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Graymatter atrophy distinguishes between
Parkinson disease motor subtypes

ABSTRACT

Objective: To assess differences in gray matter (GM) atrophy between 2 Parkinson disease (PD)
subtypes: the tremor dominant (TD) subtype and the postural instability gait difficulty (PIGD)
subtype.

Methods: Patients were classified as belonging to the predominately PIGD (n 5 30) or predom-
inately TD (n 5 29) subtype. Voxel-based morphometry was used to compare GM in these 2
subtypes and to evaluate correlations between predefined regions of interest and the degree
of symptoms. In the regions where GM atrophy was associated with symptoms, the relationship
between GM volumes and functional connectivity was examined.

Results: GM was reduced in the predominately PIGD group, compared with the predominately TD
group, in areas that involve motor, cognitive, limbic, and associative functions (p , 0.05, false
discovery rate corrected). Lower GM volumes in the pre–supplementary motor area (SMA) and in
the primary motor area were associated with increased severity of PIGD symptoms (r 5 20.42,
p , 0.001; r 5 20.38, p , 0.003, respectively). Higher GM volumes within the pre-SMA were
associated with stronger functional connectivity between the pre-SMA and the putamen (r 5

0.415, p , 0.025) in the patients with predominately PIGD.

Conclusions: In patients with PD, PIGD symptoms are apparently associated with GM atrophy in
motor-related regions and decreased functional connectivity. GM degeneration and a related
decrease in spontaneous coactivation between cortical and subcortical motor-planning areas
may partially account for the unique clinical characteristics of a subset of patients with PD.
Neurology� 2013;80:1476–1484

GLOSSARY
FDR 5 false discovery rate; GM 5 gray matter; IFG 5 inferior frontal gyrus; PD 5 Parkinson disease; PIGD 5 postural
instability gait difficulty; p-PIGD 5 predominately postural instability gait difficulty; p-TD 5 predominately tremor dominant;
ROI 5 region of interest; SMA 5 supplementary motor area; TD 5 tremor dominant; UPDRS 5 Unified Parkinson’s Disease
Rating Scale; VBM 5 voxel-based morphometry.

Patients with Parkinson disease (PD) can be classified into the tremor dominant (TD) subtype
or the postural instability gait difficulty (PIGD) subtype.1 These 2 subtypes differ in their motor
and cognitive symptoms. In addition to the marked changes in gait, patients with PIGD have an
increased risk for developing cognitive deterioration2,3 and dementia.4,5 The neural basis for
these disparate manifestations of PD is lacking.

Gray matter (GM) atrophy may underlie the emergence of the 2 motor subtypes as it relates
to both cognitive decline and gait changes. Such atrophy has been related to normal aging,6–8

mild cognitive impairment,9 Alzheimer disease,10 and lower gait speed.11 GM atrophy was
increased in one study of patients with PD.12 Visual assessment of GM changes did not detect
differences between the PD subtypes13; however, this methodologic approach may not have
been sufficiently sensitive to detect subtle GM changes.

In the present study, 3 complementary MRI methods were applied to evaluate GM differences
between the PD subtypes. We speculated that GM atrophy would be more extensive in the PIGD
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group because these patients usually have greater
cognitive andmotor impairments. First, a whole-
brain comparison was applied using voxel-based
morphometry (VBM). Second, the relationship
between GM atrophy and clinical symptoms
was evaluated in specific regions of interest
(ROIs) that were found to be related to
PD.12,14–16 Finally, in regions that showed such
a relationship, the association between GM atro-
phy and functional connectivity within the
motor network was examined.

METHODS Study participants. One hundred ten patients

with idiopathic PD were recruited for this study. Further details of

the methods used are described in appendix e-1 on the Neurology®

Web site at www.neurology.org.

Standard protocol approval, registration, and patient
consent. Patients with idiopathic PD were recruited from the

outpatient Movement Disorders Unit at the Tel-Aviv Sourasky

Medical Center and from other affiliated clinics. All subjects pro-

vided informed written consent before participating in the study,

as approved by the Human Research Ethics Committee of Tel

Aviv Sourasky Medical Center.

Protocol outline. Patients were studied on 2 separate occasions.
The first visit included a neurologic and clinical examination; on a

separate visit that took place within 2 weeks of the first visit, the

participants underwent MRI testing in the “on”medication state.

MRI testing took approximately 1.5 hours.

Clinical evaluation. Patients underwent a clinical assessment

that included the Unified Parkinson’s Disease Rating Scale

(UPDRS). Symptoms were quantified using PIGD and TD

scores. Balance, postural control, and gait speed were also evalu-

ated. A computerized cognitive battery was used to compute an

executive function index and a global cognitive score. For further

details, see appendix e-1. A daily levodopa equivalent dosage was

calculated for each patient, using a method previously described.17

All statistical analyses were 2-sided and conducted using the

Statistical Package for Social Sciences (version 17 for Windows;

SPSS Inc., Chicago, IL). Clinical and demographic differences

between the 2 groups were evaluated using the Student t test
for continuous variables, whereas x2 tests were used for categorical

variables.

Classification into PIGD and TD subtypes. Of the 110

patients that were recruited for this study, MRI scans were not com-

pleted in 4 subjects (e.g., inability to lie down for an extended period

of time). The remaining 106 patients were classified into PIGDor TD

groups based on the ratio between the PIGD and tremor symptoms.1

Briefly, patients were classified as PIGD when the ratio of the mean

tremor score divided by mean PIGD score was #1, whereas patients

with a ratio of$1.5 were assigned to the TD group. When the ratio

was .1 and ,1.5, patients were classified as undetermined. After

performing this ratio-based classification, 60 patients were classified as

PIGD (mean age: 64.746 8.03 years) and 37 patients were classified

as TD (mean age: 65.986 11.04 years). However, a large number of

patients still showed mixed PD symptoms (see figure e-1). Because we

aimed to identify the neural correlates that differentiate between the

2 subtypes, we applied a more strict exclusion criterion. Patients were

excluded from the TD group if they had a PIGD score .3 or a

tremor score ,4. Patients were excluded from the PIGD group if

their PIGD score was,4 or their tremor score was.3. Based on this

classification into groups that best represented the 2 subtypes,

with minimal overlap across symptom classes, 30 patients of predom-

inately PIGD (p-PIGD) subtype (12 females, mean age: 64.95 6

7.71 years) and 29 patients of predominately TD (p-TD) subtype (6

females, mean age: 64.646 11.6 years) were identified.

MRI acquisition. All of the MRIs were acquired on a 3.0-tesla

(GE) scanner using an 8-channel head coil. For further details, see

appendix e-1.

VBM data analysis. For each group, the percentage of voxels

classified as GM was computed. In addition, a whole-brain

GM volumes comparison between the p-PIGD and p-TD sub-

types was applied (see appendix e-1). The false discovery rate

(FDR) (p , 0.05) correction for multiple comparisons was

used.18 This whole-brain approach aimed to provide a compre-

hensive assessment of brain differences in GM between the

groups. To understand the relationships between atrophy of spe-

cific brain areas and performance, correlations between GM vol-

umes in predefined ROIs and clinical measurements were

assessed as well. Correlations were evaluated using bivariate

2-tailed Spearman coefficient for discrete variables and Pearson

correlation coefficient for continuous variables. The a error was

set at 0.05. The Bonferroni correction for multiple comparisons

was applied. Thus, only a p value (0.05/14) 5 0.003 was con-

sidered significant.19

Regions of interest. GM volumes were quantified in 14 ROIs,

which were defined using the Wake Forest University PickAtlas.20

Cortical motor areas included the primary motor area, postcentral

gyri, supplementary motor area (SMA), pre-SMA, and the cere-

bellum. Subcortical motor areas included the thalamus, caudate

nucleus, putamen, and globus pallidus (internal and external). For

each patient, the ROIs contralateral to the more affected side,

defined by the side with a higher score on the UPDRS, were

examined in relation to performance-based tests of symptoms.

To define the left inferior frontal gyrus (IFG), which was shown

to have robust GM atrophy in patients with PD compared with

healthy controls, we selected a sphere of 8 mm around the fol-

lowing Montreal Neurological Institute coordinates: [242, 20,

212], as published in a recent meta-analysis study.12

Resting-state functional connectivity analysis. Functional
connectivity detects very low frequency (,0.08 Hz) fluctuations

in magnetic resonance signals.21 By identification of temporally

correlated brain regions, i.e., functional networks, this analysis

enables characterization of interregional neural interactions from

spontaneous neuronal activity during rest.22 We investigated the

level of connectivity with the motor network in regions that we

found in the VBM analysis to be correlated with the PIGD score

or with the tremor score (see also appendix e-1).

RESULTS Table 1 summarizes the patient character-
istics of the p-PIGD and p-TD groups. There were
no significant differences between the p-PIGD and
p-TD groups in their demographic characteristics
including age, sex, years of education, UPDRS motor
scores, disease duration, and levodopa equivalent dos-
age. Vascular risk factors were also similar between
groups (table e-1). As expected, axial motor impair-
ments were more severe in the p-PIGD group than in
the p-TD group, as measured by the pull test (p ,

0.0001), the Berg Balance Scale (p, 0.001), and gait
speed (p , 0.009). The executive function index
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(p , 0.18), Mini-Mental State Examination score
(p , 0.065), and global cognitive score (p ,

0.073) tended to be lower in the p-PIGD group than
in the p-TD group; however, these group differences
were not significant (table 1).

VBM results. The percent of whole-brain GM was sim-
ilar in the 2 groups (p-PIGD: 32.86% 6 2.57%;
p-TD: 32.48% 6 2.45%; p 5 0.57). This similarity
suggests that any GM differences between the PD
subtypes are attributable to site-specific tissue changes
and not general brain GM atrophy. To further explore
this possibility, we performed whole-brain VBM anal-
ysis. The whole-brain comparison between the groups
using a 1-way analysis of covariance test, with age and
disease duration added as covariates, showed distrib-
uted GM atrophy in the p-PIGD group as compared
with the p-TD group. As summarized in figure 1 and
table 2, significantly lower values of GM in the
p-PIGD compared with the p-TD group were
observed in all major brain lobes including the frontal
lobe, parietal, occipital, and temporal (p, 0.005, FDR
corrected). In addition, GM atrophy for the p-PIGD
group could also be found in subcortical areas such as
the caudate nucleus and the cerebellar culmen and
declive (p , 0.005, FDR corrected) (see figure 1 and

table 2). Because there was a trend for sex differences
between the groups, the whole-brain analysis was
repeated while adjusting for sex; similar results were
observed at p , 0.001, cluster-level corrected. GM
atrophy in patients of the TD subtype, relative to the
PIGD subtype, showed no significant differences at p
, 0.005 FDR corrected.

A similar whole-brain analysis was also conducted for
the PIGD (n 5 60) and TD (n 5 37) groups, as
determined using the classification based on the ratio
between symptoms.1 This analysis was performed to
evaluate the generalizability of the findings and to infer
about the differences between the patient groups as they
may be diagnosed routinely in the clinic. As figure 2
shows, this analysis yielded very similar results with
respect to the regions that showed GM atrophy for
the p-PIGD group compared with the p-TD group.
The differences between groups were observed although
at a lower statistical threshold (p , 0.05, cluster-level
corrected); this makes sense given that more symptoms
are shared by the PIGD and TD groups as compared
with the p-PIGD and p-TD groups.

As indicated in the Methods section, all of the VBM
analyses reported above were adjusted for age and disease
duration. Not surprisingly, the PIGD score was mod-
erately correlated with disease duration (r 5 0.274,

Table 1 Demographic characteristics of the PD participantsa

p-PIGD group p-TD group p Value

No. of subjects 30 29

Age, y 64.95 6 7.71 64.64 6 11.60 0.90

F/M 12/18 6/23 0.08

Years of education 15.80 6 3.90 14.9 6 3.30 0.23

Disease duration, y 5.69 6 3.68 5.36 6 3.15 0.90

Levodopa equivalent dosage, mg 582 6 341 488 6 284 0.25

Motor signs

UPDRS motor sum 38.74 6 10.47 39.47 6 15.3 0.80

PIGD score 7.29 6 3.10 1.84 6 0.88 0.00001

Tremor score 1.52 6 0.93 11.88 6 3.55 0.00001

Motor performance

Pull test 1.74 6 1.24 0.50 6 0.84 0.001

Berg Balance Scale 49.90 6 5.98 54.19 6 1.84 0.001

Usual-walking gait speed, m/s 1.07 6 0.19 1.22 6 0.19 0.002

Dual-tasking gait speed, m/s 0.90 6 0.27 1.07 6 0.20 0.009

Cognitive performance

Global cognitive score 90.04 6 14.39 95.89 6 10.79 0.073

Mini-Mental State Examination score 28.23 6 2.05 29.00 6 1.10 0.065

Executive function 90.35 6 16.85 95.46 6 12.79 0.18

Abbreviations: PD 5 Parkinson disease; p-PIGD 5 predominately postural instability gait difficulty; p-TD 5 predominately
tremor dominant; UPDRS 5 Unified Parkinson’s Disease Rating Scale.
a Table entries depict the mean 6 standard deviation.
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p , 0.05). To assess our findings relative to the stage
of the disease, we evaluated a subgroup of patients
with less than 4 years of motor symptoms (n 5 21).
A comparison of this group of p-PIGD (n 5 11) and
p-TD (n 5 10) still revealed GM atrophy that was
very similar to what was reported in figure 1 (even
with FDR correction), consistent with the only mild
correlation between PIGD score and disease duration.

ROI results: Correlations between GM and clinical

measurements.Table 3 summarizes the associations that
were observed between GM volumes in the predefined
ROIs and the measures of symptoms. Higher PIGD
scores were associated with lower GM volume in the
pre-SMA (r 5 20.424; p , 0.001, Bonferroni cor-
rected), and with lower GM volume in the precentral
gyrus (r520.382; p, 0.003, Bonferroni corrected).
In addition, poorer performance on the pull test (rep-
resented by a higher score) was associated with lower

GM volumes in the precentral gyrus (r520.574; p,
0.0001, Bonferroni corrected). Higher GM volumes in
the left IFG were associated with higher tremor scores
(r5 0.436; p, 0.001). Higher gait speed during dual
tasking was associated with higher GM volumes in the
cerebellar tonsil (r 5 0.347; p , 0.007, uncorrected).
No correlations were found between GM volume in
the selected regions and the global cognitive score,
executive function index, or the Berg Balance Scale.

Functional connectivity results: Anatomical-functional

relationships. The precentral gyrus and pre-SMA were
further evaluated in relation to their functional connec-
tivity with the motor network, defined as connectivity
with the putamen on the more affected side. Higher
GM volumes in the pre-SMA were associated with high-
er level of connectivity between this region and the puta-
men in the p-PIGD group (n 5 30, r 5 0.42, p ,

0.025), but not in the p-TD group (n5 29, r520.20,

Figure 1 Areas of gray matter atrophy derived from a voxel-based morphometric direct comparison between
patients with p-TD (n 5 29) and p-PIGD (n 5 30) subtypes

The results are superimposed in representative sagittal and axial sections of a customized gray matter template, at a
threshold of p , 0.05, false discovery rate corrected. IFG 5 inferior frontal gyrus; IPL 5 inferior parietal lobe; PHG 5

parahippocampal gyrus; p-PIGD5 predominately postural instability gait difficulty; p-TD5 predominately tremor dominant;
SMA 5 supplementary motor area.
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p 5 0.302). No significant correlation was found
between GM volumes in the precentral gyrus and the
level of connectivity between the affected precentral and
putamen in either group.

DISCUSSION In this study, we directly assessed GM
differences between the PIGD and TD subtypes of
patients with PD using 3 different MRI-based
approaches: whole-brain GM volume differences, an
ROI approach, and functional connectivity. The re-
sults of all 3 methods support the possibility that
GM atrophy is increased among patients with PIGD
compared with patients with TD. In fact, we
observed GM atrophy in the p-PIGD group in several
brain areas including motor as well as cognitive, asso-
ciative, and limbic regions. This pattern was also de-
tected using the traditional classification into PIGD

and TD groups, although at a lower statistical thresh-
old. Those results further strengthen our findings and
suggest that there was minimal bias in the selection of
the p-PIGD and p-TD subgroups. Lower GM was
not found for the tremor group compared with the
PIGD group. The idea that these findings are related
to clinical symptoms is supported by the correspon-
dence to decreased functional connectivity between
cortical and subcortical motor-planning regions.
Indeed, some of the regional atrophy was also corre-
lated with increased severity of motor symptoms
and reduced cognitive performance. Altogether, our
findings support the idea that distributed GM atro-
phy is associated with the 2 different PD motor
subtypes.

Among the p-PIGD patients, reduced GM vol-
ume was found in motor-related regions such as the

Table 2 GM reduction in the p-PIGD group vs the p-TD groupa

Region Side No. of voxels z MNI coordinates

Frontal lobe

Pre–supplementary motor area Left 583 3.57 210, 1, 46

Precentral gyrus Right 202 3.29 58, 22, 10

Superior medial frontal gyrus Left 219 3.45 27, 66, 12

Medial frontal gyrus Left 355 4.22 219, 47, 14

Inferior frontal gyrus Left 612 4.27 246, 30, 12

Parietal lobe

Inferior parietal lobe Right 1,356 3.92 10, 259, 28

Inferior parietal lobe Left 1,387 3.54 219, 259, 34

Postcentral gyrus Right 477 3.47 45, 227, 37

Occipital lobe

Lingual gyrus Right 484 4.05 16, 254, 24

Lingual gyrus Left 630 4.13 213, 262, 25

Fusiform gyrus Right 722 3.84 25, 254, 213

Basal ganglia

Caudate nucleus Right 1,455 3.81 17, 18, 2

Limbic lobe

Parahippocampal gyrus Left 2,899 3.72 245, 253, 220

Parahippocampal gyrus Right 1,378 3.72 30, 214, 222

Posterior cingulate gyrus Right 452 4.64 10, 234, 35

Anterior cingulate gyrus Right 733 3.67 8, 30, 25

Amygdala Left 687 3.57 221, 235, 214

Amygdala Right 359 3.08 26, 21, 222

Cerebellum

Cerebellar declive Left 2,219 3.72 222, 262, 228

Cerebellar culmen Left 1,365 3.72 226, 258, 231

Cerebellar culmen Right 297 3.72 27, 251, 217

Abbreviations: GM 5 gray matter; MNI 5 Montreal Neurological Institute; p-PIGD 5 predominately postural instability gait
difficulty; p-TD 5 predominately tremor dominant.
aAll differences are at false discovery rate corrected p value ,0.034.
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pre-SMA, postcentral gyri, the cerebellar declive and
culmen, as well as the caudate nucleus. The motor
symptoms of the PIGD subtype, as represented by
the PIGD score, were associated with decreased
GM volume in the pre-SMA and in the precentral
gyrus. The pre-SMA is well known to be involved
in motor initiation and planning, and is activated pre-
ceding movement onset.23–25 The difficulties with the
initiation of movement that are often present among
patients with PIGD may be related to atrophy in this
region. This interpretation is supported by the func-
tional connectivity findings; GM atrophy in this
region was associated with lower functional connec-
tivity with the motor network. Reduced GM volumes
in the pre-SMA were previously reported in patients
with PD compared with controls26; however, the ear-
lier work did not directly relate the atrophy to the
PIGD subtype.

Reduced GM volumes in the p-PIGD group com-
pared with the p-TD group were also detected in the
primary motor area. This suggests that GM atrophy
in this region is also related to the gait difficulties pre-
sented by the p-PIGD group because the lower GM
volumes in this region were related to higher PIGD
scores and decreased postural control as assessed by
the pull test. The involvement of the precentral gyrus
in posture control is supported by a recent study in
which transcranial pulsed current stimulation in this
region improved balance and gait parameters in
patients with PD.27

Lower GM volumes in the PIGD group were
detected in the cerebellum declive and culmen. This
finding is consistent with the hypothesis that the cere-
bellum plays an important role in gait, by regulating
posture and balance and by adjusting the feedforward
control of locomotor output through error-feedback

Figure 2 Areas of gray matter atrophy derived from a direct comparison between patients with TD (n 5 37)
and PIGD subtypes (n 5 60) using a ratio of symptoms to determine the group classification1

The results are superimposed in representative sagittal and axial sections of a customized gray matter template, at a
threshold of p, 0.05, cluster-level corrected. The results shown here are very similar to those shown in figure 1, supporting
the idea that the results for the p-TD and p-PIGD comparisons are generalizable. IFG 5 inferior frontal gyrus; IPL 5 inferior
parietal lobe; PHG 5 parahippocampal gyrus; p-PIGD 5 predominately postural instability gait difficulty; p-TD 5 predom-
inately tremor dominant; SMA 5 supplementary motor area.
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learning.28,29 Consistent with our findings, a study
focusing on the associations between brain morphology
and rest tremor reported decreased GM volume in the
IFG of the patients with nontremor PD.However, they
also reported lower GM volumes in the right quadran-
gular lobe and declive of the cerebellum in patients with
tremor.30 These inconsistencies may be related to the
different classification methods that were used.

Additional GM atrophy for the p-PIGD group was
found in frontal regions including the medial frontal
gyrus (Brodmann area 10) and left IFG. GM atrophy
in the left IFG was associated with greater PIGD symp-
toms and, conversely, with fewer tremor symptoms.
The reduction of GM in these frontal regions might
partially explain the cognitive decline that is generally
more common among patients with PIGD.2,3 Cogni-
tive decline may also explain in part the gait difficulties
presented in this group, as gait difficulties and fall risk
were previously related to deficits in executive func-
tion,31–33 a reflection of motor-cognitive interdepen-
dence. A recent meta-analysis that included the
above-mentioned VBM studies12 also reported GM
reductions in the left IFG. We can speculate that the
patients with PIGD in those studies contributed to this

observation but no specific data were given with respect
to the motor subtypes of PD.

The differences observed between the 2 PD sub-
types might explain the conflicting findings among pre-
vious VBM studies that compared patients with PD to
controls. Some of these investigations reported distrib-
uted GM reduction in the patients with PD.34–36 A few
studies found more local reduction of GM in PD,
although the regions were inconsistent across the stud-
ies.37,38 In addition, some reports showed no differences
between PD and controls.39,40 Differences in the rela-
tive representation of the PIGD and TD subtypes may
explain the disparate findings in these earlier reports.
Our findings highlight the need to distinguish among
the clinical subtypes when investigating the neural cor-
relates underlying PD.

Because this is a cross-sectional investigation and
not a prospective study, we can only speculate about
the temporal relationship between GM atrophy and
the clinical symptoms and whether the observed
changes reflect transient or long-term changes. Cause
and effect cannot be conclusively determined. Another
factor may lead to GM atrophy and the PIGD symp-
toms; however, a likely candidate is not readily

Table 3 Correlations between GM volumes and PIGD and TD symptomsa

Tremor score PIGD score

Frontal lobe

Left IFG 0.436b (p 5 0.001) 20.34c (p 5 0.01)

Cortical motor areas

SMA proper 0.048 (p 5 0.714) 20.259c (p 5 0.046)

Pre-SMA 0.176 (p 5 0.179) 20.424b (p 5 0.001)

Primary motor area 0.159 (p 5 0.226) 20.382b (p 5 0.003)

Postcentral gyrus 0.136 (p 5 0.301) 20.206 (p 5 0.115)

Subcortical motor areas

Putamen 0.211 (p 5 0.102) 20.129 (p 5 0.322)

Globus pallidus internal 0.070 (p 5 0.592) 20.007 (p 5 0.595)

Globus pallidus external 0.160 (p 5 0.217) 20.257c (p 5 0.046)

Caudate

Thalamus 20.157 (p 5 0.230) 0.213 (p 5 0.103)

MLR 0.050 (p 5 0.704) 0.058 (p 5 0.662)

Limbic lobe

ACC 20.011 (p 5 0.931) 20.166 (p 5 0.205)

Cerebellum

Cerebellar tonsil 0.094 (p 5 0.474) 20.145 (p 5 0.269)

Cerebellar lingual 0.267c (p 5 0.039) 20.194 (p 5 0.138)

Abbreviations: ACC 5 anterior cingulate cortex; GM 5 gray matter; IFG 5 inferior frontal gyrus; MLR 5 mesencephalic
locomotor region; PIGD 5 postural instability gait difficulty; SMA 5 supplementary motor area; TD 5 tremor dominant.
a The results are based on the analyses of patients with predominantly PIGD and predominantly TD. Similar results were
obtained for all subjects. For each pair, r values are presented followed by p values in parentheses.
bp , 0.003, corrected for multiple correction.
cp , 0.05, uncorrected.
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apparent. Thus, one interesting possibility is that the
specific GM degeneration reflects the pathologic
changes in the gait and posture networks that are
known to be widespread in the brain and involve cor-
tical and subcortical areas. The possibility that early
GM degeneration leads to the PIGD subtype of PD
should be tested in early naive patients as well as in
a longitudinal study. The present findings indicate
that relatively widespread GM atrophy is apparently
a characteristic feature of a distinct subset of patients
with PD. Nonetheless, the source of this atrophy
and its role in the development of PIGD and tremor
remain to be determined more fully.
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This Week’s Neurology® Podcast
Human herpes 6 virus encephalitis complicating allogeneic
hematopoietic stem cell transplantation (See p. 1494)

This podcast begins and closes with Dr. Robert Gross, Editor-in-
Chief, briefly discussing highlighted articles from the April 16,
2013, issue of Neurology. In the second segment, Dr. Joanna
Jen talks with Drs. Mina Bhanushali and Sarah Kranick about
their paper on human herpes 6 virus encephalitis and stem cell
transplantation. Dr. Adam Numis then reads the e-Pearl of the
week about ictal syncope. In the next part of the podcast,
Dr. Brett Kissela focuses his interview with Dr. Clay Johnston on

the CHANCE trial. Disclosures can be found at www.neurology.org.
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