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Heterogeneity of Monosymptomatic Resting Tremor in a
Prospective Study: Clinical Features, Electrophysiological
Test, and Dopamine Transporter Positron Emission
Tomography
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Background: The relationship between monosymptomatic resting tremor (mRT) and Parkinson’s disease (PD) remains controversial.
In this study, we aimed to assess the function of presynaptic dopaminergic neurons in patients with mRT by dopamine transporter positron
emission tomography (DAT-PET) and to evaluate the utility of clinical features or electrophysiological studies in differential diagnosis.
Methods: Thirty-three consecutive patients with mRT were enrolled prospectively. The Unified Parkinson’s Disease Rating Scale and
electromyography were tested before DAT-PET. Striatal asymmetry index (SAI) was calculated, and a normal DAT-PET was defined
as a SAI of <15%. Scans without evidence of dopaminergic deficits (SWEDDs) were diagnosed in patients with a subsequent normal
DAT-PET and structural magnetic resonance imaging.

Results: Twenty-eight mRT patients with a significant reduction in uptake of DAT binding in the striatum were diagnosed with PD,
while the remained 5 with a normal DAT-PET scan were SWEDDs. As for UPRDS, the dressing and hygiene score, walking in motor
experiences of daily living (Part IT) and motor examination (Part IIT) were significant different between two groups (P <0.05 and P<0.01,
respectively). Bilateral tremor was more frequent in the SWEDDs group (P < 0.05). The frequency of resting tremor and the amplitude
of postural tremor tend to be higher in the SWEDDs group (P = 0.08 and P = 0.05, respectively).

Conclusions: mRT is heterogeneous in presynaptic nigrostriatal dopaminergic degeneration, which can be determined by DAT-PET brain
imaging. Clinical and electrophysiological features may provide clues to distinguish PD from SWEDDs.
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50-70% dopaminergic cells in the substantia. However, the
differential diagnosis of idiopathic PD is difficult in the early
stage due to the atypical and ambiguous symptoms and signs,
especially when tremor is the solely obvious symptom. !

INTRODUCTION

Tremor is the most common movement disorder which is
defined as a compulsively, rhythmic, shaking movement of
a body part.l! One of the most general reasons for tremor

is idiopathic Parkinson’s disease (PD), a progressive
neurodegenerative disease. The core clinical features of
idiopathic PD include bradykinesia, followed by resting
tremor, rigidity, and problems with stance stability.
These symptoms will become evident after a loss of
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Monosymptomatic resting tremor (mRT) is a descriptive term
for resting tremor persisting for more than 2 years without
other cardinal signs of PD.!*! The relationship between mRT
and PD remains controversial. Some reports demonstrated
that mRT is characterized by a presynaptic dopaminergic
deficit with the evidence of dopamine transporter positron
emission tomography (DAT-PET) and supported that mRT
represents a phenotype of PD. Most of these patients end

Address for correspondence: Prof. Tao Feng,

Department of Neurology, Beijing Tiantan Hospital, Capital Medical
University, No. 6, Tiantan Xili, Dongcheng District, Beijing 100050, China
E-Mail: happyft@sina.com

.Chinese Medical Journal | July 5,2015 | Volume 128 | Issue 13




up in the tremor-dominant variant of PD, but this may
last more than a decade.’*! However, in clinical practice,
dopaminergic functional imaging revealed some patients
with mRT to be scans without evidence of dopaminergic
deficits (SWEDDs).[®! Few studies have been reported to
reveal the prevalence of SWEDDs in mRT patients and to
illuminate the clinical and electrophysiological characteristics
of mRT patients grouped by the DAT-PET results. This study
aimed to investigate the presynaptic dopamine function by
DAT-PET in a prospective mRT group and to evaluate the role
of clinical features and electrophysiological characteristics
in the differential diagnosis.

MeTtHoDS

Patients

We prospectively enrolled 43 consecutive patients with mRT
who visited Movement Disorder Clinics in Beijing Tiantan
Hospital from April 2011 to December 2013. The written
informed consent was obtained from all the patients.

The diagnosis of mRT was confirmed by movement disorder
specialists according to Consensus Statement of the Movement
Disorder Society on Tremor.¥) The mRT patients must
meet the following criteria: (1) Pure or predominant resting
tremor; (2) no sign of bradykinesia, rigidity, or abnormal
gait and posture; and (3) tremor >2 years.”! Patients were
excluded if they had: (1) Specific etiologies for the asymmetric
resting tremor (e.g., psychogeny, medication-induced,
stroke, and multiple sclerosis); (2) a clear history of PD or
essential tremor (ET) in the family; (3) an obvious lesions of
intracephalic structure on head computed tomography (CT)/
magnetic resonance imaging (MRI) scans. Information
regarding demographics, medical and family history, disease
course, and treatment were collected during a face-to-face
interview in all patients. The Unified Parkinson’s Disease
Rating Scale (UPDRS) was tested by well-trained neurologists
before DAT-PET examination, thus there was a blindness
between clinical data and DAT-PET. The study was approved
by the Institutional Review Board (Committee for Medical
Ethics) of Beijing Tiantan Hospital, Capital Medical University.

Electrophysiological test

Surface electromyographic (EMG) recordings of the most
involved limbs in all positions were performed on all
patients.!”? The tremor frequency (Hz), mean amplitude (mV),
and pattern (synchronous or alternating) were assessed. The
amplitude was measured peak to the valley for each burst,
and the duration was measured peak to peak for each burst.
The tremor frequency was assessed by counting the number
of tremor bursts per minute. The mean value was calculated
from 5 measurements. The tremor pattern was assessed
by visual inspection of the records. The recording session
included 5 min test and 5 min rest subsequently in each
definite limb position. Alcohol, caffeine beverages or tea
was not allowed the evening before the test. None was taking
drugs known to influence tremor. All the measurements
were performed in the morning (9:00-11:00 a.m.). The
examination was performed in a room where the patients

had the opportunity to be familiar with the circumstances
and felt relax before the test.

Dopamine transporter positron emission tomography

C-B-CFT, used as the DAT radioligand for PET tracer,
was synthesized at Department of Nuclear Medicine, PLA
General Hospital. ""C-B-CFT was prepared by reaction
of [UC] methyl triflate with the N-desmethyl precursor,
nor-P-CFT (RBI, Natick, MA, USA).[3% A high-resolution
PET/CT scanner (DaTSCAN; GEMINI GXL-16, Philips,
The Netherlands) was used for each patient at Nuclear
Medicine Center of the Second Hospital of Armed Police
Beijing Office. Anti-parkinsonism drugs must not be taken
at least 12 h before PET, and DAT agonists 72 h before
the PET. The head of the caudate and putamen on the two
consecutive planes with best articulation were selected to be
the regions of interest (ROIs) on bilateral hemispheres. The
average of 'C-B-CFT concentrations of ROIs was calculated.
Striatal asymmetry index (SAI) was used to describe the
asymmetry of the radioactivity uptake in the bilateral
striatum. SAI = (R, = R o V[(Rgp T Rn)/2] X100%. R,
and R, represent the uptake value of DAT tracer in the
striatum ipsilateral or contralateral to the clinically affected
body side, respectively.[*! PD was diagnosed if SAI existed.

Statistical analysis

Continuous parameters and absolute counts were shown as
mean + standard deviation (SD), and categorical parameters
were shown as percentage. The differences in clinical and
electrophysiological features between SWEDDs and PD
patients were calculated using the unpaired, two-tailed
t-test for continuous variables and Chi-square test or Fisher
Exact test for categorical variables by SPSS 17.0 (SPSS
Inc., Chicago, IL, USA). A P < 0.05 was considered to be
statistically significant.

ResuLts

Demographic data

During the study period, 43 patients were screened for
suspicious mRT. Eight patients were not involved in the present
analyses for their symptoms of tremor lasting <2 years and
two patients were excluded due to incomplete documents of
clinical features or electrophysiological measurements. A total
of 33 patients with definite mRT (mean age 55.3 = 11.6 years,
45.5% men) constituted the final sample [Table 1]. PD were
diagnosed in 84.8% (n = 28) and SWEEDs in 15.2% (n =5)
of cases, respectively. There were no significant differences
in age, gender, and age at onset of tremor between SWEDDs
and PD groups. The duration of disease was longer in the
SWEEDs group than in the PD group (13.0 years vs. 3.0 years,
P<0.05). The percentage of Hoehn-Yahr score >1 was similar
among two groups (20% vs. 25%, P> 0.05).

Positron emission tomography results

According to the PET comparison with the norm values
in the center, subjects were divided into two groups.
A normal symmetrical uptake of "C-B-CFT in the bilateral
striatum was seen in all five patients (SWEDDs group)
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Table 1: Demographic and clinical characteristics of SWEDDs and PD patients

Parameters SWEDDs (n = 5) PD (n = 28) tor y? P
Demographic characteristics
Age, years, mean £+ SD 60.8+11.6 545+11.6 0.34 >0.05
Male, n (%) 3(60.0) 12 (42.9) 0.05%* >0.05
Duration of disease, years, median (range) 13.0 (4.8-22.5) 3.0 (2.3-5.0) —2.347 <0.05
Age of onset, years, mean + SD 46.5+18.6 50.3+12.5 0.34 >0.05
Modified Hoehn-Yahr score >1, n (%) 1(20.0) 7 (25.0) 0.06* >0.05
UPDRS Part I: Nonmotor aspects of experiences of daily living, n (%)
Cognitive impairment 1 (20.0) 13 (46.4) 1.21* >0.05
Depression 0(0.0) 12 (42.9) - >0.05
UPDRS Part II: Motor experiences of daily living, mean + SD 35+£22 83+45 3.25 >0.05
Speech, n (%) 0(0.0) 13 (46.4) - >0.05
Dressing, n (%) 0(0.0) 15 (55.6) - <0.05
Walking, n (%) 1(20.0) 19 (67.9) 2.31 >0.05
Hygiene, n (%) 0(0.0) 16 (57.1) - <0.05
Freezing of gait, n (%) 1(20.0) 15 (53.6) 0.81%* >0.05
UPDRS Part III: Motor examination, mean + SD 11.0+2.0 232+125 —4.11 <0.01
*These values were calculated by y? test; others without star mark were calculated by #-test; "Nonparametric test; “—: Not applicable, calculated by

Fisher Exact test. SD: Standard deviation; SWEDDs: Scans without evidence of dopaminergic deficits; UPDRS: Unified Parkinson’s Disease Rating

Scale; PD: Parkinson’s disease.

[Figures 1 and 2]. An asymmetrical reduced uptake in the
striatum was seen in 28 patients (PD group) [Figures 1 and 3].

Unified Parkinson’s Disease Rating Scale

For nonmotor aspects of experiences of daily living (Part I of
UPDRS), there were no significant differences in cognitive
impairment and depression between two groups [Table 1].
For motor experiences of daily living (Part IT of UPDRS),
PD patients were more likely to have difficulties in dressing
and hygiene (P <0.05). More patients in PD group tended to
have difficulties in walking (67.9% in PD group and 20.0%
in SWEDDs group, P > 0.05), although the difference was
of no statistical significance. The two groups were similar in
speech and freezing of gait. For motor examination (Part II1
of UPDRS), the score was much lower in the SWEEDs
group than in the PD patient group, and the difference was
statistically significant (11.0£2.0 vs. 23.2+12.5, P<0.01).

Tremor analysis

Clinical features

Eighteen (64.3%) PD patients had a resting tremor, and
25 (89.3%) had a postural tremor. A resting tremor was
recorded in 3 (60.0%) SWEDDs patients and postural
tremor was recorded in all 5 (100%) SWEDDs patients. The
difference in tremor distribution (resting tremor or postural
tremor) between two groups was not statistically significant.
But the proportion of bilateral tremor was much higher in
SWEDDs group than in the PD group (100% vs. 32.1%,
P <0.05) [Table 2].

Electrophysiological study

The electrophysiological findings in 2 different
conditions (resting or postural tremor) in studying group are
shown in Table 2. No subject had a kinetic tremor in either
of the two groups. There were no significant differences in
the frequency and amplitude of resting or postural tremor
between two groups.
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Figure 1: Positron emission tomography (PET) to distinguish scans
without evidence of dopaminergic deficits (SWEDDs) from Parkinson’s
disease (PD) and tremor analysis between groups. Transaxial slices
of PET/tremor analysis of a patient with SWEDDs (left) and another
patient with right-sided PD (right).

Tremor analysis: Frequency and amplitude

Table 2 shows the results of EMG measurements in both
resting and postural tremors. The frequency of resting tremor
in SWEDDs group tended to be higher than in the PD group,
but without significant difference (P = 0.08). The difference
in frequency of postural tremor between two groups was not
statistically significant. The amplitudes of resting tremor were
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Figure 2: Dopamine transporter positron emission tomography help to distinguish scans without evidence of dopaminergic deficits from Parkinson’s

disease in monosymptomatic resting tremor patients.

similar between the two groups. The amplitude of postural
tremor tended to be higher in SWEDDs group than in PD
group, but the difference was of no significance (P = 0.05).

Tremor patterns analysis

Table 2 also shows the results of tremor patterns in resting
or postural tremors. In resting tremor patterns analysis, the
percentage of synchronous pattern was 60.0% in SWEDDs
group and 57.1% in PD group (P > 0.05), while the
percentage of alternating pattern of resting tremor was 80.0%
in SWEDDs group and 78.6% in PD group (P > 0.05). In
postural tremor patterns analysis, synchronous pattern was
80.0% in the SWEDDs group and 56.7% in PD group, while
alternating pattern was 60.0% in the SWEDDs group and
75.0% in PD group (P > 0.05).

Discussion

There is still a debate on the etiology of mRT and its relation
to PD. In this present study, we confirmed that mRT is
heterogeneous in presynaptic nigrostriatal dopaminergic
degeneration. Normal 'C-CFT uptake in the striatum by
DAT-PET was found in 15.2% (5/33) of patients with mRT,
who were diagnosed as the SWEDDs, while reduced uptake
in the striatum was found in 84.8% (28/33) of the patients,
thus the corresponding diagnosis were PD. The PET results
suggested that mRT is not a subgroup of PD.

There were some differences in the clinical characteristics
between PD and SWEDDs groups in our study. We found
that more patients in the PD group had difficulties in
walking and balance. Similar result was seen in a former
study focusing on the gaits and posture of the patients.
SWEDDs patients were found to had a normal trunk
and elbow posture, normal stride length variability, and
normal bilateral step phase coordination, all of which were
abnormal in PD patients. No evidence of ataxic gait was
found as a general feature in SWEDDs.P'% In addition,
we found that dressing and hygiene were more likely to
be difficult in PD group. We also found that the score in
Motor Examination in UPDRS (Part III) was higher in PD
group than in SWEDDs group, which indicated dyskinesia
was remarkably severe in the former group. Thus, we
concluded that the UPDRS might help to make a differential
diagnosis between PD and SWEEDs. Bilateral tremors
were more frequent in SWEDDs group than in PD group.
These findings could aid the clinician in the identification
of potential SWEDDs cases.

There are few studies on the difference in tremor patterns
between PD and SWEDD patients. The basic tremor
parameters overlapped between SWEDDs, PD, segmental
dystonia and ET in previous electrophysiological studies.
Recent study found that PD feature re-emergent tremor
coexisted with the highest amplitude in the resting tremor,
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Figure 3: Dopamine transporter positron emission tomography help to identify Parkinson’s disease in the early age in monosymptomatic resting

tremor patients.

Table 2: Tremor analysis in patients with SWEDDs and PD

Parameters SWEDDs (n = 5) PD (n = 28) tor y? P
Tremor features, n (%)

Resting tremor 3 (60.0) 18 (64.3) 0.03* >0.05

Postural tremor 5(100) 25(89.3) - >0.05

Bilateral tremor 5(100) 9(32.1) 5.46 <0.05
Frequency, Hz, mean + SD

Resting tremor 7.8+0.4 73+1.5 0.08 >0.05

Postural tremor 11.5£0.7 10.0+ 1.4 1.80 >0.05
Amplitude, mV, median (range)

Resting tremor 210.0 (200.0-220.0) 170.0 (160.0-180.0) —1.557 >0.05

Postural tremor 240.0 (230.0-250.0) 132.5(50.0-215.0) —0.617 0.05
Resting tremor pattern, 1 (%)

Synchronous pattern 3 (60.0) 16 (57.1) 0.01* >0.05

Alternating pattern 4(80.0) 22 (78.6) 0.01* >0.05
Postural tremor pattern, n (%)

Synchronous pattern 4(80.0) 15 (56.7) 0.37* >0.05

Alternating pattern 3(60.0) 21 (75.0) 0.02%* >0.05
*These values were calculated by y? test; others without star mark were calculated by #-test; "Nonparametric test; “~: not applicable, calculated by

Fisher Exact test. SWEDDs: Scans without evidence of dopaminergic deficits; PD: Parkinson’s disease; SD: Standard deviation.

while SWEDDs, dystonia, and ET subjects had the highest
amplitude during action tremor.”’ Similarly, we found in
our study that the action tremor amplitude tended to be
higher in SWEDDs group, although the difference was not
significant. The tiny disparity might afford us the clues to
differential diagnosis.

Different tremor types have been separated in PD, including
classic Parkinsonian tremor at rest, postural and kinetic
tremors of different frequencies, pure postural or kinetic
tremor. The heterogeneity in SWEDDs, which means
dystonic tremors may be responsible for a number of
SWEDDs subjects as well as ET,*7112l might explain partly
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that the tremor patterns were similar in the two groups.
Unfortunately, in the comprehensive analysis, when the
tremor patterns were divided into different groups according
to its features, we found there was no significant difference
between PD and SWEDDs groups.

Another important issue we should mention above was
the relationship between mRT and ET. The diagnosis of
mRT is made when the tremor syndrome persists for more
than 2 years without bradykinesia, rigidity or postural
dysfunction. The resting tremor in mRT differs obviously
from the postural tremor or action tremor in ET. The mRT
patient has rarely family history and is nonresponsive to
beta blockers when comparing to ETs. Ninety percent of the
mRT patients can be thought to be subclinical PD with the
evidence of presynaptic dopamine neuronal dysfunction by
PET. The residual is defined as SWEEDs, including some
of dystonic tremor.

Besides careful clinical examination and electrophysiological
test, functional imaging plays an important role in the
differential diagnosis in patients with isolated tremor
symptoms.!'*1%1 Recent studies found that when faced
a diagnostic challenge in early PD, cardiac '*I-MIBG
scans alone or combined with DAT-PET, may help to
differentiate patients with SWEDDs from patients with
PD.U'7181 In the present study, SWEEDs were diagnosed
in 15.2% (n = 5) of cases and the result was consistent
with previous study, in which approximately 11-15% of
early PD patients showed normal dopaminergic functional
imaging (SWEDDs).["! Various ligands had been proved
to provide identical data regardless of the kinetics and
specificity for the DAT.[*2! In light of '**I-FP-CIT (1231-
N-v-fluoropropyl-2b-carbomethoxy-3b-(4-iodophenyl)
nortropane), a widely used DAT ligand in single photon
emission computed tomography (SPECT) is difficult to
prepare and expensive; however, DAT-PET is reasonable
to detect presynaptic dopamine neuronal dysfunction.
DAT-PET is also an independent factor associated with the
long-term motor and nonmotor outcomes when adjusted
for age, gender, PD duration, baseline PD severity, and PD
medications at the time of assessment.?>? DAT imaging has
an important role in the differential diagnosis, management
decision, and prognostic prediction in early PD and clinical
uncertain Parkinsonian syndrome.

There are many other causes for tremor, such as physiological
tremor, psychogenic tremor, ET, and myoclonus-dystonia.
Differential diagnosis of tremor should base on history
taking, physical examination, electrophysiological test, MRI,
and nuclear imaging of DAT when the diagnosis remains
uncertain. DAT density in corpus striatum decreased 10%
every year in the PD group, while 0.5% every year in the
control group. We did not involve PET during the follow-up
for the expenditure. We will use PET as an imaging endpoint
in the further study. We found that the patients with negative
DAT-PET results had no PD symptoms or signs in the next
years while the patients with positive DAT-PET results had
some PD symptoms or signs in the following years.

Several potential limitations of the present study should
be addressed. First, the findings of our study should be
interpreted with caution considering the sample size.
However, our prospective cohort is reasonable when
compared with other researches focused on SWEDDS, in
which the sample size was generally small, varied from
8 to 33.146792225] Second, whether SWEDDs patients had
signs of dystonia was not recorded in our study. Thus, we
cannot support the hypothesis that adult onset dystonia
is the underlying diagnosis in this sub-group of patients
with SWEDDs.P! Finally, transcranial sonography and
susceptibility-weighted imaging can aid the differentiation
in previous studies.>2* These tests were not included in the
analysis due to the integrity constraint and will be added in
the further studies.

In summary, the present study suggested that mRT is
heterogeneous in presynaptic nigrostriatal dopaminergic
degeneration. DAT-PET brain imaging can facilitate early
and accurate diagnosis and help guide prognosis and
treatment decisions. It can also help to avoid inappropriate
dopaminergic drug therapy, as well as the long-term financial
burden. Clinical and electrophysiological features provide
clues to differentiate between the SWEDDs and PD. Clinical
scale needs to be established in the further research.
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