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Introduction 
Diffusion Tensor Imaging (DTI) parameters of white matter (WM) are used as a quantitative tool to assess 
WM integrity and pathology. However, these parameters are often sensitive to the signal to noise ratio (SNR), 
causing a bias in the estimated diffusion parameters such as fractional anisotropy (FA) and increasing 
uncertainties in the tensor eigenvectors1. By measuring at ultra high field (7 Tesla and higher) we can obtain 
an increase in SNR without increased scan time. The question remains if performance of ultra high field 
scanners for DT MRI is beneficial for clinical use. We compared the performance of a DTI sequence on three 
clinically relevant field strengths. We inspected regional differences within the images of nine volunteers on 
three scanners each, comparing SNR and FA in three selected regions of interest (ROIs): the corpus callosum 
(CC), corticospinal tract (CST) and optic radiations (OR). 

Materials and methods 
DTI data was collected on three Philips MRI scanners utilizing field strengths of 1.5 T, 
3.0 T and 7.0 Tesla resp. with DTI protocols which are used in everyday clinical 
practice. Data was acquired at a resolution of 2 mm isotropic, in a SS-EPI multi-slice 
pulsed gradient spin echo experiment (EPI factor 47), covering a field of view of 
224× 224×98 mm in 49 slices.  
As gradient performance is not identical on all three scanners, the diffusion, read-out 
and echo times differ slightly per scanner. The scanner dependent parameters are shown 
in table 1. Diffusion measurements consisted of 1 image at b = 0 s/mm2 and 32 
directions at b = 1000 s/mm2. Also, a noise acquisition was performed by adding an 
extra diffusion direction without RF and gradients. This maps the noise from the coil 
elements and the SENSE reconstruction profile. Eddy current correction and calculation 
of diffusion parameters was done using the FSL toolbox (FMRIB, Oxford). In-house 
built routines written in Matlab® v7.6.0 (The Mathworks Inc.) were used to calculate 
SNR and other statistics. ROIs were drawn on a single slice in the volume, the CC on a 
sagittal slice trough the middle of the brain, the CST and OR on axial slices at the level 
of the pons and the lower level of the genus of the CC resp. To prevent local spiking of 
the SNR, the noise image was smoothed in 3D with a 9× 9× 9 voxel box over the volume. The SNR was 
then calculated by averaging the ratio of the b ~ 0 image and the noise for each voxel in the ROI. The mean 
of FA values were found by masking ROIs.  

Results and Discussion 
Figure 1 shows that although distortions remain an issue, it is possible to acquire useable DTI images using 
a standard DTI sequence, in clinically relevant scan times. When focusing on SNR averaged for the three 
ROIs, the median values at different fields show an average signal of 10:20:46 on 1.5, 3 and 7T respectively 
(figure 2).  
On the one hand, SNR at ultra high field is increased by the increase in field strength, and the increased 
number of receive coil-elements. On the other hand, SNR is reduced due to shortened T2 combined with 
elongated echo times (due to weaker gradients), and limited by B1 power and inhomogeneity. The balance 
between these factors is towards a higher SNR, as shown in figure 2. This also leaves room for further 
improvements. The number of coil elements at the 1.5 and 3T scanners is half of those at 7T (8 and 16 
receive channels resp.). The individual coil elements of the 16 channel receive coil are smaller than the 8 
channel coil, which make it more sensitive towards the edges of the brain, closer to the coils. This effect is 
best seen in the OR, which span from the internal capsule to the visual cortex; they show the highest SNR.  
The variance of the SNR is about 10% for the 1.5 and 3T scanners or 30% at 7T of the median. This can be 
explained partly by the difference in excitation coil. On the 1.5 and 3T systems, a body coil is used for 
excitation, while on the 7T system a smaller head coil is used. This head coil is more sensitive for loading 
effects, showing more variance in the effective B1 field. Also, B0 field inhomogeneities are more 
pronounced at 7T, causing large differences in shim-effectiveness. Further developments on B0 and B1 
shimming at ultra high field are likely to improve these issues. FA values are known to be SNR dependent, 
and low SNR has been shown to cause an overestimation of FA 1-3. However, our findings show that with 
higher SNR at 7T, there is also a trend for increased FA. These findings are consistent with, although not 
explained by Huisman et al4.  

Conclusions 
DTI at 7T is possible using standard clinical sequences. Although 7T is still hampered by increased B0 and 
B1 inhomogeneities and reduced gradient strength, a significant increase in SNR is found when going to 7 
Tesla. Interestingly, an increase in FA has been found and remains to be explained. 

References 
1. Farrell, J.A. e.a. Effects of signal-to-noise ratio on the accuracy and reproducibility of diffusion tensor imaging-

derived fractional anisotropy, mean diffusivity, and principal eigenvector measurements at 1.5T. Journal of Magnetic Resonance Imaging 26, 756-767(2007). 

2. Jones, D.K. & Basser, P.J. "Squashing peanuts and smashing pumpkins": How noise distorts diffusion-weighted MR data. Magnetic Resonance in Medicine 52, 
979-993(2004). 

3. Anderson, A.W. Theoretical analysis of the effects of noise on diffusion tensor imaging. Magnetic Resonance in Medicine 46, 1174-1188(2001). 

4. Huisman, Thierry. e.a. Quantitative diffusion tensor MR imaging of the brain: field strength related variance of apparent diffusion coefficient (ADC) and fractional 
anisotropy (FA) scalars. EUROPEAN RADIOLOGY 16, 1651-1658(2006). 

 

Table 1: Details of scanning parameters 
FIELD (Tesla) 1.5 3.0 7.0 

 TR (ms) 9 837 8 384 11 268 
 TE (ms) 65 51 71 
 BW phase (Hz) 21 29.7 29.6 
 BW read (Hz) 2101 2968.5 2555.1 
 Δ (ms) 32 25.1 35.2 
 δ (ms) 17.5 13.3 23.8 
 Scan duration 6'04'' 5'10'' 6'56'' 

Fig. 1: Color-coded FA maps of an axial slice of the same subject 
on three field strengths. Red, green and blue indicate regions 
with diffusivities oriented primarily left-right, frontal-posterior, 
and superior-inferior respectively. 
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Fig. 2: SNR and FA over field strengths for 
different ROIs 
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