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Abstract

For many years, clinicians have commented on the development of signs of parkinsonism among
their essential tremor (ET) patients but the links between ET and parkinsonism are not well
understood. We report 11 of 89 ET patients (12.4%) who were prospectively collected at the
Essential Tremor Centralized Brain Repository over the course of its first 9 years. All patients had
longstanding ET (median duration = 38 years); there was a 5- to 49-year latency from the onset of
ET to the development of either parkinsonism or dementia. Despite the presence of parkinsonism
or dementia during life, none had been diagnosed clinically with progressive supranuclear palsy
(PSP). All 11 received the postmortem diagnosis of PSP. The prevalence of PSP in this ET sample
(12.4%) is clearly larger than the population prevalence of PSP (0.001% to 0.0065%). It is also 2
to 5 times the proportion of normal cases with incidental PSP in 2 prior autopsy series. This case
series raises the questions of an association between ET and PSP, whether ET patients are at
increased risk of developing PSP, and what the proportion of ET patients who develop presumed
PD or AD in life actually have PSP (i.e. ET+PSP).
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INTRODUCTION

Essential tremor (ET) is a disease or group of diseases the central defining clinical feature of
which is action tremor (1, 2). Rest tremor may also develop in a small proportion of ET
patients with longstanding disease or severe action tremor (3). Progressive supranuclear
palsy (PSP) is a syndrome variably characterized by supranuclear palsy, postural instability
and, in many cases, some degree of parkinsonism. It may also be characterized by dementia
(4, 5). It is defined neuropathologically by the accumulation of tufted astrocytes and tau-
positive neurofibrillary tangles in regions of relative vulnerability in the striatum, brainstem,
cerebellum, and cerebral cortex (4). Action tremor is not a prominent or well-described
clinical feature of PSP.

For many years, clinicians have commented on the development of signs of parkinsonism
and presumed Parkinson disease (PD) among their ET patients (ET+PD) (6, 7), and both
cross-sectional and longitudinal studies have reported increased odds of PD and increased
risk of PD among prevalent ET patients (8, 9). In some postmortem series, brainstem Lewy
bodies are more prevalent in ET patients than in controls (10, 11). This furthers interest in
the pathological and mechanistic basis of a possible connection between the 2 disorders.
However, the links between ET and parkinsonism are not well understood.

Here, we report the clinicopathological findings of 11 of 89 ET patients (12.4%) who were
prospectively collected at the Essential Tremor Centralized Brain Repository (ETCBR) over
the course of its first 9 years (late 2003 to early 2012). All 11 patients received a
postmortem diagnosis of PSP.

MATERIALS AND METHODS

Clinical Evaluation

The ETCBR of the New York Brain Bank, Columbia University Medical Center, is a
centralized repository for the prospective collection of brains from ET patients living in the
United States. ET patients may learn about the repository through several sources including
advertisements on ET organizational websites (International Essential Tremor Foundation,
Tremor Action Network), and through an ETCBR study website. Potential participants
signed an informed consent form approved by the Columbia University Medical Center
Internal Review Board.

ET diagnoses were carefully assigned using each of the following 3 sequential methods.
First, nearly all (88/89 = 98.9%) patients were diagnosed clinically with ET by their treating
physician (83% of these physicians were neurologists); 1/89 (1.1%) was diagnosed by his
spouse who was a registered nurse. Second, patients were asked to complete a series of
semi-structured clinical questionnaires (i.e. demographic data, general medical data, tremor-
specific data), which included data on age of onset (i.e. age at first symptoms and signs of
ET) and family history information (i.e. reportedly affected relatives). Each patient then
submitted 4 standardized hand-drawn Archimedes spirals (2 right and 2 left, each on a 8.5 x
11 inch sheet of paper). This was supplemented with additional clinical information (from
clinical records, treating physicians, family members) in each patient. ET diagnoses were
then confirmed by a senior neurologist specializing in movement disorders (E.D.L.) who
used the following criteria: 1) moderate or greater amplitude arm tremor (rating of 2 or
higher on the Washington Heights Inwood Genetic Study of Essential Tremor rating scale
[12]) in at least 1 of the submitted Archimedes spirals; 2) no history of PD or dystonia; 3) no
other etiology for tremor (e.g. medications). ET patients then underwent a standardized,
videotaped neurological examination, including a detailed assessment of tremor (13). The
videotape protocol included assessment of postural, kinetic, and rest tremor of the limbs as
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well as neck, voice and jaw tremors. In total, the videotaped examination included 1 test to
elicit postural tremor (sustained arm extension) and 5 tests to elicit kinetic tremor (e.g.
writing, pouring). The videotaped examination also included the motor portion of the
Unified Parkinson's Disease Rating Scale, including assessments of speech, reading out
loud, facial expression, rest tremor (with arms in 3 positions: resting in the lap, relaxed at
sides while standing, and while walking), bradykinesia, posture, arising from a chair, and
gait while walking and turning (14). Horizontal and lateral smooth pursuit eye movements
were assessed, as were vertical saccades. Each videotape was reviewed (E.D.L.), and based
on the questionnaire and videotape data, the diagnosis of ET was re-examined in each
patient using published diagnostic criteria (moderate or greater amplitude Kinetic tremor
[tremor rating =2] during 3 or more activities or a head tremor in the absence of PD) (12).

Patients completed a follow-up telephone questionnaire, which included a series of
screening questions for PD and dystonia every 6 months; they also submitted 4 new
standardized Archimedes spirals (2 right and 2 left) on 8.5 x 11 inch sheets of paper. A brief
cognitive screen was administered (Telephone Interview for Cognitive Status) (15). A
follow-up videotaped neurological examination was performed if any screening question
was positive for PD or dystonia, or if the spiral showed signs of micrographia. Development
of ET+PD or ET and dementia was not an exclusionary criterion for further follow-up or
brain donation. Patients also continued with follow-up by their treating physicians. Between
late 2003 and early 2012, 89 ET patients died and their brains were prospectively collected.

Neuropathology

Brains were characterized at the New York Brain Bank, which operates under the approval
of the Columbia University Medical Center Internal Review Board. Each brain underwent a
comprehensive neuropathological assessment and determination of detectable pathological
findings (website: nybb.hs.columbia.edu). Standardized measurement of brain weight
(grams) and postmortem interval (i.e. hours between death and placement of brain in a cold
room or upon ice) was performed. All brains underwent Braak PD staging of Lewy bodies
(i.e. neuropathologic stage of PD related changes [NSPD]) (16), and NIA-Reagan Criteria
for AD (17).

Blocks were taken from standardized brain regions and embedded in paraffin; 7-pm-thick
sections were stained with Luxol fast blue counterstained with hematoxylin and eosin
(LH&E) (10, 18). Additional sections from selected blocks were stained with modified
Bielschowsky silver technique and others were immunostained with antibodies directed
against a-synuclein (1:40, Leica, Buffalo Grove, IL) (including cerebral cortex,
hippocampal formation, globus pallidus, putamen, amygdala, midbrain with substantia
nigra, pons with the locus ceruleus, medulla with the dorsal vagal nucleus, and olfactory
bulbs); p-amyloid (1:400, Biocare Medical, Concord, CA) (including cerebral cortex,
hippocampal formation, caudate nucleus, putamen, and thalamus); hyperphosphorylated tau
(AT8) (1:200, Thermo Scientific, Rockford IL) (including hippocampus, globus pallidus,
putamen, caudate nucleus, amygdala, thalamus, subthalamic nucleus, mesencephalon with
red nucleus, pons, medulla oblongata, cerebellum with dentate nucleus, and cerebral cortex);
Tar-DNA binding protein-43 (TDP-43) (1:2000, Protein Tech Group, Chicago, IL); and glial
fibrillary acidic protein (Ventana, Tucson, AZ) proteins. The following selected blocks were
stained with antibodies directed against ubiquitinated proteins (1:300, Dako, Carpinteria,
CA): superior frontal cortex; posterior frontal cortex; parietal cortex; calcarine cortex;
hippocampal formation with lateral geniculate body and tail of caudate nucleus; caudate,
putamen, and nucleus accumbens; globus pallidus and putamen with claustrum; cerebellum;
subthalamic nucleus with anterior thalamus; anterior hippocampal formation; and pituitary
gland.
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A standard 3 x 20 x 25 mm parasagittal, formalin-fixed, tissue block was also harvested
from the neocerebellum (10); the block included the cerebellar cortex, white matter and
dentate nucleus. A senior neuropathologist who was blinded to all clinical information
counted torpedoes throughout 1 LH&E-stained, 7-um-thick section and, when available, 1
entire Bielschowsky 7-um-thick section, and counted and averaged Purkinje cells in 5 100x
fields (LH&E) (10). A semiquantitative (0-3) rating of the appearance of the basket cell
plexus surrounding Purkinje cell bodies throughout Bielschowsky preparations was carried
out by the same neuropathologist, as previously described (19).

In all patients, the neuropathological diagnosis of PSP included 1) the presence of tau-
positive tufted astrocytes in the cerebral cortex, neostriatum, and amygdaloid nucleus; 2)
globose neuronal tangles in at least 7 of the 9 following sites: cerebral cortex, neostriatum,
globus pallidus, subthalamic nucleus, red nucleus, pars compacta of the substantia nigra,
pontine nuclei, inferior olivary nucleus, and in the dentate nucleus of the cerebellum; and 3)
scattered tau-positive glial cytoplasmic inclusions (20-22). Neuronal loss was rated as 0
(none), 1 (mild), 2 (moderate), or 3 (severe) in the dentate nucleus, globus pallidus,
substantia nigra pars compacta and subthalamic nucleus. We compared the tau pathology,
torpedo counts, Purkinje cell counts, and basket process ratings in these 11 ET+PSP patients
to 10 pure PSP patients ascertained from the New York Brain Bank during the same time
period.

Between late 2003 and early 2012, 89 ET patients died and their brains were prospectively
collected. At postmortem, 1/89 had PD and 11 others had PSP, including 1 with PSP+PD.
None of the remaining 77 ET brains had PD or PSP. There were 11 patients with ET+PSP
(Tables 1-3), including 9 (81.8%) women. All had had an ET diagnosis during life assigned
by their treating neurologist; all had had moderate or greater amplitude arm tremor (rating of
2 or higher) in at least 1 of the submitted Archimedes spirals (Fig. 1A-D); 8 had 1 or more
videotaped neurological examinations reviewed by a senior neurologist specializing in
movement disorders (E.D.L.) and their ET diagnoses were confirmed. Age of onset of ET
(action tremor) ranged from 8 to 88 years (median = 41 years), and in 8 of the 11 (72.7%)
this occurred in mid-life (between 32 and 56 years). Duration of ET at death ranged from 10
to 75 years (median = 38 years), and in 9 (81.8%) the duration was 30 or more years. All
patients had clear bilateral action tremor in the arms that was moderate or severe, and 8
(72.7%) had tremor involving cranial structures (neck, jaw or voice). Ten patients (90.9%)
had taken 1 or more medication for ET; 2 (18.2%) had had surgery (deep brain stimulation
[DBS] or gamma knife) for ET. Eight (72.7%) had 1 or more reportedly affected first-degree
relative. Aside from arm tremor, 3 patients had other features that had been noted in the
chart as worthy of comment but not diagnostically inconsistent with ET: head tremor that
was more marked than arm tremor (case 3); head tremor that was more marked than arm
tremor, and forehead tremor (case 5); and forehead tremor and lip tremor (case 9).

Three patients (27.2%) were diagnosed during life with PD (Table 2); the remaining 8 were
not diagnosed during life with PD or atypical parkinsonism (e.g. PSP). The latency from
onset of ET to PD was 20 years (case 1), 35 years (case 11), and 41 years (case 6). Seven of
the remaining 8 patients had rest tremor; 6 of these had some other subtle feature of mild
parkinsonism (e.g. mild bradykinesia, mild hypophonia, positive pull test), which was
evident on examination later in life, 11, 28, 35, 45, 49 and 68 years after the onset of ET.
One of these 6 cases (case 3) had had minor early indicators suggestive of atypical
parkinsonism (i.e. early postural instability, deep nasolabial folds, rest tremor that seemed
more severe than kinetic tremor) that were noted 45 years after the onset of ET; this patient
also had a clinical diagnosis of dementia, diagnosed 47 years after the onset of ET.
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Five patients had cognitive complaints later in life and 4 of these patients were diagnosed by
their treating physician as having had dementia. Cognitive screen scores were low in these.
The latency from onset of ET to dementia was 5 years (case 2), 40 years (case 6), 44 years
(case 4), and 47 years (case 3). In total, all patients had some parkinsonism or dementia later
in life; 7 (63.6%) were diagnosed with PD or dementia during life. None of the patients
reported double vision or difficulties with reading (e.g. reduced speed). None of the patients
were reported by treating physicians to have eye movement abnormalities and eye
movement abnormalities were not noted in the videotaped examinations. The latency from
last neurological examination to death was 1 year or less in 8 patients, but ranged from 1
month to 5.5 years (median = 1 years).

All patients had the neuropathological features of PSP (Table 3, Figs. 2-5). The
neuropathological diagnosis of PSP was assigned based on the presence of tufted astrocytes,
AT8-labeled glial cytoplasmic inclusions, and the presence of globose neuronal tangles.
Furthermore, globose neuronal tangles had to be documented within at least 7 of the 9
following sites: cerebral cortex, neostriatum (caudate nucleus and putamen), globus pallidus,
subthalamic nucleus, red nucleus, pars compacta of the substantia nigra, pontine nuclei,
inferior olivary nucleus, and dentate nucleus of the cerebellum. A semiquantitative
assessment of the density of tufted astrocytes and neuronal tangles was performed (Table 3).
All cases had neuronal loss in the substantia nigra pars compacta, which was moderate or
severe in 8 cases (72.7%), moderate in 7 (63.4%), and severe in 1 (9.1%). There was
neuronal loss in the dentate nucleus in 8 (72.7%) cases.

We compared the tau pathology in the 11 ET+PSP patients to 10 pure PSP patients
ascertained from our brain bank during the same time period; all patient tissue samples were
processed using an identical protocol by the same laboratory. The mean neuronal tangle
rating was similar (1.5 £ 0.7 in current series vs. 1.7 £ 0.7 in 10 pure PSP patients, t = 0.65,
p = 0.53), as was the mean tufted astrocyte rating (1.6 £ 0.7 in current series vs. 1.3 + 0.5 in
10 pure PSP patients, t = 1.12, p = 0.28). By contrast, the basket process rating of the 11 ET
+PSP cases (mean = 2.4 + 0.7, median = 2.5) was higher than that of the 10 pure PSP cases
(mean = 1.1 + 0.7, median = 1.0) (Mann-Whitney z = 2.87, p = 0.004). The mean/median
torpedo counts were also compared and were 11.1/10 (LH&E) and 24.1/24 (Bielschowsky)
in ET+PSP vs. 12.4/8 (LH&E) and 13.9/7.5 (Bielschowsky) in pure PSP (for Bielschowsky,
Mann Whitney z = 2.06, p = 0.04). The mean/median Purkinje cell counts were similar:
7.8/7.4 in ET+PSP vs. 7.5/9.2 in pure PSP.

We also assessed patients for the possibility of argyrophilic grain disease; only 2 of the 11
patients (cases 4 and 7) had argyrophilic grains in the parahippocampal gyrus; the changes
were mild in both patients. Both of these patients also had tau pathology in 7 or more of 9
extra-temporal regions: cerebral cortex, neostriatum, globus pallidus, subthalamic nucleus,
red nucleus, pars compacta of the substantia nigra, pontine nuclei, inferior olivary nucleus,
and dentate.

Two patients (cases 6 and 9) also had Lewy body-containing neurons. One of these (case 6)
had been diagnosed with PD during life and had the postmortem diagnosis of PSP and PD.
The NSPD assigned was 4/6 although no Lewy body-containing neurons were detected
within 3 levels of the nucleus coeruleus; however, Lewy neurites were present. Furthermore,
Lewy body-containing neurons and neurites were found within the dorsal nucleus of vagus.
The changes characteristically encountered in PSP were clearly the predominant ones. Lewy
body-containing neurons in case 9 were confined to the substantia innominata and to the
pars compacta of the substantia nigra; thus, the regional pattern of Lewy body-containing
neurons of case 9 did not match the one proposed by Braak et al (16).
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DISCUSSION

Epidemiological studies suggest that the crude prevalence of PSP is on the order of 0.001%
to 0.0065% (23), indicating that it is a rare disorder. The prevalence of PSP in our ET
sample (11 of 89 or 12.4%) is clearly larger than the population prevalence of PSP. It is also
2 to 5 times larger than the proportion of normal cases with “incidental” PSP in the 2 prior
autopsy series. The Harvard Brain Tissue Center reported incidental PSP in 1 of 39 (2.6%)
normal controls (24). In another series, 5 of 76 (6.6%) autopsies of “clinically normal
subjects” had mild pathological changes of PSP (21). Two of those patients (cases 2 and 4)
had postural changes and/or mild postural instability on examination and a third had a
diagnosis of amnestic mild cognitive impairment (case 3). While not severe enough to
qualify clinically for a diagnosis of PSP, as discussed by the authors, these signs may have
been early markers of an emerging neurodegenerative process. The proportion we report
(12.4%) is 2 to 5 times larger than these previous proportions (2.6%—6.6%), and many times
larger than the population prevalence of PSP.

In an earlier series, we reported the neuropathological findings of 33 ET cases (10). The
present series of 89 ET cases includes 18 ET cases from the prior series; thus, 71 ET cases
were not reported in that earlier series. Of the 11 ET+PSP cases we now report, only 1 was
present in the earlier series (10). It was not reported in that earlier series because it was
considered to be an example of an early comorbid diagnosis on top of longstanding ET.

In the Canadian ET postmortem series, 2 of 20 (10%) ET patients were also reported to have
had PSP (25), which is similar to the 11 of 89 or 12.4% in this report; however, given the
small numbers (n = 2 with ET+PSP), the authors did not draw attention to this possible
connection. In the Arizona postmortem series, 1 of 24 (4.2%) had PSP (26).

Our patients had an onset of parkinsonism on neurological examination when they were in
their 70s and 80s. While the typical age of onset of PSP is in the 60s and 70s (5),
considerable clinical heterogeneity has been described, with ages of onset in the 70s and
well into the 80s in some series (27).

The present study raises a number of interesting questions. First, is there an association
between ET and PSP, and are ET patients at increased risk of developing PSP? Cross-
sectional and prospective epidemiological studies are needed to address these questions of
association and risk. Through such epidemiological studies, ET has already been linked with
increased risk of several neurodegenerative disorders including PD (9) and AD (28, 29);
such a study would add to the current discussion over the possible neurodegenerative nature
of ET (2, 30). Second, what proportion of ET patients who develop what is presumed during
life to be PD or AD (i.e. ET+PD or ET+AD) actually have PSP (i.e. ET+PSP)? This is
currently unknown and it expands the debate as to whether ET and “PD” are linked. Third,
what proportion of “ET+PD” is actually ET+PSP? This too is unknown but a closer link
between ET and PSP is worthy of additional scrutiny in longitudinal, prospective,
epidemiological studies and clinical-pathological studies. Neuroimaging would also help to
address this issue.

The mean/median torpedo counts (Table 3) are similar to the mean counts reported
previously in ET patients (10.5 and 16.5, respectively) and higher than those seen in controls
(1.7 and 3.3, respectively) (10). The mean/median Purkinje cell count was 7.8/7.4 (Table 3),
which is similar to the count noted in ET previously (7.2) and lower than that observed in
controls (9.6) (10).

An issue with all brain bank series is whether they are representative of the typical disease
patient. In general, patients may have more severe disease or atypical features. We have
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shown, for example, that a large proportion of ET patients self-referred to ETCBR have
severe tremor and a high proportion have a family history of ET (31). On the other hand, the
ETCBR patients do not have atypical ET; indeed, their 3-tiered diagnostic process ensured
that their ET diagnosis was confirmed. Three of our 11 patients were diagnosed with
parkinsonism, but the latency from onset of ET to PD was 20 to 41 years. We did not select
ET patients based on having ET+PD, nor did we exclude them during follow-up if this
developed.

Most of our patients had a family history of ET. A recent study showed that a microtubule-
associated protein tau gene (MAPT) H1 haplotype, which is a risk factor for PSP, is also a
risk factor for ET (32). Whether there are susceptibility genes for both ET+PSP is not
known, although these recent findings seem to be a promising avenue for future exploration.

This study had limitations. Although 4 of our 11 patients were clinically demented, none of
their brains showed changes that met neuropathological criteria for AD. The assessment of
cognitive features was not a prominent part of our study protocol, and future studies are
needed to characterize the clinical features of the cognitive deficit patterns in these patients.
Although horizontal and lateral smooth pursuit eye movements were assessed clinically, as
were vertical saccades, eye movement recordings were not performed. The presence of
vertical supranuclear gaze palsy, fixation instability, lid retraction, blepharospasm and
apraxia of eyelid opening and closing may occur in patients with PSP (33). None of our
patients reported double vision, difficulties with reading (e.g. reduced speed) or problems
with eye opening or closure, however, and none were reported by treating physicians to have
eye movement abnormalities; eye movement abnormalities were also not noted in the
videotaped examinations. The latency from last neurological examination to death was 1
year or less in 8 patients, but was more than 1 year in 3 patients; it is possible that 1 of these
patients may have developed eye movement abnormalities in the terminal years of life. It is
also possible that square wave jerks may have been present as this was not routinely
assessed.

In summary, we report a series of 11 of 89 ET patients with longstanding ET who after
many years also developed either parkinsonism or dementia and were found to have the
neuropathological features of PSP. This case series raises several interesting questions about
the possible links between ET and PSP and, more broadly, between ET and parkinsonism.
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Figure 1.
Archimedes spirals drawn with the right hand in cases 2 (A), 6 (B), 7 (C), and 8 (D). There
is moderate or greater tremor (rating =2) in each case.
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Figure2.

Immunostaining for hyperphosphorylated tau (AT8) in case 1. (A) There are 3
neurofibrillary tangles ([NFTs], arrows) in the ventral arm of the dentate nucleus. (B) There
are 4 NFTs (arrows) and normal pigmented neurons in the caudal substantia nigra pars
compacta. (C) This is a glial cytoplasmic inclusion (open arrow) in the anterior limb of
internal capsule (630x). Magnifications: A, B, 200x; C, 630x.

J Neuropathol Exp Neurol. Author manuscript; available in PMC 2014 January 01.




1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Louis et al.

Page 12

Figure 3.

Immunostaining for hyperphosphorylated tau (AT8) in case 3. (A) There are 2
neurofibrillary tangles ([NFTs], arrows) and a glial cytoplasmic inclusion (GCI) (open
arrow) in the subthalamic nucleus. (B) There are 2 NFTs (arrows) and scattered neuropil
threads in the dorsal arm of the inferior olivary nucleus. (C) There are 3 NFTs (arrows) in
the pontine nuclei. (D) There is an NFT (arrow) and a tufted astrocyte (arrowhead) in the red
nucleus. (E) There is an NFT (arrows), a tufted astrocyte (arrowhead), and a GCI (open
arrow) in the superior parietal lobe. Magnifications: A, D, E, 400x; B, C, 200x.
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Figure 4.

Immunostaining for hyperphosphorylated tau (AT8) in case 5. (A) There is a neurofibrillary
tangle ([NFT], arrow) in the pontine nuclei. (B) There is a tufted astrocyte (arrowhead) in
the motor cortex. (C) There is a glial cytoplasmic inclusion (open arrow) in the subthalamic
nucleus. (D) There is an NFT with labeled processes (arrow) in the internal segment of the
globus pallidus. Magnifications: A, C, D, 400x; B, 630x.

J Neuropathol Exp Neurol. Author manuscript; available in PMC 2014 January 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Louis et al. Page 14

Figure5.

Immunostaining for hyperphosphorylated tau (AT8) in case 8. (A) There are 2 tufted
astrocytes (arrowheads) and a glial cytoplasmic inclusion (GCI) (open arrow) in the
prefrontal cortex. (B) There are 5 tufted astrocytes (arrowheads), a neurofibrillary tangle
(INFT], arrow) and a GCI (open arrow) in the precuneus. (C) A tufted astrocyte (arrowhead)
in the motor cortex. (D) A tufted astrocyte (arrowhead) and an NFT (arrow) in the head of
the caudate nucleus. Magnifications: A, B, D, 200x; C, 630x.
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