cognitive deficits, occur in ET. Some patients go on to develop mild cognitive impairment or dementia; however, the development of these more severe forms of cognitive impairment are not uniform; some patients dement and others do not (55).

From the above discussion, one may see that on multiple planes, there is heterogeneity across patients with respect to natural history, with differences in pattern of progression, rate of progression, and features of progression.



ADVANCES IN KNOWLEDGE REGARDING DISEASE ETIOLOGY AND RECOGNITION OF ETIOLOGICAL HETEROGENEITY

A number of genes have been associated with familial ET, with these genes either present in a single family or a small number of families (94, 95). Genome-wide association studies have found associations between ET and single nucleotide polymorphisms (SNPs) in the region of LINGO1, and other such studies have identified SNPs in other genes (STK32B, PPARGC1A, and CTNNA3) (95). What is apparent is that a host of genetic factors is likely to be linked with ET and that there is genetic heterogeneity (96, 97). Stated another way, there is more than one genetic cause for ET. Furthermore, there are environmental determinants of disease as well (98, 99), indicating additional etiological heterogeneity.



GREATER UNDERSTANDING OF UNDERLYING DISEASE PATHOPHYSIOLOGY AND RECOGNITION OF PATHOPHYSIOLOGICAL HETEROGENEITY IN ET

The decade has seen the beginnings and expansion of rigorous and controlled postmortem studies of ET brains, and these have identified and systematically cataloged the postmortem changes in the brains of patients with ET. This new science has given rise to a new notion that the disease, in many cases, is one of cerebellar system degeneration (100–104). This being said, there is evidence of heterogeneity. While the majority of ET cases evidence a host of related degenerative features in the cerebellar cortex (105), a sizable minority of cases has Lewy body pathology (105), and an even smaller number has intranuclear inclusions (106, 107). These data indicate that the postmortem findings, and hence the pathomechanisms, are not uniform across all ET cases. Even within ET cases with cerebellar pathology, there is a range of severity of such pathology (102, 105).



HETEROGENEITY ACROSS A CONTINUUM—WHAT IS A FAMILY OF DISEASES?

The modern concept of disease is that etiological factors (i.e., genetic or environmental) are the proximate causes of disease, and these set a series of pathophysiological processes in motion, which then result in clinical features. Hence, in terms of timed events, etiology leads to pathophysiology, and this in turn leads to clinical features. As such, a “disease” is defined by its features along a time continuum, spanning from etiology to pathophysiology to clinical.

We observed from the above discussions that all along this continuum, there is evidence of multi-dimensionality, variety, and diverseness, that is, heterogeneity. It is likely that specific elements in the proximate cause of ET (etiology) will eventually be linkable to particular elements in pathophysiology and in clinical features—in other words, that certain causes will be linked with certain pathophysiologies and this, in turn, with a specific constellation of clinical features.

This is not revolutionary thinking. In the same way, during the second half of the 20th century, it became apparent that not all of the Parkinsonisms were the same—that progressive supranuclear palsy, for example, was distinguishable on each of these planes (different genes, different postmortem findings, and overlapping but differing clinical features) from idiopathic Parkinson's disease. Similarly, “motor neuron disease” encapsulates a discrete set of diseases within this broad disease family. Parkinsonisms, motor neuron disease—these are families of diseases. In ET, current knowledge of genetic causes and pathophysiology are quite rudimentary, making it difficult at this juncture to define etiological-pathophysiological-clinical entities (i.e., “diseases”) that exist within “the essential tremors,” but it is only a matter of time before such links are observed. Preliminary work suggest that certain anatomic features of ET are linkable to pharmacological response phenotype, for example (81), and that certain clinical features (i.e., older onset) are associated with more degenerative pathology in ET (90).



A CALL FOR MORE APPROPRIATE TERMINOLOGY THAT MATCHES OUR UNDERSTANDING

In science, one may reach the point when the existing terminology is lagging behind the state of knowledge. While some degree of disconnect is not problematic, when it reaches a point when the terminology is incorrectly framing and falsely characterizing the entity it is meant to apply to and when it interferes with clear thinking about the entity, it is time for a change. “Essential tremor” is in fact a term that was coined in the second half of the 19th century (108); this was a different time. Based on the arguments put forth in this paper, it is now time to recognize that we are dealing with a family of diseases, more appropriately referred to as “the essential tremors.” While it may seem premature to start to use this terminology in the absence of a clear knowledge of the different diseases, there is enough evidence of heterogeneity that the terminology should change in advance, as the science is certainly heading in this direction. Indeed, in this paper, data are presented from more than 100 peer-reviewed studies, which support the thesis that ET is not one entity and is therefore more than one entity—the ETs. The term “ET-plus” was coined in acknowledgment of this heterogeneity, although differentiation solely on clinical features is overly simplistic, and this terminology should not stick. Conceptually, however, that attempt to acknowledge heterogeneity and to modify and broaden terminology is an acknowledgment that ET is a family of diseases.

One may ask whether it might not be better to preserve the term “ET” for those cases with a limited and classical set of clinical features and separate out other cases who have additional features. This is a problematic approach. We know from genetic studies and postmortem studies that ET cases with different etiologies and different pathophysiologies can share the same clinical phenotype; hence, there is etiological and pathophysiological heterogeneity (i.e., different disease entities) even under the umbrella of the same clinical phenotype. Classification systems and nomenclature should reflect not only superficial clinical differences but more meaningful underlying drivers of those differences.



CONCLUSIONS

In this paper, we review the clinical, etiological, and pathophysiological heterogeneity in ET, and we put forth the argument that our terminology should evolve to reflect and keep pace with advances in science and that “the essential tremors” is a more scientifically appropriate term.



AUTHOR CONTRIBUTIONS

EL conceptualized and wrote this paper.



FUNDING

This work was funded by the National Institutes of Health NINDS R01 NS086736, NINDS R01 NS088257, and NINDS R01 NS094607.



REFERENCES

 1. Louis ED. Tremor. Continuum (Minneap Minn). (2019) 25:959–75. doi: 10.1212/CON.0000000000000748

 2. Louis ED. Essential tremor: a nuanced approach to the clinical features. Pract Neurol. (2019) 19:389–98. doi: 10.1136/practneurol-2018-002183

 3. Louis ED. The primary type of tremor in essential tremor is kinetic rather than postural: cross-sectional observation of tremor phenomenology in 369 cases. Eur J Neurol. (2013) 20:725–7. doi: 10.1111/j.1468-1331.2012.03855.x

 4. Louis ED. Twelve clinical pearls to help distinguish essential tremor from other tremors. Expert Rev Neurother. (2014) 14:1057–65. doi: 10.1586/14737175.2014.936389

 5. Louis ED, Ford B, Wendt KJ, Lee H, Andrews H. A comparison of different bedside tests for essential tremor. Mov Disord. (1999) 14:462–7. doi: 10.1002/1531-8257(199905)14:3<462::AID-MDS1012>3.0.CO;2-V

 6. Louis ED, Frucht SJ, Rios E. Intention tremor in essential tremor: prevalence and association with disease duration. Mov Disord. (2009) 24:626–7. doi: 10.1002/mds.22370

 7. Leegwater-Kim J, Louis ED, Pullman SL, Floyd AG, Borden S, Moskowitz CB, et al. Intention tremor of the head in patients with essential tremor. Mov Disord. (2006) 21:2001–5. doi: 10.1002/mds.21079

 8. Kestenbaum M, Michalec M, Yu Q, Pullman SL, Louis ED. Intention tremor of the legs in essential tremor: prevalence and clinical correlates. Mov Disord Clin Pract. (2015) 2:24–8. doi: 10.1002/mdc3.12099

 9. Brennan KC, Jurewicz EC, Ford B, Pullman SL, Louis ED. Is essential tremor predominantly a kinetic or a postural tremor? A clinical and electrophysiological study. Mov Disord. (2002) 17:313–6. doi: 10.1002/mds.10003

 10. Cohen O, Pullman S, Jurewicz E, Watner D, Louis ED. Rest tremor in patients with essential tremor: prevalence, clinical correlates, and electrophysiologic characteristics. Arch Neurol. (2003) 60:405–10. doi: 10.1001/archneur.60.3.405

 11. Louis ED, Hernandez N, Michalec M. Prevalence and correlates of rest tremor in essential tremor: cross-sectional survey of 831 patients across four distinct cohorts. Eur J Neurol. (2015) 22:927–32. doi: 10.1111/ene.12683

 12. Louis ED, Rios E, Applegate LM, Hernandez NC, Andrews HF. Jaw tremor: prevalence and clinical correlates in three essential tremor case samples. Mov Disord. (2006) 21:1872–8. doi: 10.1002/mds.21069

 13. Louis ED, Gerbin M. Voice handicap in essential tremor: a comparison with normal controls and Parkinson's disease. Tremor Other Hyperkinet Mov (N Y). (2013) 3. doi: 10.7916/D8KD1WN3

 14. Hardesty DE, Maraganore DM, Matsumoto JY, Louis ED. Increased risk of head tremor in women with essential tremor: longitudinal data from the Rochester Epidemiology Project. Mov Disord. (2004) 19:529–33. doi: 10.1002/mds.20096

 15. Louis ED. When do essential tremor patients develop head tremor? Influences of age and duration and evidence of a biological clock. Neuroepidemiology. (2013) 41:110–5. doi: 10.1159/000351698

 16. Robakis D, Louis ED. Head tremor in essential tremor: “Yes-yes”, “no-no”, or “round and round”? Parkinsonism Relat Disord. (2016) 22:98–101. doi: 10.1016/j.parkreldis.2015.11.002

 17. Rao AK, Louis ED. Ataxic gait in essential tremor: a disease-associated feature? Tremor Other Hyperkinet Mov (N Y). (2019) 9. doi: 10.5334/tohm.507

 18. Stolze H, Petersen G, Raethjen J, Wenzelburger R, Deuschl G. The gait disorder of advanced essential tremor. Brain. (2001) 124:2278–86. doi: 10.1093/brain/124.11.2278

 19. Hubble JP, Busenbark KL, Pahwa R, Lyons K, Koller WC. Clinical expression of essential tremor: effects of gender and age. Mov Disord. (1997) 12:969–72. doi: 10.1002/mds.870120620

 20. Louis ED, Galecki M, Rao AK. Four essential tremor cases with moderately impaired gait: how impaired can gait be in this disease? Tremor Other Hyperkinet Mov (N Y). (2013) 3. doi: 10.5334/tohm.138

 21. Rao AK, Gilman A, Louis ED. Balance confidence and falls in nondemented essential tremor patients: the role of cognition. Arch Phys Med Rehabil. (2014) 95:1832–7. doi: 10.1016/j.apmr.2014.04.001

 22. Louis ED, Rios E, Rao AK. Tandem gait performance in essential tremor: clinical correlates and association with midline tremors. Mov Disord. (2010) 25:1633–8. doi: 10.1002/mds.23144

 23. Hoskovcová M, Ulmanová O, Sprdlík O, Sieger T, Nováková J, Jech R, et al. Disorders of balance and gait in essential tremor are associated with midline tremor and age. Cerebellum. (2013) 12:27–34. doi: 10.1007/s12311-012-0384-4

 24. Gitchel GT, Wetzel PA, Baron MS. Slowed saccades and increased square wave jerks in essential tremor. Tremor Other Hyperkinet Mov (N Y). (2013) 3. doi: 10.7916/D8251GXN

 25. Wójcik-Pedziwiatr M, Plinta K, Krzak-Kubica A, Zajdel K, Falkiewicz M, Dylak J, et al. Eye movement abnormalities in essential tremor. J Hum Kinet. (2016) 52:53–64. doi: 10.1515/hukin-2015-0193

 26. Helmchen C, Hagenow A, Miesner J, Sprenger A, Rambold H, Wenzelburger R, et al. Eye movement abnormalities in essential tremor may indicate cerebellar dysfunction. Brain. (2003) 126:1319–32. doi: 10.1093/brain/awg132

 27. Trillenberg P, Führer J, Sprenger A, Hagenow A, Kömpf D, Wenzelburger R, et al. Eye-hand coordination in essential tremor. Mov Disord. (2006) 21:373–9. doi: 10.1002/mds.20729

 28. Avanzino L, Bove M, Tacchino A, Ruggeri P, Giannini A, Trompetto C, et al. Cerebellar involvement in timing accuracy of rhythmic finger movements in essential tremor. Eur J Neurosci. (2009) 30:1971–9. doi: 10.1111/j.1460-9568.2009.06984.x

 29. Farkas Z, Szirmai I, Kamondi A. Impaired rhythm generation in essential tremor. Mov Disord. (2006) 21:1196–9. doi: 10.1002/mds.20934

 30. Kronenbuerger M, Gerwig M, Brol B, Block F, Timmann D. Eyeblink conditioning is impaired in subjects with essential tremor. Brain. (2007) 130:1538–51. doi: 10.1093/brain/awm081

 31. Shill HA, De La Vega FJ, Samanta J, Stacy M. Motor learning in essential tremor. Mov Disord. (2009) 24:926–8. doi: 10.1002/mds.22479

 32. Bologna M, Paparella G, Colella D, Cannavacciuolo A, Angelini L, Alunni-Fegatelli D, et al. Is there evidence of bradykinesia in essential tremor? Eur J Neurol. (2020) 27:1501–9. doi: 10.1111/ene.14312

 33. Jiménez-Jiménez FJ, Rubio L, Alonso-Navarro H, Calleja M, Pilo-de-la-Fuente B, Plaza-Nieto JF, et al. Impairment of rapid repetitive finger movements and visual reaction time in patients with essential tremor. Eur J Neurol. (2010) 17:152–9. doi: 10.1111/j.1468-1331.2009.02784.x

 34. Duval C, Sadikot AF, Panisset M. Bradykinesia in patients with essential tremor. Brain Res. (2006) 1115:213–6. doi: 10.1016/j.brainres.2006.07.066

 35. Louis ED, Hernandez N, Alcalay RN, Tirri DJ, Ottman R, Clark LN. Prevalence and features of unreported dystonia in a family study of “pure” essential tremor. Parkinsonism Relat Disord. (2013) 19:359–62. doi: 10.1016/j.parkreldis.2012.09.015

 36. Hale EA, Liu G, Kim CY, Louis ED. Under-recognition of cervical dystonia: an essential tremor patient with numerous textbook features of cervical dystonia. Tremor Other Hyperkinet Mov (N Y). (2019) 9. doi: 10.7916/tohm.v0.733

 37. Pandey S, Bhattad S, Hallett M. The problem of questionable dystonia in the diagnosis of 'Essential Tremor-Plus'. Tremor Other Hyperkinet Mov (N Y). (2020) 10:27. doi: 10.5334/tohm.539

 38. Bhatia KP, Bain P, Bajaj N, Elble RJ, Hallett M, Louis ED, et al. Consensus Statement on the classification of tremors. From the task force on tremor of the International Parkinson and Movement Disorder Society. Mov Disord. (2018) 33:75–87. doi: 10.1002/mds.27121

 39. Kaji R, Bhatia K, Graybiel AM. Pathogenesis of dystonia: is it of cerebellar or basal ganglia origin? J Neurol Neurosurg Psychiatry. (2018) 89:488–92. doi: 10.1136/jnnp-2017-316250

 40. Shakkottai VG, Batla A, Bhatia K, Dauer WT, Dresel C, Niethammer M, et al. Current opinions and areas of consensus on the role of the cerebellum in dystonia. Cerebellum. (2017) 16:577–94. doi: 10.1007/s12311-016-0825-6

 41. Louis ED, Faust PL. Essential tremor: the most common form of cerebellar degeneration? Cerebellum Ataxias. (2020) 7:12. doi: 10.1186/s40673-020-00121-1

 42. Louis ED, Joyce JL, Cosentino S. Mind the gaps: What we don't know about cognitive impairment in essential tremor. Parkinsonism Relat Disord. (2019) 63:10–9. doi: 10.1016/j.parkreldis.2019.02.038

 43. Louis ED. Non-motor symptoms in essential tremor: a review of the current data and state of the field. Parkinsonism Relat Disord. (2016) 22(Suppl 1):S115–8. doi: 10.1016/j.parkreldis.2015.08.034

 44. Sengul Y, Sengul HS, Yucekaya SK, Yucel S, Bakim B, Pazarci NK, et al. Cognitive functions, fatigue, depression, anxiety, and sleep disturbances: assessment of nonmotor features in young patients with essential tremor. Acta Neurol Belg. (2015) 115:281–7. doi: 10.1007/s13760-014-0396-6

 45. Chandran V, Pal PK. Essential tremor: beyond the motor features. Parkinsonism Relat Disord. (2012) 18:407–13. doi: 10.1016/j.parkreldis.2011.12.003

 46. Janicki SC, Cosentino S, Louis ED. The cognitive side of essential tremor: what are the therapeutic implications? Ther Adv Neurol Disord. (2013) 6:353–68. doi: 10.1177/1756285613489591

 47. Jhunjhunwala K, Pal PK. The non-motor features of essential tremor: a primary disease feature or just a secondary phenomenon? Tremor Other Hyperkinet Mov (N Y). (2014) 4:255. doi: 10.5334/tohm.230

 48. Gasparini M, Bonifati V, Fabrizio E, Fabbrini G, Brusa L, Lenzi GL, et al. Frontal lobe dysfunction in essential tremor: a preliminary study. J Neurol. (2001) 248:399–402. doi: 10.1007/s004150170181

 49. Lombardi WJ, Woolston DJ, Roberts JW, Gross RE. Cognitive deficits in patients with essential tremor. Neurology. (2001) 57:785–90. doi: 10.1212/WNL.57.5.785

 50. Bermejo-Pareja F, Puertas-Martin V. Cognitive features of essential tremor: a review of the clinical aspects and possible mechanistic underpinnings. Tremor Other Hyperkinet Mov (N Y). (2012) 2. doi: 10.7916/D89W0D7W

 51. Louis ED, Benito-Leon J, Vega-Quiroga S, Bermejo-Pareja F, Neurological Disorders in Central Spain (NEDICES) Study Group. Faster rate of cognitive decline in essential tremor cases than controls: a prospective study. Eur J Neurol. (2010) 17:1291–7. doi: 10.1111/j.1468-1331.2010.03122.x

 52. Benito-Leon J, Louis ED, Bermejo-Pareja F. Elderly-onset essential tremor is associated with dementia. Neurology. (2006) 66:1500–5. doi: 10.1212/01.wnl.0000216134.88617.de

 53. Thawani SP, Schupf N, Louis ED. Essential tremor is associated with dementia: prospective population-based study in New York. Neurology. (2009) 73:621–5. doi: 10.1212/WNL.0b013e3181b389f1

 54. Bermejo-Pareja F, Louis ED, Benito-Leon J, Neurological Disorders in Central Spain Study G. Risk of incident dementia in essential tremor: a population-based study. Mov Disord. (2007) 22:1573–80. doi: 10.1002/mds.21553

 55. Radler KH, Zdrodowska MA, Dowd H, Cersonsky TEK, Huey ED, Cosentino S, et al. Rate of progression from mild cognitive impairment to dementia in an essential tremor cohort: A prospective, longitudinal study. Parkinsonism Relat Disord. (2020) 74:38–42. doi: 10.1016/j.parkreldis.2020.04.008

 56. Farrell K, Cosentino S, Iida MA, Chapman S, Bennett DA, Faust PL, et al. Quantitative assessment of pathological tau burden in essential tremor: a postmortem study. J Neuropathol Exp Neurol. (2019) 78:31–7. doi: 10.1093/jnen/nly104

 57. Bhalsing KS, Kumar KJ, Saini J, Yadav R, Gupta AK, Pal PK. White matter correlates of cognitive impairment in essential tremor. AJNR Am J Neuroradiol. (2015) 36:448–53. doi: 10.3174/ajnr.A4138

 58. Chatterjee A, Jurewicz EC, Applegate LM, Louis ED. Personality in essential tremor: further evidence of non-motor manifestations of the disease. J Neurol Neurosurg Psychiatry. (2004) 75:958–61. doi: 10.1136/jnnp.2004.037176

 59. Lorenz D, Schwieger D, Moises H, Deuschl G. Quality of life and personality in essential tremor patients. Mov Disord. (2006) 21:1114–8. doi: 10.1002/mds.20884

 60. Thenganatt MA, Louis ED. Personality profile in essential tremor: a case-control study. Parkinsonism Relat Disord. (2012) 18:1042–4. doi: 10.1016/j.parkreldis.2012.05.015

 61. Tan EK, Fook-Chong S, Lum SY, Gabriel C, Koh KK, Prakash KM, et al. Non-motor manifestations in essential tremor: use of a validated instrument to evaluate a wide spectrum of symptoms. Parkinsonism Relat Disord. (2005) 11:375–80. doi: 10.1016/j.parkreldis.2005.04.007

 62. Miller KM, Okun MS, Fernandez HF, Jacobson CEt, Rodriguez RL, Bowers D. Depression symptoms in movement disorders: comparing Parkinson's disease, dystonia, and essential tremor. Mov Disord. (2007) 22:666–72. doi: 10.1002/mds.21376

 63. Schneier FR, Barnes LF, Albert SM, Louis ED. Characteristics of social phobia among persons with essential tremor. J Clin Psychiatry. (2001) 62:367–72. doi: 10.4088/JCP.v62n0511

 64. Louis ED, Benito-Leon J, Bermejo-Pareja F, Neurological Disorders in Central Spain Study G. Self-reported depression and anti-depressant medication use in essential tremor: cross-sectional and prospective analyses in a population-based study. Eur J Neurol. (2007) 14:1138–46. doi: 10.1111/j.1468-1331.2007.01923.x

 65. Applegate LM, Louis ED. Essential tremor: mild olfactory dysfunction in a cerebellar disorder. Parkinsonism Relat Disord. (2005) 11:399–402. doi: 10.1016/j.parkreldis.2005.03.003

 66. Louis ED, Bromley SM, Jurewicz EC, Watner D. Olfactory dysfunction in essential tremor: a deficit unrelated to disease duration or severity. Neurology. (2002) 59:1631–3. doi: 10.1212/01.WNL.0000033798.85208.F2

 67. Ondo WG, Sutton L, Dat Vuong K, Lai D, Jankovic J. Hearing impairment in essential tremor. Neurology. (2003) 61:1093–7. doi: 10.1212/01.WNL.0000086376.40750.AF

 68. Karmody CS, Blevins NH, Lalwani AK. Sensorineural hearing loss, early greying, and essential tremor: a new hereditary syndrome? Otolaryngol Head Neck Surg. (2005) 133:94–9. doi: 10.1016/j.otohns.2005.03.017

 69. Balaban H, Altuntas EE, Uysal IO, Senturk IA, Topaktas S. Audio-vestibular evaluation in patients with essential tremor. Eur Arch Otorhinolaryngol. (2012) 269:1577–81. doi: 10.1007/s00405-011-1801-x

 70. Gerbin M, Viner AS, Louis ED. Sleep in essential tremor: a comparison with normal controls and Parkinson's disease patients. Parkinsonism Relat Disord. (2012) 18:279–84. doi: 10.1016/j.parkreldis.2011.11.004

 71. Barut BO, Tascilar N, Varo A. Sleep disturbances in essential tremor and Parkinson disease: a polysomnographic study. J Clin Sleep Med. (2015) 11:655–62. doi: 10.5664/jcsm.4778

 72. Benito-Leon J, Louis ED, Bermejo-Pareja F. Short sleep duration heralds essential tremor: a prospective, population-based study. Mov Disord. (2013) 28:1700–7. doi: 10.1002/mds.25590

 73. Bologna M, Berardelli I, Paparella G, Ferrazzano G, Angelini L, Giustini P, et al. Tremor distribution and the variable clinical presentation of essential tremor. Cerebellum. (2019) 18:866–72. doi: 10.1007/s12311-019-01070-0

 74. Deuschl G, Lucking CH, Schenck E. Essential tremor: electrophysiological and pharmacological evidence for a subdivision. J Neurol Neurosurg Psychiatry. (1987) 50:1435–41. doi: 10.1136/jnnp.50.11.1435

 75. Akbostanci MC, Ulkatan S, Yigit A, Aydin N, Mutluer N. Difference of disability between electrophysiologic subgroups of essential tremor. Can J Neurol Sci. (2000) 27:60–4. doi: 10.1017/S0317167100051994

 76. Maas R, Helmich RCG, van de Warrenburg BPC. The role of the cerebellum in degenerative ataxias and essential tremor: insights from noninvasive modulation of cerebellar activity. Mov Disord. (2020) 35:215–27. doi: 10.1002/mds.27919

 77. Latorre A, Rocchi L, Berardelli A, Bhatia KP, Rothwell JC. The use of transcranial magnetic stimulation as a treatment for movement disorders: a critical review. Mov Disord. (2019) 34:769–82. doi: 10.1002/mds.27705

 78. Wang L, Lei D, Suo X, Li N, Lu Z, Li J, et al. Resting-state fMRI study on drug-naive patients of essential tremor with and without head tremor. Sci Rep. (2018) 8:10580. doi: 10.1038/s41598-018-28778-z

 79. Caligiuri ME, Arabia G, Barbagallo G, Lupo A, Morelli M, Nisticò R, et al. Structural connectivity differences in essential tremor with and without resting tremor. J Neurol. (2017) 264:1865–874. doi: 10.1007/s00415-017-8553-5

 80. Gironell A, Kulisevsky J, Barbanoj M, Lopez-Villegas D, Hernandez G, Pascual-Sedano B. A randomized placebo-controlled comparative trial of gabapentin and propranolol in essential tremor. Arch Neurol. (1999) 56:475–80. doi: 10.1001/archneur.56.4.475

 81. Chung SJ, Kwon H, Lee DK, Hong JY, Sunwoo MK, Sohn YH, et al. Neuroanatomical heterogeneity of essential tremor according to propranolol response. PLoS One. (2013) 8:e84054. doi: 10.1371/journal.pone.0084054

 82. Bahgat D, Magill ST, Berk C, McCartney S, Burchiel KJ. Thalamotomy as a treatment option for tremor after ineffective deep brain stimulation. Stereotact Funct Neurosurg. (2013) 91:18–23. doi: 10.1159/000342491

 83. Sandoe C, Krishna V, Basha D, Sammartino F, Tatsch J, Picillo M, et al. Predictors of deep brain stimulation outcome in tremor patients. Brain Stimul. (2018) 11:592–9. doi: 10.1016/j.brs.2017.12.014

 84. Louis ED, Bares M, Benito-Leon J, Fahn S, Frucht SJ, Jankovic J, et al. Essential tremor-plus: a controversial new concept. Lancet Neurol. (2020) 19:266–70. doi: 10.1016/S1474-4422(19)30398-9

 85. Louis ED. “Essential Tremor Plus”: a problematic concept: implications for clinical and epidemiological studies of essential tremor. Neuroepidemiology. (2020) 54:180–4. doi: 10.1159/000502862

 86. Louis ED. Essential tremor: “Plus” or “Minus”. Perhaps now is the time to adopt the term “the essential tremors”. Parkinsonism Relat Disord. (2018) 56:111–2. doi: 10.1016/j.parkreldis.2018.06.026

 87. Vidailhet M. Essential tremor-plus: a temporary label. Lancet Neurol. (2020) 19:202–3. doi: 10.1016/S1474-4422(19)30442-9

 88. Louis ED, Agnew A, Gillman A, Gerbin M, Viner AS. Estimating annual rate of decline: prospective, longitudinal data on arm tremor severity in two groups of essential tremor cases. J Neurol Neurosurg Psychiatry. (2011) 82:761–5. doi: 10.1136/jnnp.2010.229740

 89. Louis ED, Michalec M, Gillman A. Shaky drawing: what is the rate of decline during prospective follow-up of essential tremor? BMJ Open. (2014) 4:e004626. doi: 10.1136/bmjopen-2013-004626

 90. Louis ED, Faust PL, Vonsattel JP, Honig LS, Henchcliffe C, Pahwa R, et al. Older onset essential tremor: more rapid progression and more degenerative pathology. Mov Disord. (2009) 24:1606–1612. doi: 10.1002/mds.22570

 91. Putzke JD, Whaley NR, Baba Y, Wszolek ZK, Uitti RJ. Essential tremor: predictors of disease progression in a clinical cohort. J Neurol Neurosurg Psychiatry. (2006) 77:1235–7. doi: 10.1136/jnnp.2005.086579

 92. Louis ED, Hernandez N, Ionita-Laza I, Ottman R, Clark LN. Does rate of progression run in essential tremor families? Slower vs. faster progressors. Parkinsonism Relat Disord. (2013) 19:363–6. doi: 10.1016/j.parkreldis.2012.10.005

 93. Louis ED, Gerbin M, Galecki M. Essential tremor 10, 20, 30, 40: clinical snapshots of the disease by decade of duration. Eur J Neurol. (2013) 20:949–54. doi: 10.1111/ene.12123

 94. Odgerel Z, Sonti S, Hernandez N, Park J, Ottman R, Louis ED, et al. Whole genome sequencing and rare variant analysis in essential tremor families. PLoS One. (2019) 14:e0220512. doi: 10.1371/journal.pone.0220512

 95. Hopfner F, Helmich RC. The etiology of essential tremor: Genes versus environment. Parkinsonism Relat Disord. (2018) 46(Suppl 1):S92–S96. doi: 10.1016/j.parkreldis.2017.07.014 

 96. Kovach MJ, Ruiz J, Kimonis K, Mueed S, Sinha S, Higgins C, et al. Genetic heterogeneity in autosomal dominant essential tremor. Genet Med. (2001) 3:197–9. doi: 10.1097/00125817-200105000-00009

 97. Aridon P, Ragonese P, De Fusco M, Salemi G, Casari G, Savettieri G. Further evidence of genetic heterogeneity in familial essential tremor. Parkinsonism Relat Disord. (2008) 14:15–8. doi: 10.1016/j.parkreldis.2007.05.002

 98. Louis ED. Environmental epidemiology of essential tremor. Neuroepidemiology. (2008) 31:139–49. doi: 10.1159/000151523

 99. Ong YL, Deng X, Tan EK. Etiologic links between environmental and lifestyle factors and Essential tremor. Ann Clin Transl Neurol. (2019) 6:979–89. doi: 10.1002/acn3.758

 100. Louis ED, Faust PL. Essential tremor pathology: neurodegeneration and reorganization of neuronal connections. Nat Rev Neurol. (2020) 16:69–83. doi: 10.1038/s41582-019-0302-1

 101. Louis ED, Faust PL. Essential tremor within the broader context of other forms of cerebellar degeneration. Cerebellum. (2020) 19:879–96. doi: 10.1007/s12311-020-01160-4

 102. Louis ED, Kerridge CA, Chatterjee D, Martuscello RT, Diaz DT, Koeppen AH, et al. Contextualizing the pathology in the essential tremor cerebellar cortex: a patholog-omics approach. Acta Neuropathol. (2019) 138:859–76. doi: 10.1007/s00401-019-02043-7

 103. Grimaldi G, Manto M. Is essential tremor a Purkinjopathy? The role of the cerebellar cortex in its pathogenesis. Mov Disord. (2013) 28:1759–61. doi: 10.1002/mds.25645

 104. Samson M, Claassen DO. Neurodegeneration and the cerebellum. Neurodegener Dis. (2017) 17:155–65. doi: 10.1159/000460818

 105. Louis ED, Faust PL, Vonsattel JP, Honig LS, Rajput A, Robinson CA, et al. Neuropathological changes in essential tremor: 33 cases compared with 21 controls. Brain. (2007) 130:3297–3307. doi: 10.1093/brain/awm266

 106. Louis ED, Erickson-Davis C, Pahwa R, Lyons KE, Garber A, Moskowitz CB, et al. Essential tremor with ubiquitinated Purkinje cell intranuclear inclusions. Acta Neuropathol. (2010) 119:375–7. doi: 10.1007/s00401-010-0641-x

 107. Louis ED, Mazzoni P, Ma KJ, Moskowitz CB, Lawton A, Garber A, et al. Essential tremor with ubiquitinated intranuclear inclusions and cerebellar degeneration. Clin Neuropathol. (2012) 31:119–26. doi: 10.5414/NP300414

 108. Louis ED, Broussolle E, Goetz CG, Krack P, Kaufmann P, Mazzoni P. Historical underpinnings of the term essential tremor in the late 19th century. Neurology. (2008) 71:856–9. doi: 10.1212/01.wnl.0000325564.38165.d1

Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Louis. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







OPS/images/crossmark.jpg
©

2

i

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Essential Tremors: Evolving Concepts of a Family of Diseases



		Introduction



		Expansion of the Clinical Phenotype of ET



		Introduction



		Tremors



		Other Motor Features



		Non-motor Features



		Additional Clinical Features



		Electrophysiological Features



		Neuroimaging Features



		Pharmacological and Surgical Response Phenotype



		Summary







		Greater Understanding of the Natural History of ET and Recognition of Heterogeneity Across Patients



		Advances in Knowledge Regarding Disease Etiology and Recognition of Etiological Heterogeneity



		Greater Understanding of Underlying Disease Pathophysiology and Recognition of Pathophysiological Heterogeneity in ET



		Heterogeneity Across a Continuum—What Is a Family of Diseases?



		A Call for More Appropriate Terminology That Matches Our Understanding



		Conclusions



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

The Essential Tremors: Evolving
Concepts of a Family of Diseases





OPS/images/logo.jpg
, frontiers
in Neurology





