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Abstract

Background—The Essential Tremor (ET) Rating Assessment Scale (TETRAS) has shown

excellent inter- and intra-rater reliability. To assess the scale’s ability to detect changes in tremor

severity, we compared TETRAS performance with standard postural tremor accelerometry during

a standardized ethanol challenge.

Methods—Fifteen adult ET patients received a single oral ethanol dose calculated to reach 0.05

g/dl breath alcohol content (brAC) on two different study days. Two investigators independently

assessed the effects with accelerometry on one day and with TETRAS on another day.

Measurements were taken at 8 time-points (2 time-points baseline and 6 time-points up to 2 hours

post ethanol). Further outcome measures included brAC readings at the same time points.

Results—Because correlation between TETRAS and accelerometry revealed a logarithmic

relation, for all comparisons, accelerometry data were log-transformed and a cumulative score

logACC(R+L) was calculated. Correlation between logACC(R+L) and TETRAS was significant

(r= 0.57, p<0.01). Repeated measures ANOVA for both TETRAS and accelerometry before and

after ethanol showed a significant effect of time-point (F=34.6, p<0.01; F=13.5, p<0.01).

Corrected post-hoc tests showed a difference between baseline and each of the following 6 time-

points. TETRAS and brAC were significantly correlated (r=−0.29, p<0.01). Intra-rater test-retest

analysis between baseline measures showed high correlation (ICC=0.974, p<0.001). The ethanol

challenge showed excellent reproducibility.

Conclusion—We demonstrated sensitivity of the TETRAS performance scale to change after a

therapeutic intervention. Our study provides responsiveness validity for TETRAS, further

establishing its potential as a valid instrument for ET evaluation in both clinical and research

settings.
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Introduction

The Tremor Research Group, because of several limitations of other existing scales,

developed The Essential Tremor (ET) Rating Assessment Scale (TETRAS). TETRAS

comprises two subscales, the ADL subscale (activities-of-daily-living) and the Performance

subscale. Clinical rating with the latter applying objective metric anchors can be

accomplished within minutes by using paper and pen1,2,3. TETRAS Performance has been

shown to be a valid scale with excellent inter- and intra-rater reliabilities, which would make

it ideal for the use in ET clinical trials3. Nevertheless, as in other tremor rating scales, a full

evaluation of sensitivity to change, including estimates on minimum detectable change after

drug intake, has not yet been reported. One recent study on temporal fluctuations in ET over

six hours has demonstrated a good correlation of a quantitative motor assessment system

with TETRAS for upper limb tremor, a subset of the TETRAS Performancescale4. Another

study showed substantial changes of scores using the same subset after deep brain
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stimulation (DBS) in five patients5. Sensitivity to change after pharmacological intervention,

either on the hand subset or of the whole TETRAS Performance scale, has not been reported

to date. Given the relatively high prevalence of ET and the limited applicability and safety

of drugs considered for its treatment, there is a demand for clinical trials to pursue new

treatment options. To assess the impact of treatments it is important to ensure that rating

scales used in these trials are appropriately sensitive

It is a characteristic observation in ET that many patients respond very well to small doses

of ethanol6,7,8,9. Alcohol sensitivity has been tested recently in a small group of patients

using instrumental measures such as tremor accelerometry and spirography, in combination

with the modified Fahn-Tolosa-Marin Scale as a clinical measure10. Reproducibility of an

alcohol challenge in essential tremor patients has not been validated to date.

In this study we aimed to assess the sensitivity of the TETRAS Performance scale to change

in tremor severity after therapeutic intervention with alcohol. We used accelerometry, the

gold standard test for assessing tremor severity, as an objective comparison. Data on test-

retest and inter-rater reliability of TETRAS, as well as on the variability of a standardized

alcohol challenge, are also provided.

Methods

Patients

Fifteen adult ET patients (eight female, mean age 68.7 ± 9.8) participating in two unrelated

studies on the effects of octanoic acid and ethanol in ET, both of which utilized the same

ethanol challenge, were included.

Alcohol challenge

Oral ethanol at a total dose of 0.8 g/L of total body water (TBW) was administered with a

sugarless, un-caffeinated drink (e.g., diet soda). Gender, age, height and weight were used

for the calculation of TBW (for males, TBW = 2.447− (0.09516*age)+(0.1074*height [cm])

+ (0.3362*weight [kg]), for females, TBW = −2.097+(0.1069*Height)+(0.2466*Weight)11.

In each patient, the ethanol challenge was performed twice, once on two separate days, per

the study procedures of two protocols on the effect of octanoic acid and ethanol in ET

(clinicaltrials.gov identifiers: NCT01468948 and NCT01200966). The challenge was

performed identically in both studies with respect to target breath alcohol content (brAC)

and time-points of tremor measurement. In one study, enthanol response was rated using

TETRAS, while the other used tremor accelerometry. Two independent investigators (BV,

DH) performed TETRAS rating and accelerometry. During each ethanol challenge, subjects

were instructed to drink their test dose within 5 minutes, and brAC was determined by

Breathalyzer analysis (Drager Safety Inc., CO), before and 20, 40, 60, 80, 100, and 120

minutes after ethanol administration (± 5 min each).

TETRAS

The TETRAS Performance scale consists of several items for measurement of action

tremor3. It is rated 0–4 in half-point intervals for the head, face including jaw, voice, upper
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limb, lower limb worse side, and while standing. The scale focuses on assessment of upper

limb action tremor using the following subcategories: handwriting on the dominant side

only; separate assessments on both sides for the following conditions: posture using arms

forward outstretched and wing beat position, kinetic using finger to nose test, drawing of

Archimedes spirals, and dot approximation in which a pen is held as close as possible to a

dot on a piece paper without touching it. Before each ethanol challenge, tremor severity was

measured twice, once during study screening and once before the ethanol was administered.

We refer to these 2 time-points here as baseline 1 (BL1) and baseline 2 (BL2), to capture

variability in tremor before a standardized treatment intervention. It was then repeated 20,

40, 60, 80, 100, and 120 min after ethanol intake (± 5 min for each time-point).

Accelerometry

Patients sat with their forearms resting on the arms of a comfortable chair; the hands and

fingers were unsupported and extended parallel to the ground. Tremor was recorded using a

triaxial piezo-resistive accelerometer (Kistler Instrument Corp, Amherst, NY) placed on the

dorsum of each hand. Wrist oscillations in the vertical z-axis were recorded. EMG surface

electrodes were placed over the extensor carpi radialis and flexor carpi radialis muscles of

each arm. Tremor and EMG were recorded simultaneously for 2 min. Next, the recording

was repeated for 2 min with 1 lb weights attached to the dorsum of each hand. Two baseline

measurements were performed before administration of ethanol, 15 min apart. The

assessment was then repeated 20, 40, 60, 80, 100, and 120 min after ethanol administration

(± 5 min for each time-point).

Statistical analysis

We first tested the logarithmic relationship between TETRAS and postural

accelerometry12,13 to allow for use of a cumulative log-transformed accelerometry score for

both hands logACC(R+L) in a linear comparison. Correlation between log-transformed

accelerometry and TETRAS scores was tested with Pearson’s correlation coefficient. Next,

the effect of time-point after ethanol intake was tested using repeated measures ANOVA

(rmANOVA) for both accelerometry and TETRAS, independently. Differences in TETRAS

and brAC scores between the two baseline measures and between baseline and each

following time point were calculated. These differences were then entered in a post hoc

analysis (Bonferroni) to test the main hypothesis whether a change in tremor is equally seen

after ethanol administration, the main hypothesis of this study. Regression analysis was used

to calculate parameters for a fit-line α of the correlation. Applying Fechner’s law of

psychophysics comparing visual rating scales with biomechanical measures, the equation

logT= α*TETRAS+β was used for expressing the non-linear relationship, whereas logT was

the tremor amplitude from accelerometry, α the fit-line and β a constant12,13. Test-retest

analysis of TETRAS was performed with the baseline measurements using Pearson’s

correlation coefficient and an uncorrected t-test as if one would look at differences during

test-retest, independent from the following time course14. The minimal detectable change

was computed based on the formula 1.96√2*SD√(1−ICC) using the intraclass correlation

coefficient (ICC)14. The effect size of TETRAS from baseline to 60 minutes after alcohol

intake in this study was also calculated. Also, for the alcohol challenge itself similar
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correlation and test-retest analyses were performed using brAC values after administration.

Values were considered as significant at p<0.05.

Results

Correlation between TETRAS Performance total scores and accelerometry revealed a

logarithmic relationship for all comparisons as predicted. Log-transformed accelerometry

data was used to calculate a cumulative score logACC(R+L). The correlation between

accelerometry and TETRAS was significant (Pearson’s r= 0.57, p<0.01) (Fig. 1). The

correlation remained significant when analyzed separately for individual time points.

Both TETRAS Performance scores and the cumulative scores of right+left hand log-

transformed accelerometry data [=logACC(R+L)]were reduced over time after ethanol, and

rmANOVA after ethanol showed a significant effect of time-point (15 patients × 8 time-

points, F=34.6, p<0.01; F=13.5, p<0.01) (Fig. 2).

Corrected post-hoc tests showed a difference between baseline and all of the time-points

following ethanol for TETRAS Performance and accelerometry. There was, however, no

difference between the two baseline measures. Parameters for the fit-line of correlation were

logT= 0.23*TETRAS+4.21. TETRAS Performance total scores and brAC were significantly

correlated (r=-0.29, p<0.01). Intra-rater test-retest analysis between the two baseline

measurements (ICC=0.974, p<0.001). Comparing both TETRAS baseline total scores using

an uncorrected t-test showed a difference (mean±SD: first baseline: 27.2±4.9; second

baseline: 26.5±4.8; t=3.0, p<0.05), which was statistically significant.

The minimum detectable change of TETRAS Performance scale was 8.9% of the baseline

measure. The effect size to demonstrate change between baseline and the time-point of

maximum effect (60 min) was higher for TETRAS than for accelerometry (TETRAS:

d=4.75 [95% CI 3.60–5.90]; accelerometry: d=2.36 [95% CI 1.21–2.50]), as expected from

the error bars in figure 2.

Regarding the test-retest analysis and reproducibility of the alcohol challenge on brAC, the

rmANOVA showed a significant effect for time-point (F=7.1, p<0.01), but not for the

independent testing session (Figure 3). No interaction was found. At the time point of the

maximum ethanol effect (60 min), there was no difference in brAC between sessions

(uncorrected t-test).

Discussion

TETRAS is a clinical rating scale developed by the members of the Tremor Research

group3. So far, sensitivity to change of a clinical scale has only been shown for the daily

variation of ET in upper limb tremor4 and in a case series of five patients after DBS5. Our

results systematically show that a change of ET after intake of a standardized amount of

ethanol is captured equally well by the TETRAS Performance scale, used clinically, as by

accelerometry, used as the gold standard measurement for quantifying tremor

amplitude12,15.
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TETRAS is a cumulative measure of both hands and other body parts. Therefore,

accelerometry measurements from both hands were combined in our study to improve

comparability with the TETRAS scale. Accelerometry of the right hand only, which was the

dominant hand in all of our patients, could also have been used for comparison, however this

data would be comparable with only one sub-item of the total TETRAS Performance scale,

i.e., postural tremor of the dominant hand. In addition, we demonstrated the log-relationship

between TETRAS and accelerometry, which is consistent with prior studies comparing

visual rating scales to instrumental measures12,13,16.

Our test-retest analysis shows a high correlation between the two baseline measures for

TETRAS Performance, which is in good agreement with the intra-rater reliability analysis of

a previous study3. The minimum detectable change from baseline is about 9% in our study,

which is an improvement from the reported minimum detectable change of 30% in the Fahn-

Tolosa-Marin scale17. However, this should be interpreted cautiously, as the interval

between our ratings was rather short, in the range of one to two days, and the assessments

were done by the same unblinded rater.

The slight difference between the baseline measurements with the t-test (uncorrected) might

not be clinically relevant. Nevertheless, the second tremor rate is often better than the first as

factors such as accommodation, e.g., less stress, come into effect. There might also be

learning effects possibly reflected in tasks of the TETRAS Performance scale, which require

manual dexterity, such as handwriting and spiral drawing. The logAcc (R+L) was not

different between baseline measurements; therefore, another tremor component reflected by

TETRAS is expected to be responsible for the difference, likely spiral drawing or

handwriting. In our test-retest analysis only the TETRAS Performance total scores, but not

the subscales, were significantly different. Of relevance, there was a trend towards slight

improvement of the second measure with spiral drawing.

Finally, the effect size between baseline and 60 minutes after ethanol intake was higher for

TETRAS Performance than for accelerometry, due to higher variability of accelerometry.

Breath alcohol content measurements after the standardized alcohol challenge showed an

excellent reproducibility of the test, which corroborates the results on the comparison

between TETRAS and accelerometry in this study. The standardized alcohol challenge

could also be of importance for further studies on the effects of ethanol in ET patients.

The main results of this study provide responsiveness validity for the TETRAS Performance

scale. The shown sensitivity to change is another advantage of the scale besides the ease of

use for clinical assessment of ET. This further establishes the potential for use of the

TETRAS Performance scale as a valid instrument for ET evaluation in both clinical and

research settings.
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Figure 1.
Correlation between accelerometry (log transformed cumulative score of left and right

accelerometry measures) and TETRAS Preformance total scores.(Pearson’s r= 0.57, p<0.01)
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Figure 2.
Change after alcohol intake following the same pattern is shown for total scores of the

TETRAS Performance scale and the cumulative scores of both sides’ log-transformed

accelerometry values, logACC(R+L).
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Figure 3.
Alcohol challenge test. Breath alcohol content measured after ethanol challenge over time,

on two different study days and by two different investigators, shows neither a significant

difference over time nor at the time-point of maximum effect (60 minutes).
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