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Abstract: Parkinson’s disease (PD) typically manifests with
asymmetric motor symptom onset. Ventricular enlarge-
ment, a nonspecific measure of brain atrophy, has been
associated with cognitive decline in PD, but not with motor
symptom asymmetry. Asymmetrical ventricular enlarge-
ment on magnetic resonance images was explored in a
monozygotic twin pair discordant for PD and in nine
healthy monozygotic twin pairs. The left–right lateral ven-
tricular volumetric difference of the PD-twin was greater
than that of his twin and all other healthy twins, with the
larger ventricle observed contralateral to the more symp-
tomatic side. Moreover, the lateral ventricle asymmetry
difference between twin pairs was significantly higher for
the discordant PD-twin pair than for the healthy twin pairs.
This is the first report to suggest the presence of asymmet-
rical ventricular enlargement in PD, findings that may be
worthy of further study. © 2007 Movement Disorder Society
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BACKGROUND

Parkinson’s disease (PD) typically has an asymmetric
onset of motor symptoms (tremor, bradykinesia, rigid-
ity), and this asymmetry, which persists throughout the
disease,1 may reflect asymmetrical nigrostriatal dysfunc-
tion.2 Lateralized cognitive deficits,3,4 in contrast, are
postulated to reflect an asymmetrically decreased cortical
dopaminergic tone.5

Brain atrophy and ventricular enlargement consequent
to neurodegenerative cell loss is associated with cogni-
tive deficits in PD.6,7 The extent to which lateral ventric-
ular enlargement and asymmetries relate to motor symp-
tom asymmetries is unknown, but such a relationship
might reasonably be hypothesized, given that the lateral
ventricles are surrounded by basal ganglia and down-
stream structures (thalamus and frontal lobe) affected by
PD. To address the potential relationship of ventricular
size and symptomatic asymmetries, we compared the
lateral ventricular volumetric difference between each
hemisphere in both members of a monozygotic twin
(MZ) pair discordant for PD and in nine pairs of healthy
MZ twin pairs from a prior study.7

PATIENTS AND METHODS

Study Subjects

A 37-year-old identical MZ twin pair discordant for
PD was identified through a tertiary-care movement dis-
orders clinic. Zygosity was confirmed for the twins by
DNA profiles of 14 genetic markers (GeneTree DNA
testing center, Salt Lake City, UT). The pre- and perina-
tal histories were unremarkable except for premature
birth at 32 weeks (PD-twin first, 6.4 pounds; non-PD-
twin second, 4.4 pounds). The life histories of the twins
were remarkably similar in terms of upbringing, educa-
tion, and occupation. Neither had smoked, they both
drank coffee (regularly for the non-PD-twin, occasion-
ally for the PD-twin), and both drank alcohol
occasionally.

The PD-twin developed right-hand postural tremor at
35 years, 2 years prior to the baseline study. He was
diagnosed with PD at 36 years after presenting with right
hand resting tremor and rigidity, both attenuated
by pramipexole. At baseline, single-photon emission
computed tomography (SPECT) neuroimaging using
[123I](�)-2-�-carboxymethoxy-3-�-(4-iodophenyl)-
tropane confirmed the twin’s disease-discordant status.
The PD-twin had severe asymmetric loss of transporter
binding (left greater than right), whereas the non-PD-
twin was symmetrical and healthy (Fig. 1A,B). At fol-
low-up study, the PD-twin (then 39 years old) noticed
mildly reduced dexterity on the left hand. The non-PD-
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twin was perceived as clinically healthy, was not taking
any medication, and showed no motor signs of PD. No
other family members had been diagnosed with PD. The
twin pair had normal Mini Mental Status Examination
scores (PD-twin 28/30, non-PD-twin 29/30) at baseline,
and detailed neuropsychological testing revealed mild
executive and recall decrements in the affected twin but
not in the nonaffected twin. Executive and memory
changes, though not specific to PD, have recently been
reported to be observable in about one-third of PD pa-
tients at the time of diagnosis.8,9

Nine healthy twin pairs (four women, mean age 31
years, range 19–54) were volunteers from a previous
study,7 and free of neurological, psychiatric, and major
medical illnesses. Zygosity was confirmed by matching
on 19 red blood cell antigens that predicts monozygosity
at a minimum 97% confidence level for healthy twin
pairs. The study had Institutional Review Board ap-
proval, and written informed consent was obtained from
all subjects.

Structural MRI

Structural magnetic resonance images (MRIs) for the
discordant PD-twins were acquired on a 3.0 T Siemens

scanner (Siemens, Erlangern, Germany) with a birdcage
type standard quadrature head coil, and high-resolution
T1-weighted anatomical images (3D MP-RAGE, TR �
14 millisecond, TE � 7,700 millisecond, flip angle �
25°, voxel dimensions 1.0 � 1.0 � 1.0 mm3, 176 � 256
voxels, 160 slices) were obtained on an advanced nuclear
magnetic resonance echoplanar system. The twins were
scanned with the same protocol at baseline and 27
months later.

MRI datasets for healthy twins were acquired using a
1.5-T scanner (Signa, General Electric) with a T1-
weighted spoiled gradient-recalled acquisition in the
steady-state sequence (TR � 24 millisecond, TE � 5
millisecond) for a previous study,7 in which a single
sagittal series of 124 contiguous 1.5-mm-thick slices
with an in-plane field of view of 240 mm across a 256 �
256 pixel matrix (0.9375 � 0.9375 � 1.5 mm3) was
collected.

All image sets were first processed by a rater-indepen-
dent, automatic tissue-segmentation method10 that gen-
erates detailed maps of gray matter, white matter, and
cerebrospinal fluid (CSF). This processing includes a
bias field correction that adjusts for intensity inhomoge-
neities. A semiautomatic, rater-initialized method was
employed to segment the lateral ventricles based on the
probabilistic CSF segmentation.11

Finally, all segmentations were inspected by an expert,
and judged adequate for ventricular body, occipital horn,
and lateral horn. Ventricular volume consisted of the
lateral ventricles excluding the temporal horn, and the
third and fourth ventricles. A single rater generated the
segmentations for the discordant PD-twin images,
whereas another rater performed the segmentations of all
the healthy twins for a previous study.7 Both the in-
trarater and interrater reliabilities of our semiautomatic
ventricular measurements were above 99%.11

The main hypotheses of this study were related to the
asymmetry features of each twin, and the concordance of
each twin-pair, not the absolute volume of the ventricles
of each individual. This approach minimizes the impact
of using two different scan systems and rating ap-
proaches for PD-discordant and healthy twin pairs.

Statistical Analysis

Lateral ventricular asymmetry [expressed by an asym-
metry score (AS)] was measured by the relative volu-
metric differences between right and left lateral ventri-
cles:

AS � abs
�Vleft�Vright)

(Vleft�Vright)
� 100

FIG. 1. SPECT images of [123I](�)-2-�-carboxymethoxy-3-�-(4-io-
dophenyl)-tropane binding (A and B) and MRI images showing ven-
tricular asymmetry (C and D) in the PD-twin and the non-PD-twin.
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Asymmetrical score differences (ASD) between MZ
twin pairs were calculated as the difference of AS be-
tween MZ twin pairs:

ASD � abs�AStwin A � AStwin B)

We compared AS and ASD scores of the PD-twin pair
to the reference population of healthy twins by calculat-
ing the standardized z scores using the mean and SD of
the healthy sample.

RESULTS

There was obvious lateral ventricular asymmetry in
the PD-twin, but not in the non-PD-twin (Fig. 1C,D),
with larger ventricles observed on the side contralateral
to the more symptomatic side. There was a high intrapair
correlation for AS in the control twins (Pearson correla-
tion coefficient � 0.69, P � 0.04) that was not signifi-
cantly affected by gender. The scatterplots of AS and
ASD for the healthy and discordant PD-twin pairs are
shown in Figure 2. For healthy twins, the mean (�SD) of

AS was 11.3% (7.2%) and the mean ASD was 5.6%
(4.8%). The AS was within the normal range for the
non-PD-twin (4.2%), but significantly higher for the PD-
twin (32%, z-score of 2.82, P � 0.001). The ASD be-
tween the discordant twins (28%, z-score 4.54, P �
0.001) was significantly greater than that for healthy
twins. During the 27-month follow-up, the size of the
larger ventricle contralateral to the more symptomatic
side increased 11.4% in the PD-twin and 5.5% in the
non-PD-twin, whereas the size of the smaller ventricle
increased 4% in the PD-twin and 1.1% in the
non-PD-twin.

DISCUSSION

To our knowledge, this is the first report to suggest the
presence of asymmetric ventricular enlargement in PD.
Further study of this observation may offer insight into
the pathogenesis of PD and symptom asymmetry, and the
possibility of using lateral ventricular volumetric mea-
surement as a possible marker of disease progression.

This study has several limitations that potentially re-
strict the generalizability of the findings to others with
PD, principally the young age of the discordant PD-
twins, and the availability of only a single discordant
PD-twin pair. Clearly, replication of our findings is nec-
essary before ventricular enlargement can be considered
even a nonspecific marker for neurodegeneration in PD.
Nonetheless, our proposal that ventricular asymmetry
might represent a marker of disease progression is con-
sistent with the view that radiographic measures of re-
gional atrophy may be useful in assessing disease pro-
gression in other forms of parkinsonism.12

Although the lateral ventricular asymmetry difference
between the discordant PD-twin pair is large, one cannot
exclude the possibility that it is not PD-related. Although
the available pre-, peri-, and postnatal history suggests
that this is not the case, the affected twin may have
suffered an unknown insult that initiated or accelerated
the ventricular asymmetry. Alternately, other postnatal
environmental factors (e.g., a “second hit”) ultimately
may have caused the PD. The faster lateral ventricle
enlargement in the more affected side, however, argues
that the asymmetrical ventricular enlargement may pos-
sibly be part of the process of PD progression.

Volumetric measures that could reflect specific infor-
mation may have utility in following disease progression
in vivo. First, volumetric measurement may reveal di-
rectly the consequence of cell loss that is not easily
modulated by symptomatic treatments. Second, PD is
known to have diffuse cell loss beyond the nigrostriatal
dopamine system that cannot be reflected adequately by
limited clinical evaluation focused on one or a few as-

FIG. 2. Scatter plot of asymmetry scores (AS) and asymmetry score
differences (ASD) of healthy and discordant PD twin pairs. AS and
ASD scores were calculated as detailed in the Methods.
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pects of the disease, or by the simple measurement of
nigrostriatal dopaminergic terminal integrity. Third, be-
cause there are many “silent” areas/cells in the brain that
provide functional resilience (compensatory mecha-
nisms) after insult, a fundamental understanding of the
PD process, in terms of cell death, needs to account for
the loss of silent cells, both within and outside the
dopaminergic system. For these reasons, future ventric-
ular volumetric studies involving more discordant PD-
twin pairs, larger case–control studies with genetically
unmatched subjects, and/or longitudinal cohort studies of
PD subjects (all with correlation to PD-specific func-
tional measurements) may appear warranted.
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Abstract: We performed a pilot, double-blind, placebo-
controlled, randomized trial to evaluate the efficacy and
tolerability of pregabalin (PGB, Lyrica), an antiepileptic
agent, in treating essential tremor (ET). Twenty two pa-
tients with ET were randomly assigned to receive PGB or
placebo. PGB was initiated at 50 mg/day and was escalated
by 75 mg/day every 4 days to a maximum dose of 600
mg/day. Patients were evaluated by accelerometry and the
Fahn–Tolosa–Marin (FTM) rating scale. There was a sig-
nificant reduction in tremor amplitude in the PGB group
compared with the placebo group, as measured by acceler-
ometry, at a mean dose of 286.76 � 100.05 mg/day. Action
tremor limb scores on the FTM also improved in the PGB
group compared with the placebo group (P-value for mul-
tilevel modeling � 0.04). PGB was fairly well tolerated, with
about one-third of patients dropping out of the study be-
cause of adverse events. PGB provided significant improve-
ments in accelerometry and in action tremor limb scores on
the FTM. However, larger studies are needed to further

The authors have confirmed with the Editor that their work complies
with the Journal’s Editorial policy on ghost writing [Mov Disord
2005;20(12):1536].

This article includes supplementary video clips, available online at
http://www.interscience.wiley.com/jpages/0885-3185/suppmat.

*Correspondence to: Dr. Theresa A. Zesiewicz, University of South
Florida, 12901 Bruce B. Downs Blvd, MDC Box 55, Tampa, Florida
33612. E-mail: tzesiewi@hsc.usf.edu

Received 16 February 2007; Revised 26 March 2007; Accepted 18
May 2007

Published online 19 June 2007 in Wiley InterScience (www.
interscience.wiley.com). DOI: 10.1002/mds.21629

1660 T.A. ZESIEWICZ ET AL.

Movement Disorders, Vol. 22, No. 11, 2007


