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Abstract. This work explores the feasibility of combining anatomical MRI data across two public repositories namely,
the Alzheimer’s Disease Neuroimaging Initiative (ADNI) and the Progressive Parkinson’s Markers Initiative (PPMI). We
compared cortical thickness and subcortical volumes in cognitively normal older adults between datasets with distinct
imaging parameters to assess if they would provide equivalent information. Three distinct datasets were identified. Major
differences in data were scanner manufacturer and the use of magnetization inversion to enhance tissue contrast. Equivalent
datasets, i.e., those providing similar volumetric measurements in cognitively normal controls, were identified in ADNI
and PPMI. These were datasets obtained on the Siemens scanner with TI=900ms. Our secondary goal was to assess the
agreement between subcortical volumes that are obtained with different software packages. Three subcortical measurement
applications (FSL, FreeSurfer, and a recent multi-atlas approach) were compared. Our results show significant agreement
in the measurements of caudate, putamen, pallidum, and hippocampus across the packages and poor agreement between
measurements of accumbens and amygdala. This is likely due to their smaller size and lack of gray matter-white matter tissue
contrast for accurate segmentation. This work provides a segue to combine imaging data from ADNI and PPMI to increase
statistical power as well as to interrogate common mechanisms in disparate pathologies such as Alzheimer’s and Parkinson’s
diseases. It lays the foundation for comparison of anatomical data acquired with disparate imaging parameters and analyzed
with disparate software tools. Furthermore, our work partly explains the variability in the results of studies using different
software packages.
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INTRODUCTION

The Alzheimer’s Disease Neuroimaging Initiative
(ADNI) and the Progressive Parkinson’s Markers Ini-
tiative (PPMI) are public databases with imaging data
for Alzheimer’s disease (AD) and Parkinson’s disease
(PD) respectively [1-3]. They provide an excellent
opportunity to test hypotheses of pathological and
systemic overlap in the two diseases. Of interest,
these databases contain large samples of anatomi-
cal magnetic resonance imaging (MRI) data that can
be harvested to determine degenerative patterns in
AD and PD as well as the spectrum of diseases such
as Lewy body disease, which show mixed patholo-
gies [4—7]. A critical barrier to conduct such a direct
comparative analysis between AD and PD is the dif-
ference between acquisition protocols for the imaging
sequences.

Our goal was to identify which disparate T1-
weighted MR image acquisition protocols provide
equivalent volumetric information. Precedence for
this study is set by similar comparisons of imag-
ing protocols based on resolution, scanner types, and
scanner upgrades. Especially, studies by Han et al.
and Reuters et al. support that similar image acquisi-
tions across scanners (Siemens versus GE) may not
significantly affect FreeSurfer-based cortical thick-
ness measurements when slice thickness is <1.3 mm
even if they have different signal intensity scalings
[8—11]. Differences due to imaging resolutions were
also tested in 11 individuals by Wonderlick et al. [12].
Differences in cortical thickness with respect to other
scanner manufacturers and imaging parameters such
as inversion time have not yet been systematically
investigated. Recently we showed, that differences
in inversion times can significantly affect image
segmentation, often requiring a modification to the
template or reference image in the software to accom-
modate the difference in the tissue gray and white
matter contrast [13]. We therefore present this work
to evaluate the differences in cortical and subcortical
measurements due to dissimilar imaging parame-
ters (resolution and inversion times) and scanners
(Siemens versus Philips) in three distinct groups iden-
tified in ADNI and PPMI.

Our second goal was to compare subcortical vol-
ume measurements from different software packages
in the same subjects. Different software packages
such as FreeSurfer and FSL [14] use different
segmentation routines and likely produce different
values. In the study, we evaluated how the output mea-
sures (subcortical volumes) relate across software

packages and affect study outcomes. Multiple stud-
ies show excellent agreement between FSL and
FreeSurfer, especially for larger structures. Manual
tracing is still the most accurate [15-17]. In chil-
dren, it has been shown that for smaller structures
such as the hippocampus and amygdala, software
such as FreeSurfer and FSL did not correlate strongly
with manual tracings [18], which are often time-
consuming and impractical for large datasets such
as ADNI and PPML. In this study, we compare vol-
umes of subcortical structures using FreeSurfer and
FSL in healthy older adults with no symptoms of
dementia (AD or PD). Additionally, we applied a
recently developed multi-atlas approach [19], which
uses multiple atlas templates to segment different
brain regions. This approach has the advantage of
utilizing multiple (in this case, 15) atlases to delin-
eate brain regions with a statistical fusion algorithm
to improve the accuracy of the segmentation.

MATERIALS AND METHODS
Acquisition

Data used in the preparation of this article
were obtained from the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) database (http://adni.
loni.usc.edu). The ADNI was launched in 2003 as
a public — private partnership, led by Principal Inves-
tigator Michael W. Weiner, MD. The primary goal of
ADNI has been to test whether serial MRI, positron
emission tomography, other biological markers, and
clinical and neuropsychological assessment can be
combined to measure the progression of mild cog-
nitive impairment and early AD. For up-to-date
information, see http://www.adni-info.org. Data used
in the preparation of this article were also obtained
from the Parkinson’s Progression Markers Initiative
(PPMI) database (http://www.ppmi-info.org/data).
For up-to-date information on the study, visit http://
www.ppmi-info.org.

For this study, only older adult control subjects
without symptoms of AD or PD, i.e., subjects with no
signs of depression (Clinical Dementia Rating [20],
CDR =0), mild cognitive impairment or dementia
(as assessed by the Mini-Mental State Examination
[21] in ADNI or the Montreal Cognitive Assess-
ment [22] in PPMI), no first degree relative with
PD, were chosen from the datasets to minimize dis-
ease related anatomical differences. Table 1 records
the subject demographics used in the comparison.
Subjects within ADNI and PPMI are de-identified
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Table 1
Demographic and scan information
Group Sex Age (years) TR (ms) TI (ms) TE (ms) Resolution (mm?) Manufacturer
ADNI1 SF/10M 68.1+7.2 2300 2.98 1.0x1.0x 1.2 Siemens
PPMI1 5F/14M 62.4+13.7 2296 no inversion 3.18 09x09x1.2 Philips, GE
PPMI2 4F/15M 62.44+13.7 2300 2.98 1.0x 1.0x 1.0 Siemens

and corresponding data were accessed in accordance
with their data use agreements. Acquisition parame-
ters are also shown in Table 1. Specifically, this study
compared three groups separated based on resolution
and TR/TE/TI. Most T1 acquisitions in the ADNI
database are similar to ADNI1 (n=15). In PPMI, two
different acquisitions (PPMI1; n=19 and PPMI2;
n=19) are pre-dominant among the data. Few acqui-
sitions with a slice thickness >1.2 mm exist, and were
not considered (Siemens or GE or Philips). ADNII
and PPMI2 differ only in imaging resolution. PPMI1
and PPMI2 differ in resolution, inversion time, TI,
and scanner manufacturer. Only 19 datasets with the
PPMI1 acquisition were available at the time of this
work. PPMI2 and ADNI1 were then age and gender
matched to PPMII at a group level, thereby defining
the sample size. Control PPMI participants are signif-
icantly younger (61 £ 10 years) than control ADNI
participants (74 & 6 years) and one-to-one age and
gender matching is difficult. Please see Discussion for
a post-hoc comparison in 137 additional individuals.

Analyses

Cortical thickness measurement

We applied the standard FreeSurfer (v5.1.0)
pipeline comprising of intensity-normalization, skull
tissue removal, tissue segmentation, resampling to
al x 1 x 1mm?3 resolution, and registration to
the standard FreeSurfer brain (fsaverage). Briefly,
this pipeline includes removal of non-brain tissue
using a hybrid watershed/surface deformation pro-
cedure [23], automated Talairach transformation,
segmentation of the subcortical white matter and
deep gray matter volumetric structures (including
hippocampus, amygdala, caudate, putamen, ventri-
cles) intensity normalization [24], tessellation of the
gray matter/white matter boundary, automated topol-
ogy correction, and surface deformation following
intensity gradients to optimally place the gray/white
and gray/cerebrospinal fluid borders at the location
where the greatest shift in intensity defines the transi-
tion to the other tissue class [25, 26]. Imperfections in
tissue segmentations were corrected by manual edit-
ing. Manual editing included removing remnants of

skull or adding cortical region in the temporal and
occipital lobes that were cut-off by the automated
segmentation. We confined thickness measurements
to five cortical subdivisions: frontal, parietal, tem-
poral, insular, and occipital. This was achieved by
combining the regions from the Desikan-Killiany
Atlas as outlined at https://surfer.nmr.mgh.harvard.
edu/fswiki/CorticalParcellation [27]. We compared
these five regional measurements between ADNII,
PPMI1, and PPMI2. To ensure that the differences
were not normal variations and to overcome the issue
of multiple comparisons, we performed permutations
testing [28] using 5000 iterations per group and 5000
iteration per cortical region. Significance was set at
p=0.01.

Subcortical volume measurement

We then performed subcortical measurements and
calculated volumes of the thalamus, caudate, puta-
men, pallidum, hippocampus, amygdala, and accum-
bens, using FIRST (part of FSL v5.0.8), FreeSurfer
(v5.1.0), and multi-atlas segmentation. FIRST: We
registered all T1-weighted images to the standard
1 mm MNI template in FSL. FIRST was applied to
detect subcortical volumes using prior shape models
[14, 29]. We compared the FIRST subcortical vol-
umes between ADNI1, PPMI1, and PPMI2 using a
similar permutations-testing approach as for the cor-
tical thickness measurements. FreeSurfer: We used
the automated subcortical parcellation in FreeSurfer
to detect all the above subcortical structures based
on a probabilistic atlas [24, 25]. Multi-atlas seg-
mentations: The multi-atlas segmentation pipeline by
Asman et al. uses 15 atlases to resolve voxel assign-
ments to pre-labeled brain regions [19, 30].

To reduce the effect of head-size variability, we
normalized all the subcortical volumes for each sub-
ject with the respective intra-cranial volume (ICV,
calculated using eTIV in FreeSurfer). Similar to the
cortical thickness measurements, we used permuta-
tions testing to evaluate differences between ADNII1,
PPMI1, and PPMI2.

Finally, we compared the subcortical measure-
ments calculated by the three different analytical
tools to determine cross-software agreement. We


https://surfer.nmr.mgh.harvard.edu/fswiki/CorticalParcellation
https://surfer.nmr.mgh.harvard.edu/fswiki/CorticalParcellation

62 S. Rane et al. / Comparison of Cortical and Subcortical Measurements

obtained Bland Altman plots and evaluated intra-
class correlation coefficients (ICC) for consistency
(also referred to as norm-referenced reliability or
consistency among measurements) between the sub-
cortical measurements of each software package
[31, 32].

RESULTS
Cortical measurements

Volumetric measurements were performed on
three groups of controls subjects with T1-weighted
MRI data, which was acquired using disparate
imaging parameters. Mean SNR values (mean sig-
nal intensity divided by the standard deviation of
the signal intensity) of the anatomical images in
a uniform normal appearing white matter region
(5mm x 5mm) for ADNI1, PPMI1, and PPMI2
were 25.344+5.10, 22.48 +5.63, and 16.95+3.39
respectively. SNR in all cortical gray matter region
in ADNII, PPMI1, and PPMI2, was 5.48 £0.35,
4.90 +£0.95, and 5.34 +0.34 respectively while in
all white matter was 4.71 £0.77, 4.53 £0.76, and
4.88 +0.83, respectively. SNRs were not signifi-
cantly different between groups. Manual editing was
performed on 3 subjects in ADNII, 5 subjects in
PPMI1, and 2 subjects in PPMI2.

Table 2 summarizes the cortical thickness mea-
surements from FreeSurfer. Measurements between
ADNI1 and PPMI2 were more similar to each other
(slightly larger p-values for most cortical regions)
than between ADNII and PPMI1. Mean corti-
cal thickness values for all subjects combined in
the frontal lobe, cingulate, occipital lobe, parietal
lobe, temporal lobe, and insula were 2.44 +0.11,
2.58+0.18, 1.98+0.12, 2.71 £0.13, 2.27+£0.13,
and 2.92 + 0.18 mm, respectively. In general, corti-
cal thickness in the frontal, temporal, parietal, and
occipital lobes was lower in PPMI1 compared to
ADNI1 and PPMI2. In order to ensure that the
differences in the lobar thickness with the three

protocols is not normal variability, we performed
permutations testing, which showed significant dif-
ferences in the frontal (p = 0.005), occipital (p = 0.01),
and parietal (p <0.0001) lobe thicknesses between
PPMI1 and PPMI2. Frontal lobe was marginally
different between ADNII and PPMII (p=0.03)
and parietal lobe was marginally different between
ADNI1 and PPMI2 (p =0.02).

Subcortical measurements

Overall average (+standard deviation) volumes
of the thalamus, caudate, putamen, pallidum, hip-
pocampus, amygdala, and the accumbens of all 53
subjects were 7813 £ 872, 3447 £458, 4848 =631,
1815£267, 3838+497, 14104322, 442+
112mm> respectively using FIRST. Average
ICV estimation from FreeSurfer was 1429986 +
204533 mm>. Normalizing by ICV, the subcortical
volumes were 0.0055 4 0.0007, 0.0024 £ 0.0004,
0.0034 £ 0.0005, 0.0012 +£ 0.0002, 0.0027 £ 0.0005,
0.0009 £ 0.0002, and 0.0003 & 0.0001, respectively.
Table 3 shows the comparison of subcortical volumes
between ADNII, PPMI1, and PPMI2 using FIRST.
After permutations testing, most subcortical volumes
were not significantly different between the three
groups. Amygdala measurements however were
significantly different (p<0.01) between groups
(ADNI1 versus PPMI1: p=0.008, PPMII versus
PPMI2: p=0.001).

Agreement between software packages

Figure 1 shows the segmentation on a representa-
tive subject using FIRST, FreeSurfer, and multi-atlas
tools. Segmentation of cortical structures in the same
slice is shown for one subject. The white arrows
point to the discrepant segmentations of the puta-
men and pallidum between software packages. We
used Bland-Altman plots to show whether systematic
differences exist between subcortical measurements
obtained with different packages. We show compar-
isons of three structures (i) thalamus (well visible

Table 2
Cortical thickness comparison between ADNI1, PPMI1, and PPMI 2

Cortical thickness (mm) Frontal lobe Cingulate Occipital lobe Temporal lobe Parietal lobe Insula
ADNI1 2.46 £0.08 2.55+£0.13 2.00£0.13 2.75£0.12 226+£0.13 2.90+£0.17
PPMI1 2.38+0.13 2.624+0.23 1.924+0.12 2.66+0.16 22140.13 2.9440.19
PPMI2 2.49+0.96 2.56£0.14 2.02£0.08 2.72£0.09 2.35£0.09 2.93+0.17
p (ADNII versus PPMI1) 0.03 0.15 0.08 0.06 0.10 0.16

p (PPMII versus PPMI2) 0.005 0.14 0.01 0.11 <0.0001 0.16

p (ADNII versus PPMI2) 0.15 0.16 0.16 0.15 0.02 0.16




Accumbens
0.0003 £ 0.0001
0.0003 £ 0.0001
0.0003 £ 0.0001

0.14
0.13
0.11

Amygdala
0.0010 +0.0002
0.0009 £ 0.0002

0.0027 £ 0.0006
0.0030 % 0.0006
0.0026 £ 0.0003

0.14

0.07

0.13

Hippocampus

Pallidum
0.0013 £0.0002
0.0013 4-0.0002
0.0012 +0.0001

0.12
0.14
0.13

Table 3
Subcortical volumes in ADNI1, PPMI1, and PPMI2, normalized by total intracranial volume using FIRST

Putamen
0.0035 £ 0.0005
0.0035 £ 0.0006
0.0033 £ 0.0004

0.11
0.14
0.12

Caudate
0.0024 £ 0.0004
0.0026 £ 0.0004
0.0024 £ 0.0003

0.14
0.14
0.14

Thalamus
0.0055 4 0.0008
0.0057 4= 0.0008
0.0054 4 0.0006

0.13
0.14
0.14

Subcortical volume

ADNII
PPMI1
PPMI2
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using gray-white matter contrast and large in size),
(ii) amygdala (well visible using gray-white matter
contrast and small in size), and (iii) accumbens (no
visible tissue contrast and small in size) in Fig. 2.
Volumes of all large and well-defined structures such
as the thalamus, caudate, putamen, hippocampus
are well-correlated (ICC values between 0.64-0.85)

[}

§ across different software packages. Bland-Altman
3838+ Plots show bias between methods (non-zero dif-
= SsSS ference between measurements by two methods)
= for all structures. In the putamen, the difference

between FreeSurfer and FIRST as well as the dif-
ference between FreeSurfer and Multi-atlas derived
volumes increased with increase in the mean size
thereby indicating a proportional difference i.e., as
putaminal volume increased, discrepancy between
FreeSurfer and Multi-atlas volumes also increased.
Figure 2a shows the comparison of all three pack-
ages using correlation plots and Bland-Altman plots
for a large structure, Thalamus. Figure 2b and
¢ show similar plots for smaller structures such
as the amygdala (with visible gray and white
matter contrast) and the accumbens (which has
no obvious gray and white matter contrast for
segmentation purposes). Intra-class correlation coef-
ficient and Fishers-Z (0.5 x(In(1+r)-In(1-r)), where
r=Pearson’s correlation coefficient) for all subcor-
tical volume measurements are noted in Table 4.
While hippocampal volume measurements were very
consistent across software packages, interestingly,
consensus was poor with amygdala segmentation.
Bias and proportional differences were detected for
all small subcortical structures (hippocampus, amyg-
dala, and accumbens).

DISCUSSION

In this work, we have identified data sets from the
two databases; ADNI and PPMI, that provide simi-
lar volumetric measurements on healthy subjects. We
also show that there is consistency between volumet-
ric measurements calculated with FreeSurfer, FIRST,
and the multi-atlas approach in most regions.

ADNI and PPMI data sets (ADNI1 and PPMI2)
from the same (in this case, Siemens) scanners and
identical TI values were similar. PPMI data with dif-
ferent in-plane resolution and manufacturer (Philips)
showed differences in volumetric measures in sub-
cortical and posterior cortical structures. While the
differences in scanner manufacturers maybe a con-
tributing factor, the observed difference is more likely

p (ADNII versus PPMI1)
p (PPMI1 versus PPMI2)
p (ADNII versus PPMI2)
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(a) FLIRT

(b) Freesurfer

(c) Multi-atlas

Fig. 1. Subcortical segmentation output using FIRST, FreeSurfer and Multi-atlas segmentation in the same subject and slice location.
Differences are evident in the segmentation of the putamen [pink in (a) and (b), dark yellow in (c)] and the pallidum [blue in (a) and (b),

bright yellow in (c)].

due to difference in the application of magnetiza-
tion inversion to enhance gray matter-white matter
contrast. Other studies [8, 12] suggest that scanner
differences and nominal differences in imaging res-
olution do not affect cortical and subcortical volume
measurements. Our previous work shows that tissue
segmentations with different TI values produce sig-
nificantly different volumetric outcomes [13]. In this
study, in the absence of inversion, with T1 of gray
matter=1100ms, and T1 of white matter =800 ms
at 3T, the ratio of signal intensities following using
a simple inversion recovery is 1.07, while at a
TI=900ms, it is 1.69. The higher contrast between
the white and gray matter are likely to result in better
segmentation boundaries.

As a post-hoc test, we extended the comparison
to 107 new controls subjects, with the same acquisi-
tion as ADNII and 20 new controls subjects with
the same acquisition as PPMI2. The two groups
had significantly different age (ADNI1:75.445.7
years, PPMI2:69.7 £+ 4.8, p <0.001) and gender dis-
tributions (ADNI1 : 53M/54F, PPMI2 : 15M/5F). The
thickness values in frontal, cingulate, occipital, tem-
poral, parietal, and insular regions were 2.36 £ 0.09,
236+0.11, 1.97+0.11, 2.42£0.09, 2.15+£0.10,
and 2.60+0.11 mm respectively in ADNII1 and
2.37+0.12, 2.37+0.15, 2.06£0.11, 2.43+£0.13,
2.22+£0.12, and 2.60 £ 0.17 mm respectively. After
adjusting for age and gender, there were no dif-
ferences between the frontal (p=0.86), cingulate
(»=0.96), occipital (p=0.04), temporal (p=0.36),
parietal (p=0.10), and insular thickness (p=0.89)
values, using a significance of p=0.01 as before.
Note that the comparisons are very similar to the main
comparison performed earlier in the Results section.

Similarly, the subcortical comparisons between the
new subjects from ADNI1 and PPMI2, after adjusting
for age and gender showed no significant differences
except in the Accumbens, which was significantly
(p=0.005) different in the two groups. Volumes of the
Thalamus, Caudate, Putamen, Pallidum, Hippocam-
pus, Amygdala, and Accumbens in ADNI1 were
6328 =749, 3499 506, 4873 £626, 1380+ 180,
3623 +£462, 1489 +253, and 468 =88 and were
7037 £ 1131,3510£ 873,4869 £ 1079, 1460 + 268,
3750 £ 575, 15354245, and 420+ 123, respec-
tively, in PPMI2 (p values for Thalamus, Caudate,
Putamen, Pallidum, Hippocampus, Amygdala, were
0.11, 0.20, 0.03, 0.95, 0.08, and 0.16 respectively).
Therefore, it is likely that the sample size chosen for
the initial comparison was not ideal for comparison
of smaller structures such as the Accumbens which
do not have distinct gray-white matter contrast.

Furthermore, it is likely that volumetric measure-
ments between ADNI1 and PPMI2 are similar only
for larger regions and results differ for small regions
of interest. Typical volumes of the frontal, temporal,
parietal, occipital lobes, cingulate gyrus, and insula
are about 60,000 mm?3, 40,000 mm?3, 20,000 mm?>,
10,000 mm?3, and 5,000 mm?>. Therefore, over a wide
range of size, ADNI1 and PPMI2 provide sim-
ilar measurement. In smaller region such as the
parahippocampal gyrus (volume ~ 2500 mm?) with
permutations testing no difference was observed
between ADNI1, PPMI1, and PPMI2 (p-values
are ADNI1 versus PPMII :0.68, PPMI1 versus
PPMI2:0.25, ADNI1 versus PPMI2:056). For the
extended comparison between ADNI1 and PPMI2
as well, no statistical difference was observed after
adjusting for age and gender (p=0.92).
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Fig. 2. Agreement between different software packages for subcortical segmentation. While large (>3000 mm?) structures with distinct gray
matter-white matter contrast such as the thalamus are well-delineated and consistent among software, segmentation of smaller structures such
as the amygdala shows considerable variability and bias depending on the software used. The plots for Caudate, Putamen, Hippocampus,
Pallidum were similar to Thalamus. However, the putamen showed a proportional error between FreeSurfer and Multi-atlas measurements.
Accumbens, which is a small structure and has no discernible gray-white matter contrast, showed surprisingly good agreement between

software packages.
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Table 4
Subcortical volume measurement using FIRST, FreeSurfer, and Multi-Atlas
Volumes (mm?) Thalamus Caudate Putamen Pallidum Hippocampus Amygdala Accumbens
FIRST 7813 +£872 3448 £458 4848 £631 1815+267 3838 £498 1410+ 322 442+ 112
FreeSurfer 6527+780 3576 £538 5268 £799 1608 + 244 3908 +489 1738 264 594 4123
Multi-Atlas 7128700  3117+£472  4211+£535 1376 + 180 3689 +445 1007 £ 115 377+£93
Intra-class correlation [95% confidence intervals]

FIRST & Multi Atlas 0.75 0.85 0.78 0.64 0.78 0.06 0.83

[0.61,0.85] [0.76,0.91] [0.65,0.87] [0.45,0.77] [0.66,0.87] [-0.21,0.32] [0.72,0.90]
FreeSurfer & Multi-Atlas 0.69 0.86 0.77 0.74 0.79 0.39 0.45

[0.52,0.82] [0.78,0.92] [0.63,0.86] [0.59,0.84] [0.67,0.87] [0.14,0.60] [0.21,0.64]
FIRST & FreeSurfer 0.83 0.85 0.71 0.54 0.82 -0.17 0.44

[0.73,0.89] [0.76,0.91] [0.55,0.82] [0.32,0.70] [0.70,0.89] [0.41,0.10] [0.20,0.73]

Fishers — Z

FIRST & Multi-Atlas 1.04 1.29 1.09 0.86 1.07 0.1 1.25
FreeSurfer & Multi-Atlas 0.86 1.37 1.18 1.04 1.09 0.6 0.51
FIRST & FreeSurfer 1.2 1.33 0.96 0.61 1.15 -0.17 0.48

We acknowledge that for an ideal comparison, the
same subjects should be scanned using the differ-
ent scanner manufacturers and imaging parameters.
We have used three groups of healthy control sub-
jects of similar ages and sex distribution with the
assumption that each group will have similar mor-
phometric measurements. Han et al. [8], showed
in their study that cortical thickness measurements
varied by 0.12mm across scanner manufacturers
(Siemens versus GE) using the same subjects [20].
Difference within the same scanner manufacturers
was about 0.03. Within (Siemens) scanner differ-
ence in cortical thickness was similar in our study
(0.02 £ 0.04 mm). Our results show a difference in
cortical thickness between scanners (Siemens versus
Philips) of 0.05 £ 0.07 mm.

In the subcortical structures, studies by the same
group concluded that different scanner manufacturers
did not show significant difference in the amygdala
or the thalamus but there was a bias in the hip-
pocampal measurements. In our study, there was a
medium-strong correlation between subcortical mea-
surements of most structures except the amygdala.
Since the subjects in each group are different for our
study, we did not measure bias using Bland-Altman
plots.

We, however, assessed correlation and system bias
between the different popular software packages as
well as a multi-atlas segmentation approach to mea-
sure subcortical volumes. We found that there was
bias between measurements made with FIRST, Multi-
Atlas, as well as FreeSurfer. As in the comparison
of scanner manufacturers, the direction of bias was
different for different structures in this comparison
of software packages. Whether the observed bias is
significant or not, could not be determined in this

study. To do so, we would need multiple data sets
and comparisons i.e., multiples of this study. This
will allow us to determine if the confidence inter-
vals for the line of mean difference, i.e., bias, if the
Bland-Altman plots excluded 0.

While comparison of data from different scanner
manufacturers must be done with caution, our work
suggests that data from the same manufacturers from
different databases (ADNI and PPMI, in this case),
which is acquired with similar imaging parameters,
can be compared. There are three advantages of this
finding: 1) It reduces the burden of needing or acquir-
ing more data by allowing the merge of multiple
databases; 2) This result provides an opportunity to
combine data to increase statistical power to detect
subtle changes that may occur in the early stages of
disease and may otherwise remain elusive; and 3)
Specifically, for the ADNI and PPMI databases, com-
mon phenomena such as presence of APOE-e4 allele
and its relative risk, concentrations of amyloid and
tau, cardiovascular factors in disparate diseases such
as AD and PD can now be investigated.

One limitation of this study is that while the
selected subjects were cognitively normal older
adults, it is likely adults with APOE-e4 genetic
status and varying degrees of amyloid, tau, and
alpha-synuclein pathology were included and could
contribute to some of the variability observed in the
data. However, it is unlikely, that the variability is
more prominent in one group than another.

Lastly, variance in the measurement with each soft-
ware will determine the statistical power required for
hypothesis testing. For instance, based on Table 4
(First 3 rows), the number of subjects required to
significantly measure 15% atrophy in hippocam-
pal volume between two groups with 80% power
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and false-positive rate () of 0.05 would be 13,
12, and 12 with FIRST, FreeSurfer, and Multi-Atlas
respectively. However, the same comparison for the
amygdala would require 38, 18, and 11 subjects
with FIRST, FreeSurfer, and Multi-Atlas respec-
tively. This could likely be one of the reasons why
studies using similar number of subjects but different
software packages show different outcomes for the
same measurement.

Conclusion

We tested the feasibility of combining anatomi-
cal imaging data from two distinct data repositories,
i.e., ADNI and PPMI. Based on lobar cortical
thickness measurements and subcortical volume
measurements, we identified imaging datasets in
ADNI and PPMI, acquired with magnetization inver-
sion across multiple Siemens scanners that provided
equivalent volumetric information. Further, we also
compared the subcortical measurements using FSL,
FreeSurfer, and Multi-Atlas segmentation. While a
general congruence was observed between most mea-
surements, there was significant difference between
measurements of smaller brain structures with poor
gray matter-white matter tissue contrast.
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