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Purpose: The biophysical interpretation of bulk diffusion MRI (dMRI) metrics remains challenging due to the complexity of neural tissue.
One approach is to exploit the Ilnks between cytoarchitecture and the non- Gau33|an|ty of water diffusion, which may be estimated with
diffusional kurtosis imaging (DKI)". In this work, a previously proposed method® is generalized so that specific microstructural properties
of the entire brain parenchyma may be obtained with DKI. This method is termed cerebral microenvironment modeling (CMM).

Methods: Theory CMM idealizes neural tissue as consisting of two non-exchanging compartments, a non-Gaussian confined- (CC) and
Gaussian open- (OC) compartment. The CC represents water confined within neurites that are idealized as infinitely long, narrow
cylinders. The OC represents all other water that yields a detectable signal and is fully characterized by its diffusion tensor, D°¢. The
non-Gaussianity of the CC stems from a probability distribution of neurite orientations, denoted by F(n) for neurite aligned along a
direction n. The diffusion tensor (DT) for CC is D¢¢ = [ dQ,F(n)D*(n), where D*(n) = R,(n) - A* - RL(n) is the subcomponent DT of a
neurite, R,(n) is a rotation matrix, and A" is defined as A7, = 4}, (intrinsic neurite diffusivity) and zero otherwise. The DT for the full
system (OC+CC) is D = D¢ + (1 — f)D9¢, where f is the CC water proton fraction, and its associated directional diffusivity in
direction m is D(m) = m - D - m. The kurtosis for CC is approximated by a directionally averaged value that should satisfy the explicit

formula: Koe = [12(A§6A5C + A§6ASC + A5°A§9)]/ [Dec? + 225, (A7) (1), with A€ being the eigenvalues of D and Dgc = Tr(DCC).
Notice that K. = 2.4 for isotropic distribution of neurites, and K. = 0 for perfectly
aligned neurites. Using D(m) and the corresponding directional K(m) to solve for
DCC(m) yields

cc D(m) (1- f)K(m)ch
D (m) = 77 f)ch/3[ \/ 3f JK(m) fHee + ] (@)

Algorithm D¢(m) can then be calculated from D(m), K(m), K. and f. Since
D(m)and K(m) can be measured with DKI®, a set of viable solution candidates that
depend on f and K. can then be generated. These must satisfy the bounds K./
(B+ Knax) < f <1 and 0 < K¢ < 2.4, respectively, where K,y is the maximum of
K(m) over all possible directions. A subset of viable solution candidates can be

selected that  minimizes ¢, = |ch — [12(A5€A5C + A5€A5€ + 25€256)]/ [DCCZ +

22?:1(AEC)Z]| so that Eq. (1) is satisfied as well as possible. From the C;-minimzed Fig. 1 Maps of CMM parameters: neurite
subset of solutions, a single best solution is chosen that minimizes C, = Y_ | Sy, (g;)/ 9ensity (), intra-neurite diffusivity (Dcc) and

Sexp(0) — Scum(8;)|/N, where Sey,(g;) is the measured dMRI signal for a diffusion intra-neurite diffusional kurtosis (Kcc)-
Table 1. Measurement of CMM parameters

f Dcc Kcc

. . WM 046 +0.11 1.03+0.33 0.86 +0.36
Experiment and post-processing A healthy normal adult volunteer was scanned on a
3T Siemens TIM Trio scanner. DW images (DWIs) were acquired with 4 b-values GM 0.27+0.11 0.97+0.40 1.50+0.59
(1000, 2000, 3000, 4000 s/mm?) along 64 directions using TR/TE = 6300/125 ms,
matrix = 82x82, resolution of 3x3x3 mm®, BW/pixel = 1351 Hz. D|ffu3|on and kurtosis tensors %0
were calculated from DWIs up to a b- value of 2000 s/mm?® using DKE®. CMM parameters were
computed using C and MATLAB programs.

gradient encoding vector g; and Scyu(8;) —fexp[ —-g;Dg; + (gTDCCgJ-)ZKCC/6] +
(1 - fexp[—g[Dg;] is the predicted signal for the model.
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Results and Discussion: Fig.1 shows the maps of f, Dcc and K¢c. White (WM) and gray (GM)
matter measurements of the CMM parameters are tabulated in Table 1. Pixels with FA > 0.3 and
mean kurtosis > 1.0 were considered as WM, and GM otherW|se after removing CSF with MD < 50
2.0. In human brain, axons occupy about 44% of WM volume®, which is similar to the neurite
density of 0.46 estimated by CMM. On the other hand, 60% of GM is composed of axons and
dendrites in equal proportion®. As dendrites are expected to have longer exchange times due to
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their size, the f in GM may be mainly attributable to the water confined in dendrites. Fig.2 20 ;} -~ 1000, m/r = 0.95/1.00
illustrates the fidelity of CMM prediction as compared to Sy, for various b-values. The slope (m) 10 ;/x : gggg m:g‘yg:g
and correlation coefficient (r) of linear regression at the corresponding b-value are also shown. o 4000, mir = 1.03/0.97
We note the robustness of the CMM predictions in V|ew of the fact that its parameters were 0 20 4 60 80
estimated from Sy, only up to b-value of 2000 s/mm?. In conclusion, we have proposed a new cum

method which allows specific microstructural properties of the entire brain to be obtained. Fig. 2 CMM (Scum) prediction
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