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Abstract

The Alzheimer’s Disease Neuroimaging Initiative (ADNI) recently implemented accelerated T1-
weighted structural imaging to reduce scan times. Faster scans may reduce study costs and patient
attrition by accommodating people who cannot tolerate long scan sessions. However, little is
known about how scan acceleration affects the power to detect longitudinal brain change. Using
tensor-based morphometry (TBM), no significant difference was detected in numerical summaries
of atrophy rates from accelerated and nonaccelerated scans in subgroups of patients with
Alzheimer’s disease, early or late mild cognitive impairment, or healthy controls over a 6 and 12-
month scan interval. Whole-brain, voxel-wise mapping analyses revealed some apparent regional
differences in 6-month atrophy rates when comparing all subjects irrespective of diagnosis
(n=345). No such whole brain difference was detected for the 12-month scan interval (n=156).
Effect sizes for structural brain changes were not detectably different in accelerated versus
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nonaccelerated data. Scan acceleration may influence brain measures, but has minimal effects on
TBM-derived atrophy measures, at least over the 6- and 12-month intervals examined here.
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1. Introduction

The Alzheimer’s Disease Neuroimaging Initiative (ADNI) is a large multi-site longitudinal
study that aims to develop and evaluate reliable biomarkers to track and predict the
progression of Alzheimer’s disease (AD) (Weiner et al., 2010; Weiner et al., 2012). As AD
pathology develops, the rate of brain tissue loss — also known as brain atrophy — accelerates.
Structural magnetic resonance imaging (MRI) is widely used to estimate brain atrophy rates
and is used in some clinical treatment trials to track therapeutic effects in AD and MCI (Jack
et al., 2003). Advances in MRI scan acquisition, such as parallel imaging (Deshmane et al.,
2012), can speed up scanning protocols (Bammer et al., 2005; Krueger et al., 2012).
However, the effects of accelerated scans on MRI derived estimates of brain change have
not been well studied. These accelerated sequences reduce scan time, which may lower
study costs and allow researchers and clinicians to collect imaging data from individuals
unable to tolerate longer scanning sessions. For example, greater effect sizes might be
achievable if faster scans are less affected by patient motion. On the other hand, shorter
scans may have a reduced signal to noise ratio (SNR), which might inflate the error in
estimating brain change. Conversely, head motion may be greater in longer scans, so it
cannot be assumed that a longer scan necessarily has greater SNR.

For subjects recruited as part of the ADNI-2 study (an ongoing project following the first
phase of ADNI), both accelerated and nonaccelerated structural images were acquired back-
to-back in the same session (http://adni.loni.usc.edu/methods/documents/mri-protocols/).
With the significant benefits expected from faster scans, it is crucial to determine whether or
not longitudinal brain change measures are adversely affected by accelerated acquisition.
Here we examined the correlation between brain changes computed from accelerated and
nonaccelerated T1-weighted images, using tensor-based morphometry (TBM). We evaluated
differences in measured atrophy rates and effect sizes for brain changes over 6- and 12-
month intervals computed from accelerated versus nonaccelerated data. Any difference in
power to detect brain change between sequences may inform future large-scale imaging
studies on which MRI sequence parameters can best track change. We tested a two-tailed
hypothesis that effect sizes for brain change might differ in the accelerated scans, as we did
not want to assume which scan type would give the better effect size. To produce images
with visually acceptable noise levels using the standard 8- or 12-channel head coils used in
ADNI-2, the loss of SNR was partially compensated in the protocol design by a small
increase in pixel area (see Table 2). This, in turn, slightly reduces spatial resolution.

At the outset, we were aware that our conclusions would apply specifically to TBM and the
types of scans and coils chosen for ADNI. But given the interest in this question, especially
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by interventional trials now being planned, and the lack of published data, we present this
preliminary but thorough study.

2. Methods

Data used in preparing this article were obtained from the Alzheimer's Disease
Neuroimaging Initiative database. In 2011, ADNI-2 began to recruit an additional group of
subjects with Alzheimer’s Disease (AD), early mild cognitive impairment (EMCI), late mild
cognitive impairment (LMCI), and healthy controls (CN). These subjects, and others carried
forward from ADNI-1, were scanned with an updated neuroimaging protocol. ADNI-2 has
been acquiring both accelerated and nonaccelerated 3 Tesla structural MRI data, whereas
ADNI-1 only acquired nonaccelerated scans. Both scans were acquired in ADNI-2 as there
was a need to evaluate any advantages or disadvantages that might be associated with each
scan protocol before either of them was advocated or abandoned. For up-to-date information
on ADNI protocols, see www.adni-info.org.

2.1. Image acquisition

Data from all ADNI-2 subjects with both an accelerated and nonaccelerated 3T sagittal T1-
weighted scan acquired in the same scan session were downloaded on January 19, 2013,
from the Laboratory of Neuro Imaging Image Data Archive (LONI-IDA; http://
adni.loni.usc.edu). All data available on the LONI-IDA is evaluated by quality control group
at the Mayo Clinic. Only scans that meet quality control standards are available for
download. Only subjects with baseline and follow-up scans at 6 and 12 months were
included (6-month: n=345, Age: 73.4 + 7.3, 192M/153F; 12-month: n=156, Age: 74.2 £7.4,
87M/69F). All longitudinal data not acquired on a consistent scanner model/manufacturer
was excluded, to avoid confounding effects of scanner change on longitudinal analysis.

Each subject received an accelerated T1-weighted scan immediately after a nonaccelerated
scan and without leaving the scanner. By vendor, General Electric (GE) scanners use
IR_FSPGR sequences and Philips and Siemens use MP-RAGE sequences. For details on
scan vendor and sequence for the study sample, see Tables 1 and 2. Accelerated scan times
are shorter than nonaccelerated scans by ~4 minutes, or roughly 43% (nonaccelerated scan
times range from 9:06-9:26 minutes and accelerated scans from 5:12-5:34 minutes).
Detailed scan protocols for accelerated and nonaccelerated T1-weighted sequences by
vendor type are online (http://adni.loni.usc.edu/methods/documents/mri-protocols/). All
subjects in the ADNI study are assessed clinically and cognitively at the time of scan
acquisition. Written informed consent was obtained from all participants before
experimental procedures were performed with detailed subject exclusion and inclusion
criteria to be found online (http://adni.loni.usc.edu/). The full dataset included 345 subjects
at 6 months and 156 subjects at 12 months with diagnostic and demographic information
outlined in Table 3.

2.2. TBM image analysis

Follow-up scans were linearly registered to baseline (screening) scans with a 9 parameter
(9P) transformation driven by a mutual information based cost function (Collins et al., 1994)
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in order to correct for linear differences in head position and size. To account for global
differences in brain scale across the study population, both scans were then aligned to ICBM
space (Mazziotta et al., 2001) using the same 9P registration, taking care to apply
interpolation only once and to handle each scan identically. Brain masks excluding skull
were generated for screening and follow-up scans independently using a parameter free
robust brain extraction tool (ROBEX) (Iglesias et al., 2011) and a joint mask was created to
skull-strip both scans (i.e., remove all non-brain regions). A minimal deformation target
(MDT) image was created from 40 randomly selected healthy elderly controls from the
ADNI database. The MDT served as an unbiased average template and has been described
previously (Hua et al., 2011; Hua et al., 2008).

TBM automatically identifies regional structural differences in sets of MR images as well as
brain change over time in individuals or groups of subjects scanned longitudinally. A non-
linear inverse-consistent elastic intensity-based registration algorithm was used to estimate
volumetric tissue differences (relative volume change over time) at a voxel-wise level, based
on the determinant of the Jacobian matrix of the deformation field, mapping the initial scan
to the later one (Leow et al., 2005; Leow et al., 2007). Individual Jacobian maps showing
tissue loss and ventricular/CSF expansion were then spatially normalized across all subjects
by nonlinear alignment to the MDT allowing for statistical comparison. TBM processing is
detailed in the following reference (Hua et al., 2013). Voxel-wise group average Jacobian
maps showing the degree of atrophy over 6 and 12 months were created for all diagnostic
groups (AD, EMCI, LMCI, CN) as well as together irrespective of diagnosis (All Dx).

2.3. Numerical Summaries

Numerical summaries describing the degree of brain atrophy/expansion in each subject were
calculated from 3D “Jacobian” maps. Cumulative atrophy over 6 and 12 months was
estimated in both a statistically-defined region-of-interest (ROI) as well as in an
anatomically-defined ROI. In the statistically-defined ROI (stat-ROI), numerical summaries
were computed based on voxels with significant rates of atrophy (p<0.00001) within the
temporal lobe as determined from a non-overlapping training sample of subjects with AD
over a 12-month period (20 AD subjects; Age at baseline: 74.8 + 6.3 years: 7 men, 13
women). In the anatomically defined ROI (temporal-ROI), numerical summaries were
derived from a temporal lobe mask based on an atlas. Methods to derive these numerical
summaries have been described previously (Hua et al., 2011; Hua et al., 2013).

2.4. Whole brain analysis

To test for regional differences across the whole brain, we performed a paired two-sample
Student’s t-test at every voxel in the brain, comparing volumetric tissue change in the group
of subjects with both accelerated and nonaccelerated scans at 6 and 12 months. To avoid
basing inferences on differences that would arise by chance when assessing a large number
of voxels, a standard false discovery rate (FDR) correction was applied at the conventionally
accepted level of 5% (g=0.05) (Benjamini et al., 1995). For voxels that were significantly
different between scan types, voxel-wise average Jacobian values were calculated for each
of the groups separately. Mean difference maps were computed by subtracting the
nonaccelerated mean map from the accelerated mean maps. The mean difference map was
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projected on to clusters of voxels that passed FDR correction allowing for visual
identification of which group had higher or lower mean Jacobian values (i.e., apparently
faster or slower atrophy) for a given significant cluster.

2.5. Statistics and sample size analysis

3. Results

Correlation coefficients and p-values from paired two-sample t-tests were calculated for
numerical summaries. Power analysis was conducted at 6 and 12 months for each of the 4
diagnostic groups (AD, EMCI, LMCI, and CN). The sample size was estimated that would
be required to detect a 25% reduction in the mean annual rate of atrophy with 80% power
using a two-sided test with a standard significance level (a=0.05) for a hypothetical two-arm
study, as defined by the ADNI Biostatistics Core. These sample sizes are referred to as
“n80’s”, and are computed from the formula below, where n is the minimum sample size for
each arm, op is the standard deviation and § is the mean estimated change (Rosner, 1990).

25%(217(1/2 + Zpower>2
(0.253)2

n =

Confidence intervals (95%) for each n80 estimate were computed from 10,000 bootstrapped
samples (Hua et al., 2011). The n80’s are a useful heuristic to understand effect sizes for
change measures, but have several well-known limitations (see Discussion in Hua et al.,
2013). Although it may not make sense to compare the n80’s for different brain measures,
where a 25% slowing may have different functional consequences for the patient (or none at
all), it does make sense to compare them for accelerated versus non accelerated scans.
Sample size estimates adjusted for normal aging were calculated to detect a 25% reduction
in the mean annual rate of atrophy after subtracting the mean atrophy rate of controls from
the mean atrophy rate of the diagnostic group of interest at 6 and 12 months. Pairwise
comparisons of accelerated and nonaccelerated n80’s (both standard and age-adjusted) were
computed from 10,000 bootstrapped samples with replacement.

There were no obvious visual differences between raw accelerated and nonaccelerated T1-
weighted scans, consistent with prior qualitative visual inspections of accelerated and
nonaccelerated data (Krueger et al., 2012). Maps of average cumulative brain atrophy,
derived from accelerated and nonaccelerated T1-weighted scans over a 6- and 12-month
interval, were visually very similar in each diagnostic group and in the combined group.
Figure 1 shows this visual similarity at 6 months. The mild ventricular expansion and mild
lobar atrophy, especially in temporal lobes, is consistent with prior reports and matches the
now well-known profile of atrophy in AD and MCI (Leow et al., 2009).

Paired two-sample t-tests split by diagnosis and in the full sample detected no significant
difference between numerical summaries derived with TBM from accelerated versus
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nonaccelerated scans (Table 4) at 6- and 12-month intervals, after correcting for multiple
testing (Bonferroni corrected alpha: 0.05/10=0.005).

Estimates of the mean tissue atrophy (as a percentage), its standard deviation, and n80
estimates for the two types of numerical summaries (stat-ROI and temporal-ROI) over 6 and
12 months are given in Tables5 and 6. At the 6-month time interval, accelerated scans
provided smaller n80’s for all numerical summaries except for the EMCI stat-ROI and the
CN stat- and temporal-ROI. At 12 months, nonaccelerated scans provide smaller n80’s for
all numerical summaries except for LMCI temporal-ROI. Even so, the percent tissue atrophy
and n80 estimates did not differ significantly for accelerated versus nonaccelerated scans, as
shown by the overlapping confidence intervals and direct comparison (see Table 8). As
noted in prior work, the confidence interval on n80 tends to be wide, especially when the
expected changes are small (e.g., over short scan interval or with normal diagnosis), even in
a large sample.

Sample size estimates adjusted for normal aging were computed that would be sufficient to
detect a 25% reduction in the mean annual rate of atrophy after subtracting the mean atrophy
rate in controls from the mean atrophy rate of the diagnostic group of interest. The
subtraction of the control rate of atrophy leads to conservative (possibly overly
conservative) sample size estimates, as it assumes that a treatment would have no effect on
the rate of brain atrophy in controls. Depending on the treatment, this may or may not be a
realistic assumption. Age-adjusted n80 sample size estimates are provided in Table 7. Age-
adjusted n80’s are larger than the standard estimates, as expected. Accelerated scans
provided smaller age-adjusted n80 estimates for all numerical summaries except at the 6-
month EMCI statistical ROl and 12-month AD temporal ROI’s. However, the percent tissue
atrophy and age-adjusted n80 estimates did not differ significantly for accelerated versus
nonaccelerated scans, as shown by the overlapping confidence intervals (see Table 7) and
direct comparison (see Table 8).

Pairwise comparisons of accelerated/nonaccelerated n80 sample size estimates (standard and
age-adjusted) detected no significant differences between accelerated and nonaccelerated
n80 sample size estimates after correcting for multiple testing (Bonferroni corrected ol pha:
0.05/8=0.006) as shown in Table 8.

To better assess atrophy rates between the different scan types at 6 and 12 months, Figure 2
contains plots where for each subject the average of accelerated and nonaccelerated
numerical summaries (representing average absolute tissue change, in %) is plotted versus
the absolute difference between accelerated and nonaccelerated numerical summaries (%).
All plots, except for the 6-month temporal-ROI, show a trend toward lower absolute
difference between accelerated and nonaccelerated numerical summaries as absolute tissue
change increases, though none was significant at p=0.05.

Bland-Altman plots (Altman and Bland, 1983) show agreement between numerical
summaries derived from accelerated and nonaccelerated scans (Figure 3 and 4), and how
they depend on the magnitude of the detected changes. There were a number of data points
at 6 and 12 months with differences between accelerated and nonaccelerated numerical
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summaries lying outside +1.96 standard deviations of the mean. Upon further analysis of
these data with multiple linear regression, there were no significant factors (scanner vendor,
head coil, study site, sex, age or diagnosis) that predicted the difference in accelerated and
nonaccelerated numerical summaries.

To search for any differences across the entire brain, we performed a paired two-sample t-
test at every voxel, comparing estimated rates of atrophy for the accelerated and
nonaccelerated scans, using the 6- and 12-month TBM maps. There were no significant
differences in regional brain atrophy measured between accelerated and nonaccelerated
sequences at 6 months after applying an FDR correction at 5% (g=0.05) for any of the
within-diagnosis comparisons. However, when combining all the diagnostic groups, some
small differences were detected on a whole brain level that survived FDR correction. These
differences are displayed in Figure 5. Some of the differences between accelerated and
nonaccelerated scans were found in clusters of significant voxels in the thalamus as well as
anterior limb of the interior and external capsule. These were driven by apparently greater
tissue atrophy in the accelerated scans. Conversely, clusters of significant voxels including
small portions of the putamen, lateral ventricles, cerebral peduncles and parietal lobe were
driven by apparently greater tissue atrophy in the nonaccelerated scans.

There were no significant differences in regional brain atrophy measured between
accelerated and nonaccelerated sequences at 12 months after applying an FDR correction at
5% (g=0.05) for any of the within diagnosis comparisons. Additionally, after combining all
the diagnostic groups there were no significant differences detected between accelerated and
nonaccelerated scans on a whole brain level at 12 months.

In addition to the whole brain test, and given the interest in temporal lobe change in AD, we
wished to rule out any differences between accelerated and nonaccelerated TBM estimates
of temporal lobe atrophy by conducting a comparison within a manually derived bilateral
temporal lobe ROI. After applying a standard FDR correction at 5% (g=0.05), there were no
significant differences between 6- or 12-month accelerated and nonaccelerated TBM
estimates of brain change in the entire temporal lobe for any of the within diagnosis or
combined diagnostic groups.

4. Discussion

Our study has three main findings. First, we detected no significant difference between
numerical summaries of atrophy rates from accelerated and nonaccelerated scans within
diagnosis at 6 and 12 months, using the TBM analysis method. Second, n80 measures
(which arguably relate to sample size requirements for treatment trials) for all 6- and 12-
month numerical summaries (standard and age-adjusted) were similar when derived from
either accelerated or nonaccelerated images as shown by overlapping confidence intervals
and direct pairwise comparison. Third, voxel-based comparisons found no differences
between accelerated and nonaccelerated 6- or 12-month TBM estimates of brain change in
the temporal lobes for any of the within diagnosis (AD, EMCI, LMCI or CN) or combined
diagnosis groups. On a whole brain level, no significant differences were found within any
diagnostic group for 6- or 12-month comparisons. The only difference on a whole brain
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level was found at 6 months when collapsing all the diagnostic groups into one cohort for
comparison. The most plausible reason why the 6-month difference was not detected at 12
months is that the available sample size of scans at 12-month follow-up was smaller, making
smaller differences hard to detect. Alternatively, there may be no consistently detectible
differences, even in samples of over a hundred scans.

In the 6-month whole brain comparison, there were a number of cortical and subcortical
regions with atrophy rates that were apparently different. Clusters of significant voxels in
the thalamus, and the anterior limb of the interior and external capsule, were driven by
apparently greater tissue atrophy in the accelerated scans. Conversely, clusters of significant
voxels including small portions of the putamen, lateral ventricles, cerebral peduncles and
parietal lobe were driven by apparently greater tissue atrophy in the nonaccelerated scans.
There was no clearly evident systematic pattern indicative of bias in tracking brain change
for either accelerated or nonaccelerated images. There was no uniform order in terms of
significant clusters being associated with tissue atrophy in accelerated or nonaccelerated
scans. The differences found at 6 months may be due to a combination of factors including
the poorer signal to noise for accelerated scans and reduced TBM derived signal (brain
atrophy/expansion estimates) to noise over very short scan intervals. As no whole brain
differences were detected at 12 months, we conclude that there may not be consistent
differences between scan types for detecting longitudinal brain change in this particular
elderly population, at longer scan intervals, and using this method.

Overlapping confidence intervals as well as direct comparisons between accelerated and
nonacclerated n80’s (standard and age-adjusted) detected no significant difference between
TBM-derived accelerated and nonaccelerated sample size estimates. Correlation coefficients
between accelerated and nonaccelerated numerical summaries ranged from 0.46-0.89.
Unfortunately, due to the lack of test-retest data in this sample (i.e. people scanned twice at
the same timepoints), we were not able to determine what an acceptable correlation might be
for TBM derived numerical summaries in back-to-back sequences of the same kind. Figure
2 demonstrates that in general, the 6-month temporal-ROI withstanding, there was a trend
toward lower absolute difference between accelerated and nonaccelerated numerical
summaries as absolute tissue change increased. Bland-Altman plots for accelerated and
nonaccelerated numerical summaries at 6 and 12 months and across all four diagnostic
groups studied revealed a minority of subjects with differences between accelerated and
nonaccelerated numerical summaries lying outside +1.96 standard deviations of the mean.
There were no significant factors (scanner vendor, head coil, study site, sex, age or
diagnosis) that predicted this difference in accelerated and nonaccelerated numerical
summaries.

Although we found no large difference in statistical power to detect brain change from
accelerated and nonaccelerated scans at 6 and 12 months, we consider this to be a
preliminary finding. Unfortunately, many studies lack the advantage of the larger sample
sizes found in ADNI, so differences between accelerated and nonaccelerated derived brain
change may not be found in smaller samples. To this point, our comparison of accelerated
and nonaccelerated scans at the 12-month interval, while better powered to detect a
structural change (as more brain change is expected over longer intervals), has less power to
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detect a protocol effect as fewer scans were available (6-month N=345 compared to 12-
month N=156). The possibility remains that at a larger sample and/or a longer follow-up
interval, we may be able to pick up a difference between scan types.

One limitation of the current analysis is that we were not able to further investigate how the
type of head coil or the number and distribution of coils might affect the quality of the
acceleration data. This may be important to consider within scanner vendor type, and with
different vendors implementing different versions of acceleration. The ADNI database does
not specifically record what type of head coil used in all of the scans. Even so, coils are
given a code, which we used as a covariate in our multiple linear regressions, and it did not
account for a significant proportion of the variation in the data.

Our study used only one MRI analysis technique, so these results may not generalize to
other MRI analysis methods, which may be more sensitive to true or artifactual differences
in scans, or may rely upon different aspects of the signal in the scan. Validation with other
MRI analysis tools, such as methods used for cortical and subcortical segmentation, should
be considered. Further study is needed before long-term changes are made to future MRI
acquisition protocols, as some analysis techniques may be more sensitive to differences
between accelerated and nonaccelerated sequences. Analyses are planned that use a larger
reference dataset and multiple types of analyses at multiple sites. As such analyses take
longer to complete, we are reporting this data now while cautioning that more
comprehensive studies are needed. Of course even a study using more methods would never
fully address whether acceleration affected analyses not included, or data from other kinds
of scanners or coil types. When more scans become available in the ADNI database, similar
analyses at even longer time intervals (beyond 1 year) will be useful in determining whether
or not scan acceleration leads to apparent differences when the true change between scans is
greater.

A preliminary (unpublished) report, presented at a past ADNI MRI Core Steering
Committee Meeting (Jack et al., ADNI Steering Committee Meeting New Orleans, April
2012), found a difference between accelerated and nonaccelerated 3T MRI scans in a small
sample of EMCI subjects from the ADNI cohort. A significant difference was found
between cross sectional accelerated and nonaccelerated groups in whole brain volume, with
around 1% lower brain volume measurements at baseline in accelerated scans. Using
another popular imaging analysis technique called the brain boundary shift integral
(Freeborough et al., 1997), a group of researchers found a “near significant” difference in
longitudinal measures of whole brain atrophy in a small sample of subjects over a 12-month
period with nonaccelerated scans generating more change (% of baseline) than accelerated
scans (Jack et al., 2012).

A recent report described the use of a newer 32-channel head coil, which has higher SNR
and obviates the need to sacrifice any spatial resolution to produce visually-acceptable
accelerated image sets (Krueger et al., 2012). While differing in regard to the methods,
specifically the use of 12- and 32-channel head coils as opposed to the 8- and 12-channel
coils used in ADNI-2, as well the use of composite width and boundary shift integral as the
primary quantitative measurement as opposed to our TBM method, Krueger et al. and our
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own findings support the claim that accelerated imaging provides high quality data to track
structural brain change. Although our study is largely but not exclusively negative, it would
be remiss not to report it, as there is so little information available on effects of scan
acceleration for those designing MRI protocols. Interventional trials that are currently in
later planning stages are in great need of large scale empirical information on scan
acceleration, as we provide in this study. Decisions about scan acceleration are a serious
concern for drug trial and epidemiological studies, as total scan time may affect subject
attrition and determines the time available for other scans assessing functional connectivity,
blood flow, and more.
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Accelerated Nonaccelerated

EMCI
(n=94)

Figure 1.
Average maps of cumulative brain atrophy over 6 months derived from all diagnostic groups

separately (AD, EMCI, LMCI, CN) and together (all Dx) with both accelerated and
nonaccelerated follow-up scans. Average patterns of brain atrophy computed from
accelerated and nonaccelerated scans are highly similar. Color bar represents % tissue
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change at 6 months relative to baseline. Red indicates expansion (ventricles) and blue
indicates contraction (temporal lobes).
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Figure 2.
Plots of average absolute tissue change (%) vs. absolute difference (%) for accelerated and

nonaccelerated numerical summaries. Each point represents a single subject where the
average of the accelerated and nonaccelerated numerical summary (absolute tissue change
%) is plotted along the x-axis, and the absolute difference between accelerated and
nonaccelerated numerical summary (%) is plotted along the y-axis. The data are organized
by diagnosis including linear trend lines with p-values for the entire sample. A: 6-month
stat-ROI; B: 6-month temporal-ROI; C: 12-month stat-ROI; D: 12-month temporal-ROl.
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6-month Bland-Altman plots for both statistical and tempora -ROI numerical summary
measures for each of the four diagnostic groups (AD, EMCI, LMCI, CN). Each point
represents the mean of raw accelerated and nonaccelerated TBM-derived numerical
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summary value (x-axis) plotted against difference between those values. Mean of the
accelerated-nonaccelerated numerical summary difference and +1.96 standard deviation
lines are provided. The scale is based on TBM-derived Jacobian values. These use arbitrary
units where 1000 denotes no change and 990 denotes 1% loss of volume over the scan
interval.
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Figure4.
12-month Bland-Altman plots for both statistical and temporal ROI numerical summary

measures for each of the four diagnostic groups (AD, EMCI, LMCI, CN). Each point
represents the mean of raw accelerated and nonaccelerated TBM-derived numerical
summary value (x-axis) plotted against difference between those values. Mean of the
accelerated-nonaccelerated numerical summary difference and +1.96 standard deviation
lines are provided. The scale is based on TBM derived Jacobian values, which provide
arbitrary units where 1000 denotes no change and 990 denotes 1% loss of volume over the
scan interval.
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Figurebs.
Mean difference maps displaying the percent difference in the mean atrophy rate of

accelerated minus nonaccelerated scans for significant voxels (after FDR correction at 5%)
in the full-group comparison over 6-month period relative to baseline. Positive values (blue)
represent areas where the mean atrophy rate was higher in nonaccelerated scans. Negative
values (red) represent areas where the mean atrophy rate was higher in accelerated scans.
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Number of scans at 6 and 12 months (equal for accelerated and nonaccelerated) broken down by vendor

Table 1

Page 20

sequence (nonaccelerated/accelerated) and by diagnosis. AD denotes Alzheimer’s disease, EMCI and LMCI

denote early and late mild cognitive impairment, and CN denotes healthy controls.

6 Months Diagnosis
Scanner Vendor
(accel/nonaccel sequence) AD | EMCI | LMCI | CN | Total
GE (IR_FSPGR/ASSET) 7 15 12 27 61
Philips (MPRAGE/SENSE) 6 15 23 29 73
Siemens (MPRAGE/GRAPPA) | 16 64 57 74 211
Total 29 94 92 130 345
12 Months
Scanner Vendor
(accal/nonaccel sequence) AD | EMCI | LMCI | CN | Total
GE (IR_FSPGR/ASSET) 2 6 4 8 20
Philips (MPRAGE/SENSE) 3 8 11 15 37
Siemens (MPRAGE/GRAPPA) 8 33 23 35 99
Total 13 47 38 58 156
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Table 2

Details for all scan protocols, which vary slightly by vendor.

Page 21

?lc:nngg (-rrnli) shoItF;| :ong (r1—1ls) F(Icijggfxgg)e nonI/;\l(c:geLlJ gr?ie?/ﬁicg ga é\ted ThiScchrfas
(ms) (mm) (mm)
GE | 2830 | 697.3/min. | 400 1 1016 x 1016/ 1.20
Philips | 3031 | 6.7/250 | 900 9 1000 % 1.000 1.20
Semens | 29 | 7.0-7.1/2300 | 900 9 o0 120
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Average age (in years at time of scan) and sex of subjects with 6- and 12-month follow-up scans, broken down

Table 3

by diagnosis (Dx). Numbers in parentheses are the standard deviations.

6 Months AD EMCI LMCI CN All Dx
Ave age(years) | 77.2(x8.6) | 715 (x7.5) | 728 (x7.6) | 743 (26.1) | 73.4 (27.3)
Male/Female 20/9 51/43 53/39 68/62 192/153
12 Months AD EMCI LMCI CN All Dx
Ave age(years) | 76.2(10.6) | 71.2(x7) | 74#82) | 76.2(253) | 74.2 (27.9)
Male/Female 11/2 25/22 20/18 31/27 87/69
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Effects of MRI scan acceleration on changes detected at 6- and 12-month follow-up scan intervals: p-values
from paired two-sample t-tests and correlation coefficients (r) comparing numerical summaries (% cumulative
atrophy) from accelerated and nonaccelerated scans at each follow-up time-point. No difference was detected
between scan types (all p>0.005), and, as expected, correlations (reported in the final column) were relatively

Table 4

high.
. t-test p-value Correlation r
All Dx Cumulative Atrophy 6-month/12-month | 6-month/12-month
Stat ROI 0.2/0.02 0.71/0.81
Temporal ROI 0.78/0.11 0.65/0.71
AD Cumulative Atrophy
Stat ROI 0.32/0.57 0.72/0.89
Temporal ROI 0.54/0.5 0.46/0.69
EMCI Cumulative Atrophy
Stat ROI 0.49/0.08 0.68/0.84
Temporal ROI 0.38/0.43 0.68/0.78
LMCI Cumulative Atrophy
Stat ROI 0.75/0.32 0.71/0.81
Temporal ROI 0.81/0.77 0.63/0.76
CN Cumulative Atrophy
Stat ROI 0.19/0.08 0.63/0.62
Temporal ROI 0.7/0.08 0.69/0.58
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Table 5

6-month effect sizes for brain change. Mean % tissue atrophy over the interval, standard deviation (SD) of the
atrophy (also in %), and n80 [with 95% confidence interval] for each of the two numerical summaries, and for
both accelerated and nonaccelerated images across all 4 diagnostic groups (AD, EMCI, LMCI and CN). As
expected, the change in the statistical ROI is higher than that detected in the overall temporal lobe ROI, as it

focuses on voxels expected to change the most.

AD Accel Stat ROI NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 1.22 1.34 0.49 0.60
SD 0.79 0.94 0.58 0.85
n80 [CI] 104 [62, 214] 123 [78, 209] 355 [167, 1905] 501 [219, 1994]
LMCI Accel Stat ROI NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 0.86 0.84 0.32 0.30
SD 0.91 0.93 0.60 0.65
n80 [CI] 284 [178, 508] 313 [192, 507] 869 [472, 2294] 1152 [546, 4159]
EMCI Accel Stat ROI NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 0.39 0.43 0.20 0.11
SD 0.81 0.79 0.70 0.66
n80 [CI] | 1123 [496, 6178] 844 [466, 2188] 31331028, 51467] | 8717 [1700, 1364600]
CN Accel Stat ROI NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 0.40 0.47 0.14 0.17
SD 0.76 0.78 0.61 0.68
n80 [CI] 915 [484, 2431] 681 [379, 1549] 4846 [1593, 76991] 4138 [1440, 57015]
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Table 6

12-month effect sizes for brain change. Mean % tissue atrophy over the interval, standard deviation (SD) of
the atrophy (also in %), and n80 [with 95% confidence interval] for each of the two numerical summaries, and
for both accelerated and nonaccelerated images across all 4 diagnostic groups (AD, EMCI, LMCI and CN). As
expected, the change in the statistical ROI is higher than that detected in the overall temporal lobe ROI, as it
focuses on voxels expected to change the most.

AD Accel Stat ROI | NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 1.72 1.63 0.46 0.57
SD 1.20 0.99 0.78 0.65
n80 [CI] 123 [49, 445] 92 [46, 216] 710 [157, 40340] 323 [107, 3117]
LMCI Accel Stat ROI | NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 1.29 141 0.45 0.43
SD 1.20 1.21 0.77 0.83
n80 [CI] 220 [119, 471] 186 [104, 391] 720 [305, 2896] 951 [335, 11061]
EMCI Accel Stat ROl | NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 0.73 0.88 0.23 0.29
SD 0.94 1.06 0.72 0.81
n80 [CI] 420 [251, 892] 366 [222, 715] 2399 [630, 269830] 1896 [543, 88109]
CN Accel Stat ROI | NonAccel Stat ROI Accel Temporal NonAccel Temporal
p<0.00001 p<0.00001 ROI ROI
% Tissue
Atrophy 0.59 0.74 0.09 0.22
SD 0.80 0.68 0.61 0.58
n80 [CI] | 468 [223, 1542] 217 [126, 576] 11358 [1400, 6887100] 1768 [614, 20580]
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6- and 12-month accelerated and nonaccelerated n80 estimates [95% confidence interval] adjusted for normal
aging (average CN atrophy) for statistical and temporal ROI numerical summaries across all 3 diagnostic
groups (AD, EMCI, LMCI).

NonAccel Stat ROI Accel Temporal NonAccel Temporal
AD Accel Stat ROl p<0.00001 p<0.00001 RO ROI
6mo n80 [CI] 229 [160, 568] 293 [143, 366] 692 [219, 2284] 963 [398, 3881]

12mo n80 [CI]

282 [89, 697]

306 [208, 489]

1098 [263 32169]

846 [229, 3369]

LMCI

Accel Stat ROI p<0.00001

NonAccel Stat ROI
p<0.00001

Accel Temporal ROI

NonAccel Temporal
ROI

6mo n80 [CI]

983 [839, 2041]

1669 [1147, 2026]

2632 [1122, 8189]

5912 [4866, 6006]

12mo n80 [CI]

745 [307, 1672]

815 [356, 7263]

1124 [473, 2958]

3997 [836, 513617]

NonAccel Stat ROI Accel Temporal NonAccel Temporal
EMCI Accel Stat ROl p<0.00001 p<0.00001 RO ROI
6mo n80 [CI] | 1076662 [76500, 1554330] | 81761 [3500, 1268210] | 33042 [2775, 2378708] | 33163 [11200, 2928600]
12mo n80 [CI] 11439 [2458, 63066] 14417 [1450, 1992043] 6433 [2338, 42350] 29645 [910, 367920]
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P-values estimating differences between accelerated and nonacclerated n80 sample size requirements for both
standard and age-adjusted estimates at 6 and 12-months. No difference was detected between scan types (all

p>0.006).
AD Accel vs. Nonaccel Stat Accel vs. Nonaccel
ROI Temporal ROI
6mo n80 standard/age-adjusted 0.48/0.41 0.59/0.68
12mo n80 standard/age-adjusted 0.46/0.78 0.1/0.7

LMCI Accel Stat ROl p<0.00001 | Accel Temporal ROI
6mo n80 standard/age-adjusted 0.71/0.19 0.43/0.23
12mo n80 standard/age-adjusted 0.5/0.87 0.64/0.12

EMCI Accel Stat ROl p<0.00001 | Accel Temporal ROI
6mo n80 standard/age-adjusted 0.6/0.91 0.17/0.97
12mo n80 standard/age-adjusted 0.61/0.89 0.72/0.5

CN Accel Stat ROI p<0.00001 | Accel Temporal ROI
6mo n80 standard/age-adjusted 0.35/na 0.78/na
12mo n80 standard/age-adjusted 0.01/na 0.09/na
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