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Introduction

Idiopathic early Parkinson’s disease (PD) is a strikingly
asymmetric condition compared to other degenerative
parkinsonisms, such as multiple system atrophy, progres-
sive supranuclear palsy or Lewy body disease.' Contralat-
eral asymmetries of motor symptoms in relation to basal
ganglia dopaminergic deficits appear to be a fundamental
aspect of the disease, although dopamine loss seems to be
invariably bilateral,” and asymmetries become less promi-
nent over the course of the illness.” The causes and evolu-
tion of these characteristic motor asymmetries and the
dopaminergic interhemispheric differences in PD are lar-

gely unknown.

Abstract

Objective: The nigral lesion and the resulting contralateral motor signs of
Parkinson’s disease (PD) are remarkably asymmetric. This study investigated
the prevalence of patients with “wrong-sided” lesions, that is, patients with
symptoms on the side ipsilateral to the predominant dopaminergic nigrostriatal
deficit. Methods: The analyzed sample included 434 early unmedicated PD
patients from the Parkinson’s Progression Markers Initiative database. Asymme-
try indices of motor function and putamen ['Z1)FP-CIT SPECT were calculated
from the screening visit data. Results: Ipsilateral deficits were unexpectedly
common even when only patients with clear motor and dopaminergic asymme-
tries were included in the analysis (8.1%, n = 24/295). When patients with any
asymmetry were included in the analysis, the prevalence of ipsilateral deficits
was 15.4% (n = 65/423). Wrong-sided symptoms were not associated with the
PD motor subtype. However, the dataset was heavily biased toward tremor-
dominant patients (85% of patients). Right-handed PD patients had predomi-
nantly right-sided motor symptoms and left-sided dopamine defects, whereas
the effect was opposite in left-handed patients (P = 0.005 and 0.028, respec-
tively). Interpretation: The results indicate that the side of the predominant
motor symptoms and the corresponding side of the dopaminergic defects in
PD are not random, but are directed by brain lateralization. Importantly, the
traditional pathogenetic model of nigral degeneration causing primarily con-
tralateral motor symptoms may be inadequate in many patients.

There are recent intriguing reports of tremor-domi-
nant PD patients who present symptoms on the
“wrong-side” of the body, that is, on the side ipsilat-
eral to the predominant dopaminergic deficit.*® These
patients, if fully characterized, could prove to be
highly valuable in our understanding of how tremor
and other cardinal symptoms of PD are differentially
regulated via basal ganglia and cerebello-thalamo-
cortical circuits.”

The focus of this study was to explore the relationships
between motor and dopaminergic asymmetries in a large
sample of PD patients from the Parkinson’s Progression
Markers Initiative (PPMI) database. The PPMI is
an exceptionally large dataset that enables the detailed
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examination of several clinical and imaging factors in
association with asymmetry.

Patients and Methods

Data used in the preparation of this article were obtained
from the PPMI database (www.ppmi-info.org/data). For up-
to-date information on the study, visit www.ppmi-info.org.
ClinicalTrials.gov indentifier: NCT01141023. The study was
approved in each site by a local institutional review board
or an independent ethics committee. A written informed
consent was obtained from all subjects participating in the
study. The original dataset consisted of 447 unmedicated
PD patients with 395 right-handed, 39 left-handed, 12
ambidextrous patients, and one patient with unknown
handedness. For this analysis, the results of 395 right-
handed and 39 left-handed PD patients were used. The
main demographic and clinical characteristics of the studied
samples according to handedness are presented in Table 1.
Only the PPMI screening visit data were used, including
baseline ['*’I]FP-CIT SPECT imaging (patients with avail-
able clinical and imaging data included). Medications that
might have interfered with dopamine transporter (DAT)
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SPECT imaging were restricted 6 months prior to imaging.
Central SPECT core laboratory of the PPMI (Institute for
Neurodegenerative Disorders, New Haven, CT) generated
striatal specific binding ratios (SBRs) using a previously
described process® that included iterative reconstruction
from raw projection data, site-specific attenuation
correction using phantom data, spatial normalization of
images to Montreal Neurological Institute (MNI) space and
region-of-interest (ROI) analyses using a fixed template
(right and left caudate, right and left putamen, occipital cor-
tex) for SBR calculations ([striatal region count density/oc-
cipital count density] — 1). For ROI analyses, eight striatal
planes were averaged into a single slice image. Structural
brain MRI scans were also performed at baseline. For this
study, left and right putamen SBRs were used for calcula-
tions. Several factors possibly associated with asymmetries
were derived from the clinical and imaging data (Table 2).
Significant motor asymmetry was defined as: 0.3 < asymme-
try index < —0.30 (asymmetry index = MDS-UPDRS Part
II right — left score/right + left score). Significant DAT
asymmetry was defined as: 0.05 < asymmetry index <
—0.05 (asymmetry index = right — left putamen SBR/
right + left putamen SBR).

Table 1. Differences between right-handed and left-handed PD patients and between patients with contralateral (correct-sided) and ipsilateral

(wrong-sided) dopaminergic deficit.

Variable Right-handed Left-handed P-value' Correct-sided Wrong-sided P-value'

n 395 39 - 271 24 -

Age (years) 62.9 (9.81) 63.0 (10.5) 0.94 60.9 (10.0) 65.1 (10.4) 0.049

Gender (m/f) 251/144 25/14 0.95 164/107 16/8 0.67

Predominant side of motor 153/114 8/20 0.005 151/120 10/14 0.21
symptoms (right/left)

Predominant side of DAT binding 112/155 18/10 0.028 120/151 10/14 0.83
defect (right/left)

Motor symptom severity 20.2 (8.95) 22.7 (10.0) 0.10 18.4 (7.4) 17.8 (8.0) 0.75
(MDS-UPDRS Part Ill score)

Mean DAT binding (SBR) 0.833 (0.308) 0.851 (0.325) 0.74 0.866 (0.289) 0.759 (0.268) 0.082

DAT binding asymmetry (%)? 29.7 (17.5) 29.7 (15.9) 1.0 36.8 (13.9) 22.3(10.7) <0.0001

Motor symptom asymmetry (%)> 66.0 (31.4) 58.8 (26.2) 0.17 76.6 (23.4) 69.6 (24.0) 0.17

MDS-UPDRS Part lll tremor score 5.64 (3.74) 5.79 (3.23) 0.80 5.35 (3.35) 6.33 (4.05) 0.18

MDS-UPDRS Part Ill without tremor® 14.6 (8.08) 16.9 (9.12) 0.09 13.0 (6.84) 11.5(6.32) 0.30

PD motor subtype (TD/PIGD/intermediate) 335/36/24 34/2/3 0.67 230/21/20 21721 0.84

Tremor asymmetry index 0.066 (0.779) —0.067 (0.774) 0.31 0.030 (0.837) 0.035 (0.748) 0.88

Bradykinesia-rigidity asymmetry index
Symptoms on correct/wrong body side
Handedness (r/l)

0.096 (0.747) —0.135 (0.660) 0.064 0.100 (0.808) —0.192 (0.784) 0.090
245/22 26/2 1.0 - - _
- 245/26 22/2 1.0

Two-hundred and ninety-five PD patients with clearly lateralized tracer uptake and clearly lateralized motor symptoms were included in the analy-
sis of corrected-sided and wrong-sided symptoms. Values are means (SD) or n. PD, Parkinson’s disease; DAT, dopamine transporter; SBR, specific
binding ratio; TD, tremor-dominant subtype; PIGD, postural instability and gait disorder subtype.

'Independent samples t-test or chi-square test.

2([higher — lower putamen SBR]/higher putamen SBR) x 100.

3(lworse — better side MDS-UPDRS)/better side MDS-UPDRS) x 100.

4MDS-UPDRS Part il total score — MDS-UPDRS Part Ill tremor score (11 items).
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Table 2. Explanations and equations of the investigated clinical and imaging factors.

Variable Explanation/equation

Mean DAT binding

DAT binding asymmetry index

Motor symptom severity

PD motor subtype (TD/PIGD/intermediate)

(higher putamen SBR + lower putamen SBR)/2

(right — left putamen SBR)/(right + left putamen SBR)

Total score of the MDS-UPDRS motor part (part Ill)

The ratio of 11 tremor and 5 PIGD items in MDS-UPDRS. Ratio of >1.15 was classified

as tremor-dominant, ratio <0.90 was classified as PIGD and 0.90 < ratio < 1.15 was

classified as intermediate’®
(right — left side score)/(right + left side score)

Motor symptom asymmetry index

Score of lateralized items in MDS-UPDRS Part Il was calculated separately for the left and
right side (rigidity in upper extremity + rigidity in lower extremity + finger tapping + hand
movement + pronation/supination + toe tapping + leg agility + hand postural tremor + hand
kinetic tremor + hand rest tremor + foot rest tremor)

Predominant side of motor
symptoms (right/left/symmetric)

Right = (MDS-UPDRS Part Il right — left side score/right + left side score) > 0.3
Left = (MDS-UPDRS Part lll right — left side score/right + left side score) < —0.3

Symmetric = —0.3 < (MDS-UPDRS Part Ill right — left side score/right + left side score) <0.3

Predominant side of DAT binding defect

Right = (right — left putamen SBR/right + left putamen SBR) > 0.05

Left = (right — left putamen SBR/right + left putamen SBR) < —0.05

Tremor asymmetry index

(right — left side score)/(right + left side score)

Score of lateralized tremor items in MDS-UPDRS Part Ill was calculated separately for the left
and right side (hand postural tremor + hand kinetic tremor + hand rest tremor + foot rest tremor)

Bradykinesia-rigidity asymmetry index

(right — left side score)/(right + left side score)

Score of lateralized bradykinesia or rigidity items in MDS-UPDRS Part IIl was calculated separately
for the left and right side (rigidity in upper extremity + rigidity in lower extremity + finger
tapping + hand movement + pronation/supination + toe tapping + leg agility)

DAT, dopamine transporter; SBR, specific binding ratio; TD, tremor-dominant subtype; PIGD, postural instability and gait disorder subtype.

Chi-squared tests were used to investigate categorical
variables, and independent samples #-tests were used to
investigate continuous variables between handedness
groups and between patients with contralateral and ipsi-
lateral dopaminergic deficits. The level of two-tailed sta-
tistical significance was set at P < 0.05.

Results

Of 434 patients, 353 (81.3%) patients were classified as
having clear motor asymmetry (0.30 < asymmetry
index < —0.30). In these patients, the mean (SD, range)
side-to-side difference in MDS-UPDRS Part III was 8.7
points (3.4, 2-20). Similarly, 341 (78.6%) patients were
classified as having clear dopaminergic asymmetry
(0.05 < asymmetry index < —0.05). In these patients, the
mean (SD, range) relative side-to-side difference in puta-
men SBR was 34.9% (14.4, 10.7-80.3). Of 434 patients,
295 (68.0%) patients were classified as having both clear
motor and dopaminergic asymmetry.

There was a discrepancy in laterality in 24/295 (8.1%)
patients (lower putamen uptake ipsilateral to the predom-
inant symptoms) (Fig. 1A and B). Ipsilateral dopaminer-
gic defects were associated with smaller DAT binding
asymmetries (f03 = —4.98, P < 0.0001) and older age
(ty03 = 1.98, P = 0.049) but not with handedness, motor
subtype, predominant side of motor symptoms or other

investigated factors (Table 1). The data broken down by
handedness, predominant side of motor symptoms, and
motor subtype are presented in Table 3. Ipsilateral deficits
were observed over a wide range of motor and dopamin-
ergic asymmetries (Fig. 1A and B). The prevalence of ipsi-
lateral deficits was similar when only tremor scores
(8.5%) or bradykinesia/rigidity scores (7.9%) of the
MDS-UPDRS Part III were used (Fig. 1C and D). When
all patients with any asymmetry in MDS-UPDRS and
DAT binding were included in the analysis (n = 423), the
prevalence of ipsilateral deficits was 15.4% (n = 65/423).
There were more right-handed PD patients with pre-
dominantly right-sided motor symptoms compared to the
number of right-handed patients with left-sided motor
symptoms, and the effect was opposite in left-handed PD
patients (P = 0.005, Table 1). Similarly, there were more
right-handed PD patients with predominantly left-sided
DAT decreases compared to the number of right-handed
patients with right-sided DAT decreases, and the effect was
opposite in left-handed PD patients (P = 0.028, Table 1).

Discussion

The primary results indicate the following: (1) ipsilateral
dopaminergic deficits in PD are unexpectedly common in
early PD with a prevalence of 8.1% in patients with clear
asymmetries, and (2) the side of the predominant motor
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Figure 1. The relationship between motor and dopaminergic asymmetry in patients with early Parkinson’s disease. (A) Correlation between
motor and dopaminergic asymmetry indices ([right — left/[right + left]). Values —1.0 or 1.0 denote complete motor asymmetry (Hoehn and Yahr
stage 1). (B) Correlation between motor and dopaminergic absolute asymmetry scores (right-left). (C) Correlation between lateralized tremor
scores and dopaminergic asymmetry (right-left). (D) Correlation between lateralized bradykinesia/rigidity scores and dopaminergic asymmetry
(right-left).

Table 3. Patients with clearly asymmetric motor symptoms and clearly asymmetric tracer uptake (n = 295) broken down by handedness,
predominant side of motor symptoms and motor subtype.

Right-handed Right-handed Left-handed Left-handed

Right-sided Left-sided Right-sided Left-sided

D PIGD/IM D PIGD/IM D PIGD/IM D PIGD/IM
n (total) 124 29 104 10 7 1 16 4
n (symptoms on wrong body side) 8 2 1" 1 0 0 2 0
Prevalence of ipsilateral deficits % 6.5 6.9 10.6 10.0 0 0 12.5 0

TD, tremor-dominant; PIGD/IM, PIGD or intermediate.

symptoms and the corresponding side of the dopaminer- There is recent work to suggest that a proportion of PD
gic defects in PD are not random but are directed by patients do not present their primary symptoms on
brain lateralization. the side of the body contralateral to the predominant
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dopamine deficit, as would be expected. Aquirregomoz-
corta and colleagues reported three cases of PD with
rest tremor and ipsilateral defects in DAT SPECT and
encouraged others to report similar cases.” Erro et al. fur-
ther analyzed a dataset of 46 ['2I]FP-CIT scans of PD
patients and reported a prevalence of 4.3% of scans that
were named SWpIDDs (Scans With predominant Ipsilat-
eral Dopaminergic Deficit).” Other tremulous SWpIDD
cases have also been reported.® According to the data pre-
sented here, ipsilateral deficits are frequent in the DAT
SPECT scans of PD patients. Discrepancies appear com-
mon even in patients with clear motor and DAT asymme-
tries. In the present analysis, artifacts due to head tilt can
be considered unlikely because all scans were spatially nor-
malized to the same orientation before asymmetry calcula-
tions. However, it is important to bear in mind that the
prevalence of ipsilateral deficits is dependent on the criteria
of significant asymmetry and the scanning was performed
in different institutions using different scanners with dif-
ferent resolutions. Slight side-to-side differences in DAT
SPECT and MDS-UPDRS may merely be noise that reflects
inaccuracies in the methodology. Therefore, the prevalence
reported here as the primary result (8.1%) was derived
from a subsample of patients that showed very clear motor
and DAT asymmetries. Nearly one-third of patients were
excluded from this analysis due to milder asymmetries.
The results show that PD patients with wrong-sided
symptoms are older, and, in particular, they have lower
degrees of DAT binding asymmetry. From a practical
point of view, the current results demonstrate that a dis-
crepancy between motor symptoms and DAT binding in
clinical ['**I]FP-CIT SPECT should not be interpreted as
suggesting less likely diagnosis of PD if the dopaminergic
loss is clear. From a theoretical point of view, they imply
that the model of contralateral dopaminergic loss that
automatically mirrors lateralized motor symptoms may
be insufficient. The degree of midline crossing of nigros-
triatal pathways seems to be highly variable in early PD.
A fraction of corticospinal neurons is known to descend
ipsilaterally and these neurons are engaged during a vol-
untary motor behavior.” Although ipsilateral motor
pathways have been poorly studied in PD, unilateral
deep brain stimulation improves also ipsilateral symp-
toms in PD'® underlining the clinical importance of the
issue.

The present results concerning handedness fit with the
theory that the initial insult in early PD, regardless of the
pathogenetic mechanism, is not random but is related to
hand dominance. A meta-analysis previously provided
evidence of an association between the predominant side
of PD symptoms and hand dominance.'" The clinical part
of this study is in line with this association by showing
that the predominant motor symptom side is related to

Ipsilateral Deficits in PD

handedness. As for dopamine function an earlier study by
Scherfler and colleagues with 68 right-handed PD patients
reported that right-handed patients had lower DAT bind-
ing in the left striatum, in accordance with the clinical
asymmetry.'” This study replicates previous motor and
dopaminergic results in right-handed PD patients and
extends the findings to left-handed patients with reversed
asymmetry. The results provide support that the side of
the lesion in PD is not due to random choice, but it is
directed by hemispheric dominance. Importantly, this
explanation is only partial, as there is a considerable pro-
portion of PD patients who do not follow this pattern.

The generalizability of these results is subject to certain
limitations. Being limited to DAT binding in the puta-
men, this study lacks information outside the primary
motor-related dopaminergic pathway, and extrastriatal
cortical measurements of monoaminergic function in
relation to asymmetries are required. It should be noted
that ['"*’IJFP-CIT is also a serotonergic tracer although
serotonin transporter is not a major determinator of
binding in striatal regions. Handedness was self-reported
without actual measurements of hand dominance.
Although self-reported handedness appears valid for
research purposes,'” it is a crude categorical variable that
probably does not sufficiently represent the continuum of
motor cerebral lateralization. Finally, a selection bias in
the PPMI dataset seems likely as 85% of patients were
classified as tremor-dominant and only 15% were classi-
fied as postural instability and gait disorder subtype
(PIGD)/intermediate. Included patients in PPMI were
expected to remain unmedicated for 6 months, which
probably favored patients with the less progressive tre-
mor-dominant subtype. As a result, the proportion of tre-
mor-dominant patients is much higher in PPMI
compared to previously reported."* This unbalance could
have affected prevalence estimations in different motor
phenotypes and the results of this study must be inter-
preted with caution as they primarily reflect asymmetries
in tremor-dominant patients. Furthermore, due to intrin-
sic properties in MDS-UPDRS (possibly different floor or
ceiling effects in tremor and nontremor motor scores), it
is possible that the postulated differences in asymmetry
between tremor-dominant and PIGD patients can be
detected in other samples with advanced PD patients.

In summary, the current data highlight the high
number of PD patients who have motor symptoms on
the wrong side of the body in relation to their
dopaminergic degeneration. The data do not suggest a
specific tremor-related SWpIDD phenotype but confir-
matory studies are required. Further studies are also
needed to investigate the role of ipsilateral corticospinal
pathways in the flipped asymmetry at the early stages of
the disease.
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