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Abstract

Streszczenie

Objectives: The purpose of our study was to determine the probability of developing Parkinson’s disease in various syndromes
of isolated tremor. Material and methods: We performed a retrospective analysis of the diagnostic process in patients with
isolated upper limb tremor where single-photon emission computed tomography (SPECT)-DaTSCAN was performed.
Twenty-four consecutive subjects (9 males, 15 females) with isolated tremor of one or both upper limbs were studied.
The patients were referred for SPECT by neurologists from various centres. Cases of diagnosed structural, metabolic or drug-
induced tremor were not included in the study. All patients were examined by a movement disorder specialist before and
1-3 years after SPECT-DaTSCAN. All subjects were classified according to the Consensus Statement on the Classification
of Tremors (2018). Results: The lowest probability of developing Parkinson’s disease was found in patients with rest and
action (postural and kinetic) tremor, both unilateral and bilateral. The risk was also low in subjects with postural and kinetic
tremor. In cases of a combination of rest and postural tremor (both unilateral and bilateral), the likelihood of
neurodegenerative parkinsonism was high. Conclusion: Performing SPECT-DaTSCAN in selected cases of isolated of tremor
with a high probability of Parkinson’s disease avoids the unnecessary use of drugs recommended in the therapeutic algorithms
applicable in essential tremor.
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Cele: Celem pracy byta ocena ryzyka rozwinigcia si¢ choroby Parkinsona w réznych postaciach drzenia izolowanego.
Material i metody: Przeprowadzono retrospektywng analize procesu diagnostycznego u pacjentéw z izolowanym drzeniem
konczyn gornych, u ktérych wykonano badanie SPECT-DaTSCAN. Badaniem objeto grupe 24 kolejnych pacjentéow
(15 kobiet, 9 mezczyzn) z izolowanym drzeniem jednej lub obu konczyn gérnych. Pacjenci byli kierowani na
SPECT-DaTSCAN przez neurologdéw z roznych o$rodkéw. Do badanej grupy nie wlaczono oséb ze stwierdzonymi zmianami
strukturalnymi, metabolicznymi oraz przypadkéw drzenia polekowego. Wszyscy pacjenci byli badani przez specjaliste
zaburzen ruchowych przed badaniem SPECT-DaTSCAN i ponownie 1-3 lata pézniej. Badane osoby byly klasyfikowane
zgodnie z opublikowanym w 2018 roku Consensus Statement on the Classification of Tremors. Wyniki: Najnizsze ryzyko
rozwinigcia si¢ choroby Parkinsona stwierdzono w grupie chorych z wspélistniejacym drzeniem spoczynkowym i action
tremor (posturalnym i kinetycznym), zaréwno jedno- jak i obustronnym. Byto ono takze niskie u pacjentéw ze
wspolistnieniem drzenia posturalnego i kinetycznego. W przypadkach polaczenia drzenia spoczynkowego i posturalnego
prawdopodobienstwo parkinsonizmu neurozwyrodnieniowego bylo wysokie. Wnioski: Wykonywanie badania
SPECT-DaTSCAN u wybranych pacjentéw z izolowanym drzeniem z wysokim prawdopodobienstwem choroby Parkinsona
pozwala unikna¢ w tych przypadkach niepotrzebnego stosowania lekdw zalecanych w algorytmach terapeutycznych drzenia
samoistnego.

Stowa kluczowe: zespoly izolowanego drzenia, SPECT-DaTSCAN, ryzyko choroby Parkinsona
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INTRODUCTION

remor is the most common form of movement dis-
I order. It may be the only manifestation through-
out the course of the disease, as it is in essential
tremor (ET). Isolated tremor may also precede the occur-
rence of other symptoms of the disease, e.g. in Parkinson’s
disease (PD) or dystonias. The analysis of the clinical pre-
sentation is crucial in the differential diagnosis of tremor
disorders. However, the overlapping of clinical features
may hinder this process, in some cases to a large extent.
For example, the same combination of activation conditions
(e.g. rest and postural tremor or rest and kinetic tremor)
can be observed in both PD and ET (Albanese et al., 2013;
Deuschl et al., 1998; Louis, 2014). The diagnostic approach
based on two axes, clinical and aetiological, is proposed
in the recently published Consensus Statement from the
MDS Task Force on Tremor (Bhatia et al., 2018).
12]-ioflupane ('**I-fluoropropyl CIT, '*I-FP-CIT,
DaTSCAN?®, GE Healthcare) is a dopamine transporter
(DAT) radioligand for single-photon emission tomog-
raphy (SPECT). According to the EFNS/MDS-ES rec-
ommendations, SPECT-DaTSCAN can be performed as
part of differential diagnosis of degenerative parkinson-
ism and ET (Level A) and, more specifically, in the pres-
ence of atypical tremor syndromes (Berardelli et al., 2013).
SPECT-DaTSCAN is normal in ET, whereas in PD and in
other neurodegenerative parkinsonian syndromes (PS) the
reduced tracer uptake within the striatum reflects the loss
of dopaminergic neurons in the substantia nigra (Kim et al.,
2002; Marshall and Grosset, 2003; Perju-Dumbrava et al.,
2012; Vlaar et al., 2008).
The purpose of our study was to determine the probability
of developing PD in various syndromes of isolated tremor.

MATERIAL AND METHODS
Patients

Twenty-four subjects (9 males and 15 females) with iso-
lated tremor of one or both upper limbs were selected from
a database of consecutive 108 patients, who have been eval-
uated using SPECT-DaTSCAN in 2015-2017 at the Depart-
ment of Nuclear Medicine, Medical University of Lodz,
Poland. The patients were referred for SPECT by neurol-
ogists from various centres. Cases of diagnosed structural,
metabolic or drug induced tremor were not included in the
study.

All patients were examined by a movement disorder special-
ist (AG or AB) before and 1-3 years after SPECT-DaTSCAN.

SPECT-DaTSCAN

SPECT/computed tomography (CT) acquisitions were
performed with double-head hybrid gamma-camera
Infinia Hawkeye GE 4 h after i.v. administration of 5 mCi
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1231-DaTSCAN. Prior to radiotracer injection, patients
received oral potassium iodine (Lugol’s solution) to block
thyroid uptake of free radioactive iodide. Data were
acquired with use of low energy high resolution (LEHR)
collimators in dual energy window: 159 keV + 10% (scatter:
130 keV £ 10%), in 128 x 128 matrix. In a step-and-shoot
method, 120 projections for 45 s each were registered with
the use of zoom equal to 1.5. Images reoriented to orbito-
meatal plane were reconstructed with the OSEM method
(2 iter., 10 sub., postfilter: Butterworth 0.50/10) with scatter
correction and attenuation correction based on CT atten-
uation maps.

The analysed SPECT-DaTSCAN variables were '*I-ioflu-
pane uptake ratios in the entire striatum, putamen and cau-
date in both hemispheres. The quantitative assessment of
DaTSCAN-SPECT images was made using DaTQUANT
delivered by GE Healthcare.

The study was retrospective and all data obtained were the
result of routine clinical evaluation of patients. Therefore,
it was not necessary to apply for approval from the Ethics
Committee.

RESULTS

Group A: the patients
with normal SPECT-DaTSCAN

The group included 17 patients (5 males, 12 females) aged
39-72 (mean: 58 years of age).

Ten patients (Tab. 1, Group [; 3 males, 7 females), aged
42-72 (mean: 64), presented bilateral asymmetrical rest
tremor; however, kinetic (simple and intention) and pos-
tural tremor was dominant. In 6 patients, the history of
tremor was shorter than 3 years, while in 4 others it did
not exceed 5 years. The next 4 patients (Group II; 2 males,
2 females), aged 59-70 (mean: 62.2), showed bilateral asym-
metrical postural and kinetic tremor for 1-2 years; no rest-
ing tremor was observed.

All patients reported no improvement after alcohol.
In 6 patients, no effect after levodopa administration was
observed, while in 6 remaining subjects levodopa was not
used or was discontinued after a few days due to side effects.
All 14 patients were examined by a neurologist after
1-3 years from the DaTSCAN-SPECT study, and no neu-
rological signs were found except for tremor.

Three other (Group III) female patients (aged 37-47, mean:
41) with a 1-2-year history of one-sided kinetic (pos-
tural and intention) tremor declared subjective improve-
ment after levodopa. One of them had a 9-year-old son
with a 2-year history of foot dystonia. Two years after the
SPECT study, the parent developed dystonic movements in
the upper limb affected by tremor and bradykinesia in both
extremities on the same side. In 2 other subjects (one of
them reported a 17-year history of PD in her mother), neu-
rological re-evaluation did not reveal new symptoms and
the pattern of their tremor remained unchanged.
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Group | Patients Clinical features of Distribution | History Family history Improvement Result of Clinical
tremor (Bhatiaetal., | bilateral/ of tremor | of movement of tremor after SPECT-DaTSCAN | diagnosis
2018) before referring | unilateral (years) disorders levodopa (before
for SPECT-DaTSCAN DaTSCAN)
7females, | Rest+ action Bilateral >3years— | 3 X positive No improvement —6 | Normal ET
3 males, (postural + kinetic) 6 subjects | (1 tremor Non-treated — 4
aged 42-72 <3years— | in mother,
(mean 64) 4subjects | 1 tremor in father,
1X tremor
in grandmother)
7 X negative
Il 2females, | Postural + kinetic Bilateral All <3 years | 2 X positive No improvement — 1
2 males, (simple + intention) (2 x tremor Non-treated — 3
aged 59-70 in mother)
(mean 62) 2 X negative
Il Female, Postural + kinetic Unilateral All <3 years | Dystoniain son Subjective Normal Dystonic
aged 37 (simple + intention) improvement tremor+
bradykinesia
Female, No Subjective Indeterminate
aged 39 improvement tremor
Female, PD in mother Subjective Indeterminate
aged 47 improvement tremor
I\ 2 males, Rest + action Unilateral =1 | All <3years | No No improvement—2 | Abnormal Tremor
aged 51 (postural + kinetic) Bilateral — 1 dominant PD
and 63
) 3females, | Rest+ postural Unilateral = 1 | All <3 years | No Noimprovement— | Abnormal PD
1male, Bilateral — 3 all
aged 46-76
(mean 59)
Male, Bilateral 1year No No improvement Possible MSA
aged 46

Tab. 1. Clinical characteristics of the studied group of patients

Group B: the patients
with abnormal SPECT-DaTSCAN

There were 4 male and 3 female patients aged 44-76
(mean: 56) in this group.

Tree females and 1 male (Group IV), aged 46-76
(mean: 59,0), had a 1.5-2-year history of bilateral asymmet-
rical or unilateral postural tremor that did not respond to
levodopa. Several months after SPECT, they developed bra-
dykinesia and rigidity which responded well to levodopa,
and it was possible to diagnose PD according to the UK
Brain Bank Criteria.

Two years after SPECT, a 44-year-old male patient
(Group V) with a one-year history of bilateral asymmetrical
tremor developed urinary incontinence, orthostatic hypo-
tonia as well as bradykinesia with rigidity, which were resis-
tant to levodopa. A diagnosis of possible MSA was made
(Gilman et al., 2008; Stankovic et al., 2014).

The dominant rest and postural tremor and poorly
expressed rest tremor were observed unilaterally in
a 51-year-old male subject (3-year history of tremor) and
bilaterally in another male patient (aged 63, 2-year history
of tremor). After one year (the last contact), the first patient
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still presented isolated unilateral tremor, and no other par-
kinsonian signs were observed. Tremor-dominant PD was
diagnosed. In the second subject, bilateral bradykinesia and
rigidity were found after two years, and they responded
well to levodopa. Because the severity of kinetic tremor
increased at the same time, the coexistence of ET could not
be ruled out in our opinion.

DISCUSSION

Tremor is the most common form of movement disorder.
The list of tremor syndromes is long, and the list of dis-
eases that may manifest with tremor is even longer. The cor-
rect evaluation and classification of a patient’s tremor is the
first and very important step in the diagnostic pathway.
Relatively often, the diagnosis of tremor requires differenti-
ation with PS. In such cases SPECT-DaTSCAN can be useful
because normal images of the striatum showed by SPECT-
DaTSCAN exclude neurodegenerative parkinsonism.

The Consensus Statement on the Classification of Tremors
was published under the auspices of the International Par-
kinson and Movement Disorder Society (IPMDS) in 2018.
The classification proposed in this document is based on two
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axes: clinical features and aetiology. Among the clinical fea-
tures, the anatomical distribution of tremor and activation
conditions, the activating factors are of key importance.

We decided to use the approach proposed in the Consen-
sus Statement on the Classification of Tremors to reanalyse
retrospectively the evaluation of tremor and to reconsider
the indications for SPECT-DaTSCAN in 24 consecutive
patients with isolated tremor of upper limbs. We did not
find patients with isolated tremor of both upper and lower
limbs or tremor limited to lower limbs in our material.
Rest as well as action (kinetic and/or postural) tremor may
occur in ET and dystonia, but also in neurodegenerative
PS, including PD, multiple system atrophy (MSA) and pro-
gressive supranuclear palsy (PSP) (Armstrong et al., 2013;
Fekete and Jankovic, 2011; Gilman et al., 2008; Jankovic
etal,, 1999; Litvan et al., 1996; Schwingenschuh et al., 2010).
Rest tremor may be present in about 20% of ET patients,
usually in elderly ones (Cohen et al., 2003), and such cases
should be classified as “ET plus” (Bhatia et al., 2018). On the
other hand, postural and kinetic tremor may be observed in
up to 60% of patients with PD (Jankovic et al., 1999; Meara
et al., 1999; Thenganatt and Jankovic, 2014).

Action (kinetic and postural) tremor has similar features in
neurodegenerative parkinsonism and in ET or ET-like syn-
dromes. However, rest tremor in PS has characteristic fea-
tures which are not observed in other tremor syndromes:
4-7-Hz frequency, “pill-rolling” sign, disappearance when
the muscles are activated voluntarily or achieving the goal.
Moreover, tremor is easier to observe while the patient is
moving another part of the body (Jankovic et al., 1999;
Papengut et al., 2013).

According to the Consensus Statement, a definition of ET
requires at least a 3-year history of tremor. The assumption
was made that during this period the probability of devel-
oping other symptoms decisive for changing the diagnosis
from ET to another tremor syndrome is most likely. Isolated
tremor of duration shorter than 3 years should be labelled
as “indeterminate tremor” In addition, the proposed defi-
nition of ET includes the condition of the presence of bilat-
eral action tremor.

There were 12 subjects (Group I and IV) presenting isolated
action and rest tremor in our material. The result of SPECT-
DaTSCAN was abnormal in a single case with tremor lim-
ited to one side and in 1 out of 11 cases with bilateral signs.
These results confirm that early occurrence of bilateral
action tremor, i.e. before the lapse of 3 years, is likely to
support the diagnosis of ET. At the same time, our results
showed that the coexistence of resting tremor with bilateral
action tremor is not associated with a significant probabil-
ity of PD. In patients with the diagnosis of tremor-domi-
nant PD, tremor did not respond to levodopa.

It should be noted that in our material subjects with rest
tremor were over-represented, because its presence -
regardless of the occurrence of other types of tremors — was
a probable factor determining the referral of these patients
for SPECT-DaTSCAN.
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Patients with the combination of postural and kinetic
tremor, both bilateral (Group II) and unilateral (Group III),
had normal SPECT-DaTSCAN. Among the unilateral cases
(all with duration of tremor <3 years), a neurological exam-
ination allowed a diagnosis of dystonic tremor, while the
other two cases were classified as “indeterminate tremor.”
SPECT revealed an abnormality within the dopaminer-
gic nigrostriatal system in all five patients (Group V) who
presented rest and postural tremor, unilaterally or bilater-
ally. In this group, MSA was suspected in one case, while
the remaining patients were diagnosed with PD. Rest and
postural tremor in subjects with a diagnosis of PD did not
improve after the administration of levodopa.

Early SPECT-DaTSCAN in patients with isolated tremor
brings limited benefits. Certainly, the aetiology of the dis-
ease process is explained, but further benefits are doubt-
ful. Undoubtedly, the abnormal SPECT-DaTSCAN result
means that we can avoid the treatment attempts according
to therapeutic recommendations in ET.

CONCLUSIONS

1. The probability of PD in patients with rest and action
(kinetic plus postural) tremor, both unilateral and bilat-
eral, is low. It is also low in subjects with postural and
kinetic tremor.

2. In cases of a combination of rest and postural tremor
(both unilateral and bilateral), the likelihood of neuro-
degenerative parkinsonism is high. However, early in
the disease (<3 years), the possibility of differentiation
between individual PS is very limited.

3. Performing SPECT-DaTSCAN in isolated cases of
tremor with a high risk of PD avoids the unnecessary
use of drugs recommended in the therapeutic algorithms
applicable in ET.
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