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Target audience: Clinicians and basic scientists who apply and investigate contrast enhanced MRI. 
 
Purpose:  Contrast enhanced MRI is traditionally used to assess tissue perfusion and permeability. Recently, we demonstrated that T2* 
and T2 weighted contrast enhanced MRI signals, when acquired at contrast agent (CA) equilibrium, are predominantly influenced by the 
cellular properties of tissue and insensitive the vasculature [1]. In this study, we propose a novel imaging approach that utilizes these 
T2* and T2 effects at CA equilibrium to derive an estimate of mean cell size in a voxel.  
 
Methods: Similar to Vessel Size Imaging (VSI) [2], our approach relies upon the simultaneous acquisition of GE and SE data during CA 
passage through tissue and estimation of “perturber” size using the ratio of ∆R2* and ∆R2. When 
measured at CA equilibrium, the magnetic field perturbations, and associated signal changes, are 
determined by the cellular features and not the vasculature [2]. Thus, in cell size imaging the cells 
act as the perturbers. For a preliminary evaluation of the proposed approach we evaluated the 
relationship between the ratio of ∆R2* and ∆R2 and cell size.  Using our previously developed 
simulation toolbox [3], we evaluated the relationship between the ∆R2* / ∆R2 and cell size for a 60% 
cell volume fractions tissue structure, modeled as packed ellipsoids, and a given vascular volume 
fraction, modeled as a heterogeneous fractal tree. This relationship was also explored using in vitro 
microsphere phantoms. Polystyrene microspheres were suspended in saline, and doped with 
physiologically relevant concentrations of Gd-DTPA. Multi-echo gradient and spin echo images were 
acquired in order to measure ∆R2* / ∆R2. For in vivo characterization, we evaluated ∆R2* / ∆R2 in 9L 
(n = 12) and C6 (n = 11) rat brain tumors and quantified cell size using histology.  
 
Results:  Figure 1 illustrates the relationship between ∆R2* / ∆R2 and cell size as determined by 
simulations. Over a reasonable biological range, ∆R2* / ∆R2 increases with cell radius. Consistent with the simulations, in vitro studies 
show that ∆R2* / ∆R2 increases with microsphere size, as illustrated in Figure 2. Histologically, 9L and C6 tumors were found to be 8.4 

± 1.7 μm and 5.02 ± 0.6 μm, respectively; yielding a cell size ratio between the tumor types of 1.67.  
Using the simulated data and the cell sizes determined by histology, the simulated cell size ratio 
between the tumor types was 1.65, in agreement with the histological results. Figure 3 illustrates an 
example ∆R2* / ∆R2 map in a 9L brain tumor. The ∆R2* / ∆R2 values were significantly higher (p = 
7.2 x 10-6) in 9L tumors than in C6 tumors.  Since, at this preliminary stage of development, ∆R2* / 
∆R2 is a relative measure of cell size we compared the ratio of 9L and C6 values to the ratio of 
histologically determined values. The ratio of mean 9L and C6 ∆R2* / ∆R2 values across all rats 
was 1.4, which is only 16% less than that found via histology. 
 
Discussion:  The preliminary data indicates that susceptibility-based contrast enhanced MRI could 
potentially be used to assess relative cell size. Simulations, in vitro and in vivo data indicate that 
the ratio of ∆R2* and ∆R2, when computed at CA equilibrium, is sensitive to cell size. Proportionally, 
in vivo cell size ratios were reasonably close to histological estimates of cellular size, which is 
encouraging given the complex and heterogeneous nature of cellular packing and the potential for 

a range of cell sizes to exist within a voxel.  Currently, we are aiming to better characterize the 
biophysical basis of cell size imaging so that we can develop an analytic expression for absolute mean 
cell size in a voxel (similar to the approach used in VSI). From our previous work [1], the static 
dephasing regime does not apply for the CA concentrations and cell size and density conditions 
encountered in vivo so we are exploring an alternative theoretical formulation for cell size 
quantification.  
 
Conclusion:  While the in vivo approach described herein utilized a GE and SE DSC-MRI pulse 
sequence, cell size imaging can be incorporated into DCE-MRI scans or even steady state post-
contrast imaging, enabling this approach to be applied in tissues throughout the body. Cell size 
imaging could become a unique contrast mechanism with which to explore tissue microstructure and pathology. 
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Figure 2: ∆R2* / ∆R2 increases with 
microsphere size at physiologic CA

concentrations.  

Figure 3: Example CSI map in 
a 9L brain tumor. 

 

Figure 1:  Simulations show that
∆R2*/∆R2 increases with cell size

at CA equilibrium.
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