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Introduction: In large human imaging studies with thousands of subjects, longitudinal studies and multi-site trials, both MR scanner stability and 
consistency of protocol implementation is vital [1]. Automated MRI-derived measurements of in-vivo human brain volumes from anatomical scans 
can provide novel insights into normal and abnormal neuroanatomy [2], but only a few studies have probed the repeatability and effects of sequence-
dependent parameters on these measurements, including scanner changes such as vendor, field strength and gradient strength [3,4], and sequence 
modification [4-6].  To ensure minimal impact on subject burden and maximal efficiency, we implemented a rapid 2-minute multi-echo MPRAGE 
(MEMPRAGE) protocol for anatomical scans [5].  To assess the repeatability of this protocol across days, sites and scanner software release, we 
performed a brief multi-site and repeatability trial.  Our primary goal was to establish the feasibility of an extremely rapid structural scan for quantita-
tive morphometrics. 
Methods: All measurements were made using 3.0 T MRI scanners (MAGNETOM Trio a Tim system, Siemens Healthcare, Erlangen, Germany), 
located at either the Harvard Center for Brain Science or the MGH Martinos Center.  The product 12-channel receive-only head coil was used in all 
cases.  21 subjects (4 male, mean age 19.5 years) were scanned once at Harvard prior to the Siemens Syngo VB17 upgrade, once at MGH after the 
VB17 upgrade, and once more at Harvard after the VB17 upgrade at that scanner. All subjects gave written informed consent according to a protocol 
approved by the local IRB.  A Common Acquisition Protocol (CAP) was used in each session, which included the two-minute T1-weighted  
MEMPRAGE (TE = 1.54, 3.36, 5.18 and 7.01ms, TR = 2200 ms, FOV = 230 x 230 mm, matrix = 192 x 192, 144 slices, voxel size = 1.2 mm3, iPAT 
acceleration factor = 4). An Autoalign procedure was used to ensure reproducible slice and field-of-view positioning for each subject independent of 
day and scanner in use. [7,8].  A T2-weighted scan, 6-direction DTI scan, two six-minute gradient-echo EPI BOLD runs, and a 124-direction DSI 
scan were also acquired for future use. The anatomical scans were analyzed using the FreeSurfer toolkit [9]. An automated parcellation of the cortex, 
subcortical (without white matter) and white matter structures was performed, and the estimated Total Intracranial Volume (eTIV) was calculated 
[10].  Correlation plots were made for the volume of each structure independently determined for each of the three scanning sessions. 
Results: Figure 1 shows plots of 
Intracranial, Hippocampal and 
posterior Corpus Callosum vo-
lumes for 21 subjects scanned at 
Harvard before and after the VB17 
upgrade, and at MGH under VB17.  
Similar volume determinations 
were made for the anterior Corpus 
Callosum, Cerebral Cortex and the 
Amygdala, and were generally 
similar to those shown, except for 
the Amygdala (slope ~ 0.91 – 0.94, 
R2 ~ 0.79 – 0.87).  Volume correla-
tions from data acquired at Harvard 
under VB15 and at MGH are sum-
marized below: 
Structure  Slope R2 
eTIV  1.04 0.99 
Hippocampus 0.93 0.95 
CC Posterior 1.03 0.99 
CC Anterior 1.02 0.97 
Cerebral Cortex 1.07 0.96 
Amygdala 0.91 0.83 

 
Figure 1: Intracranial (eTIV), Hippocampal and posterior Corpus Callosum volumes (in mm3) for 21 subjects 
scanned at Harvard before and after the VB17 upgrade, and at MGH with VB17. Linear regression data (corre-
lation) for volume measurements determined from different imaging sessions are shown for each plot. 

Discussion: The correlation of volumes determined from data acquired at different sites and on different days using the rapid 2-minute MEMPRAGE 
are extremely good, and compare with those obtained previously from standard single-acquisition MPRAGE scans or multi-echo FLASH scans [4], 
unaccelerated MEMPRAGE scans [5] or 1-mm resolution MEMPRAGE scans that take 6 minutes to acquire [6].  Correlation of volumes determined 
from data acquired at Harvard before and after the upgrade are high, with R2 values above 0.95 for most structures.  Similar correlations were seen 
for volumes measured at Harvard under either VB15 or 17 and MGH under VB17.  The Amygdala showed lower correlations between volumes de-
termined from different scanner sessions, with R2 ~ 0.8 – 0.9. However, higher measurement uncertainty for this structure is commonly observed 
[4,6].  The results indicate that volume measurements derived from the rapid 2-minute MEMPRAGE protocol employing 4-fold acceleration were 
comparable to those acquired with longer scans, and that repeatability was minimally affected by site, day and scanner software version. 
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