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a b s t r a c t 

Many magnetic resonance imaging (MRI) measures are being studied longitudinally to explore topics such as 

biomarker detection and clinical staging. A pertinent concern to longitudinal work is MRI scanner upgrades. 

When upgrades occur during the course of a longitudinal MRI neuroimaging investigation, there may be an impact 

on the compatibility of pre- and post-upgrade measures. Similarly, subject motion is another issue that may be 

detrimental to MRI work and embedding volumetric navigators (vNavs) within acquisition sequences has emerged 

as a technique that allows for prospective motion correction. Our research group recently underwent an upgrade 

from a Siemens MAGNETOM 3T Tim Trio system to a Siemens MAGNETOM 3T Prisma Fit system. The goals of the 

current work were to: 1) investigate the impact of this upgrade on commonly used structural imaging measures 

and proton magnetic resonance spectroscopy indices ( “Prisma Upgrade protocol ”) and 2) examine structural 

imaging measures in a sequence with vNavs alongside a standard acquisition sequence ( “vNav protocol ”). While 

high reliability was observed for most of the investigated MRI outputs, suboptimal reliability was observed for 

certain indices. Across the scanner upgrade, increases in frontal, temporal, and cingulate cortical thickness (CT) 

and thalamus volume, along with decreases in parietal CT and amygdala, globus pallidus, hippocampus, and 

striatum volumes, were observed. No significant impact of the upgrade was found in 1 H-MRS analyses. Further, 

CT estimates were found to be larger in MPRAGE acquisitions compared to vNav-MPRAGE acquisitions mainly 

within temporal areas, while the opposite was found mostly in parietal brain regions. The results from this work 

should be considered in longitudinal study designs and comparable prospective motion correction investigations 

are warranted in cases of marked head movement. 
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. Introduction 

Magnetic resonance imaging (MRI)-based neurochemical, volumet-

ic, and morphological (e.g. cortical thickness, surface area) indices are

ften used to explore research questions in neuroscience. For example,

xisting large-scale MRI studies examining patients with schizophre-

ia, Alzheimer’s disease, major depressive disorder, and autism spec-
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rum disorder have previously identified neurochemical, volumetric,

nd morphological abnormalities, as compared to healthy controls

 Schmaal et al., 2016 ; van Erp et al., 2018 , 2016 ; van Rooij et al.,

018 ). Outside of the context of neuropsychiatric disorders, longitu-

inal MRI made a significant impact on studies of brain maturation

 Raznahan et al., 2014 ; Reardon et al., 2018 ) and ageing ( Fjell et al.,

015 ; Tullo et al., 2019 ; Voineskos et al., 2015 ). As such, various MRI
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3  
ndices are being investigated to assess their potential role as biomark-

rs for neuropsychiatric disorders and their utility in clinical staging,

rognostication, prediction of illness onset, and the development of nor-

ative trajectories, as well as to further the general understanding of

euroscience. 

Compared to cross-sectional approaches, longitudinal MRI studies

re often considered a superior strategy for biomarker investigations.

ongitudinal brain imaging mitigates potential sources of confounding

hat may affect cross-sectional studies, such as participant heterogene-

ty and cohort effects. As a result, indices identified through longitu-

inal studies as relevant biomarkers in the pathophysiology of vari-

us neuropsychiatric disorders can be more readily assigned causality

 Cannon et al., 2015 ; Chincarini et al., 2016 ; Jack et al., 2013 ; van Haren

t al., 2011 ). 

One concern that is pertinent to the completion of a longitudinal MRI

tudy is the fact that MRI scanners often undergo hardware and software

pgrades. It is conceivable that these upgrades may affect the measure-

ent of various relevant MRI indices. When upgrades occur during the

ourse of a longitudinal MRI investigation, there may be an impact on

he compatibility of pre- and post-upgrade measures ( Lee et al., 2019 ;

akao et al., 2013 ). Our research group recently underwent an upgrade

or our 3T MRI scanner, from a Siemens MAGNETOM 3T Tim Trio sys-

em to a Siemens MAGNETOM 3T Prisma Fit system. This included hard-

are upgrades to the gradient, radiofrequency, and shimming systems

s well as software and applications upgrades ( Siemens, 2020 ). 

Another important issue for longitudinal MRI studies (although rel-

vant to all MRI studies) is subject motion. Subject motion during a

hree-dimensional MRI acquisition is well-known to cause artifacts (e.g.

hosting, blurring) by making k-space sampling inconsistent, which may

e detrimental to the quality and utility of the scan ( Tisdall et al.,

012 ). This is an important consideration for longitudinal work, as it

s common practice amongst research groups to remove poor quality

cans from further analysis. This represents a loss of significant re-

ources, which may often influence the utility of other data collected

rom that participant over the course of a longitudinal study design.

n addition, removing high-motion scans can represent a source of bias

ithin the dataset and unresolved motion has been demonstrated to im-

act both volumetric and morphological estimates ( Bedford et al., 2020 ;

euter et al., 2015 ). The impact of subject motion may be mitigated

hrough multiple approaches, which may be classified as prospective

nd retrospective. One prospective technique that has become increas-

ngly common involves embedding volumetric navigators (vNavs) (i.e.

ast-acquisition low-resolution 3D EPI images) within longer acquisition

equences ( Tisdall et al., 2016 , 2012 ). vNavs undergo rapid rigid reg-

stration to estimate changes in head position, effectively tracking and

pdating subject motion during an acquisition. Among the advantages

f this approach is its efficiency, as the vNavs are distributed throughout

xisting sequences within “dead-times ”, thus providing benefit at a neg-

igible cost of time, contrast, and intensity. Also, vNav sequences may

ermit the re-acquisition of repetition times (TRs) within which a large

uantity of motion exists. Notably, vNavs have been shown to lead to a

eduction in morphometry variation attributed to motion ( Tisdall et al.,

016 ). As a result, research groups within the field have altered their

rotocols to switch from standard structural sequences to ones with

Navs, which are currently also being employed in large-scale initia-

ives where participant motion is known to be problematic ( Alexander-

loch et al., 2016 ; Pardoe et al., 2016 ) such as the Adolescent Brain

ognitive Development study ( Casey et al., 2018 ). Understanding the

ffects of switching to or adding a vNav sequence to a standard T1-

eighted acquisition that is extensively used within the field (e.g. ADNI

rotocol), which may have differing parameters, is particularly relevant

o longitudinal as well as multi-site work. 

The goals of the current work were to: 1) investigate the impact of

pgrading from a Siemens 3T Tim Trio system to a Siemens 3T MAG-

ETOM Prisma system on commonly used volumetric and morphome-

ric structural imaging measures and proton magnetic resonance spec-
2 
roscopy ( 1 H-MRS) indices and 2) examine the reliability and similar-

ty of volumetric and morphometric structural imaging measures in a

equence with vNavs alongside a standard T1-weighted acquisition se-

uence that closely aligns with the ADNI protocol ( Bussy et al., 2021 ;

ack et al., 2008 ). 

. Methods 

.1. Participants 

This study received approval by the Research Ethics Board of the

ouglas Mental Health University Institute. Written informed consent

as acquired from a total of nineteen individuals who completed the

creening interview and were subsequently enrolled into the present

tudy. Inclusion criteria were: capacity to consent; age 18-80; and flu-

ncy in English or French. Exclusion criteria included contraindications

o MRI. 

.2. Study design 

This study was conducted from June 2018 to September 2019, and

onsisted of two protocols ( Fig. 1 ). The sample size within each investi-

ation is detailed within Supplementary Table 1. 

.2.1. Prisma Upgrade protocol 
The first protocol was designed to assess the impact of the Prisma up-

rade, and consisted of four MRI visits per subject: two using a Siemens

AGNETOM Tim Trio MRI scanner and two using the Siemens MAGNE-

OM Prisma MRI Fit scanner following the completion of an upgrade.

o merit inclusion of a subject, the participant must have undergone

t least one pre-upgrade and one post-upgrade acquisition. In this study

rotocol, fourteen healthy individuals participated, although one partic-

pant failed to complete any post-upgrade scans. Thus, data from thir-

een individuals (mean age: 28.62 ± 6.14 years, 6 females) were used for

nalysis. Nine subjects completed all four MRI visits, one subject com-

leted two pre-upgrade visits and one post-upgrade visit, one subject

ompleted one pre-upgrade visit and two post-upgrade visits, and two

ubjects completed one pre-upgrade visit and one post-upgrade visit.

ne participant who completed two pre-upgrade MPRAGE acquisitions

nly completed one pre-upgrade 1 H-MRS acquisition. 

.2.2. vNav protocol 
The second study protocol consisted of two MRI visits and was prin-

ipally designed to: 1) investigate vNav structural sequences alongside

tandard structural acquisitions and 2) acquire post-upgrade 1 H-MRS.

ue to the latter purpose, we aimed to include as many subjects as pos-

ible from the Prisma Upgrade protocol in the vNav protocol. Thirteen

ndividuals (mean age: 27.92 ± 6.63 years, 7 females) participated in the

Nav protocol, eight of which also participated in the Prisma Upgrade

rotocol. MPRAGE acquisitions always occurred prior to vNav-MPRAGE

cquisitions within a scanning session. Notably, vNav-MPRAGE acqui-

itions had different scanning protocol parameters (more detail in 2.3)

ompared to MPRAGE acquisitions; thus, these protocol changes as a

hole make up the basis of our investigated comparison between vNav-

PRAGE and MPRAGE acquisitions. Finally, MPRAGE data acquired

ithin the vNav protocol was used to supplement post-upgrade (i.e.

risma-Prisma) analyses within the Prisma Upgrade protocol. 

.3. Magnetic resonance imaging acquisition 

Participants were scanned at the Douglas Mental Health University

nstitute. In the Prisma Upgrade protocol, scanning procedures dur-

ng MRI visits 1 and 2 were performed on a 3T Siemens Tim Trio

RI machine using a 32-channel head coil (software version: VB17A).

or MRI visits 3 and 4, scanning procedures were performed on a

T Siemens MAGNETOM Prisma MRI machine using a 32-channel
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Fig. 1. Study design. 
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ead coil (software version: VE11C). In each of these MRI visits,

1-weighted structural images were acquired (MPRAGE, TR = 2300ms,

E = 2.98ms (Tim Trio) and 2.01ms (Prisma), TI = 900ms, flip angle = 9°,

andwidth = 238Hz/Px (Tim Trio) and 240Hz/Px (Prisma), voxel

ize = 1.0 × 1.0 × 1.0mm, 192 × 240 × 256 matrix, GRAPPA = 2, pres-

an normalize). In the vNav protocol, all scanning procedures were

erformed on a 3T Siemens MAGNETOM Prisma MRI machine. Dur-

ng both of the MRI visits, MPRAGE (parameters noted above) and

Nav-MPRAGE (TR = 2300ms, TE = 2.90 ms, TI = 1070ms, flip angle = 9°,

andwidth = 240Hz/Px, voxel size = 1.0 × 1.0 × 1.0mm, 176 × 240 × 256

atrix, GRAPPA = 2, prescan normalize) were acquired. vNav-MPRAGE

equences were provided by Massachusetts General Hospital. 

.4. Magnetic resonance spectroscopy acquisition 

In the Prisma Upgrade protocol, 1 H-MRS was acquired within the

eft dorsolateral prefrontal cortex (DLPFC) during MRI visits 1 and 2. As

art of the vNav protocol, 1 H-MRS was acquired within the left DLPFC

uring both of the MRI visits. For 1 H-MRS scans in both the Prisma

pgrade protocol and the vNav protocol, the MPRAGE anatomical im-

ge was used to guide placement of a 2.5 × 2.5 × 1.5 cm 

3 voxel in

he left DLPFC. The voxel was first positioned such that when viewed

n the sagittal plane, the centre of the MRS voxel in the A/P direction

as aligned with the anterior extent of the genu of the corpus callo-

um. Next, when viewed in the coronal plane at the level of the genu of

he corpus callosum, the voxel was positioned at the brain surface, ap-

roximately mid-way between the dorsomedial extent and the left-most

ateral extent of the brain. To ensure maximal coverage of cortical grey

atter in that region, the voxel was rotated about both the scanner y-

nd x-axes such that the largest face of the voxel (the 2.5 × 2.5 cm 

2 face)

as parallel to the surface of the brain. Short echo-time 1 H-MRS data

ere acquired using the SPECIAL sequence ( Mekle et al., 2009 ) with

R = 3500 ms (Tim Trio) and 3200 ms (Prisma), TE = 8.5 ms, 4096 spec-

ral points, 4000 Hz spectral width. 144 (Tim Trio) and 160 (Prisma)

ater-suppressed averages were acquired using the VAPOR water sup-
3 
ression scheme ( Tkác et al., 1999 ), and an additional 8 non-water-

uppressed averages were acquired for use in array coil reconstruction,

ineshape correction, and optional signal referencing. 

Prior to 1 H-MRS acquisition, localized shimming was performed

n the volume of interest. In the Prisma Upgrade protocol, shim-

ing was performed using the projection-based FASTESTMAP method

 Gruetter and Tkác, 2000 ), while in the vNav protocol, shimming was

erformed using the fieldmap-based GRE-SHIM method. 

.5. Preprocessing 

Unless otherwise specified, structural imaging analysis was done in

he minc format on a high-performance computing cluster (SciNet). T1-

eighted structural images were preprocessed using the minc-bpipe-

ibrary pipeline ( https://github.com/CobraLab/minc- bpipe- library ),

hich included a signal intensity correction (i.e. N4-correction

 Tustison et al., 2010 )), and procedures to exclude the neck and skull.

otably, gradient non-linearity correction was not applied on the scan-

er or in post-processing pipelines. 1 H-MRS analyses included the simu-

ation of a site-specific basis set and data preprocessing performed using

he FID-A toolkit ( Simpson et al., 2017 ), the latter of which included re-

oval of motion-corrupted averages, along with frequency and phase

rift correction. 

.6. Morphological analysis 

Cortical thickness (CT) was estimated using the CIVET pro-

essing pipeline ( Lerch and Evans, 2005 ) (version 2.1.0) on N4-

orrected ( Tustison et al., 2010 ) T1-weighted inputs (e.g. MPRAGE

nd vNav-MPRAGE). More details are included within the Supple-

entary Material. The mean CT was estimated in 31 bilateral re-

ions of interest (ROIs), as defined by the Desikan-Killiany-Tourville

tlas ( Klein and Tourville, 2012 ), using unsmoothed “tlaplace ” out-

uts. In addition, for complementary analyses, CT was estimated us-

ng the recon-all pipeline from FreeSurfer (version 6.0) ( Dale et al.,

https://github.com/CobraLab/minc-bpipe-library
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999 ; Fischl et al., 1999 ) on native T1-weighted images (e.g. MPRAGE

nd vNav-MPRAGE) in the DICOM file format. FreeSurfer methodol-

gy and documentation has been previously detailed and is available

t: http://surfer.nmr.mgh.harvard.edu . Parcellation of reconstructed

urfaces from FreeSurfer rendered CT estimates for each participant

n ROIs defined by the Desikan-Killiany-Tourville atlas ( Klein and

ourville, 2012 ). For consistency in nomenclature with CIVET, lateral

ccipital, pars opercularis, pars orbitalis, and pars triangularis ROIs are

eferred to as the inferior occipital cortex, lateral frontal opercularis,

ateral frontal orbitalis, and lateral frontal triangularis, respectively. 

.7. Volumetric analysis 

Fully-automated segmentations of neuroanatomical structure vol-

mes (SVs) (e.g. amygdala, globus pallidus, hippocampus, striatum,

halamus) were carried out using the Multiple Automatically Gener-

ted Templates (MAGeT-Brain) algorithm ( Chakravarty et al., 2013 ;

ipitone et al., 2014 ). More details are included within the Supple-

entary Material. As above, FreeSurfer was used, wherein automated

egmentation rendered cortical and subcortical volumes ( Fischl et al.,

002 ). Given the complementary nature of this analysis, only volumes

rom structures investigated with MAGeT-Brain (e.g. amygdala, globus

allidus [i.e. pallidum], hippocampus, striatum [i.e. sum of caudate and

utamen], thalamus [i.e. thalamus proper]), were used. 

For CT and SV analyses, outputs were not excluded from analysis on

he basis of quality. 

.8. Signal-to-Noise analysis 

Signal-to-noise ratios (SNR) were estimated using noise_estimate

minc-toolkit-v2 1.9.17) ( Coupé et al., 2009 ) from native MPRAGE ac-

uisitions in the MINC format that were included in the Prisma Upgrade

rotocol. noise_estimate calculates the SNR value through a wavelet de-

omposition of the image to extract the object (signal) from Kmeans

lustering of the lowest subband while the highest subband components

re purely noise. The initial signal to noise estimate is then corrected

or Rician noise distribution by iteratively solving an analytic expres-

ion relating signal to noise in MR until convergence. This method was

riginally developed for non-accelerated scans with stationary noise dis-

ributions, whereas the protocols used in this study are GRAPPA acceler-

ted; however, coil count and acceleration remain constant in the study,

o estimated SNR values, while not necessarily true values, are compa-

able. 

.9. 1 H-MRS analysis 

Glutamate (Glu), glutamine (Gln), Glu + Gln (Glx), myo-inositol

Ins), total choline (Cho, sum of glycerophosphocholine and phospho-

holine), N-acetylaspartate (NAA), N-acetylaspartylglutamate (NAAG),

otal N-acetylaspartate (tNAA, sum of NAA and NAAG), gamma-

minobutyric acid (GABA), glutathione (GSH), and lactate (Lac) were

stimated from preprocessed 1 H-MRS data using LCModel version 6.3-

H ( Provencher, 2001 ). Neurometabolite levels were referenced to to-

al creatine (sum of creatine and phosphocreatine) levels. A basis set

f neurometabolites, obtained via simulation in FID-A ( Simpson et al.,

017 ) according to the in vivo scan parameters, was used. A custom ba-

is set that was used is described within the Supplementary Material.

n the current work, no cutoffs were employed for %SD, full-width at

alf maximum (FWHM), or SNR. Notably, FWHM and SNR were calcu-

ated using FID-A ( Simpson et al., 2017 ). FWHM represents the FWHM

f the water peak in the water unsuppressed scan and SNR is the signal

f the NAA peak in the water suppressed scan divided by the standard

eviation of the noise between 0 and 2 ppm in the same spectrum. 
4 
.10. Statistical analyses 

Analyses were performed in R version 3.5.0 and can be further di-

ided into “test-retest reliability analyses ” and “similarity analyses ”; the

ormer sought to examine the test-retest reliability across two sessions

sing the same imaging sequence, whereas the latter sought to investi-

ate the similarity between two different imaging sequences within the

ame study visit. Intraclass correlation coefficients (ICCs) were deter-

ined to test reliability using the ICC function in the psych_1.9.12.31
ackage. ICCs (3,1) (i.e. consistency) for which p < 0.1 were interpreted

ccording to previously established criteria ( Cicchetti, 1994 ): 

• “excellent ”: 1.00-0.75 

• “good ”: 0.74-0.60 

• “fair ”: 0.59-0.40 

• "poor ”: 0.39-0.00 

ICCs (2,1) (i.e. absolute agreement) are reported in Tables and the

upplementary Material but were not used for interpretation. Also, ab-

olute percentage difference (APD) was calculated according to the fol-

owing formula: [(timepoint 1 value - timepoint 2 value) / ((timepoint

 value + timepoint 2 value) / 2)] × 100. Notably, APDs describe the

hange in a variable of interest without the assessment of any con-

ounding variable. Finally, linear mixed-effects model analyses used the

me4_1.1-23 and lmerTest_3.0-1 packages to test whether the difference

etween two timepoints or sequences was statistically significant, while

onfounding for variability in subjects by using subject as a random

ntercept. Here, a Bonferroni correction for multiple comparisons was

mployed; thus, a significance level of p < 0.00081 (0.05 / 62 ROIs) was

mployed for CT linear mixed-effects analyses, whereas a significance

evel of p < 0.005 (0.05 / 10) was employed for both SV and 1 H-MRS lin-

ar mixed-effects analyses. More detail regarding each study protocol is

rovided below. 

.10.1. Test-retest reliability analyses 
For the Prisma Upgrade protocol, ICCs and APDs were calculated

or the following pairs: visit 1 and visit 2 (i.e. Tim Trio test-retest relia-

ility, henceforth “Trio-Trio ”), visit 2 and visit 3 (i.e. impact of Prisma

pgrade, henceforth “Trio-Prisma ”), and visit 3 and visit 4 (i.e. Prisma

est-retest reliability, henceforth “Prisma-Prisma ”). For the vNav proto-

ol, ICCs were calculated between visit 5 and 6 (i.e. Prisma-Prisma). Of

ote, Trio-Prisma pairs were selected according to the criterion of prox-

mity in time. The breakdown of data within each of the pairs noted

bove and the duration between acquisitions is in Supplementary Table

. It deserves mention that MPRAGE reliabilities for CT and SV were re-

alculated for the first and second visits of the vNav protocol to serve as

omparison for vNav reliabilities, using the same participant pool to do

o. In addition, linear mixed-effects models were used to test differences

etween acquisitions in the pairs noted above, with visit as a fixed effect

nd subject as a random effect ( Measure of Interest ~ Visit + (1|Subject)) .

.10.2. Similarity analyses 
As part of the primary aim of the vNav protocol, similarity analyses

ompared standard structural sequences with vNav sequences within

he same MRI session. Thus, similarity analyses tested the following pair:

PRAGE and vNav-MPRAGE. The breakdown of data within each pair is

urther displayed in Supplementary Table 1. For each participant, pairs

ere preferentially selected from the first visit of the vNav protocol. As

bove, ICCs and APDs were calculated for each pair, and linear mixed-

ffects models were used to test differences between acquisitions, with

cquisition as a fixed effect and subject as a random effect ( Measure of
nterest ~ Acquisition + (1|Subject)) . 

.10.3. Signal-to-Noise analyses 
Using only the data from Trio-Prisma pairs noted above, a linear

ixed-effects model was used to compare SNR between Tim Trio and

risma acquisitions, with scanner as a fixed effect and subject as a ran-

om effect. 
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Table 1 

Trio-Prisma reliability measures for structure volume estimated by the MAGeT-Brain pipeline. 

MAGeT-Brain 

Left Hemisphere Right Hemisphere 

ROI APD ICC (3,1) p-value (ICC) t-value (lmer) p-value (lmer) APD ICC (3,1) p-value (ICC) t-value (lmer) p-value (lmer) 

Amygdala 2.53 0.98 < 0.001 -4.05 0.002 ∗ 1.62 0.98 < 0.001 -1.36 0.199 

Hippocampus 2.67 0.96 < 0.001 -3.61 0.004 ∗ 2.67 0.95 < 0.001 -1.94 0.077 

Globus Pallidus 3.01 0.98 < 0.001 -5.70 < 0.001 ∗ 3.11 0.95 < 0.001 -3.21 0.008 

Striatum 0.65 1.00 < 0.001 2.45 0.030 0.56 1.00 < 0.001 -0.88 0.396 

Thalamus 3.61 0.97 < 0.001 7.32 < 0.001 ∗ 3.76 0.98 < 0.001 7.91 < 0.001 ∗ 

APD, absolute percentage difference; ICC, intraclass correlation coefficient; lmer, linear mixed-effects model; ROI, region of interest. Note: positive t-values 

represent structure volume increases and presented p-values are uncorrected. Asterisk indicates significance after Bonferroni correction. 
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Table 2 

Trio-Prisma reliability measures for 1 H-MRS indices. 

Measure APD ICC (3,1) p-value (ICC) t-value (lmer) p-value (lmer) 

Cho 7.92 0.73 0.013 2.59 0.036 

GABA 15.40 0.30 0.220 0.46 0.659 

Gln 13.60 0.40 0.144 -1.82 0.112 

Glu 2.82 0.90 < 0.001 0.67 0.523 

Glx 3.08 0.90 < 0.001 -0.64 0.541 

GSH 4.98 0.61 0.040 0.24 0.820 

Ins 10.10 0.62 0.037 3.87 0.006 

Lac 19.20 0.32 0.203 -0.14 0.893 

NAA 5.17 0.77 0.008 -2.69 0.031 

NAAG 27.60 0.33 0.195 1.91 0.098 

tNAA 3.02 0.81 0.004 -1.83 0.109 

FWHM 13.40 0.21 0.292 -1.60 0.153 

SNR 12.60 0.36 0.168 -0.08 0.936 

APD, absolute percentage difference; ICC, intraclass correlation coefficient; 

lmer, linear mixed-effects model. Note: positive t-values represent increases and 

presented p-values are uncorrected. 
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.11. Power analyses 

In order to assess the effects of a scanner upgrade in a real-world

cenario, power analyses were conducted on simulated experiments.

electing right hippocampus, precuneus, inferior occipital, rostral mid-

le frontal, and superior temporal ROIs, we used previously estimated

olume and CT from participants scanned either in Prisma-Prisma or

rio-Trio conditions as healthy controls. We duplicated the dataset and

rtificially created a “patient ” group with a 5% increase in volume or

T at the second timepoint. Next, additional subjects were simulated

o estimate the sample size necessary to detect the real 5% increase,

iven a scanner upgrade. These power calculations were created using

he SIMR package/1.0.4, and assessed the interaction between group

nd timepoint as the fixed effect of interest. SIMR power calculations

re based on Monte Carlo simulations, allowing users to simulate based

n linear mixed effects modules with the lme4 packages ( Green and

acLeod, 2016 ). The full model included the interaction as the fixed

ffect and subject and scanner as random effects. 

. Results 

.1. Prisma Upgrade protocol 

.1.1. Cortical thickness 
ICCs, APDs, and linear mixed-effects analyses results reflecting test-

etest reliability for CT measures estimated from CIVET and FreeSurfer

cross Trio-Trio, Trio-Prisma, and Prisma-Prisma investigations are

hown in Supplementary Tables 2 - 7. In the aforementioned analyses,

eliability was found to be “excellent ” or “good ”, with the exception of

hose detailed below. For Trio-Trio investigations, reliability was “fair ”

ithin the right lateral orbitofrontal (CIVET) ROI. For Trio-Prisma in-

estigations, reliability was “fair ” within right lingual gyrus (CIVET),

eft transverse temporal (FreeSurfer), right rostral anterior cingulate

FreeSurfer), and right inferior occipital (FreeSurfer) ROIs, while relia-

ility was “poor ” within the right isthmus cingulate gyrus (CIVET) ROI.

CC results using CIVET and FreeSurfer are visualized in Fig. 2 and Sup-

lementary Figure 1, respectively. 

Results of linear mixed-effects analyses demonstrated differences be-

ween Tim Trio and Prisma estimates. Using CIVET, a significant effect

f the upgrade was found for the following ROIs: bilateral lateral or-

itofrontal, bilateral medial orbitofrontal, right inferior temporal, right

nsula, right lateral frontal orbitalis, right middle temporal, and right

uperior temporal ( Fig. 3 ). Using FreeSurfer, a significant effect of the

pgrade was found for the following ROIs: bilateral pericalcarine, left

audal anterior cingulate, left superior parietal, and right insula (Sup-

lementary Figure 2). Linear mixed-effect analyses results using CIVET

nd FreeSurfer are illustrated in Fig.4 and Supplementary Fig. 3, respec-

ively. 

.1.2. Structure volume 
ICCs, APDs, and linear mixed-effects analyses results reflecting test-

etest reliability for SV measures estimated from MAGeT-Brain and
5 
reeSurfer across Trio-Trio, Trio-Prisma, and Prisma-Prisma investiga-

ions are shown in Table 1 (MAGeT-Brain and Trio-Prisma) and Supple-

entary Tables 8 - 13. All MAGeT-Brain analyses rendered “excellent ”

eliability. 

Using FreeSurfer, reliability was found to be “excellent ” or “good ”,

ith the exception of those detailed below. Reliability with FreeSurfer

cross Trio-Prisma investigations was “fair ” within the left amygdala

nd right thalamus, and did not reach statistical significance within

he bilateral globus pallidus, left hippocampus, and left thalamus. Fur-

her, reliability with FreeSurfer across Prisma-Prisma investigations was

fair ” within the left globus pallidus and “poor ” within the right globus

allidus. 

Results of linear mixed-effects analyses demonstrated differences be-

ween Tim Trio and Prisma estimates. Using MAGeT-Brain, a significant

ffect of the upgrade was found for the following ROIs: bilateral thala-

us, left amygdala, left globus pallidus, and left hippocampus ( Fig. 5 ).

sing FreeSurfer, a significant effect of the upgrade was found for the

ollowing ROIs: bilateral amygdala, bilateral globus pallidus, and bilat-

ral striatum (Supplementary Figure 4). 

.1.3. Proton magnetic resonance spectroscopy 
ICCs, APDs, and linear mixed-effects analyses results reflecting test-

etest reliability for 1 H-MRS measures across Trio-Trio, Trio-Prisma, and

risma-Prisma investigations are shown in Table 2 (Trio-Prisma) and

upplementary Tables 14 - 16. All 1 H-MRS metrics achieved “excellent ”

r “good ” reliability with the exception of those detailed below. For

rio-Trio investigations, reliability was “fair ” for Lac and SNR, and did

ot reach statistical significance for GABA, NAAG, and FWHM. For Trio-

risma investigations, reliability did not reach statistical significance for

ABA, Gln, Lac, NAAG, FWHM, and SNR. For Prisma-Prisma investiga-

ions, reliability was “fair ” for GABA, NAAG and SNR, and did not reach

tatistical significance for GSH and Lac. Results of linear-mixed effects

nalyses were not statistically significant. 
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Fig. 2. Intraclass correlation coefficients of cortical thickness estimated by the CIVET pipeline within regions of interest defined by the Desikan-Killiany-Tourville 

atlas (black boundaries). Results are shown for pairs consisting of two T1-weighted images from a Tim Trio machine (left), Prisma machine (right), and one of each 

(middle). 

Fig. 3. Cortical thickness estimated by the CIVET pipeline within regions of interest that achieved statistical significance in linear mixed-effects analyses. Mean 

thickness difference represents Prisma estimate minus Tim Trio estimate. 

Table 3 

MPRAGE and vNav-MPRAGE similarity measures for structure volume estimated by the MAGeT-Brain pipeline. 

MAGeT-Brain 

Left Hemisphere Right Hemisphere 

ROI APD ICC (3,1) p-value (ICC) t-value (lmer) p-value (lmer) APD ICC (3,1) p-value (ICC) t-value (lmer) p-value (lmer) 

Amygdala 2.02 0.98 < 0.001 -0.73 0.477 1.87 0.98 < 0.001 -0.24 0.813 

Hippocampus 2.29 0.97 < 0.001 1.24 0.238 2.51 0.98 < 0.001 1.45 0.172 

Globus Pallidus 1.52 0.98 < 0.001 3.10 0.009 1.60 0.97 < 0.001 2.36 0.036 

Striatum 0.44 1.00 < 0.001 -0.52 0.610 0.28 1.00 < 0.001 1.28 0.224 

Thalamus 0.90 0.98 < 0.001 -0.59 0.568 0.73 0.99 < 0.001 -0.97 0.353 

APD, absolute percentage difference; ICC, intraclass correlation coefficient; lmer, linear mixed-effects model; ROI, region of interest. Note: positive t-values 

represent structure volume increases in vNav-MPRAGE and presented p-values are uncorrected. 
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Fig. 4. Cortical thickness estimated by the CIVET pipeline within regions of 

interest that achieved statistical significance in linear mixed-effects analyses. 

Visualization represents t-statistics from linear mixed-effect analyses assessing 

differences between Tim Trio and Prisma acquisitions. 
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.2. vNav protocol 

.2.1. Cortical thickness 

.2.1.1. Test-retest reliability. ICCs, APDs, and linear mixed-effects anal-

ses results reflecting test-retest reliability for CT measures estimated

rom CIVET and FreeSurfer in MPRAGE and vNav-MPRAGE sequences

re shown in Supplementary Tables 17 - 20. Using CIVET, reliability was

ound to be “excellent ” or “good ”, with the exception of those detailed

elow. For MPRAGE investigations, reliability was “fair ” within the left

ateral orbitofrontal ROI. For vNav-MPRAGE investigations, reliability

as “fair ” within the left lateral frontal orbitalis, right isthmus cingu-

ate, right pericalcarine, and right posterior cingulate ROIs. FreeSurfer

nalyses rendered “excellent ” or “good ” reliability, with the exception

f the right rostral anterior cingulate ROI in vNav-MPRAGE sequences,

hich was found to be “fair ”. ICC results using CIVET and FreeSurfer are

llustrated in Fig. 6 and Supplementary Figure 5, respectively. Results

f linear-mixed effects analyses were not statistically significant. 

.2.1.2. Similarity analyses. ICCs, APDs, and linear mixed-effects anal-

ses results reflecting similarity of CT measures acquired from MPRAGE

nd vNav-MPRAGE sequences, as estimated by CIVET and FreeSurfer,

re shown in Supplementary Tables 21 and 22, respectively. In the afore-

entioned analyses, reliability was found to be “excellent ” or “good ”,

ith the exception of those detailed below. Reliability was “fair ” within

he right entorhinal cortex (CIVET), “poor ” within the right isthmus cin-

ulate (CIVET), and did not reach statistical significance within the right

ntorhinal cortex (FreeSurfer). ICC results using CIVET and FreeSurfer

re illustrated in Fig. 6 and Supplementary Fig. 5, respectively. 
7 
Results of linear mixed-effects analyses rendered differences be-

ween CT estimates from MPRAGE and vNav-MPRAGE sequences. Using

IVET, a significant effect of sequence type was found for the following

OIs: bilateral parahippocampal, left medial orbitofrontal, left postcen-

ral, right inferior parietal, right middle temporal, right precentral, right

recuneus, and right superior temporal ( Fig. 7 ). Using FreeSurfer, a sig-

ificant effect of sequence type was found for the following ROIs: bi-

ateral postcentral, left inferior parietal, left superior parietal, left trans-

erse temporal, right inferior occipital, right lingual, right lateral frontal

riangularis, right pericalcarine, right rostral middle frontal, and right

uperior frontal (Supplementary Figure 6). Linear mixed-effect analyses

esults using CIVET and FreeSurfer are further illustrated in Fig. 8 and

upplementary Fig. 7, respectively. 

.2.2. Structure volume 

.2.2.1. Test-retest reliability. ICCs, APDs, and linear mixed-effects anal-

ses results reflecting test-retest reliability for SV measures estimated

rom MAGeT-Brain and FreeSurfer in MPRAGE and vNav-MPRAGE se-

uences are shown in Supplementary Tables 23–26. All analyses ren-

ered “excellent ” or “good ” reliability. Using MAGeT-Brain, results of

inear-mixed effects analyses were not statistically significant. Using

reeSurfer, a significant effect of visit was found in the right amygdala

or vNav-MPRAGE sequences. 

.2.2.2. Similarity analyses. ICCs, APDs, and linear mixed-effects anal-

ses results reflecting similarity of SV measures acquired from MPRAGE

nd vNav-MPRAGE sequences, as estimated by MAGeT-Brain and

reeSurfer, are shown in Supplementary Tables 27 and 28, respectively.

ll analyses rendered “excellent ” reliability. Using MAGeT-Brain, results

f linear-mixed effects analyses were not statistically significant. Using

reeSurfer, a significant effect of sequence was found in the left hip-

ocampus and right thalamus (Supplementary Fig. 8). 

.3. Signal-to-Noise analyses 

A significant increase in SNR was identified following the scanner

pgrade (Tim Trio: 20.07 ± 0.66, Prisma: 24.30 ± 1.32, t = 13.98,

 uncorrected < 0.001) ( Fig. 9 ). 

.4. Power analyses 

Simulations revealed that, for all investigated structures, depending

n the structure and pipeline used for estimation, 25–35 participants

re sufficient to achieve 80% power at estimating a 5% increase in vol-

me/CT comparing the simulated group to the acquired data (Supple-

entary Figs. 9 and 10). 

. Discussion 

The present study aimed to: 1) investigate the impact of an upgrade

rom a Siemens Tim Trio to a Siemens Prisma MRI scanner and 2) com-

are a sequence with vNavs against a standard T1-weighted acquisition

equence that is extensively used within the field. While the results con-

ained in this manuscript do not generalize to different vendors, the

ethods used provide a template for future investigations. To the best

f our knowledge, the current work represents the largest sample used to

ssess the impact of the Prisma upgrade on volumetric and morpholog-

cal indices, the first to use CIVET and MAGeT-Brain to investigate this

esearch question, and the first to examine neurochemical indices. Our

esults suggest high reliability in most investigated MRI outputs across

he Prisma upgrade, although suboptimal reliability was observed in

 minority of ROIs. Further, in certain ROIs, despite high reliability,

T and SV estimates differed across the Prisma upgrade. In addition,

he present study is the first to explore vNav reliability and similarity

nalyses across multiple MRI visits, and use CIVET and MAGeT-Brain

o address this research question, albeit in a sample that may not be
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Fig. 5. Structure volume estimated by the MAGeT-Brain pipeline within regions of interest that achieved statistical significance in linear mixed-effects analyses. 

Volume difference represents Prisma estimate minus Tim Trio estimate. 

Fig. 6. Intraclass correlation coefficients of cortical thickness estimated by the CIVET pipeline within regions of interest defined by the Desikan-Killiany-Tourville 

atlas (black boundaries). Results are shown for pairs consisting of two T1-weighted images (left), two volumetric navigator T1-weighted images (middle), and one 

of each (right). 

Fig. 7. Cortical thickness estimated by the CIVET pipeline within regions of interest that achieved statistical significance in linear mixed-effects analyses. Mean 

thickness difference represents vNav-MPRAGE estimate minus MPRAGE estimate. 
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Fig. 8. Cortical thickness estimated by the CIVET pipeline within regions of 

interest that achieved statistical significance in linear mixed-effects analyses. 

Visualization represents t-statistics from linear mixed-effect analyses assessing 

differences between MPRAGE and vNav-MPRAGE acquisitions. 
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Fig. 9. Signal-to-Noise Ratios in Siemens Prisma and Tim Trio scanners. Center 

circle reflects mean value. 
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epresentative of the clinical population in whom prospective motion

orrection would be most beneficial. The current work identified certain

OIs within which MPRAGE and vNav-MPRAGE sequences were most

issimilar, although it is noteworthy that differing contrast parameters

ay also be of influence. 

The identification of particular ROIs within which the Prisma up-

rade impacted reliability is relevant towards longitudinal MRI investi-

ations. In the present work, we observed “poor ” reliability in right isth-

us cingulate gyrus CT and “fair ” reliability in right lingual gyrus CT,

s estimated by CIVET, and “fair ” reliability of CT within the left trans-

erse temporal, right rostral anterior cingulate, and right inferior occip-

tal ROIs, as estimated by FreeSurfer. Also, SV acquired using FreeSurfer

n the left amygdala and right thalamus rendered “fair ” reliability, and

CCs within other structures did not reach statistical significance. For

uture longitudinal MRI investigations, interpretation of estimates of CT

nd SV within these ROIs merits caution, as they may be impacted in

n inconsistent manner by the Prisma upgrade. Notably, it is possible

hat low reliability observed for CT and SV estimates across the Prisma

pgrade in these ROIs may be in part attributable to substandard re-

iability of these measures in general. To this effect, the examination

f Trio-Trio and Prisma-Prisma reliability complements the interpreta-

ion of the Trio-Prisma results. For example, in Trio-Trio investigations,

IVET-estimated right lateral orbitofrontal CT had “fair ” reliability, and

n Prisma-Prisma investigations, FreeSurfer-estimated bilateral globus

allidus volume had “fair ” or “poor ” reliability. Interestingly, cortical

OIs with lower ICCs include those believed to be affected by distor-
9 
ions (e.g. orbitofrontal areas) as well as those with a thin cortex that

ay contribute to poorer segmentation (e.g. V1). Thus, low reliability

bserved in these regions within Trio-Prisma pairs may not solely be a

esult of the upgrade. 

Despite demonstrating “excellent ” or “good ” reliability across the

risma upgrade, CT increases, as estimated by CIVET, were identified

n 5 frontal ROIs (i.e. bilateral lateral orbitofrontal, bilateral medial or-

itofrontal, right lateral frontal orbitalis), 3 right temporal ROIs (i.e.

nferior temporal, middle temporal, superior temporal), and the right

nsula. Likewise, CT increases, as estimated by FreeSurfer, were identi-

ed within the left caudal anterior cingulate and the right insula; how-

ver, CT decreases were identified using FreeSurfer within 3 parietal

OIs (i.e. bilateral pericalcarine, left superior parietal). CT increases

ithin frontal brain regions such as the medial orbitofrontal and lat-

ral orbitofrontal ROIs were also observed using FreeSurfer, yet failed

o achieve statistical significance after correction for multiple compar-

sons. Furthermore, the frontal and temporal CT increases identified by

IVET, along with the parietal CT decreases and temporal and cingulate

T increases identified by FreeSurfer, may be related to SNR increases

hat resulted from the Tim Trio to Prisma upgrade. This phenomenon is

n line with previous studies that have reported upon volume increases

ttributed to SNR increases following MRI scanner upgrades ( Lee et al.,

019 ; Potvin et al., 2019 ; Shuter et al., 2008 ). Notably, orbitofrontal

egions in particular are influenced by magnetic susceptibility differ-

nces in the air-tissue interface that exists between the nasal sinus cav-

ty and the lower frontal cortex; this phenomenon similarly applies to

he temporal cortices and is supported by magnetic field B 0 mapping

 de Graaf, 2019 ). It deserves mention that the influence of protocol

hanges (e.g. TE reduction) and non-SNR factors (e.g. gradient non-

inearity ( Jovicich et al., 2006 )) related to the upgrade on the identified

tructural alterations cannot be discounted in the current work. 

The findings of increased CT within frontal and cingulate ROIs and

ecreased CT within parietal ROIs following the Prisma upgrade is con-

istent with current literature. In particular, Potvin and colleagues simi-

arly investigated an upgrade from a Siemens Trio to the Prisma on three

ealthy male volunteers at three separate sites ( Potvin et al., 2019 ). The

uthors analyzed T1-weighted images using FreeSurfer and, akin to the

resent study, parcellated ROIs using the DKT atlas. Increased thickness

stimates were observed in several ROIs, predominantly within frontal

egions, in addition to cingulate ROIs, and decreased thickness estimates

ere observed in left superior parietal and left entorhinal ROIs. Like-

ise, Takao and colleagues used voxel-based morphometry to identify

ray matter volume alterations (both increases and decreases) follow-

ng a GE scanner upgrade from HDx to HDxt, which were identified to
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e comparable to the effects seen between two different scanners that

ere the exact same model ( Takao et al., 2013 ). In contrast, Han and

olleagues scanned five participants before and after an upgrade from

 Siemens Magnetom Sonata to a Magnetom Avanto, noting that thick-

ess measurements, as assessed by FreeSurfer, were largely unaffected

 Han et al., 2006 ); however, in a separate protocol, the authors did iden-

ify CT increases with increasing field strength. 

In the present study, as assessed by MAGeT-Brain, decreases in left

mygdala, left globus pallidus, and left hippocampus volumes, along

ith increases in bilateral thalamus volumes, were identified across

he Prisma upgrade. Similarly, decreases in bilateral amygdala, bilat-

ral globus pallidus, and bilateral striatum volumes were identified

cross the Prisma upgrade using FreeSurfer. These findings merit com-

arison to those of Potvin and colleagues, who identified increases in

ight amygdala, right caudate, left pallidum, and right putamen volumes

 Potvin et al., 2019 ). Interestingly, the authors identified a negative cor-

elation between subcortical contrast-to-noise ratio and subcortical vol-

me. Jovicich and colleagues reported that subcortical, ventricular, and

ntracranial volumetric measurements, as assessed by FreeSurfer, were

inimally influenced by scanner upgrades (Siemens Sonata to Siemens

vanto and Siemens Trio to Siemens TrioTIM) and acquisition sequence

MPRAGE compared to Multi-echo FLASH), which was contrasted by

ariations in field strengths (1.5T compared to 3T) that did render a

olume difference bias ( Jovicich et al., 2009 ). 

In the vNav protocol of the present study, the comparison of vNav-

PRAGE and MPRAGE sequences was not designed to assess the effec-

iveness of vNav-MPRAGE sequences as a motion correction technique,

ut rather to examine whether their use should be expected to impact es-

imates of volumetric and morphological indices, in a study with the ex-

ectation of a lack of substantial participant motion. Overall, the current

ork suggests high reliability (i.e. similarity) in most volumetric and

orphological indices between vNav-MPRAGE and MPRAGE sequences.

owever, similarity analyses comparing vNav-MPRAGE and MPRAGE

equences demonstrated reduced reliability in CT estimates within the

ight entorhinal cortex (CIVET and FreeSurfer) and the right isthmus cin-

ulate (CIVET). Notably, the finding of low reliability within the right

ingulate ROIs between these sequences may be in part explained by

he results of test-retest reliability analyses of the vNav-MPRAGE se-

uences, which similarly identified low reliability within cingulate ar-

as. This may be attributed to poor midline classification, which may

e a consequence of an asymmetric model not having been used for CT

nalyses. Along with the inclusion of vNavs, the influence of differing

ontrast parameters between vNav-MPRAGE and MPRAGE sequences

representing common modifications within the field), should be wholly

onsidered and findings should be contextualized with those from work

hat matched MPRAGE and vNav-MPRAGE protocols parameter-for-

arameter ( Tisdall et al., 2012 ). In the current study, the ICCs be-

ween MPRAGE and vNav-MPRAGE were larger in certain ROIs than in

PRAGE-MPRAGE and vNav-MPRAGE-vNav-MPRAGE pairs. One po-

ential explanation for this is that the former were acquired within the

ame scanning session, within a few minutes of one another. In con-

rast, acquisitions within MPRAGE-MPRAGE and vNav-MPRAGE-vNav-

PRAGE pairs were acquired within different scanning sessions. Collec-

ively, these findings are applicable to studies that are composed of one

articipant subgroup that is more likely to move during an MRI scan

nd one participant subgroup that is more likely to remain still (e.g.

ase-control studies comparing patients with autism spectrum disorder

nd healthy controls). 

CT estimated using CIVET was lower in vNav-MPRAGE compared

o MPRAGE sequences within 4 temporal ROIs (i.e. bilateral parahip-

ocampal, right superior temporal, right middle temporal), and right

recentral, right inferior parietal, and right precuneus ROIs, yet was

igher in vNav-MPRAGE compared to MPRAGE sequences within left

edial orbitofrontal and left postcentral ROIs. In contrast, CT estimated

sing FreeSurfer was higher in vNav-MPRAGE compared to MPRAGE

equences within 5 parietal ROIs (i.e. bilateral postcentral, left superior
10 
arietal, left inferior parietal, right pericalcarine), 3 frontal ROIs (i.e.

ight superior frontal, right rostral middle frontal, right lateral frontal

riangularis), and left transverse temporal and right lingual ROIs, yet

as lower in vNav-MPRAGE sequences in the right inferior occipital

OI. It is noteworthy that this comparison may be in part affected by TI

ifferences. 

In reference to previous literature investigating vNav sequences,

heir improvement in cases with deliberate motion is evident

 Andersen et al., 2019 ). Seminal work by Tisdall et al. reported that

eductions in dice overlap ratios in FreeSurfer-acquired cortical and

ubcortical volumes between no-motion and motion acquisitions im-

roved when vNav sequences were used for the latter ( Tisdall et al.,

012 ). More recently, Ai et al. collected two MPRAGE and two vNav

cquisitions within the same MRI session ( Ai et al., 2019 ). Using ICCs,

he authors found that reliability in median CT across FreeSurfer’s 62

ortical regions, as assessed by MindBoggle, was highest within vNav

equences and lowest in MPRAGE sequences. Also, ICCs were not as

ensitive to motion in vNav sequences, a phenomenon that was identi-

ed to be particularly relevant for CT, which typically rendered lower

CCs than area and volume. Finally, the authors demonstrated that

he reproducibility (termed similarity in the current study) between

PRAGE and vNav-MPRAGE sequences was good (ICCs on average >

.6) and exceeded the reproducibility between MPRAGE and MPRAGE

airs. Thus, the authors concluded that morphometric results obtained

rom MPRAGE sequences should be replicated using vNav-MPRAGE

equences. 

While directly comparing CIVET or MAGeT-Brain and FreeSurfer is

eyond the scope of the current work, previous studies have identi-

ed a lack of consensus between CIVET and FreeSurfer ( Bhagwat et al.,

021 ), and have reported that CIVET is more sensitive than FreeSurfer

o an Alzheimer’s disease atrophic pattern at the mild cognitive impair-

ent stage ( Redolfi et al., 2015 ). In addition, according to previous

ork, MAGeT-Brain is reported to have greater accuracy than FreeSurfer

 Makowski et al., 2018 ; Pipitone et al., 2014 ) 

The 1 H-MRS component of the current study demonstrated “excel-

ent ” or “good ” reliability across the neurometabolites most commonly

nvestigated within the literature, including Glu, Glx, Ins, Cho, NAA, and

NAA. Importantly, such findings were largely consistent across each

egment of the Prisma Upgrade protocol (e.g. Trio-Trio, Trio-Prisma,

risma-Prisma). That being said, amongst these neurometabolites, it de-

erves mention that the reliability of Cho levels increased in the Prisma-

risma segment and the reliability of Ins levels decreased in the Trio-

risma segment. Furthermore, the other 1 H-MRS indices investigated

n the current study included GABA, Gln, GSH, Lac, and NAAG levels

neurometabolites often excluded from 3T investigations not employ-

ng editing sequences ( Wijtenburg et al., 2015 )) as well as FWHM and

NR. While the failure to achieve statistical significance within several

f the analyses concerning these indices renders their interpretation to

e somewhat speculative, findings from the current work appear to sug-

est that the reliabilities of GABA, NAAG, and FWHM were highest in

he Prisma-Prisma component, the reliabilities of Gln levels and SNR

ecreased in the Trio-Prisma component, and the reliabilities of GSH

nd Lac levels were highest in the Trio-Trio component. It is notewor-

hy that, since the RF pulse waveforms and pulse durations for the SPE-

IAL MRS sequence were identical on both Tim Trio and Prisma scanner

mplementations, the chemical shift displacements were also identical.

onetheless, the 1 H-MRS findings from the current study necessitate

onsideration of the protocol parameter changes between Tim Trio and

risma acquisitions. 

The present work should be considered in light of several limita-

ions. First, the present work aimed to standardize pre- and post-scans

nd thus does not comprehensively assess the full benefits of the Prisma

pgrade. Second, the potential influence of differences between imag-

ng parameters between pre- and post-scans as well as between MPRAGE

nd vNav-MPRAGE sequences cannot be discounted. Third, the advan-

ages of vNavs may be more apparent in instances with marked move-
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ent, such as in populations that are more prone to movement or cases

f forced movement. Indeed, prospective motion correction using vNavs

ay have a negative impact on image quality in cases where partici-

ants are relatively still. In the current work, motion was not directly

ssessed. Overall, the current work examines a participant sample that

ay be unrepresentative of the clinical population in whom prospective

otion correction is beneficial; rather, it is likely representative of the

ontrol sample in large-scale case-control studies. Fourth, the results of

he present study do not necessarily generalize to other sites perform-

ng similar scanner upgrades. To this effect, previous work has reported

pon the between-scanner variability that exists within a scanner model

 Fox et al., 2012 ; Takao et al., 2013 ), which contributes towards limit-

ng the generalizability of our conclusions; additional work involving

ther scanners is undoubtedly necessitated. We see this as a first step

owards obtaining this type of generalizability. As neuroimaging studies

ontinue, merging data collected with novel techniques with upgraded

ardware will become a significant challenge. Fifth, the SNR analysis

mployed in the current work assumes a stationary noise distribution.

hile this assumption requires further investigation, SNR, as it was cal-

ulated in the present study, may be influenced by non-SNR features of

he images that change between software versions. Further, phantom

ata was not used to confirm SNR gain. Sixth, the present study may be

imited by the adopted statistical approach. Future work without miss-

ng data should consider alternative methodology, such as the permu-

ation approach adopted by Maclaren and colleagues ( Maclaren et al.,

014 ), to better partition sources of variance. Finally, given the test-

etest reliability nature of this investigation, exclusion of outputs from

nalysis on the basis of quality was not performed in an effort not to

ias comparisons. 

. Conclusions 

Taken together, as part of its Prisma Upgrade protocol, the current

tudy investigated the impact that the Prisma upgrade may have on com-

on MRI outputs (e.g. CT, SV, 1 H-MRS indices). High reliability was

dentified in most of the MRI outputs that were investigated across the

risma upgrade. However, suboptimal reliability and differences were

bserved for CT or SV estimates within certain ROIs across the Prisma

pgrade. Further, as assessed by CIVET and FreeSurfer, CT increases in

rontal, temporal, and cingulate ROIs, along with CT decreases in pari-

tal ROIs, may ensue across a Prisma upgrade, which may be linked to

ncreases in SNR, changes in protocol parameters, or other factors re-

ated to the scanner upgrade. Additionally, as assessed by MAGeT-Brain

nd FreeSurfer, volume decreases in the amygdala, globus pallidus, hip-

ocampus, and striatum may result from a Prisma upgrade, along with

olume increases in the thalamus; however, as above, changes in proto-

ol parameters and other upgrade-related factors cannot be discounted.

hese findings should be particularly considered in the design of lon-

itudinal study designs integrating measures from before and after the

pgrade, and are also highly relevant to large-scale initiatives incorpo-

ating data from multiple sites. It would be the authors’ suggestion for

canner upgrade to be considered as a covariate (i.e. random effect) in

tatistical analyses. 

In addition, as part of its vNav Protocol, the current study reported

pon ROIs within which CT and SV estimates had suboptimal relia-

ility or differed between MPRAGE and vNav-MPRAGE sequences. As

ssessed by CIVET, several ROIs within which MPRAGE estimates ex-

eeded vNav-MPRAGE estimates were identified, predominantly involv-

ng temporal areas. In contrast, as assessed by FreeSurfer, higher CT es-

imates in vNav-MPRAGE acquisitions were identified, including mostly

arietal and frontal ROIs. It is worth mentioning that the key advantages

f vNav sequences may be more apparent in instances with marked head

ovement, such as populations that are more prone to head movement

e.g. children, certain patient populations) or cases of forced head move-

ent. Thus, such investigations necessitate further examination. 
11 
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