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Target Audience: Scientists/clinicians interested in MRI of the Heart and Diffusion Tensor MRI (DTI). 

Purpose: Left ventricular hypertrophy (LVH) is frequently accompanied by a diffuse but patchy pattern of myocardial fibrosis. Diffusion Tensor MRI (DTI) 
has the potential to detect microstructural changes with a high degree of sensitivity but recent studies in patients with hypertrophic cardiomyopathy 
(HCM) have produced inconsistent results.1,2 We have previously described the use of the supertoroidal model to represent the diffusion tensor 
eigensystem.3 The toroidal volume (TV) is an index that measures volumetric change in local diffusivity and may be more sensitive to alterations in 
tissue microstructure than mean diffusivity (MD).4 We hypothesized, therefore, that the measurement of TV in hypertrophied hearts would be more 
sensitive to the presence of fibrosis than conventional metrics such as MD and fractional anisotropy (FA). To test this hypothesis, we performed in vivo 
DTI in a mouse model of LVH due to aortic banding (n=6) and in age-matched controls (n=6). 

Methods: DTI was performed in the mice 4 
weeks after aortic banding on a horizontal 
bore 9.4T scanner (Bruker) equipped with a 
1500 mT/m gradient insert. A motion-
compensated version of the Stejskal-Tanner 
sequence was used, in which bipolar 
gradients were placed on either side of the 
refocusing pulse. Images were acquired 
during mid-systole with a fat-suppressed spin 
echo EPI sequence. Typical parameters 
included: field of view (FOV) 20x20x8 mm3, 
matrix 70x70x28 interpolated to 128x128x51, 
isotropic resolution 156 μm, TE/TR=14/1000 
ms, b-value=580 s/mm2, 24 diffusion 
encoding directions plus one b=0 s/mm2 
image, and 2 averages. Gradient echo cine 
imaging was performed to confirm the 
presence of LVH. MD, FA, and TV were 
calculated as previously described (Mekkaoui 
2012). Following MRI, the hearts were 
sectioned for histological staining with 
Masson’s trichrome. 

Results: Significant LVH was present in all of 
the aortic-banded mice. MD and FA maps did 
not reveal clear changes in the banded mice, 
however a significant reduction in TV was 

seen in the LV of the banded mice. In addition, there was a large variance in TV, suggesting that the degree of fibrosis was non-uniform (Figure 1). 
Histological staining consistently revealed diffuse patches of fibrosis in the banded-hearts (Figure 2A-B). In contrast, only a faint and highly ordered 
pattern of interstitial fibrosis was seen in the control hearts (Figure 2C). Despite the marked degree of fibrosis in the banded mice, neither MD nor FA 
were significantly altered (Figure 2D,E). TV, however, was significantly reduced in the banded mice (p<0.008) (Figure 2F).  

Discussion: LVH is characterized by 
cardiomyocyte hypertrophy and a marked increase 
in interstitial fibrosis. These changes could not be 
detected in a mouse model of LVH using 
conventional metrics such as MD and FA. TV, 
however, was highly sensitive to the microstructural 
changes seen in LVH. These results demonstrate 
the limited ability of MD and FA to detect diffuse 
myocardial fibrosis, underscoring the need to 
develop complementary metrics, such as TV, to 
characterize changes in the microstructure of the 
myocardium and other tissues. 

Conclusion: The supertoroidal model and the 
derived TV were able to detect the presence of 
diffuse myocardial fibrosis in LVH.  This 
demonstrates the potential of the supertoroidal 
model, as compared to traditional diffusion-based 
indices (MD and FA), to detect subtle changes in 
tissue microstructure and which may be useful in 
the evaluation of patients with increased 
myocardial wall thickness. 
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