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Purpose: Previous brain iron deposition imaging studies that have estimated R2 and R2* (or R2´) simultaneously from multiple gradient echo sampling of 
either a single spin echo or a free induction decay and the left-side of a spin-echo have assumed Lorentzian frequency distributions for the water 
resonance [1-6]. It is our purpose to demonstrate that Gaussian distributions, which have a markedly different time domain response, are better suited 
for these types of studies. This implies that more robust analyses with improved quantitation and separation of reversible and irreversible transverse 
relaxation processes are possible.  
 

Methods: Studies were performed on a Siemens 3T Trio system using a 32 channel head receive coil. A multi-slice 2D-FT spin echo imaging sequence 
was modified to gather 31 unipolar sampled gradient echoes at 2.4 ms intervals throughout a spin echo centered at 80 ms, coinciding with the 16th 
gradient echo.  A 10 slice axial brain data set, 5/2.5 mm slice/gap with 1 x 1 mm2 in-plane resolution was gathered in 8.7 minutes with a 2 s TR from a 
male volunteer. Bloch equation analyses based on Lorentzian and Gaussian intra-voxel frequency distributions yield time (t) dependencies of the echo 
signal S(t) of exp(-R2(τ+t)) exp(-R2´|τ-t|) and exp(-R2(τ+t)) exp(-(τ-t)2σ 2/2), respectively. Here, τ is the interpulse interval, and R2´ and 1.18σ are the half-
widths at half-maximum for the Lorentzian and Gaussian distributions, respectively.  Ln(S) vs t plots thus yield straight lines on either side of the echo for 
Lorentzian distributions but distinct curvature and a leftward shift of echo peaks for Gaussian distributions in regions where reversible relaxation 
dominates. Fits of data to both models were performed and compared using ratio maps of the standard deviation of the residuals from each fit.  
 

Results: Fig. 1 depicts R2 and R2´ maps for the Lorentzian distribution and R2 and σ maps for the Gaussian distribution for a slice located slightly above 
the sinus regions. Although the R2 maps appear similar, quantitative differences of ~10% are observed. Furthermore, there is an improved conspicuity of 
structures in the σ vs the R2´ image. The top right image is a map of the ratio of residual standard deviations (Lorentzian/Gaussian) and is greater than 
unity (indicating a better fit for the Gaussian distribution) in most locations and much higher than unity in regions where susceptibility gradients proximal 
to sinus regions are prominent. The lower right is a semi-log plot of the spin echo signal intensity as a function of time for an ROI in the right frontal 
cortex in which the Gaussian fit to the data is clearly superior. 
    

Discussion and Conclusions: Despite the widespread assumption of Lorentzian frequency distributions in previous iron deposition studies, direct tests 
of this assumption have been lacking. Indeed we find the assumption to be ill-founded and that Gaussian distributions more adequately characterize 
tissue in the brain.  Since the half-widths of the frequency distributions and the irreversible relaxation rate R2 are fit simultaneously to the data, the use 
of a more appropriate model for the former can only help improve the accuracy of the latter. Our results therefore suggest a new paradigm for the 
characterization of reversible and irreversible transverse relaxation processes, which could prove useful for iron deposition analyses.  
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Fig. 1: R2 (upper left) and R2´ (upper middle) maps based on a Lorentzian fit and R2 (lower left) and σ (lower middle) maps based on a Gaussian 
fit, along with a ratio map of the residual standard deviations (upper right) and a semi-log plot of signal S vs t from an ROI in the frontal cortex 
(blue box in images) with Lorentzian (red) and Gaussian (green) fits overlaid. 
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