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Abstract

Essential tremor (ET) is among the most prevalent movement disorders, and by some accounts, the most common form of
cerebellar degeneration. Over the past 15 years, we have carefully documented a large number of postmortem changes within
the cerebellum; these cerebellar changes differ significantly between ET and controls. A recent Consensus Classification of
tremor proposed that ET patients with other neurological signs aside from action tremor (e.g., parkinsonism, ataxia, cogni-
tive changes, dystonia) should be segregated off as “ET-plus”. This diagnostic concept has raised considerable controversy
and its validity is not yet established. Indeed, “ET-plus” has not been distinguished from ET based on differences in genet-
ics, pathology or prognosis. Here we determine whether ET cases differ from "ET-plus" cases in underlying pathological
changes in the postmortem brain. We examined postmortem brains from 50 ET cases (24 ET and 26 ET-plus), using a set of
14 quantitative metrics of cerebellar pathology determined by histologic and immunohistochemical methods. These metrics
reflect changes across the Purkinje cell (PC) body (PC counts, empty baskets, heterotopias), PC dendrites (swellings), PC
axon (torpedoes and associated axonal changes), basket cell axonal hypertrophy and climbing fiber-PC dendrite synaptic
changes. ET and ET-plus were similar with respect to 13 of 14 cerebellar pathologic metrics (p > 0.05). Only one metric, the
linear density of thickened PC axon profiles, differed between these groups (ET=0.529+0.397, ET-plus=0.777+0.477,
p=0.013), although after correcting for multiple comparisons, there were no differences. If ET-plus were indeed a different
entity, then the underlying pathological basis should be distinct from that of ET. This study demonstrated there were no
pathological differences in cerebellar cortex between ET versus ET-plus cases. These data do not support the notion that ET
and ET-plus represent distinct clinical-pathological entities.

Keywords Essential tremor - Cerebellum - ET-plus - Pathology - Classification

Introduction

Essential tremor (ET) is among the most prevalent move-
ment disorders [1], and by some accounts, the most com-
mon form of cerebellar degeneration [2], with clinical,
neuroimaging and postmortem features that place it within
the context of other forms of cerebellar degeneration [3,
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4]. Research on etiology, pathogenesis, natural history and
clinical features of ET has advanced considerably in the past
decade. Case definition has been an area of increasing focus,
and the term “ET-plus” was introduced in a recent consensus
statement to distinguish and separate ET cases with signs
of dystonia, cerebellar dysfunction, and rest tremor, among
others, from those without such signs [5]. However, this ter-
minology has engendered considerable controversy [6—11].
During these discussions, an important issue that has been
raised is whether “ET-plus” cases differ from ET cases with
respect to underlying changes in brain pathology. That is, is
the proposed stratification grounded in an identifiable bio-
logical difference? Over the past 15 years, we have carefully
documented a large number of postmortem changes within
the cerebellum; these cerebellar changes differ significantly
between ET and controls [12-19]. Here we systematically
compared these cerebellar postmortem features in ET vs.
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ET-plus cases to determine whether there were any differ-
ences between the two proposed diagnostic categories.

Methods

Brain Repository, Study Subjects, and Clinical
Assessment

As part of a broad effort to compare postmortem features
in ET to other neurological disorders and controls [12], 50
ET brains were acquired through the Essential Tremor Cen-
tralized Brain Repository (ETCBR), a joint effort between
investigators at University of Texas Southwestern and
Columbia University. During life, subjects signed informed
consent approved by these University Ethics Boards.

ET diagnoses were carefully assigned by a senior move-
ment disorders neurologist (E.D.L.) utilizing three sequential
methods [13]. First, the clinical diagnosis of ET was initially
assigned by treating neurologists, and second, confirmed by
E.D.L. using questionnaires, review of medical records and
review of Archimedes spirals. Third, a detailed, videotaped,
neurological examination was performed, action tremor was
rated, and a total tremor score assigned [range =0-36 (maxi-
mum)]. Also using questionnaire data, the final diagnosis of
each ET case was re-confirmed using published diagnostic
criteria [12, 14].

Data were collected on age of tremor onset, family his-
tory, medication use, and ET surgery. Comorbidities were
assessed using the Cumulative Illness Rating Scale (CIRS)
[20], and cognitive status with the Folstein mini-mental state
examination (MMSE) [21].

The videotaped neurological examination also included
detailed assessments of rest tremor, Parkinsonism, dystonia
and intention tremor. Rest tremor was assessed while seated,
standing, and walking. Other parkinsonian features were
assessed and rated (i.e., Unified Parkinson’s Disease Rating
scale) [22], although tone was not assessed on videotaped
examination. Dystonia (sustained or intermittent muscle
contractions causing abnormal, often repetitive, movements,
postures, or both) was assessed with views of the face, neck,
trunk and extremities: while seated, standing, and walking;
with posture (arms extended in front of body and in “wing-
beating” position); while drawing spirals, and while speak-
ing and reading [23]. Intention tremor was assessed during
the finger-nose-finger maneuver (10 repetitions per arm) and
graded with rating =1 if definitely present in either arm [24].

The 50 ET cases were then segregated into ET-plus based
on the presence of any of the following features: tremor at
rest, other features of Parkinsonism (i.e., a UPDRS rat-
ing> 1 on any item), dystonia, or intention tremor. Given
the advanced age of the cohort, the extraordinarily high
prevalence of tandem mis-steps and mild cognitive changes

in advanced age, and the absence of any agreed upon ET-
plus cut-offs with respect to these two variables, it was not
feasible to use these items to stratify ET cases into ET vs.
ET-plus.

Tissue Processing and Initial Examination

All brains had a complete neuropathological assessment at
the New York Brain Bank at Columbia University. Brains
had standardized measurements of brain weight (grams),
postmortem interval (PMI=hours between death and place-
ment of brain in a cold room or upon ice), Braak and Braak
AD (Alzheimer’s Disease) staging for neurofibrillary tan-
gles [25], and Consortium to Establish a Registry for AD
(CERAD) ratings for neuritic plaques [26]. We did not
include ET cases with Lewy body pathology (a-synuclein
staining) or PSP pathology [27].

Quantitative Metrics of Cerebellar Pathology

A standard 3 X 20 X 25-mm formalin-fixed tissue block from
each brain was obtained from a parasagittal slice located
1-1.5 cm from the cerebellar midline and containing anterior
and posterior quadrangulate lobules and the underlying den-
tate nucleus. As described, this block was used to quantify
metrics within eight previously described broad categories
of pathological change [12] (Table 1, Fig. 1).

Within these eight broad categories were 37 quantitative
metrics of pathological change. We previously performed
a detailed analysis of these 37 metrics and identified 14
quantitative metrics of cerebellar pathology that were the
key discriminators of severity of cerebellar pathology
across ET, other cerebellar disorders, and controls [12].
Four stains (Table 1) were performed on 7 pm thick paraffin
sections using methods previously described [12]. In addi-
tion, metrics referred to as “CB” were determined by the
calbindinD,g, immunostain performed on 100 pm thick for-
malin fixed vibratome sections to quantify Purkinje cell (PC)
loss and an array of associated PC axonal changes [12, 14].
Some metrics were normalized to the length of the PC layer
(per mm), to account for potential differences in amount
of cerebellar cortex in the tissue block and/or microscopic
field imaged, or to the PC count in that case (per PC), which
in the setting of PC loss may affect the ability to detect the
pathologic change.

Statistical Analysis

Data analyses were performed using SPSS (Version 24). The
primary analysis was the comparison of two groups: ET vs.
ET-plus. A Kolmogorov—Smirnov test was performed to test
for normality of each continuous metric (e.g., age, LH&E
torpedoes). As the large majority of these were not normally
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Table 1 Fourteen Quantitative Metrics of Cerebellar Pathology

Eight Broad Categories of Pathological Change Stain 14 Quantitative Metrics
PC cell loss LH&E PC body linear density (cells/mm)
CB/GAD Percent of empty baskets
CB PC body linear density (cells/mm)
Heterotopic PCs LH&E Heterotopic PCs per PC
PC dendritic changes Biel PC dendritic swellings per PC
PC axonal changes (torpedoes) LH&E Torpedoes per PC
Biel Torpedoes per PC
CB Torpedoes per PC
PC axonal changes (other than torpedoes) CB PC thickened axonal profiles density (thickened axonal profiles per mm)
PC axonal changes (torpedo-related) CB Torpedoes with axonal recurrent collaterals (per mm)
CB Torpedoes with thickened axon (per mm)
Basket cell axonal hypertrophy Biel Basket cell rating
Climbing fiber-PC synaptic changes VGlut2 Climbing fiber synaptic density in molecular layer
VGlut2 Number of climbing fibers in the outer 20% of the molecular layer

Biel Bielschowsky, CB calbindinD,g,, GAD glutamic acid decarboxylase, LH&E Luxol fast blue/hematoxylin and eosin, mm millimeter, PC

Purkinje cell, VGluz2 vesicular glutamate transporter type 2

distributed, Mann—Whitney tests were used for group com-
parisons. Categorical metrics were compared across groups
using Chi-square tests. The issue of multiple comparisons
is important; hence, we presented both unadjusted and Bon-
ferroni adjusted data in which the significant p value was
0.05/14=0.0036. In a secondary set of analyses, we com-
pared subgroups of ET based on phenotypic features (rest
tremor, intention tremor). Too few had dystonia for these
types of analyses.

Sample size was identical to numerous previous studies of
ours (i.e., 20—30 ET cases per subgroup) [28-30]; indeed,
using data on the ET subgroups and assuming two-sided
tests and alpha=0.05, we calculated that we were powered
to detect as little as a 15% difference between groups in
numerous metrics (e.g., LH&E PC body linear density, CB
PC body linear density).

Results

We compared the ET and ET-plus groups with respect
to demographic and clinical features (Table 2). In 17 of 18
features, the two groups did not differ (p > 0.05). There was
a higher percentage of males in the ET-plus category. Simi-
larly, there was no significant difference in basic neuropatho-
logic metrics, including PMI, brain weight or Braak AD and
CERAD scores between these two groups. ET and ET-plus
were similar with respect to 13 of 14 cerebellar pathologic
metrics (p>0.05), with many mean and median values
being very similar or identical (Table 2). Only one metric,
the CB thickened PC axon profile density, differed between
these groups (p=0.01). After Bonferroni correction, ET and
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ET-plus differed with respect to none of the 14 cerebellar
pathological metrics.

We tested for possible confounding due to the gender dif-
ference between ET and ET-plus cases. There was no signifi-
cant difference between males (n=17) and females (n=33)
in any of the 14 cerebellar pathologic metrics (Mann Whit-
ney tests, all p>0.05). Thus, gender was not a significant
confounder in this analysis.

We next performed two additional phenotypic analy-
ses. First, all ET cases were grouped by presence (n=18)
or absence (n=32) of rest tremor while seated, standing,
or walking (Table 3). Second, we grouped all ET cases by
presence (n=14) or absence (n=36) of intention tremor
(Table 3). In both analyses, there was no significant differ-
ence in any of the 14 cerebellar pathology metrics (p > 0.05)
(Table 3).

Discussion

The goal of this study was to determine whether the new
ET case definition proposed in a 2018 Consensus Clas-
sification on tremor is grounded in a biological differ-
ence as assessed by cerebellar pathologic changes in ET
postmortem brain cases stratified as ET versus ET-plus.
Using a cohort of 50 ET cases who had been charac-
terized in detail both clinically and pathologically, we
determined that there were no differences between cases
defined as ET versus ET-plus, and none of the cerebellar
pathologic metrics significantly differed when ET cases
were grouped by rest tremor or intention tremor.



The Cerebellum (2021) 20:904-912

907

Fig. 1 Morphologic metrics

to characterize cerebellar
pathology. Metrics are shown
for each category of pathologic
change (see Table 1). (1) PC
axonal torpedoes (arrows)
identified in LH&E stain (a),
Bielschowsky stain (d), and CB
immunostain (g, h). (2) Het-
erotopic PC (arrow) identified
in LH&E stain (b). (3) PC loss
reflected by empty baskets in
calbindinD,g, (CB)-GAD dual
immunostain (¢ arrows). (4)

PC dendritic swelling (arrow)
in Bielschowsky stain (e). (5)
Basket cell hypertrophy is rated
in a Bielschowsky stain (f, f”),
where f basket rating=1, and

f’ basket rating=3. (6) PC
axonal changes, torpedo-related
(arrows) identified in CB immu-
nostain [g demonstrates torpedo
(black arrow) followed by a
thickened axon (white arrow),
h demonstrates torpedo (black
arrow) with axonal recurrent
collateral (white arrow)]. (7)
PC axonal changes, other than
torpedoes (arrows) with a thick-
ened axon in the CB immu-
nostain (i). (8) Climbing fiber—
PC synaptic changes identified
by density of VGlut2 positive
puncta in the molecular layer (j
arrows), and climbing fibers in
the outer 20% of the molecular
layer (k arrows). Scale bars a, b,
c,d, e, f, f7, k 50 pm (in panel
k); g, h, i 50 pm (in panel i); j
50 pm

Several aspects of the study design merit additional
consideration. First, the postmortem work was performed
in a single region of the cerebellar cortex, corresponding
to motor cerebellum, and does not represent the activity
of the entire cerebellum and/or the cerebello-thalamo-
cortical loop. Nonetheless, an abundance of data from
this region demonstrate postmortem changes that distin-
guish ET cases from controls [12—-19] (Fig. 2). Second, the
UPDRS did not include an assessment of rigidity; none-
theless, it is unlikely that an ET case would have rigidity
in the absence of bradykinesia. Third, given the advanced
age of the cohort, the high prevalence of tandem mis-steps
or mild cognitive changes in the elderly, and the absence

of established ET-plus cut-offs with respect to these vari-
ables, these items could not be used to stratify ET cases.
Fourth, this study assesses pathological characteristics on
postmortem examination. It remains a possibility that ET
and ET-plus differ solely with respect to neuronal func-
tion, and that this might not be evident on postmortem
examination. While this is a possibility, it is not likely that
the two differ solely on a functional, physiological level,
as it has been abundantly documented that there is a rich
array of postmortem changes in the ET brain. Indeed,
current evidence demonstrates that ET is not character-
ized solely by functional changes, but rather has an ana-
tomic-pathological signature. It would be reasonable to
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Table 2 Clinical and pathological features of ET and ET-plus cases

Variables ET ET-plus p-value
n 24 26
Age at death (years) 87.0+4.6 87.7+7.6 0.34°
Median=87.0 Median=_89.5
Gender
Male 4(16.7%) 13 (50%) 0.01°
Female 20 (83.3%) 13 (50%)
Age of tremor onset (years)® 46.1+22.9 41.4+21.5 0.52%
Median=53.5 Median=48.0
Duration of tremor (years)d 40.7+23.9 4524222 ¢ 0.412
Median=32.5 Median=41.5
Family History of ET¢
Yes 13 (61.9%) 12 (46.1%) 0.28
No 8 (38.1%) 14 (53.9%)
Family History of Tremor®
Yes 9 (42.9%) 13 (50%) 0.63"
No 12 (57.1%) 13 (50%)
Cumulative Illness Rating Scale® 145+39 11.5+5.7 0.19*
Median=14.5 Median=12.0
Typical Weekly Number of Alcoholic Drinks During Lifetime 4.1+5.1 6.1+8.1 0.29°
Median=1.5 Median=2.0
Ever Treated with a Beta Blocker?
Yes 18 (78.3%) 23 (88.5%) 0.45°¢
No 521.7%) 3(11.5%)
Ever Treated with Primidone?
Yes 16 (69.6%) 19 (73.1%) 0.79
No 7 (30.4% 7 (26.9%)
Ever Treated with Other ET Medication®
Yes 13 (56.5%) 11 (42.3%) 0.32
No 10 (43.5%) 15 (57.7%)
Deep Brain Stimulation Surgery*
Yes 6 (26.1%) 6 (23.1%) 0.81°
No 17 (73.9%) 20 (76.9%)
Rest Tremor on Examination while Seated, Standing, or Walking
Yes 0 (0%) 18 (69.2%) 0.00
No 24 (100%) 8 (30.8%)
Intention Tremor on Examination
Yes 0 (0%) 14 (53.9%) 0.00
No 24 (100%) 12 (46.1%)
Mild Dystonia on Examination
Yes 0 (0%) 3(11.5%) 0.00
No 24 (100%) 23 (88.5%)
Total Tremor Score* 25.7+6.6 23.6+6.0 0.26*
Median=25.0 Median=23.0
Mini-Mental State Exam¢ 273+1.8 25.6+4.2 0.25*
Median=27.5 Median=27.0
Post-mortem Interval (hours)® 2.8+2.0 3.2+44 0.552
Median=2.3 Median=2.0
Brain Weight (grams) 1170.5+136.8 1205.9+143.6 0.26*
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Table 2 (continued)
Variables ET ET-plus p-value
Braak AD*
0 0 (0%) 0 (4.6%)
1 4 (20%) 7 (31.8%)
2 6 (30%) 7 (31.8%) 0.57°
3 8 (40%) 5(22.7%)
4 1(5%) 2(9.1%)
5 1(5%) 0 (0%)
6 0 (0%) 0(0%)
CERAD!
0 7 (33.3%) 9 (42.9%)
1 9 (42.9%) 5(23.8%) 0.61"
2 4 (19.1%) 5(23.8%)
3 1 (4.7%) 2 (9.5%)
LH&E PC Body Linear Density (per mm) 42+0.76 3.9+0.66 Median=3.9 0.23*
Median=4.3
CB-GAD Percent Empty Baskets 454+84 48.5+8.3 Median=47.1 0.40?
Median=47.5
CB PC Body Linear Density (per mm) 159+22 15.7+2.5 Median=15.4 0.63%
Median=16.0
LH&E Heterotopic PCs (per PC) 0.010+0.010 0.011+0.010 Median=0.008  0.68"
Median=0.008
Bielschowsky PC Dendritic Swellings (per PC) 0.004 +0.004 0.005 +£0.005 Median=0.004  0.23*
Median=0.003
LH&E Torpedoes (per PC) 0.018+0.022 0.019+0.014 Median=0.017  0.21*
Median=0.015
Bielschowsky Torpedoes (per PC) 0.023+0.029 0.033+0.030 Median=0.022  0.13*
Median=0.017
CB Torpedoes (per PC) 0.055+0.033 0.072+£0.045 Median=0.063  0.24*
Median=0.056
CB Thickened Axon Profile Density (per mm) 0.53+0.40 0.78 +0.48 Median=10.66 0.01°
Median=0.34
CB Torpedoes with Axonal Recurrent Collaterals (per mm) 0.48+0.41 0.46+0.37 Median=0.41 0.92°
Median=0.31
CB Torpedoes with Thickened Axons (per mm) 0.29+0.23 0.38 £0.29 Median=0.31 0.19%
Median=0.20
Bielschowsky Basket Cell Rating 1.9+0.80 2.3+0.60 Median=2.3 0.07°
Median=2.0
VGlut2 Climbing Fiber Synaptic Density in the Molecular Layer ~ 0.18+0.032 0.18 +0.025 Median=0.18 0.70*
Median=0.17
VGlut2 Percent of Climbing Fibers in the Outer 20% of the 0.29+0.074 0.28 +0.067 Median=0.28 0.91*
Molecular Layer Median=0.30

Values represent mean + standard deviation or number (percentage), and for continuous variables, the median is reported. P-values are derived
from their respective tests to which ET and ET-plus are the grouping variables. AD Alzheimer’s disease, CB calbindinD,g,, CERAD Consortium
to Establish a Registry for Alzheimer’s Disease, ET essential tremor, GAD glutamic acid decarboxylase, LH&E Luxol fast blue/hematoxylin and

eosin, mm millimeter, PC Purkinje cell, VGlut2 vesicular glutamate transporter type 2

# Mann—Whitney U test
b Pearson Chi-square test
¢ Fisher’s exact test

4 Missing data on some ET cases
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Table 3 Quantitative metrics of cerebellar pathology of essential tremor cases grouped by presence of rest tremor or intention tremor

Variables Essential Tremor Cases
with Rest Tremor without Rest Tremor p-value with Intention Tremor  without Intention p-value
Tremor

n 18 32 14 36

LH&E PC Body Linear 4.03+0.59 4.07+0.78 0.74* 3.75+0.69 4.17+0.70 0.09*
Density (per mm) Median=3.9 Median=4.09 Median=3.85 Median=4.18

CB-GAD Percent 47.7+7.1 46.6+9.0 0.96* 50.3+10.1 45.7+7.45 0.21*
Empty Baskets Median=46.2 Median=47.9 Median=47.1 Median=47.5

CB PC Body Linear 15.5+2.1 159+2.5 0.47% 15.7+2.9 158+2.14 0.93*
Density (per mm) Median=15.1 Median=15.8 Median=15.5 Median=15.7

LH&E Heterotopic 0.010+0.010 0.011+0.010 0.56" 0.013+0.012 0.010+0.009 0.33*
PCs (per PC) Median=0.007 Median =0.008 Median=0.010 Median=0.008

Bielschowsky PC 0.005 +0.005 0.004 +0.004 0.29* 0.006 +0.006 0.004 +0.004 0.24*
Dendritic Swellings Median=0.004 Median=0.003 Median=0.004 Median=0.003
(per PC)

LH&E Torpedoes (per PC) 0.018+0.015 0.019+0.020 0.98* 0.016+0.010 0.019+0.021 0.76*

Median=0.015 Median=0.016 Median=0.017 Median=0.015

Bielschowsky Torpedoes 0.031+0.032 0.027+0.029 0.67% 0.029+0.026 0.028 +£0.031 0.48*
(per PC) Median=0.018 Median=0.017 Median=0.021 Median=0.017

CB Torpedoes (per PC) 0.075+0.048 0.058 +£0.034 0.35% 0.058 +£0.033 0.067+0.043 0.57%

Median =0.063 Median=0.056 Median=0.040 Median=0.061

CB Thickened Axon Profile  0.71+0.41 0.63+0.48 0.26" 0.75+0.52 0.62+0.43 0.25%
Density (per mm) Median=0.58 Median=0.55 Median=0.62 Median=0.54

CB Torpedoes with 0.52+0.41 0.44+0.37 0.47* 0.42+0.29 0.49+0.41 1.00*
Axonal Recurrent Median=0.41 Median=0.31 Median=0.37 Median=0.38
Collaterals (per mm)

CB Torpedoes with 0.36+0.31 0.32+0.23 0.81° 0.32+0.22 0.35+0.28 0.96*
Thickened Axons Median=0.30 Median=0.27 Median=0.27 Median=0.28
(per mm)

Bielschowsky Basket ~ 2.3+0.67 Median=2.5 2.0+0.75 Median=2.0 0.17% 2.25+0.55 2.07+0.79 0.53%
Cell Rating Median=2.0 Median=2.0

VGlut2 Climbing Fiber 0.18+0.018 0.19+0.032 0.60* 0.18+0.25 0.18+0.03 0.82%
Synaptic Density in Median=0.18 Median=0.18 Median=0.18 Median=0.18
the Molecular Layer

VGlut2 Percent of 0.28£0.077 0.28 £0.066 0.88* 0.26+0.067 0.29+0.07 0.10*
Climbing Fibers in Median=0.28 Median=0.29 Median=0.25 Median=0.30

the Outer 20% of the
Molecular Layer

Values represent mean + standard deviation, and the median is reported. CB calbindinD,g,, GAD glutamic acid decarboxylase, LH&E Luxol fast
blue/hematoxylin and eosin, mm millimeter, n number of cases, PC Purkinje cell, VGlut2 vesicular glutamate transporter type 2

# Mann—Whitney U test

assume that these postmortem changes, or at least several
of these, would differ across valid ET subtypes, particu-
larly as there are clear clinical differences between the
supposed subtypes. Finally, our metrics were numerous
and were grounded in many controlled studies. In the
future, however, additional differentiating metrics could
be discovered that would be relevant to these analyses.
Strengths of this study include use of a large cohort
of ET cases prospectively followed and carefully
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phenotypically characterized by a senior move-
ment disorders neurologist. Second, the two groups
were similar with respect to nearly all demographic,
clinical and basic pathological variables (e.g., PMI,
CERAD); the one difference, gender, was assessed
as a potential confounder and it was not. Third, the
choice of quantitative metrics of cerebellar pathol-
ogy was based on > 15 years of postmortem studies of
ET in which we have carefully documented numerous
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Fig.2 Cerebellar morphological changes in control versus ET and
ET-plus. Four categories of morphological change are illustrated,
including PC cell body linear density (arrows) in LH&E stain (a, b,
c), axonal changes including torpedoes (black arrows) and axonal
recurrent collaterals (white arrows) in CB immunostain (d, e, f), bas-
ket cell hypertrophy in Bielschowsy stain (g, h, i), and climbing fib-

significant ET case vs. control differences [14-19,
28-30]. The metrics used a broad array of histological
and immunohistochemical methods.

If ET-plus were a different entity, then, logically,
the postmortem abnormalities should be distinct from
those of ET. This study demonstrated that this was not
the case. These data do not provide support for the notion

ers in the outer 20% of the molecular layer in VGlut2 immunostain
(arrows) (j, k, 1). ET and ET-plus have a reduced PC linear density,
increased axonal torpedoes and axonal recurrent collaterals, basket
cell hypertrophy, and climbing fibers in the outer 20% of the molecu-
lar layer compared to control. Scale bars a-f 100 pm (in panel f); g-1
100 pm (in panel 1)

that ET and ET-plus represent distinct clinical-pathological
entities.
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