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Abstract

Objective—Progressive supranuclear palsy (PSP) is associated with degeneration of white matter
tracts that can be detected using diffusion tensor imaging (DTI). However, little is known about
whether tract degeneration is associated with the clinical symptoms of PSP. The aim of this study
was to use DTI to assess white matter tract degeneration in PSP and to investigate correlates,
between tract integrity and clinical measures.

Design—Case-control study
Setting—Tertiary care medical centre

Patients—Twenty subjects with probable PSP and 20 age and gender-matched healthy controls.
All PSP subjects underwent standardized clinical testing, including the Frontal Behavioral
Inventory and Frontal Assessment Battery to assess behavioral change; the PSP Rating Scale to
measure disease severity, the Movement Disorder Society-sponsored revision of the Unified
Parkinson’s Disease Rating Scale (parts I, 11 and 111) to measure motor function, and the PSP
Saccadic Impairment Scale to measure eye movement abnormalities.

Main outcome measures—Fractional anisotropy and mean diffusivity measured using both
region-of-interest analysis and Track Based Spatial Statistics.

Results—Abnormal diffusivity was observed predominantly in superior cerebellar peduncles,
body of the corpus callosum, inferior longitudinal fasciculus and superior longitudinal fasciculus
in PSP compared to controls. Fractional anisotropy values in the superior cerebellar peduncles
correlated with disease severity; inferior longitudinal fasciculus correlated with motor function,
and superior longitudinal fasciculus correlated with severity of saccadic impairments.

Conclusions—These results demonstrate that PSP is associated with degeneration of brainstem,
association and commissural fibers and that this degeneration likely plays an important role in
clinical dysfunction.

INTRODUCTION

Progressive supranuclear palsy (PSP) is a neurodegenerative disorder characterized by a
symmetrical akinetic-rigid syndrome with vertical supranuclear gaze palsy and early

falls 12, It is characterized by deposition of tau3, with pathological findings and
degeneration affecting the white matter, particularly brainstem tracts3: 4, with less
involvement of the cortex. Imaging studies have similarly found more severe involvement of
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white matter than cortical grey matter in PSP5~7. White matter tract degeneration is therefore
likely to be contributing to many clinical symptoms observed in subjects with PSP.

The integrity of specific white matter tracts can be assessed using diffusion tensor imaging
(DTI), which measures water diffusion in the brain and can measure directional information
and visualize specific white matter tracts. A few DTI studies have been performed in PSP
and have demonstrated abnormalities in the superior cerebellar peduncles8-19, cingulate
gyrus?, and corpus callosum10-12 although these previous studies failed to identify
correlations between these tracts and clinical features in PSP8 12, likely due to small
numbers of subjects. In addition, these previous studies did not investigate correlations
between clinical measures and degeneration of association fibers in PSP.

The aim of this study was to investigate white matter tract abnormalities in a large, well
characterized cohort of PSP subjects and to assess correlations between white matter tract
integrity and performance on a number of different standardized and validated clinical
scales. We used carefully placed regions-of-interest (ROIs) to measure directional water
diffusion (fractional anisotropy (FA)) and mean diffusivity (MD) on specific tracts,
including superior cerebellar peduncle, corticospinal and corticobulbar tracts. In addition,
since PSP has been associated with neocortical volume loss we also assessed corpus
callosum and multiple association fibers. In order to provide independent validation of the
ROIl-based findings we assessed voxel-level abnormalities in white matter tracts using the
automated and unbiased technique of Tract-Based Spatial Statistics (TBSS).

METHODS

Subjects

Twenty subjects that met clinical research criteria for probable PSP were included in this
study. All subjects with PSP that were evaluated in the Department of Neurology, Mayo
Clinic, between August 15t 2009 and April 30t 2010 were consecutively recruited (n=26)
into a prospective longitudinal PSP study by a neurodegenerative specialist and PSP expert
(KAJ). All subjects underwent 3T DTI scanning with 42 directions and detailed clinical
evaluations. For this study, only patients meeting criteria for probable PSP1 were analyzed
since probable PSP diagnosis has high positive predictive value (100%) for the diagnosis of
PSP13, Subjects were excluded from the study if they only met possible criteria for PSP,
did not consent to perform a 3.0 Tesla MRI, if MRI was contraindicated or if the MRI
revealed a lesion that would affect final analysis, such a large stroke, tumor or hemorrhage.

All subjects underwent clinical and neurological examination and completed standardized
and validated testing with the following batteries: Mini-Mental State Examination
(MMSE)!4, Frontal Behavioral Inventory (FBI)1®, Frontal Assessment Battery (FAB)Z;
PSP Rating Scale (PSPRS)7, and Movement Disorder Society-sponsored revision of the
Unified Parkinson’s Disease Rating Scale (parts I, Il and 111) (MDS-UPDRS)!8. Eye
saccades were also graded using a 5-point scale completed using clinical impression (The
PSP Saccadic Impairment scale (PSIS), See Box 1).

Box 1

PSP Saccadic Impairment scale (PSIS)
0 = normal vertical and horizontal saccades
1 = Mild slowing of upward or downward saccades

2 = Moderate slowing of upward and downwards saccades
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3 = Severe slowing or absence of both upwards and downwards saccades with or without
mild slowing of horizontal saccades

4 = Severe slowing or absence of vertical saccades and moderate to severe slowing of
horizontal saccades

5 = Complete vertical and horizontal saccadic palsy

Twenty healthy control subjects that were age and gender-matched to the PSP cohort were
also prospectively recruited. All controls performed within normal limits on standardized
neurological and neuropsychological testing and had the same DTI acquisition sequence as
the PSP cohort.

Image acquisition

ROl analysis

A standardized protocol was performed on a 3T GE scanner. The DTI acquisition consisted
of a single-shot echo-planar (EPI) pulse sequence in the axial plane, with TR= 10,200ms; in-
plane matrix 128/128; FOV 35 cm; phase FOV 0.66; 42 diffusion encoding steps and four
non-diffusion weighted T2 images; slice thickness 2.7mm (2.7m isotropic resolution).
Parallel imaging with a SENSE factor of two was used. Each of the 42 diffusion-weighted
images was registered to the non-diffusion weighted b0 volumes using affine
transformations to minimize distortions due to eddy currents.

Maps of fractional anisotropy (FA), color-coded FA, and mean diffusivity (MD) were
computed from these 42 diffusion-weighted images using DTlstudio!®. Regions-of-interest
were placed on specific tracts on the color-coded FA maps using Analyze software by one
rater (JLW) blinded to clinical diagnosis. Regions were placed using anatomical landmarks
on axial images with coronal and sagittal images viewed simultaneously to guide placement.
In order to assess brainstem white matter tracts, ROIs were placed on corticospinal tracts
and middle cerebellar peduncles at the level of the pons and in the superior cerebellar
peduncles at the level of the decussation (Figure 1). Projection fibers were assessed with
ROls in the anterior limb, genu and posterior limb of the internal capsule (Figure 1). Two
ROIls were placed in the posterior limb: one in the lateral rostral third to sample the
corticofugal fibers/superior thalamic radiation, and the other positioned laterally in the
caudal third in order to sample the corticospinal tracts. Association fibers were assessed with
ROIs placed in the inferior longitudinal fasciculus, uncinate fasciculus, superior longitudinal
fasciculus and anterior and posterior cingulum bundle. The superior longitudinal fasciculus
was sampled at three positions: anterior descending tracts branching into the inferior frontal
lobes; posterior descending tracts branching into posterior temporal lobes, and superior
horizontal fibers usually positioned adjacent to the most superior slice of the lateral
ventricles. ROIs were also placed on the corpus callosum, including genu, splenium and
uppermost portion of the body. The location of many of these ROIs have been previously
illustrated?0. The selection of these ROIs was performed independently from, and prior to
the completion of, the TBSS analysis, and was based on previous literature. We have
previously demonstrated excellent inter-rater reproducibility for these ROI measurements20,

All ROIs were measured separately for left and right hemispheres, except for corpus
callosum. Once the ROIs had been placed using color-coded FA maps they were overlaid on
FA and MD maps to calculate mean FA and MD for each ROI. Due to the potential problem
of partial volume affects the maximum FA from each ROI was also assessed.
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Images were brain-extracted using the BET? utility from the FSL package?2. FA and MD
maps were generated using FSL Diffusion Toolbox23. Voxel-wise statistical analysis of FA
and MD data was performed using TBSS24 (http://www.fmrib.ox.ac.uk/fsl). The FA images
for each subject were first aligned into a common space using the non-linear registration tool
IRTK22, The subject that was the most representative subject from the entire group was
selected automatically as the target and FA images of all other subjects were non-linearly
aligned to it. Following this step, all images were affinely transformed into MNI space. A
mean FA image was created from all subjects in this study, and this mean image was thinned
to create a mean FA skeleton which represents the centers of all tracts common to the group.
The FA skeleton was thresholded at >0.25 to include the major white matter pathways but
exclude peripheral tracts where there was significant inter-subject variability and/or partial
volume effects with grey matter and CSF. Each subject’s aligned FA data was then projected
onto this skeleton and the resulting data were fed into voxel-wise cross-subject statistics.
The transformations applied to the FA images were also applied to the MD images and tract-
based statistics were calculated for MD. Two-sample two-sided t-tests were performed using
both FA and MD images to compare PSP and controls. Results were assessed after
correction for multiple comparisons using family-wise error correction at p<0.05.

Statistical analyses were performed utilizing the JMP computer software (JMP Software,
version 6.0.0; SAS Institute Inc, Cary, NC) with a set at 0.05. A chi-square test was used to
compare categorical data across groups of interest. Two sample t-tests assuming unequal
variances were used to compare continuous data between groups. For any ROIs that showed
significant findings or trends in the PSP group when compared to controls, we also
performed a pair-wise correlation analysis between both FA and MD values and scores on
the MMSE, PSPRS, FBI, FAB, PSIS and MDS-UPDRS. Linear regression analysis was
used to adjust for disease severity. Receiver operating characteristic (ROC) curve analysis
was used to assess diagnostic specificity and sensitivity.

Subject demographics

Subject demographics and clinical test scores are shown in Table 1. There was no significant
difference between PSP and controls in gender ratio, age at MRI or education.

Group comparisons

The ROI-based results of FA and MD for the PSP subjects and controls are shown in Table
2 and Figure 2. No differences were observed between the left and right volumes and
therefore an average was used for further analysis. The PSP subjects showed decreased FA
and increased MD in the superior cerebellar peduncles, superior portion of the superior
longitudinal fasciculus and body of the corpus callosum, with decreased FA also observed in
the anterior superior longitudinal fasciculus and inferior longitudinal fasciculus, and
increased MD in the genu of the internal capsule. The same trends for differences across
groups were identified when the maximum FA values were assessed. The superior cerebellar
peduncle showed the most dramatic differences between PSP and controls, and provided
excellent discrimination between groups (area under ROC curve of 0.96 for FA and 0.92 for
MD). For a specificity of 95%, FA had a sensitivity of 85% (cut point 0.75) and MD had a
sensitivity of 80% (cut point 631 x 1076 mm?2/sec) in differentiating PSP from controls.
Supplemental Figure 1 shows the superior cerebellar peduncle ROI overlaid on FA images
for a selection of PSP and control subjects.
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Similar findings were observed with the TBSS analysis (Figure 3), with the PSP subjects
once again showing reduced FA in superior cerebellar peduncles, body of the corpus
callosum, anterior and superior aspects of the superior longitudinal fasciculus and inferior
longitudinal fasciculus. Some additional regions of reduced FA were also observed in
pontine crossing fibers, cerebral peduncles, fornix, optic tract and thalamus. No regions of
increased MD were observed in the PSP subjects compared to controls after correction for
multiple comparisons. No regions were identified that showed decreased FA or increased
MD in the controls compared to PSP either with or without correction for multiple
comparisons.

Clinical correlations

Significant correlations were observed between the FA values in the superior cerebellar
peduncles and performance on the FBI (r=-0.48, p=0.03), PSPRS (r=-0.59, p=0.006),
MMSE (r=0.48, p=0.03), MDS-UPDRS | (r=-0.49, p=0.03), MDS-UPDRS Il (r=-0.54,
p=0.01), and MDS-UPDRS IlI (r=-0.47, p=0.04) (Figure 4). However, the relationships
between the superior cerebellar peduncles and the FBI, MMSE, MDS-UPDRS |, MDS-
UPDRS Il and MDS-UPDRS 111 were not significant when the analyses were adjusted for
PSPRS, i.e. disease severity. Significant correlations were observed between both FA and
MD values in the inferior longitudinal fasciculus and performance on the MDS-UPDRS 11
(FA: r=-0.51, p=0.02, MD: r=0.55, p=0.01) and MDS-UPDRS Il (FA: r=-0.47, p=0.04,
MD: r=0.45, p=0.05) (Figure 4). A significant correlation was also observed between the
anterior portion of the superior longitudinal fasciculus and the PSIS (r=-0.45, p=0.047).
This correlation was improved when the outlier subject in Figure 4 was removed (r=—0.60,
p=0.007), and remained significant after adjusting for disease severity (p=0.03). Time from
onset to scan did not correlate to any of the DTI ROI measurements.

COMMENT

This study demonstrates white matter tract degeneration in the superior cerebellar peduncles,
corpus callosum, and association fibers in PSP and shows that this degeneration is
associated with clinical dysfunction in PSP.

The superior cerebellar peduncles were the tracts that showed the most significant decreases
in FA and increases in MD in PSP compared to controls, and provided excellent
discrimination between groups. This finding confirms previous DTI studies®-10- 26 and
concurs with the fact that demyelination and microgliosis have both been observed in these
structures at pathology? 27- 28, \Volume loss of the superior cerebellar peduncles has also
been observed in PSP# 29: 30, This finding contrasts with the relative preservation of the
middle cerebellar peduncle. In this study we found significant correlations between FA
values in the superior cerebellar peduncles and performance on tests of disease severity,
including the PSPRS, FBI, MMSE and MDS-UPDRS. While each of these tests measures
different aspects of motor, cognitive and behavioral ability, they were all highly correlated
to PSPRS suggesting that performance on each test is associated with disease severity. Our
results therefore suggest that FA measures in the superior cerebellar peduncle could be an
excellent marker of disease severity in PSP. These results also demonstrate disruption of the
dentatorubrothalamic tract which runs through the superior cerebellar peduncles to the
contralateral ventrolateral nucleus of the thalamus3. In fact, the TBSS analysis
demonstrated reduced FA in the thalamus which likely reflects degeneration of this system.
While the thalamus is predominantly a grey matter structure and so was not sampled in the
ROI-based analysis, it does contain a system of myelinated fibers (internal medullary
lamina) that separate thalamic subdivisions32 and were likely detected by TBSS. Previous
studies have only been able to demonstrate increased MD in the grey matter of the thalamus
in PSP 33,34,
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Significantly reduced FA and increased MD were also both observed in the body of the
corpus callosum in PSP, yet no changes were observed in the splenium or genu. These
findings may reflect degeneration of the commisural fibers connecting adjacent regions of
grey matter loss in the posterior frontal and premotor cortex that are commonly observed in
PSPS. Previous studies have similarly identified changes in diffusivity and volume loss in
anterior-middle portions of the corpus callosum 11: 12, 26, 35,36 'Measurements of FA and
MD in the body of the corpus callosum did not correlate with any clinical measures however
suggesting that it is not directly associated with the clinical symptoms of PSP.

Diffusivity changes were also observed in association fibers, namely the inferior
longitudinal fasciculus and superior longitudinal fasciculus. Correlations were identified
between both FA and MD values in inferior longitudinal fasciculus and scores on the MDS-
UPDRS parts Il and 111 which assess motor function. Interestingly, a couple of recent DTI
studies investigating healthy aging have similarly found associations between abnormalities
in the inferior longitudinal fasciculus and motor function3” and visuomotor dexterity38, The
inferior longitudinal fasciculus connects visual cortices to the inferior, middle and superior
temporal lobes, and has been suggested to subserve a “direct short-latency pathway” of
visual processing3®. Visual-motor coordination is indeed likely to play a role in performance
on a number of the items assessed using the MDS-UPDRS, such as toe and finger tapping
and hand movements. Performance on the MDS-UPDRS parts 11 and 111 did however also
correlate with diffusivity in the superior cerebellar peduncles suggesting that motor function
may involve a complex network of systems in PSP.

Reductions in FA were observed in both the anterior descending tracts and the horizontal
superior tracts of the superior longitudinal fasciculus. These tracts project to the posterior
frontal lobes; regions that are atrophic in PSP®. Anterior superior longitudinal fasciculus FA
correlated with performance on the PSP Saccadic Impairment Scale which attempts to grade
severity of eye movement abnormalities that occur in PSP (Box 1). This is a novel finding,
yet plausible since although several structures in the brainstem determine the direction,
amplitude, and velocity of saccades?®: 41, fMRI and PET studies demonstrate that voluntary
saccades are under cortical control42 43 and the frontal and supplemental eye fields are
known to play a role in saccadic eye movements*4. Our results suggest a possible cortical
element to saccadic abnormalities in PSP, perhaps involving the frontal eye fields and
premator cortices, mediated by the superior longitudinal fasciculus.

It is clear from the TBSS analysis that reductions in FA were more severe than increases in
MD in our PSP cohort, suggesting that directional diffusivity, and hence degeneration of the
white matter tracts, is predominantly affected in PSP. There are a number of pathological
mechanisms which could be contributing to breakdown of diffusion along white matter
tracts: 1) tau deposition observed within axons and the outer mesaxon of myelinated

fibers 3. 4546 2) phagocytosis of myelin by macrophages (activate microglia) that are found
in white matter tracts in PSP27: 47 and 3) wallerian degeneration. The degree of
demyelination in the superior cerebellar peduncle has been shown to correlate to tau burden,
not microglial burden, in PSP 27, suggesting that tau pathology may be responsible for the
degeneration of white matter tracts although further pathological studies will be needed in
order to understand these biological mechanisms.

Strengths of this manuscript include the fact that all patients were prospectively assessed
with a standardized battery of clinical assessments and the number of subjects was large,
especially for a rare disorder like PSP. In addition, we utilized two independent DTI analysis
techniques. One could argue that results from small ROIs placed on specific tracts may not
be representative of the entire tract, although the similarity across the ROI-based and TBSS
analyses supported the validity of the data. Furthermore, the TBSS analysis showed
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significant findings after correction for multiple comparisons, increasing confidence in the
results. A limitation of using DT to assess white matter tract dysfunction in PSP, however,
is that the resolution of the scans limits the ability to identify and measure very small tracts
that may also be playing important roles in the disease, such as the subthalamic fasciculus
connecting subthalamic nuclei to basal ganglia. Our analysis of maximum FA demonstrated
that the ROI results were unlikely to be confounded by partial volume averaging, although
this could still be a problem in the TBSS analysis for thin tracts such as the fornix.

CONCLUSIONS

This study has provided a detailed characterization of the patterns of white matter tract
degeneration in subjects with PSP and demonstrated correlations between these patterns and
clinical symptoms. Abnormal diffusivity was observed within brainstem tracts, such as the
superior cerebellar peduncles, as well as in the body of the corpus callosum and some
association fibers. Degeneration of the superior cerebellar peduncles seems to be an
excellent marker of disease severity in PSP. In addition, degeneration of the inferior
longitudinal fasciculus appears to be associated with motor function, while the superior
longitudinal fasciculus appears to be associated with ocular motor abnormalities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

FA color map from a control subject illustrating the placement of the brainstem (A) and
internal capsule (B) white matter tract regions-of-interest. Regions-of-interest have been
placed in both the left and right hemisphere. CST = corticospinal tracts, MCP = middle
cerebellar peduncle; SCP = superior cerebellar peduncle; AIC = anterior limb of the internal
capsule, GIC = genu of the internal capsule, PIC = posterior limb of the internal capsule.
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Control mean —!

-04 -03 -02 -01 00 O.1

FA minus control mean

Box-plots showing the distribution of FA and MD values for the PSP subjects. To aid
comparison, FA and MD values were centered at the ROI-specific control group mean
(defined as zero on the horizontal axis) and thus can be interpreted as differences between
PSP and controls for each white matter tract ROI. The boxes indicate the 25™, 50t"
(median), and 75t percentiles of the distributions while the horizontal lines extending from
the boxes stop at the most extreme data points. CST = corticospinal tracts at the level of the
pons; MCP = middle cerebellar peduncle; SCP = superior cerebellar peduncle; GIC = genu
of the internal capsule; PIC = posterior limb of the internal capsule; UNC = uncinate
fasciculus; ILF = inferior longitudinal fasciculus; SLF = superior longitudinal fasciculus;
AC = anterior cingulate; PC = posterior cingulate; GCC = genu of corpus callosum; SCC =
splenium of corpus callosum; BCC = body of corpus callosum.
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Figure 3.
Regions of decreased FA observed in the PSP subjects compared to controls using TBSS.
Results are shown after correction for multiple comparisons using the FWE at p<0.05.
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Figure4.

Scatter-plots with least-squares lines showing significant correlations between FA values
and clinical measures in the PSP subjects. An outlier subject in the anterior SLF versus PSIS
correlation is highlighted by an arrow. Once this outlier was removed the correlation
improved (r=—0.60, p=0.007). SCP = superior cerebellar peduncle; ILF = inferior
longitudinal fasciculus; SLF = superior longitudinal fasciculus; PSPRS = PSP Rating Scale;
PSIS = PSP Saccadic Impairment Scale; MDS-UPDRS = Unified Parkinson’s Disease
Rating Scale
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Subject demographics and clinical characteristics of all PSP subjects

Controls(n=20) | PSP (n=20)
Gender (% female) 11 (55%) 10 (50%)
Education (yrs) 149+29 145+25
Age at exam (yrs) 69.4+7.3 68.3+7.2
Age at onset (yrs) NA 64.7+6.9
Time onset to exam (yrs) NA 36+18
FBI (/72) NA 11.2+114
FAB (/18) NA 137+21
PSPRS (/100) NA 355+15.7
PSIS (/5) NA 31407
MMSE (/30) NA 2713+3.7
MDS-UPDRS | (/52) NA 10.0+4.6
MDS-UPDRS 11 (/52) NA 19.0+10.8
MDS-UPDRS 11 (/132) NA 38.5+16.2

Table 1

Page 14

FBI = Frontal Behavioral Inventory; FAB = Frontal Assessment Battery; PSPRS = PSP Rating Scale; PSIS = PSP Saccadic Impairment Scale;

MMSE = Mini-Mental State Examination; MDS-UPDRS = Unified Parkinson’s Disease Rating Scale

Arch Neurol. Author manuscript; available in PMC 2012 July 22.



Page 15

Whitwell et al.

‘winsojfea sndiod o Apog = DOg ‘wnsojjed sndiod Jo wniuajds
= DDS ‘wnsojfed sndiod Jo nushb = 99 ‘wnnBuid Jousisod = Od ‘wnjnBuId JoBUE = DV ‘SNNJI9se) [eulpniiBuoj JoLadns = 47S ‘SNINd1asey [euipniBuO| JoLIBUL = 47| ‘SNINJI9Se) 31eUlduUN = NN
‘ansdea [eulsiul ay Jo quuij Jouasod = Jld ‘a|nsded jeutaiul sy Jo nuab = D9 ‘ajounpad Jejjagaiad Jouadns = 40S ‘ajounpad Jejjagals appiw = dDIN ‘suod ayl Jo [8AS] 8y} Je s1oel) [euldsodiod = 1S

T000 | LOT¥968 187 €8L 2000 | 60°0F€9°0 L00F2L0 209
S2°0 297 62. 98 ¥ T0L €90 | ¥00¥980 S0'0 ¥ /80 208
6°0 9 ¥ 628 ov ¥ /18 LT0 | s007F220 S0'0F 620 209
ST'0 Ly F €69 6V FT.9 G20 | 900¥550 90'0 F /S0 od
09'0 197018 €L 7228 ¥S5'0 | 900F9v0 Y0'0 F S¥0 ov
700 6v F 6TL 9€ ¥ 069 v00 | 90°0¥85°0 90°0 290 Jouadns 41
82°0 Ly FESL oy ¥ /8L z€0 | 8007150 90°0 ¥ ¥5°0 Jouasod 478
SL°0 18 708 vLFTLL 00 | ¥00F6€0 SO0 F V0 Jouelue 4718
120 €8 7 €08 ISF8LL 2000 | SO0F L0 Y00 F 250 47
€10 vy FEVL S8 F 0TL 150 | 900%F6v0 80°0 ¥ 870 ONN
TL°0 €5 F 28l 19752L 690 | 9007990 ¥0'0 ¥ L9°0 [epned Old
800 ZLFVEL 9 ¥ 569 S0 | 900F¥90 S0°0 ¥ 990 [ensol Dld

5000 0L 758 85 F €2 S0 | 2007090 L00F 290 219
98°0 98 ¥ 05/ 78 F55. 220 | L00%¥50 80°0 F /S0 o]\

T000> | 297069 OV ¥ LLG T000> | O0T'0F290 S0°0 7580 dos
TL°0 ¥9 ¥ 089 Ly F€29 980 | 600¥6L0 0T'0F 6.0 dOW
€10 187 LTL G9 ¥ 189 Z10 | so0Fes0 800 F 290 180

anead | (0z=u)dsd | (0z=u) lo1uoDd | enfead | (0z=u)dsd | (0z=u) |04u0D

an v4

$]011U00 pue $103[gNs dSd 8y J0J S1Nsal QA Pue 4 paseq-10Y
Z39l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arch Neurol. Author manuscript; available in PMC 2012 July 22.




