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Abstract

Posterior cortical atrophy (PCA), a localized neurodegenerative syndrome involving the occipito-parietal cortices, can serve as a
good model to elaborate on the consequence of a localized damage on the anatomical and functional connectivity within an
affected system. Ten PCA patients and 14 aged-matched controls were enrolled. Structural connectivity was measured via
Diffusion Tensor Imaging (DTI) and probabilistic tractography. The optic tracts and radiations and the splenial fibers were
delineated and their microstructural properties were evaluated. Functional connectivity was measured by resting state functional
MRI (rsfMRI). Voxel-based morphometry (VBM) was used to assess atrophy. Dorsal stream visual functions were tested and
correlation between these behavioral data, volume measures, white matter integrity and connectivity were examined. Impaired
white matter integrity was evident in patients’ optic radiations and occipito-callosal fibers, in the segments located in close
proximity to the occipital cortex, suggesting a localized damage. Degeneration did not proceed to the optic tracts, opposing trans-
synaptic changes. rsfMRI revealed reduced connectivity within the visual network and between the visual and other related areas
such as the frontal eye field. Correlations were found between grey matter volume and spatial perception abilities and between the
integrity of the affected fibers and motion perception. White matter involvement in PCA seems to be grey matter dependent.
Functional connectivity, on the other hand, showed a more diffuse pattern of damage. Correlations were found between the
integrity of the affected fibers and patients’ visual abilities suggesting that fiber integrity plays a role in determining behavioral
manifestation.

Keywords Diffusion tensor imaging - Functional connectivity - Motion perception - Resting state fMRI and visual cortex

Introduction

Though Alzheimer’s disease (AD) is the most well-known
and studied regional grey matter (GM) volume reduction dis-
ease (Gress 2001), white matter (WM) involvement has also
repeatedly been suggested both in typical AD as well as in its
different variants (Canu et al. 2012).

WM damage was reported as a general phenomenon
(Bartzokis 2004; de la Monte 1989; Burns et al. 2005) but
also as a more localized one, in the parahippocampal regions,
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reflecting the topography of GM loss. The extent of WM
involvement has also been suggested as an indicator of disease
severity (Canu et al. 2012). From these findings of WM in-
volvement in degenerative disease two potential pathophysi-
ological mechanisms arise: the first derives from primary oli-
godendrocyte and myelin damage which mainly affects
heavily-wired areas such as the higher cognitive and memory
regions (Bartzokis 2004); the second is projected by GM pa-
thology (Canu et al. 2012; Frisoni et al. 2007). Another pos-
sibility, that can stand on its own or play a part in one of the
other theories, is that the disease spreads trans-neuronally,
through long WM connections (Caso et al. 2015).

Posterior Cortical Atrophy (PCA) is considered a visual
variant of AD (Kaeser et al. 2015), mainly involving
occipito-parietal regions, manifesting with visual perceptual
skills deterioration (Benson et al. 1988). We recently sug-
gested behavioral and cortical evidence pinpointing the dam-
age to the dorsal aspects of perception. Our PCA patient co-
hort exhibited higher dorsal stream-related functional
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impairments, including simultant perception, image orienta-
tion, figure-from-ground segregation, closure and spatial ori-
entation. In accordance with the behavioral findings, function-
al magnetic resonance imaging (fMRI) revealed intact activa-
tion in the ventral visual regions of face and object perception
while more dorsal aspects of perception, including motion and
gestalt perception, revealed impaired patterns of activity
(Shames et al. 2015).

Beyond this distinct manifestation, the related network, the
human visual system, is well defined, in contrast to other
neuronal systems prone to degeneration. These characteristics
put forward PCA as a fine model for tracking tissue degener-
ation and reorganization.

Herein we will utilize voxel based morphometry (VBM),
diffusion tensor imaging (DTI) and fMRI to study the effect of
localized GM damage on structural and functional connectiv-
ity within the visual network, known to be selectively affected
in PCA. The association with behavioral manifestations will
also be examined, to better define the role of connectivity in
neurodegenerative disease and its effects on function.

Materials and methods
Subjects

Ten PCA patients (4 females), aged 63.3 +8.15 years (aver-
age £+ SD) were studied, based on the criteria described in the
meta-analysis of Alves et al. (2013) and the first two levels of
the consensus criteria described by Crutch et al. (2017).
Average time from initial symptoms was 2.88 +£0.64 years.
Fourteen aged-matched healthy volunteers (6 females, aged
60.86 = 7.17 years) were enrolled as a control group.

The Hadassah Hebrew University Medical Center Ethics
Committee approved the experimental procedure. Written in-
formed consent was obtained from all subjects.

Experimental design

Neuropsychological evaluation Visual Neuropsychological
evaluation of dorsal stream-related visual functions included
the Rey’s Complex Figure Copy Test (Liberman et al. 1994) to
assess visuo-motor integration; the Gollin picture (Gollin
1960) and Hooper visual organization tests (Greve et al.
2000) to assess visual closure abilities; the “15-Object Test”
based on Poppelreuter-Ghent’s overlapping figures test (Della
Sala et al. 1995; Pillon et al. 1989) to assess figure-ground
segregation abilities; and the motion coherence test (Braddick
et al. 2003) to assess motion perception.

This battery of tests was selected based on our previous
findings of a specific dorsal stream-related functional impair-
ment in PCA patients (Shames et al. 2015).

MRI data

MRI data were acquired on a 3-Tesla scanner (4 patients and 6
controls on Siemens Trio; 6 patients and 8 controls on
Siemens Skyra) using a 32-channel standard head-coil.

MRI sequences included high-resolution T1-weighted im-
ages (minimum echo time [TE], flip angle 9°, repetition time
[TR]=2300 ms, voxel size of 1 x 1 x 1 mm).

For VBM we used the Computational Analysis Toolbox
(CAT 12, Jena University hospital), an extension of SPM12
(Wellcome Department of cognitive Neurology). Data was
segmented into grey matter (GM), WM and cerebral spinal
fluid (CSF), and normalized to Montreal Neurological
Institute (MNI) space. Data quality was checked for
homogeneity (all scans were within one standard deviation
of homogeneity). The GM of the two groups was compared
using a two sample 7 test, with total intracranial volume (TIV),
scanner and age as covariates. Regions showing significant
reduction in the patients’ group were defined as atrophied
foci.

DTI data were acquired using a diffusion-weighted imag-
ing sequence, (single-shot, spin-echo, TE=94 ms, TR =
7127-8224 ms, FOV =260 x 260 mm, matrix = 128 x 128,
52-60 axial slices, 2-mm-thick slices, 5=0 and b=1000 s/
mm?2). The high b-value was obtained by applying gradients
along 64 different diffusion directions.

DTI image processing and fiber tractography were per-
formed using the mrVista package (Vista lab, Stanford
University) (see Supplementary Methods for preprocessing
details). The post-chiasmal afferent visual pathways, includ-
ing optic tracts and optic radiations, were delineated using the
probabilistic Contrack algorithm which identifies the most
likely pathway between two regions of interest (ROIs)
(Sherbondy et al. 2008); the chiasm and lateral geniculate
nuclei (LGN) for the optic tracts and the LGN and calcarine
sulcus (V1) for the optic radiations. ROIs were anatomically
defined in each subject on co-registered T1 maps.

The fiber tensors were fitted using a least-squares algorithm
and each tensor underwent eigenvalue decomposition in order
to derive measures of fractional anisotropy (FA), diffusion
parallel (axial diffusivity, AD) and diffusion perpendicular
(radial diffusivity, RD) to the primary fiber direction. These
measurements were then resampled along the tracts in 30 or
50 equidistant points (relative to the length of the fiber bundle;
30 points in the optic tracts and 50 points in the optic radia-
tions). This enabled the combination of measures from differ-
ent subjects. To avoid partial volume effects with non-white
matter, a core fiber was defined along the mean position of the
defined sampling points (Yeatman et al. 2012).

The occipital callosal (splenial) fibers were tracked using a
deterministic streamlines tracing technique (STT), according
to MrVista default parameter (FA threshold 0.15, minimum
angle 30°) algorithm as described previously (Huang et al.
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2005). Briefly, the corpus callosum as a whole was used as
one ROI and a second ROI was defined in the deep
WM of the occipital lobe. FA, AD and RD were also
extracted for these fibers.

Additionally, the relative volume of the corpus
callosum taken by the occipital fiber group was mea-
sured over the five central sagittal slices and compared
between the study cohorts.

Resting state fMRI measurements were obtained with an
echo-planar imaging sequence, (TR/TE =2250/30 ms,
FOV =218 x 218 mm’, matrix 64 x 64, 37 slices, slice thick-
ness 3.4 mm). Data analysis was performed using the
BrainVoyager QX software package (Brain Innovation,
Maastricht, The Netherlands).

Functional images were co-registered to the anatomical
images through trilinear interpolation and were transformed
into MNI space (Evans et al. 1993) (see Supplementary
Methods for preprocessing details).

For each subject, a seed region composed of the left and
right V1 was defined. This was demarcated as a 10 mm cube
around the central point of BA17, as defined by the Yale atlas
of Brodmann areas (Lacadie et al. 2008) (See Supplementary
Methods for further details). Individual connectivity maps
from this seed region were generated for each subject and
were then averaged across subjects using a hierarchical ran-
dom effect model, allowing a generalization of the results to
the population level.

Connectivity levels within and outside the visual network
were evaluated on individual V1 seed-region maps. t-values
for pre-defined regions, detailed below, were extracted and
used as the connectivity levels between primary visual cortex
and these regions. Regions included the LGN, lateral occipital
complex (LOC), middle temporal area (MT), fusiform gyrus
(FFQG), lateral intraparietal cortex (LIP), frontal eye field
(FEF), and primary motor area (M1).

Statistical analysis

For VBM analysis, threshold was set to p value <0.01,
corrected for family-wise error (FWE). Cluster-wise p value
threshold was set to 0.05, corrected for false discovery rate
(FDR). Coordinates were reported in the MNI standard ana-
tomical space. Correlation analyses to other measures were
conducted using SPSS® version 24.0 (IBM Corporation,
Armonk, NY, USA).

For DTI analysis differences between diffusivity measures
in PCA patients and controls were studied twofold. Firstly, the
mean FA, AD, and RD of each tract were compared, using a
two-tailed Student’s t test. Significance level was defined as p
<0.05. Secondly, differences between the groups along
the tract profiles were assessed. Given the high correla-
tion degree between adjacent points on the tract, a
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permutation-based multiple comparisons correction was
used as in (Reiner et al. 2003).

For resting state fMRI analysis differences in connectivity
levels between primary visual cortex and other visual regions
were evaluated among the groups. A student t-test was per-
formed on the obtained t-values from each ROIL.

For correlation analysis, we first assessed the effect of
GM atrophy on structural and functional measurements as
well as on behavioral manifestations. Correlation between
the volumes of atrophied foci (as defined by VBM) and the
other measures were evaluated.

Then we evaluated the possible correlations between func-
tional connectivity, structural connectivity and visual behav-
ioral measurements using the non-parametric Kendall regres-
sion analysis. The FA, AD and RD of the visual pathways and
connectivity measures (t- values) in the various visual areas
were used as independent variables and the individual behav-
ioral measurements were inserted as dependent variables. To
avoid the possible effects of age and disease duration, those
values were used as covariates of no interest using a partial
correlation analysis. Correction for multiple comparisons by
FDR correction was applied (Reiner et al. 2003). To assess the
involvement of GM atrophy on the above correlations, we
repeated the analysis adding the GM volume as a covariant.

Results
Neuropsychological evaluation

Dorsal-related visual function deficits are observed in the pa-
tient cohort Compared with adult norms, patients had lower
results on the Rey figure copy test (7.375£8.54 attributes
were correctly copied vs. average adult norms of 29.32 +
4.63(Shin et al. 2006)); the Hooper test (7.75£5.17 items
recognized vs. 15.75+5.89 (Tamkin and Jacobsen 1984));
the Gollin visual closure test (4.04+1.06 attributes needed
to identify the object vs. 1.95+0.62(Gollin 1960)); and the
“15 Object Test” of overlapping figs. (5.71 +£4.16 different
items were recognized in a tangled image vs. 13.82 +
1.08(Alegret et al. 2009)). Patients also showed difficulty
identifying motion coherence and were able to recognize
movement direction only when a high percentage of dots were
moving together in the same direction (37.14 +31.94% coher-
ence needed for identification of motion direction vs. 5.05 =
1.09% in a group of controls we described in an earlier paper
(Shames et al. 2015)).

VBM measurements
Atrophy is seen in the associative visual cortex (Fig. 1)

Significant differences were found between groups in GM
volume (»p =0.001) and CSF volume (p =0.004). No
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significant differences were found in TIV (p = 0.33) or in WM
volume (p = 0.098). After correction of family wise estimation
(FWE) (p £0.05) three clusters of significant volume differ-
ences (atrophied foci) were found within the associative visual
cortex: in the right and left anterior occipital lobe and in the
right middle temporal area (cluster size corrected for FDR p <
0.05).
See Table 1 for MNI coordinates of the atrophied foci.

Diffusivity measurements

Optic tracts diffusivity measurements are preserved (Fig. 2)
No differences were evident for the average optic tracts’ FA,
RD and AD between the PCA and control groups (Left: p =
0.53,p=0.57,and p=0.63; Right p=0.39, p=0.32, and p =
0.39, respectively). Similar results were evident when analyz-
ing fractional and directional diffusivities along the fibers; i.e.
PCA and control groups did not differ in any diffusivity values
at any point along the optic tract.

Optic radiations integrity is impaired mainly in their posterior
parts (Fig. 3) Addressing average diffusivity measurements
demonstrated reduced FA in PCA patients’ as compared to
controls on the left side (p =0.02). The averaged FA on the
right optic radiation did not differ between the groups (p =
0.21). The averaged RD and AD did not differ between the

Fig. 1 Atrophied foci.
Visualization of the Voxel-based
morphometry analysis shown as
highlighted areas that represent
atrophied foci in PCA group
compared to controls, overlaid on
a standard 3D SPM brain
template

groups on either side (p =0.87 and p=0.13, for the left and
right RD; p=0.76 and p =0.09 for the left and right AD).

When analyzing diffusivity along the tract, reduced FA
(corrected for multiple comparisons), was found along points
42-50 on the left optic radiation and along points 33—47 on
the right optic radiation. Increased RD was evident on the left
optic radiation along points 29-36 and point 47. No signifi-
cant differences were observed in the right optic radiation at
any point. No significant differences were observed in AD at
any point along either optic radiation.

Thus, optic radiations’ integrity differs between patients
and controls, as reflected by their reduced FA, mainly due to
increased RD in the more posterior part of the bundle.
Changes are more prominent in the left side.

Occipital callosal fibers diffusivity differs only in their lateral
parts (Fig. 4) No significant differences were evident for the
average occipito-callosal fibers” FA, RD and AD when taking
into account all points along either tract (Left: p=0.19, p=
0.18 and p=0.35; Right: p=0.77, p=0.52, p=0.32 for FA,
RD, and AD, respectively).

Analyzing diffusivity along the tracts revealed reduced FA
on the left side, along points 11-22. No points reached signif-
icance on the right. Elevated RD was seen on both sides: along
points 13—19 on the left side and along points 16-26 on the
right side. No differences were observed in AD at any point
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Table 1 Atrophied foci (per VBM) characteristics: Estimated
location, size, p values (corrected for family wise estimation, FWE) and
peak MNI-coordinates, of the atrophied foci that were found in the PCA
group as compared to controls

Cluster Estimated location Peak Size P (FWE) x y z

1 L Ant Occipital 395
0.001 27 -92 3
0.008 -35 87 2
3 0.011 -30 86 12
2 R Ant Occipital 1016
0.001 53 83 9
0.002 38 77 21
3 0.003 39 -84 11
3 R MT 678
0.002 53 29 -l11
2 0.01 45 24 12

along the occipito-callosal fibers on either side. Thus, similar
to the optic radiation, reduced diffusivity was evident in re-
gions adjacent to the occipital cortex. Distant parts of the fiber
bundle demonstrated intact diffusivities. Differences were
again seen more on the left side and were driven mainly by
elevated RD.

A comparison of the relative callosal volume taken by the
occipital group revealed no differences between the study co-
horts, i.e. the internal organization of the corpus callosum does
not differ between patients and controls (p =0.37).

Functional connectivity measurements

Reduced functional connectivity is seen within the visual net-
work (Fig. 5) Comparison of the primary visual cortex
seed-region maps revealed reduced connectivity in
PCA patients as compared to controls. Direct compari-
son of connectivity levels within the pre-defined visual
and non-visual regions between patients and controls,
revealed significant reduction in connectivity in several
high-order visual areas, including the right MT (p=
0.008), right LOC (p=0.003) and left LOC (p=
0.028), as well as within the entire occipital cortex
(p=0.04). Reduction in connectivity was also evident
in the left FEF, known to be involved in control of
eye movements and visual attention.

Correlations analysis

We first studied the effect of GM atrophy on the behav-
ioral measurements and on the structural and functional
connectivity. This resulted in the following significant
correlations:

GM volume correlated with spatial perception Total GM vol-
ume and the right anterior occipital atrophied focus volume
were correlated with spatial perception (t=0.5, p=0.042;
1=0.5, p=0.042). The greater the reduction in GM volume,
the worse the spatial perception.

Fig. 2 Optic tracts. a a b
Visualization of the optic tracts, as 1 Controls =
delineated via fiber tractography, FA PCA -
superimposed on an axial cortical
view (b) Averaged fractional
anisotropy (FA) of the right and 05
left optic tracts. ¢ Axial diffusivity
(AD) and radial diffusivity (RD) L R
profiles along the left and right 0
optic tracts. Error bars represent Left Right
standard error of the mean
¢ Left OT Right OT
2 Directional diffusivities 2 4 Directional diffusivities
0 0
E E
£ E D
0.5
0
. . 10 20 30
Chiasm LGN Chiasm LGN
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Fig. 3 Optic radiations. a
Visualization of the optic
radiations, as delineated via fiber
tractography, superimposed on an
axial cortical view. b Averaged
fractional anisotropy (FA) of the
right and left optic radiation ¢
Axial diffusivity (AD) and radial L
diffusivity (RD) profiles along the
left and right optic radiations.
Error bars represent standard error
of the mean. Black bar indicate
area of significant difference
between the groups, after
correcting for multiple
comparisons. * p <0.05

a

Left OR

(mm?3\s)

Directional diffusivities

1297
Controls ==
0.5 *
R
0
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Right OR

Directional diffusivities
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GM volume correlated with diffusivity measures of the
occipito-callosal fibers Positive correlations were found be-
tween the left anterior occipital focus’ volume and the left
occipito-callosal fibers” FA (t=0.643, p=0.013). Thus pre-
served GM volume was associated with better integrity of the
adjacent occipito-callosal fibers.

GM volume correlated with the connectivity measures of the
FEF Significant positive correlations were found between total
GM volume and connectivity levels in the left FEF (1 =0.619,
p=0.025). Thus preserved GM volume was associated with
better synchronization between V1 and the frontal eye fields.

Additionally, we looked at the correlation between the
behavioral measurements, and the structural and func-
tional connectivity.

Diffusivity measures in the affected pathways correlated with
motion perception (Fig. 6) Significant correlations were found
between diffusivity measures in the left optic radiation and left
occipito- callosal and motion coherence abilities. Negative
correlations were evident between FA and motion perception
in both fiber bundles (t=-0.86, p=0.003; T=-0.64, p=

0.013 for optic radiation and occipito- callosal corresponding-
ly). In accordance, significant positive relationships were ev-
ident between the RD and AD values and motion coherence
levels (optic radiation: T=0.71, p = 0.007; T=0.86, p =0.001;
occipito-callosal fibers: T =0.57, p =0.02; T =0.79, p =0.003
for RD and AD respectively). Thus, the worse the integrity of

the fiber tract, the worse the ability to identify coherent motion
within an array of dots.

When the GM volume was added as a covariant to the
analysis, only correlation between the integrity of the left optic
radiation and the motion coherence perception remained sig-
nificant (t=-0.57, p=0.048; t=0.57, p =0.048; FA and RD
respectively). The correlation between the occipito- callosal
integrity and motion coherence perception was no longer sig-
nificant (t=-0.25, p=0.46; T=0.071, p=0.81; FA and RD
respectively), suggesting that this correlation was, at least par-
tially, GM-dependent.

Discussion

To summarize, WM structural connectivity showed reduced
diffusivity, indicating impaired WM integrity along the optic
radiations and the splenial fibers, in close proximity to dam-
aged GM areas. Fiber parts which are located far from affected
cortical area, i.e. the anterior optic radiation and the callosal
portion of the occipito-callosal fibers, were not affected.
Furthermore, degeneration did not proceed to the optic tracts,
which did not differ in diffusivity parameters from the age-
matched group, possibly opposing trans-synaptic changes, at
least in the early stages of the disease.

Reductions in functional connectivity were seen in the con-
nections between V1 and higher visual areas, as well as be-
tween V1 and the FEF, known to be involved in control of eye

@ Springer



1298

Brain Imaging and Behavior (2019) 13:1292-1301

a
800
<« 600
£
E
g 400
2
S
I 200
=
8
o 0 r -
1000 3000 5000
Corpus callosum Volume (mm?)
c 2
1.5
;uT AD
N
£ 1 *
£ [
= RD
0.5
0
10 20 30
cC V1

Fig. 4 Occipital callosal (spelnial) fibers. a The relationship between
the volume of splenial-callosal fibers, evaluated over the five mid-sagittal
slices, and the volume of the total corpus callosum, evaluated over the
same slices, compared between PCA and controls. b Averaged fractional
anisotropy (FA) of the right and left occipito-callosal fibers (¢) Axial

movement and visual attention. Structural and functional con-
nectivity reduction was related to volume depletion.
Interestingly, correlations were found between the integrity
of the affected fibers and patients’ motion perception suggest-
ing that fiber integrity plays a role in determining behavioral
manifestation.

As was demonstrated by postmortem and in-vivo evidence,
and contrary to long-held beliefs, today it is accepted that WM
involvement is common in Alzheimer’s disease and its vari-
ants (for review (Caso et al. 2016)). Putative mechanisms to
explain fiber degeneration are divided into theories that are
GM-dependent and independent. Example for the latter is de-
generation by developmental order (late-myelinating fibers
are the first to degenerate). However, assuming that WM dam-
age is the consequence and not the origin of the pathology,
local and distant mechanisms were suggested. Protein aggre-
gates might spread locally to adjacent fibers and mi-
croglia activation may lead to neurotoxicity but also to
oligodendrotoxicity. This local effect can spread distant-
ly, along networks that are anatomically (e.G. cingulum)
or functionally (e.g. default mode network) defined
(Balachandar et al. 2015).
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diffusivity (AD) and radial diffusivity (RD) profiles along the left and
right occipito-callosal fibers. Error bars represent standard error of the
mean. Black horizontal bars indicate areas of significance different
between the groups, after correcting for multiple comparisons.* p < 0.05

Our DTI results in the PCA variant suggest localized dam-
age. It is important to note that our study focused on the visual
pathways. Within this network, no distant effects were evi-
dent. However, other studies that either looked at the entire
brain, using whole brain template analysis (Caso et al. 2015;
Cerami et al. 2015; Madhavan et al. 2015), or delineated the
anterior-posterior longitudinal fasciculi (Migliaccio et al.
2012) reported WM involvement within fibers connecting
the occipital cortices with temporal and frontal regions, sug-
gesting possible deafferentation processes. No specific studies
on the optic tracts and radiations or occipito-callosal fibers
lengthwise were previously reported. Thus, we can argue that
disease progression along the WM, if exists, evolves along
pathways connecting the visual system to other cortical re-
gions and not within the visual pathways themselves.

Functional connectivity deficits in our cohort were ob-
served within the visual network, as compared to healthy con-
trols. These local changes were accompanied by reduction in
connectivity to a distant, yet functionally connected, area: the
FEF. Changes found in both local and distant functionally
connected areas may be partially explained by related volume
depletion, in the way that lower activity (as we previously
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Fig. 5 Visual network functional connectivity. Group visual-network functional connectivity maps in the controls (a) and in PCA patients (b)
superimposed on a T1 sagittal, coronal and axial view

Fig. 6 Correlation between a
fiber integrity and behavioral
measurements. Correlation
between PCA patients’ ability to
perceive motion as tested in the
motion coherence test and their
fractional anisotropy (FA)
measures in optic radiation (a)
and occipito-callosal fibers (b) P
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described (Shames et al. 2015)) in one node of a network
affects the connectivity of the entire network. The current
findings are in agreement with previous studies that found that
reduction in connectivity in degenerative diseases, while re-
lated to atrophy, goes beyond it (Son et al. 2017) (Tuovinen et
al. 2016; Lehmann et al. 2015).

A relationship between locally measured diffusion parame-
ters and behavioral data as a reflection of structure-function cou-
pling was previously reported in healthy subjects (Johansen-
Berg 2010). Specifically, a positive correlation was found be-
tween coherent motion detection and local FA in the left parietal
WM and in the left optic radiation (Csete et al. 2014).

Our results in PCA subjects further emphasize this
structure-function relationship.

The structural determinant could reflect proximity to
motion-related cortical areas. High densities of senile plaque
and neurofibrillary tangles in the MT area were previously
reported in pathological studies, signifying its specific role
in the disease (Hof et al. 1997).

Alternatively, the association between motion perception
and visual pathways integrity may indicate the need for rapid
transmission of visual input along intact fibers, to perceive
motion (as we previously suggested in multiple sclerosis
(Raz et al. 2012)). In that case WM damage is the origin of
the behavioral phenomenon and not a bystander.

Our findings correspond to a recent report (Neitzel et al.
2016) suggesting that reduced visual processing speed ex-
plains simultanagnosia in PCA patients and that the left pos-
terior WM degree of atrophy (measured by VBM) predicts
this slowing of processing speed.

It is important to note that our findings are based on a cross-
sectional study with patients whose symptoms began 4 years
or less before the time of evaluation. Thus, our conclusion can
be related to the early disease stages and a follow up study is
needed.

Another reservation to be noted when discussing the rela-
tionship between GM and WM involvement is linked to the
available methods’ limitations. Diffusivity measurements are
not limited to WM and include all elements in the vicinity of
the measured voxel.

Thus diffusivity differences which are reported may be
driven by atrophy. The choice of probabilistic algorithm
and the analysis method focusing on the fiber core were
aimed to optimize our results despite the known diffi-
culties (Raz et al. 2015).

To conclude, our results on early PCA patients suggest that
WM involvement and network integrity in degenerative dis-
ease may be GM-dependent but nevertheless plays a role in
determining behavioral manifestation.
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