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TARGET AUDIENCE Those interested in quantitative relaxometry, novel 
acquisition and reconstruction techniques, and multiple sclerosis.  
 
PURPOSE 3D MPnRAGE [1] is a recently introduced technique that utilizes 3D 
radial k-space sampling to simultaneously acquire n (typically 300) MPRAGE 
images with different T1 contrasts in a single scan no longer than a conventional 
MPRAGE acquisition.  The images are automatically co-registered by nature of 
the acquisition, which allows the spectrum of images to be easily compared to 
help identify subtle variations that may not be present with one particular contrast 
setting.  Being automatically co-registered and covering a range of inversion 
times, the spectrum of images is also well suited for T1 mapping or additional 
processing that can create images similar to double inversion recovery (DIR) 
where only a single tissue has non-zero signal [1-2].  This abstract demonstrates 
several analyses possible with MPnRAGE in a study of 2 volunteers with multiple 
sclerosis (MS) who were scanned once a month for eight months.  
 
METHODS Two volunteers with clinically definite MS were each imaged 
monthly for eight months on a 3T scanner (GE MR750), with MPnRAGE, using 
an 8-channel head coil. The 3D MPnRAGE scan was 7.5 minutes and imaged 
the whole brain (160 mm axial excitation) with 1.0 mm isotropic resolution.  A 4 
degree flip angle was used to acquire 296 distinct inversion times after each 
inversion pulse.  An additional, spoiled gradient image was acquired with flip 
angle of 8 degrees, but otherwise identical parameters for B1 calibration (scan 
time 1.5 minutes).   
 
240 unique inversion time images and quantitative T1 maps were reconstructed 
after each scan.  T1 maps from time points 2-8 were aligned to images from 
time-point 1 using FSL FLIRT rigid body transformation.  The coefficient of 
variation (CV) was calculated on a voxel-wise basis across the 8 time points to 
assess the normal appearing white matter (NAWM) and normal appearing gray 
matter (NAGM) as defined on images at the first time point.     
 
 
RESULTS The coefficient of variation of T1 measurements across time ranged 
from 0.02 to 0.08 in NAWM and NAGM, which was far below the mean and 
minimum values of 0.4 and 0.6 that were present after a WM lesion developed 
between scan sessions of volunteer 2.  Please see Fig. 1-3 and Table for additional 
results.  
 
DISCUSSION & CONCLUSION Although further validation is still required, 
our preliminary results suggest that T1 measures from MPnRAGE may be a 
potentially useful bio-marker to monitor disease progression of patients with MS.  
We have identified  
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 Volunteer 1  Volunteer 2 
 T1 (ms) Cv  T1 (ms) Cv 

WM CC genu   811 ± 18 0.02    798 ± 25 0.05 
WM CC splenium   825 ± 24 0.05    818 ± 28 0.06 
WM ant left   912 ± 14 0.05    892 ± 47 0.05 
WM ant right   880 ± 27 0.04    898 ± 56 0.06 
WM post left   874 ± 21 0.05    906 ± 40 0.05 
WM post right   845 ± 34 0.05    864 ± 28 0.05 
WM internal cap left   864 ± 21 0.06    856 ± 31 0.07 
WM internal cap right   870 ± 25 0.06    851 ± 44 0.07 
GM caudate left 1276 ± 72 0.08  1238 ± 78 0.07 
GM caudate right 1347 ± 66 0.08  1345 ± 68 0.08 
GM thalamus left 1092 ± 36 0.06  1030 ± 38 0.07 
GM thalamus right 1153 ± 72 0.07  1052 ± 80 0.08 

Fig. 1.  From left to right: (a,f) ROIs, (b,g) average T1w images, (c,h) average
T1w images with built-in intensity correction, (d,i) average T1 maps in sec, 
(e,j) coefficient of variation, Cv maps. Volunteer (1/2) on (top/bottom).     

Fig 3. Volunteer 1 has a small cortical lesion, which is nicely seen with 
conventional T1-weighting (a,b) and quantitative R1 map (d).  The WM/GM 
interface null frame (c) shows a hypointense area of GM just adjacent to the 
lesion. T1 values inside the lesion range were 2200±200 ms (min/max is 1800 
ms / 2800 ms), while the normal appearing GM adjacent and left of the lesion 
has T1 of  1226±35 ms.  The GM adjacent and right of the lesion (blue arrow in 
(c) has T1 of 1140±10 ms, while gray matter to the right of the blue arrow has 
T1=1224±35 ms.   

Fig. 2. A white matter lesion (yellow arrow) is visible in T1 maps (units of 
seconds) from time point 6 (b) in volunteer 2 but not in time point 1 (a).  The 
lesion remains visible in the time averaged T1 map (c) and is clearly visible in 
the coefficient of variation image (d).  The coefficient of variation, Cv, has 
(mean/max) of (0.4/0.6) within the WM lesion.    
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