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ABSTRACT

BACKCWND PURPOSE: In this study we used power analysis to calculate required sample
sizes to detectgroup-level changes in quantitative neuroanatomical estimates derived from MRI scans
obtained fi @ ple imaging centers. Sample size estimates were derived from (i) standardized 3T
i g cols and (ii) non-standardized clinically acquired images obtained at both 1.5T
and 3T gs naiigeigthe multi-center Human Epilepsy Project. Sample size estimates were compared to
assess the §nefit of standardizing acquisition protocols.

METHODS _Cottical thickness, hippocampal volume and whole brain volume were estimated from
whole braifif T 1-welighted MRI scans processed using Freesurfer v6.0. Sample sizes required to detect
arange of e es were calculated using (i) standard t-test based power analysis methods and (ii) a

non-paramepgi tstrap approach.
RESULTS!: cipants were included in our analyses, aged 29.9 + 12.62 years. Standard deviation

estimates r for all quantitative neuroanatomical metrics when assessed using standardized
protocols. Require@sample sizes per group to detect a given effect size were markedly reduced when
using stan protocols, particularly for cortical thickness changes < 0.2 mm and hippocampal
volume ch: 0%.

CONCLU he use of standardized protocols yielded up to a 5-fold reduction in required
sample sizeggeadetgct disease-related neuroanatomical changes, and is particularly beneficial for
detecting sfbtl cts. Standardizing image acquisition protocols across scanners prior to
commencing¥a is a valuable approach to increase the statistical power of a multi-center MRI
studies.

Keywords

Multi-s i uantitative neuroanatomy; Power analysis; Brain morphometry

Introducti&

the increasedS@##ability in quantitative estimates derived from MRI-based neuroimaging due to
differencesgd canner hardware, image acquisition protocols, and other site-specific factors such

are widely used in neuroimaging research, primarily due to the potential for
t. The benefit of increased sample size in multi-center studies may be offset by

as variabilifig in local site QA policies regarding image quality.'” For multi-site studies, it is important

Although a numbeg, of post-processing methods have been developed and applied to multi-center

imaging d ect for site-related differences in morphometric estimates,*” standardizing image
acquisition prot
effects.

s prior to imaging is likely to be useful for ameliorating unwanted site-related

e of standardized image acquisition protocols is largely recognized by the research
mmunity,'*"" yet few studies have explicitly quantified the benefit of standardized
imaging for mu nter studies."'" In this study, we used statistical power analysis techniques
applied to quantitative morphometric estimates obtained from individuals who have been imaged
using both standardized and non-standardized image acquisition protocols as part of the multi-center
Human Epilepsy Project. This allowed us to estimate and directly compare sample sizes required to

detect morphometric changes when using standardized and non-standardized image acquisition
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protocols. We specifically applied these sample size estimation techniques to estimates of
hippocampal volume, cortical thickness and brain volume. Changes in these brain metrics are
associated with the neurobiology of a number of diseases or adverse health conditions, as well as
healthy M 1). Following from this, evaluation of these morphometric properties may be
relevant for tigatiment planning. For example, reduced hippocampal volume is a marker of
hippocamp @ jis in epilepsy patients,'* and individuals with this tissue pathology are often
amenable to"SUEGICaN tervention. A further potential use of quantitative imaging metrics derived

from MR datamasesas enrollment criteria for clinical trials, with a goal to ‘enriching’ the trial
population@0 increase the likelihood of enrolling participants who will benefit from the intervention;
this strateg

ed some traction in dementia intervention trials."

We hypoth
volume and (i1

at the across-subject standard deviation of (i) cortical thickness, (ii) hippocampal
tal brain volume, when calculated using standardized research imaging protocols,
would be small€r than when estimated using non-standardized clinical imaging protocols in data
obtained fr ame set of individuals. We expected that sample size estimates obtained using
standard p ysis methods would demonstrate a substantive improvement when using a
standardized ima;Sacquisition protocols compared with non-standardized clinically acquired
imaging.

Methods
Subject Recruitment and MRI Acquisition

The HEP sgid rospective multi-center study of newly diagnosed epilepsy, with enrollment
running frormi2 0 2017. A subset of participants had imaging available, acquired as part of their

clinical luation, in addition to HEP-specific research imaging. Participants with both a
non-standardized) 3D T1-weighted whole brain scan and a standardized 3D T1-

weighted ain acquisition were used in this study. The average time between the standardized

clinically a

HEP sc ndardized clinical MRI scan was 8.5 months. For the standardized image
acquisitions, specific parameters vary by scanner make and model across sites, but all scans were
obtained om3T MRI scanners with a 1 mm’ voxel size. Image acquisition parameters for the
standardithion were obtained from MRI scanner protocols provided by the Alzheimer’s
Disease Neysgimaging Initiative (ADNI, http://adni.loni.usc.edu/methods/documents/mri-
Qrotocols/)P, we modified the voxel size for T1-weighted MRI scans to 1mm isotropic
(Table 2). Nom=st@nhdardized clinical imaging was obtained as part of an individual’s work-up for
epilepsy as , typically prior to enrollment in HEP. Clinical imaging was obtained using 1.5 T
scanners : !— 15) and 3T scanners (N = 17). A range of acquisition parameters were used in the
clinical acquisitions; for example, in-plane voxel size ranged from 0.35 mm® to 1.2 mm” and slice
thicknes“m 0.7 to 1.9 mm. See Table 3 for image acquisition parameters for non-

standardiz mieal image acquisitions.
Image Pr i

lly inspected for image quality prior to analysis and poor quality scans were

e analysis, following a qualitative image quality evaluation system we developed for

: investigated cortical thickness, hippocampal volume and brain volume
(supratentorial volume) as the three key morphometric measures of interest using default image
processing routines provided as part of Freesurfer v6.0.'"'* Across-subject standard deviation was
calculated for each of the three measures and for the standardized and unstandardized protocols. The
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across-subject morphometric estimates were tested for normality using the Shapiro-Wilk normality
test implemented in R."

Power Aniyses '

One of the primary goals of power analyses is to estimate the number of subjects required in a study
to minimiz @ ihood of a false negative finding; in the context of neuroanatomical imaging
studies, thepSoalsiSitesestimate the number of subjects per group to scan in order to detect an existing
differenge ighiigiigstructure between subject groups. Sample sizes were estimated using (i) standard
power ana:Sis methods derived from Student’s T-test and (ii) a novel bootstrap-based nonparametric

approach, below. The bootstrap-based approach was utilized to accommodate for potential
non-normalfistriBtions of morphometric parameters. Standard power analysis methods were used as
implementsgin ‘power.t.test” function distributed as part of the R software package.”® The
formula for size n per group required for a well-powered study is:

2

n=
9
( )?

a(zl_% —Zi_p

Where o is the sample standard deviation, O is the target effect size, a is the false positive rate, [3 is
the false nﬁwe rate and z is the quantile function for the normal distribution.”'

Assumptio se analyses include (i) the morphometric estimates are normally distributed and
(i1) patient ol groups have similar variability, characterized by their standard deviation. For
cortical thi alyses, target effect sizes were varied from 0.05 to 0.5 mm. Two-sided analyses

were used, with power (= 1 — 3, where [ is the false negative rate) set at 0.8 and the false positive rate

ed sample size to detect the cortical thickness effect sizes was calculated using
standard devia f cortical thickness values estimated from (i) standardized image acquisitions and

and brain volume estimates; for the volumetric analyses, sample sizes required to detect changes
between 5% and 20% in mean volume were calculated.

Sample sithion using non-parametric bootstrapping

distribution of'tHC morphometric parameter of interest is unknown and potentially non-normal. Code

for the mroach is provided at https://github.com/hpardoe/bootstrap-power. Sample size

was est] lows:

1. Harget sample sizes per group was specified that encompassed the likely final
tar e size; in the current study this was determined based on the results of the
parametricfpower analyses.

ple size n in the range of values, two samples were simulated. These may be

of as a hypothetical control sample and diagnostic group sample. The first sample

ted by sampling n values with replacement from the morphometric dataset of interest.
The second sample was simulated as per the first, with a pre-specified effect size added.

3. Differences between the two samples was tested using a Mann-Whitney test.
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4. If the p-value of the Mann-Whitney test was < 0.05, the comparison is recorded as a true
positive; if p > 0.05 the comparison was recorded as a false negative finding.

5. Wﬂe iterated (number of iterations = 5000) in order to estimate the false negative
rat e Il error rate) and power (1 - B) for each sample size.

6. Th f Step 5 is a numeric table with the estimated power for each hypothetical sample
size. The sample size required to obtain power = 0.8 is estimated by linear interpolation

¢ sequential points in the table that span power = 0.8.

power analifses an@the bootstrapping approach described above.

o

Image acqmarameters and sample size estimates for non-standardized clinical imaging

We analyz ical imaging dataset to investigate how variability in clinical image acquisition
parameters sample size estimates. For this analysis we selected a single effect size per
morphometric pardineter and compared the required sample size to detect this effect while creating
subgroups the image acquisition parameter of interest. Sample sizes were calculated using
the non-pa iembootstrap approach. For cortical thickness, the effect size was set to 0.1 mm; for

hippocamp@l volume, effect size = 200 mm’ (5%); and for brain volume the effect size = 5.1x10° mm’
(5%). The 1mage acquisition parameters investigated were:

)] M ic field strength, 1.5T vs 3T.

(i1) nisotropy, defined as the ratio between the maximum and minimum voxel size.
ur dataset this was equivalent to the ratio between the slice thickness (maximum
imension) and the in-plane voxel length (minimum voxel dimension). Anisotropic
ave an anisotropy > 1; isotropic voxels have an anisotropy value = 1. For this
analysis the clinical imaging dataset was subdivided into two groups by ranking the voxel
nisotropies and separating by the median anisotropy value.

(ii1) ice thickness. As per the voxel anisotropy analysis, the clinical imaging dataset was
ed into two groups by ranking the slice thickness and separating by the median

Results

We ide P participants who had both a research whole brain T1-weighted MRI with
standardMacquisition parameters and a clinical whole brain T1-weighted acquisition with
unstandardized image acquisition parameters (9 male, 23 female, age 29.9 + 12.6 years). These
participants were Bsubset of 88 HEP participants who had both clinical and research imaging as part
of the HEP, our participants were excluded because their research protocol MRI scan deviated
from the HEP i

ng protocol, and a further two participants did not have a research scan. Further
ding participants based on their clinical imaging included high slice thickness T1-
that precluded morphometric analysis (n = 44), post-contrast T1-weighted imaging
(n=4) or limited brdin coverage (n=2). Morphometric estimates are summarized in Table 4. Five of the
eight morphometric estimates showed evidence for non-normal distributions as indicated with a
Shapiro-Wilk test p < 0.05, comprising research and clinical cortical thickness estimates, left and right
hippocampal volumes estimated using research imaging and right hippocampal volume estimated
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using clinical imaging (Table 4). These findings justify the additional use of the non-parametric
boostrap power analyses.

Figure 1 degnonstrages the number of subjects required per group to detect a range of cortical
thicknes%ranging from 0.05 to 0.5 mm. Our data show that the use of a standardized image

acquisitiongffotoeQl results in a 5-fold reduction in the number of participants required to detect a
cortical thi€ fference of 0.1 mm between subject groups.

Power aialysesgeighippocampal and brain volumes were carried out to determine the minimum
number of Sbj ects required to detect a hypothetical 5% to 20% volume change. Analyses were

conducted for left and right hippocampi and sample size estimates for each side were
subsequentliFaveraged (Figure 2). A similar plot showing the relationship between sample size and
is

brain volu n in Figure 3.
Subdividin inical imaging dataset based on field strength yielded N = 15 participants imaged at
1.5T and icipants imaged at 3T. When the groups were split based on voxel anisotropy the

lower group had an average anisotropy of 1.01 + 0.03 (mean *+ SD) and the upper group had an
average anisotropyRof 1.87 = 0.67. The low slice thickness participants had an average slice thickness
0f 0.96 £0 nd the high slice thickness group had an average thickness of 1.2 £ 0.25 mm.
Both cortic i ss and hippocampal volume estimates showed a substantive decrease in required
sample siz&§ when using 3T isotropic imaging with low slice thickness (Figure 4).

Discussionm

StandardizimS¥mage acquisition protocols in a multicenter setting is expected to decrease scanner-
related varj quantitative morphometric estimates and therefore increase statistical power. Here
we use es to quantify the benefit of standardizing protocols by estimating required

sample sizes for a range of biologically plausible effect sizes in analyses of cortical thickness,
hippocampgal thickness and supratentorial volume. Our findings will be useful for optimizing the
design of L

recruitment 3

ti-center studies in terms of cost effectiveness, particularly in scenarios where
e difficult or morphometric brain changes are likely to be subtle.

We found ¢ @ ardized protocols yield a strikingly smaller (over 2-fold decrease) of standard
deviation in cortical thickness, when compared against non-standardized clinical scans. A more
modest dedfcase in variability is observed in volumetric measures. The greatest benefit for

standar gigi ces occurs when investigating subtle changes, eg. cortical thickness differences
of less thai:S m’or hippocampal volume changes of less than 400 mm® (10% change in volume).
Our analysts of the clinical imaging dataset indicated that both cortical thickness and hippocampal

volume est ve a substantive reduction in variability and associated improvement in power
when 3T i ino 4§ used relative to 1.5T; isotropic voxel sizes are used relative to anisotropic voxels;
and lower slice thigkness is used compared with high slice thickness acquisitions. We wish to note

consider variabilityllin parameters that are varied to manipulate image contrast properties, namely
echo time (TE), repetition time (TR), inversion time (TI) and flip angle, since these were inconsistent
across subjects and are difficult to compare between scanner manufacturers. Variations in the
parameters we did investigate were not made in isolation and were not made prospectively; therefore

there may be significant collinearities between the image acquisition parameters under consideration.
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Finally, for the analyses of clinical imaging parameters, subjects were not matched based on
participant demographics (eg age and sex) or epilepsy-related factors such as etiology. These potential
sources of error may explain the counterintuitive finding that lower slice thickness acquisitions
require “ber of participants for analyses of brain volume relative to higher slice thickness
acquisitions
likelihood

¢ 4). We also wish to note that power analyses are designed to minimize the

ip a false negative finding (Type II error). They are uninformative regarding the
th@@or measuring morphometric properties. A morphometric technique can have
both poar _and low variability. If only the variability of the measure is taken into account via
analyses m%ose presented in this study, a future researcher may draw the incorrect
conclusion thod that requires fewer participants is superior to a method that requires more.

most accuré

A vast nuniber of pmblished studies use the morphometric estimates we investigated in this study,
precluding a atic analysis of effect sizes associated with various diseases. However, we believe
the range offef izes analyzed in our work is broadly representative of those observed in a variety
of neurolowmers. A summary of reported effect sizes is provided in Table 1.

Previous s
configurations an

¢ shown that variable acquisition protocols, scanner make and model, coil
ven variability in site QA policies regarding acceptable image quality may

introduce variability in quantitative neuroanatomical estimates in multicenter imaging studies.'>%'*'®
To our kn is is the first study employing power analysis techniques to explicitly quantify
the benefit rdized image acquisition protocols vs non-standardized protocols to determine
whether the variability from these confounds can be mitigated. For the HEP study, standardization
was implerien centrally distributing scanner-specific image acquisition protocols from the
imaging co rocess ensured that image acquisition parameters were largely consistent across
sites, al itispossible that minor deviations from the specified parameters existed due to site-
specific eg. variations in scanner software versions. Non-standardized clinical imaging

parameters wi dictated by the HEP study team and were decided by protocols developed by the
individ i r epilepsy centers. For many individual sites the goal for epilepsy imaging is to
obtain scans suitable for radiological assessment leading to individual diagnosis, not group-level
morphomeiic analyses. Therefore a significant proportion of imaging data was not suitable for

morphome(t sis, primarily due to high slice thickness T1-weighted imaging.

Our work cgfifiButes to a growing body of literature that characterizes the effect of site-related
differences @ hometric estimates. Previous work has shown that site-related differences
contribute to SySt€matic differences in all three of the quantitative morphometric estimates
investigate tudy, including cortical thickness,'>"* hippocampal volume'** and brain
volume % our work is derived from an observational study, there are some notable
prospectivistudieghat were designed for accurate characterization of between-site effects. An

interesti which appears to be useful for characterizing between-site differences utilizes a
“living ph; which individuals are imaged at a number of participating sites in a multi-site
study.*** There ardlilso a number of proposed post-processing methods that can be used to ameliorate

site-based ettects; examples of these include statistical methods to model the effect of the scanner or

of morphometric data”*** and intensity normalization of acquired images.***’ An

t approach applies multi-task learning, a machine learning technique, to the problem

site in the
of identifying e-specific brain changes in the presence of sources of variability introduced by
multiple scanners.”® Existing techniques for post-acquisition harmonization of imaging data typically
rely on the availability of enough scans per site to estimate site-specific effects. In this context,
existing post-processing methods to harmonize multi-site data fail when applied to our clinical
imaging dataset because a number of the sites only had a single scan available per MRI scanner. We
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are not aware of any existing methods that are able to harmonize imaging data acquired under these
conditions.

A limitatiom of thiggstudy is that our participants were epilepsy patients rather than healthy controls.
Despite Mn;n, there is prior evidence that variance in morphometric estimates tends to be
similar acro§@®ai@@mostic categories, see for example Table 1, Shaw et al.” Healthy controls are
unlikely to ﬁ ed in a clinical setting and therefore we believe this dataset provides important
guidance for future studies. An additional limitation is that our power analyses were only done for

detecting TN CHects. Sample size requirements for detecting interactions between explanatory
variables Msiderably larger; an example of a relatively common interaction of interest is
characterizigg thgyrelationship between age and disease status. Both across subject mean cortical
thickness afid varidice are variable across the cortex and there may be some brain regions that require

considerabl participants than the estimates provided in these analyses to detect a given effect
size. This xplain why our reported cortical thickness sample size estimates are lower than
the Volumwates. Finally, it is noteworthy that the acquisitions in HEP were standardized
across plat : 0o prospective acquisition harmonization was carried out. However, the HEP

research protocol Was based on existing MRI protocols from the ADNI study, which was
harmonize ugh the term “harmonization” is used in different contexts in the neuroimaging

literature, i
which ima,

text we interpret harmonization of acquisition protocols as an iterative process in
acquisition parameters are optimized to provide imaging metrics such as contrast to

noise ratio ithin pre-defined limits across sites. Prospective study-specific harmonization of
image acqud Protocols may provide an additional improvement in statistical power over that

demonstratgd i analyses.

In sum e provided quantitative estimate of the benefit of the use of standardized image
acquisitio cols. Up to a 5-fold reduction in sample sizes is expected to detect disease-related
neuroanatomj nges. Standardizing image acquisition protocols prior to scanning is a valuable
approa the statistical power in multicenter MRI studies.
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Table 1. A @ of reported changes in hippocampal volume, cortical thickness and brain
volume in duatistirebdiscases or conditions relative to healthy controls.

Neuroanatg |ca| measure

Disease state/condition

Reported effect size

Temporal lobe epilepsy 10 - 33%"
Alzheimer’s disease 22%%
Mild cognitive impairment 14%*
Stroke 19 - 32%™
Depression 19%*
Healthy aging (age 40 to 75) 16%>°

Cortical thic

Alzheimer’s disease

11.7% (0.5 mm)**

Mild cognitive impairment

3.7% (0.16 mm)**

Attention-Deficit Hyperactivity
Disorder

1.9% (0.09 mm)*

Manus

Schizophrenia

3.5% (0.09 mm)*

Brain volus Chronic Alcoholism 5.9%%
Schizophrenia 1.5%
Childhood lead exposure 1.2%®

Alzheimer’s disease

0.98% per year®

ho

All estimatgs in patient groups are reduced relative to healthy controls. Similarly, healthy aging is

L

associat
changes ar

__Xdisease " Xcontrol

U

Xcont

A
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ced hippocampal volume between ages 45-60 and > 75 years old. Percentage
ovided as reported or estimated from reported absolute values as 100 X




Table 2. Image acquisition parameters for participants imaged using standardized research image acquisition protocols.

Field Number | Acquisition | Repetition | Echo Inversion | Flip
Strength | of Time (ms) | Time Time Angle
subjects (ms) (ms) ()
Siemens. 3T 19 MPRAGE 2500 3.93 900 8
Philips ieva 3T 3 TFE 2500 3.03 900 8
Siemens Trim | 3T 1 MPRAGE 2500 3.03 900 8
GE iscovery | 3T 1 FSPGR 8.152 3.17 n/a 11
50
Philips ieva 3T 4 TFE 8.073 3.68 n/a 6
Philips enia 3T 1 TFE 2550 74.71 n/a 90
Philips Ingenia 3T 1 TFE 4800 298.69 | n/a 90
Siemens io 3T 1 MPRAGE 2500 2.99 900 8

Abbreviations:
Spoiled Gradient

Author M
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licable, MPRAGE = Magnetization Prepared Rapid Gradient Echo, TFE = Turbo Field Echo, FSPGR = Fast
GE = General Electric




Table 3. Image acquisition parameters for participants imaged using non-standardized clinical

imaging
Site M re | Model Field Acquisitio | Voxel Size
r Strengt | n
h(T)
I I
Re!etition
(mm?3 | Tim
! o
(ms) | EchgTij Inversio
(ms) n Time
(ms) | Fli °)
Sitel | P Intera 1.5 FFE 1x1x1 3.8 1.7 n/a
Site 1 G! Signa 1.5 3DGR .35x1x.35 5.412 | 1.66 | n/a
HDxt 4
Site 1 Si@ Avanto 1.5 MPRAGE 1.5x.86x.86 | 1900 | 3.99 | 950
Site 1 | Sie Avanto 1.5 MPRAGE .86%.86x1 2100 |3.79 | 110
0
Site 1 | Siemens TrioTrim | 3 MPRAGE Ix1x1 1360 2.15 | 800
Site 1 | Sie Biograph | 3 MPRAGE 1x1x1 2100 | 2.79 | 900
mMR
Site 1 | Sie Biograph | 3 MPRAGE 1x1x1 2100 2.79 | 900
mMR
Site 1 | Philips Ingenia 1.5 FFE .98x1.3x.98 | 7.1 3.32 |n/a
8
Site 1 PhiIi;s s Intera 1.5 FFE .86x1.1x.86 | 20 4,59 | n/a
9
Site 1 Ingenia | 1.5 FFE .89x1.3x.89 |7 3.28 | n/a
9
Site 1 | Siemens TrioTrim | 3 MPRAGE 1x1x1 1360 2.15 | 800
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Site 1 | Siemens TrioTrim | 3 MPRAGE Ix1x1 1360 2.15 | 800
Site 1 M Skyra 3 MPRAGE | .9x1x1 2100 |3.17 | 900
Site 1 | Sig @ Biograph | 3 MPRAGE 1x1x1 2300 | 2.98 | 900
mMR
I
Site 1 GL Signa 1.5 3D GR 1.2x1.9x1.9 | 12.36 | 5.07 | 450
HDxt 4 2
Site 1 | Philips Achieva | 3 FFE 1x.93%x.93 8 3.68 | n/a
6
Site 1 Siw Biograph | 3 MPRAGE 1x1x1 1360 | 2.19 | 800
mMR
Site 1 SieE Prisma 3 MPRAGE 1.1x1.1x1.1 | 2220 | 3.22 | 110
0
Site 1 Sic Aera 1.5 MPRAGE .97x.97x.97 | 2300 | 2.27 | 900
Sitel | Si Avanto 1.5 MPRAGE 1.1x1.1x1.1 | 2730 | 3.4 100
0
Site 2 i Ingenia 3 FFE .89x.83%x.83 | 9 4,16 | na
3
Site 2 ilips Ingenia 3 FFE .89%.83%x.83 | 8.5 3.87 | n/a
3
Site 3 Sih Verio 3 MPRAGE | .48x1.5x.45 | 1900 |2.93 | 900
Site 4 GO Signa 1.5 3D GR .51x.51x1 14.72 | 6.36 | 450
HDxt 8
Site 5 G! Signa 1.5 3D GR .43%x.70x.43 | 10 4.07 | 600
HDxt 2
Site 6 | Phili Achieva | 1.5 FFE 1x1x1 12 239 | n/a
8
Site 6 | GE Signa 1.5 3D GR A7%x.47x1.4 | 11.2 5.00 | n/a
HDxt 8
Site 6 | Philips Achieva | 1.5 FFE .92x1.2%x.92 | 12 239 | n/a
9
Site 6 | Philips Achieva |3 FFE .94x.94x1 5.5 1.50 |n/a
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3
Site 7 | Siemens TrioTrim | 3 MPRAGE A8x1x.48 1860 294 | 100 |8
H 0
Site 7 Si TrioTrim | 3 MPRAGE .53x1.14x.5 | 1800 294 | 100 | 8
3 0
N
Site 7 | Si TrioTrim | 3 MPRAGE | .48x1x.48 1800 |2.94 |100 |8
0

Abbreviations:
Gradient Echo,

Table 4. Q
imaging.

a=not

AUSCI

plicable, MPRAGE = Magnetization Prepared Rapid Gradient Echo, TFE = Turbo Field Echo, FSPGR = Fast Spoiled
neral Electric

itative neuroanatomical properties estimated using standardized and non-standardized

Image rtical thickness (mm) Hippocampal volume Brain volume
acquisition (mm’) (mm°)
protoco
an + Coefficient | Mean + Coefficient | Mean + Coefficient
ndard of variation | standard of variation | standard of variation
deviation deviation deviation
Standardiz 2.5+0.1 0.04 3890 +443 | 0.11 9.96+0.93 | 0.09
Imm isotr * mm’ (left)* x 10° mm’
4077+599 | 0.14
mm’
(right)*
Clinical nom- +0.3 0.12 3928 +665 | 0.17 1.02+0.12 | 0.12
standardiz mm* mm” (left) x 10° mm’
4093 +829 | 0.2
mm’
(right)*

Note tha

brain volume wer

subject standard deviation estimates for cortical thickness, hippocampal volume and
11 reduced when using a multi-center standardized acquisition relative to non-

standardized clinically acquired data. *Morphometric estimates with Shapiro-Wilk test p < 0.05,
indicating non-normal distribution of values.
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Figure 1. Standardization of image acquisition protocols improves statistical power for multi-center cortical
thickness studies. The figure demonstrates a substantive reduction in required sample size when using a
standardized image acquisition protocol (orange lines) compared with a non-standardized protocol (green
lines). The solid lines show sample size estimates obtained from conventional power analysis techniques that
assume values are sampled from a normal distribution, dasted lines indicate sample size estimates obtained
using a nonparametric bootstrap approach.
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Figure 3. The use of a standardized image acquisition protocol improves statistical power for detection of
brain volume changes in multi-center imaging studies. The plot shows that the number of subjects required
per group is less for a given effect size when using a standardized protocol (orange lines) compared to a
non-standardized protocol {green lines). As an example, to detect a 50, 000 mm3 volume change (~5%)
reqguires approx. 60 subjects for a standardized protocol and approx. 90 subjects for 3 non-standardized
protocol.
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Figure 2. The use of a standardized image acquisition protocol improves statistical power for detection of
hippocampal volume changes in multi-center imaging studies. The plot shows that the number of subjects
required per group is less for a given effect size (hippocampal volume difference) when using a standardized
protocol (orange lines) compared to a non-standardized protocol (green lines). As an example, to detect a
200 mm3 volume change (5% requires approximately 110 subjects for a standardized protocol and
approximately 220 subjects for a non-standardized protocol.
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Figure 4. The relationship between image acquisition parameters and sample size estimates obtained using
non-standardized clinical imaging. The figure shows that 3T imaging with isotropic voxel size and low slice
thickness allows lower sample sizes and therefore higher power for detection of changes in cortical thickness
and hippocampal volume.,
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