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Tar get audience: Researchers interested in multi-compartment analysis in white matter or quantitative myelin imaging.

Purpose: Recent studies have demonstrated that signals from three water compartments-myelin, axonal, and extracellular water-in white matter have
different B, orientation dependent frequency offsets™™. This observation improved data fitting results in GRE-based MWI by using complex signal
fitting as compared to magnitude signal fitting>>. However, the complex signal fitting approaches applied in the previous studies™** required several
pre-processing steps including a nonloca background field removal step. Therefore, the results were strongly influenced by them. In this study, we
propose a new fitting method that does not require a prior background field removal step. This method shows improvement in parameter estimation.

M ethods: The three pool complex signal is modeled as follow:

S@) = (Amyef(l/Tz”'meriZnAfmy)t + Aaxe’(l/TiaX*iz”Afax)‘ + Aexe—(l/Tzex+iZnAfex)t) e~ (i2mdfpg)t e~
where A;, T,;, Af;: relative amplitude, relaxation time, and frequency offset of each compartment (i = my: myelin, ax: axonal, and ex: extracellular
water), Afpq: nonlocal background frequency offset, @,: a phase offset from transmit B;. In the previous studies**, the background frequency and
phase offset terms (Af,,, and @,) were estimated and removed before data fitting. In our method, these terms were estimated during the fitting as
follows: First, Af,, was merged into the frequency offset terms of each pool (S(t) = (Amye‘(l/ Timy+ 20 fmybg)t 4 4 - o ~(1/Tiaxti2mB  axsng)t 4
Agye™ (VTiext 2T ering)ty o=(90) Where Afpyspng = My + Dfogs Maxsng = Max + Dfog, Ad Afoxing = Afox + Afyg). Then, this new model

was fitted to complex data using an Myelin water (my) Axonal water (ax) Extracellular water (ex) | Offset
iterative  non-linear  curve fitting Ay @U)[T2my (MY AFrmystg (H2)| A (@) [Tz (M)A faxsng (H2) A (@) Taoc. (MS)|Afexsig (H2)| B (rad)
agorithm (Isgnonlin in MATLAB). —
The |n|t|a| Valu% and ranges fOI’ the Initial value OlX|Sl| 10 Afbg,init 06><|Sl| 64 Afbg,init 03X|SL| 48 Afbg,init yas
f|tt|ng pararnaa,s are I|§ed in Table 1 Lower bound 0 3 Afbg,init -75 0 24 Afbg,init -25 0 24 Afbg,init -25 -

' Upper bound| 2x |81| 24 Afbg,init +75| 2% |81| 150 Afbg,init +25| 2x |81| 150 Afbg,init +25 T

After estimating all parameters, Af,,

and Af,, were approximated by

Afmy+bg - Afex+bg and Afa.x+bg -
Afextngs respectively. These
approximations were supported by a
recent observation that the frequency
offset of the extracellular water poal is
close to zero*. Eleven volunteers (IRB-
approved) were scanned a 3T
(Siemens). A 3D GRE was acquired
with following parameters: TR = 120
ms, # echoes = 32, TE; = 2.1 ms, ATE
= 1.9 ms, flip angle = 30°, BW = 1502
Hz/px, 2 mm isotropic voxel, and 72
dices. DTl was acquired. For
comparison, the fitting was aso
performed for complex data with high- Figure 1. Estimated parameters using the proposed method

pass filtered phase with different kernel sizes (Gaussian; o =2, 4, 8 mm).

Table 1. Initial values and search boundary. S; = S(TE). Afogint =2{XA71 SSn+1}/(2TATE): initial Afy,.

Results: Figure 1 shows the estimated parameters from the proposed complex signal model.
Despite Af,, terms merged in each frequency offset maps (Fig. 1e, f, g), microstructural
frequency contrasts are observable for the myelin and axona water compartments. The
approximated Afy,, map (Fig. 1h) indicates large positive values in the perpendicular
fibers (solid blue arrow) and relatively small values in the parallel fibers (dashed blue
arrow). In the approximated Af,, map (Fig. 1i), negative values are observed in the
perpendicular fibers (solid red arrow). These contrasts are in accordance with those from
the previous studies*®. The results from the high-pass filtered phase data (Fig. 2)
demonstrates that the background field estimation process has significant effects on the
parameter estimation, which confirms the advantage of our new method.

Discussion & Conclusion: We demonstrated that the proposed method is effective in the
multi-compartment analysis of complex GRE data. As shown in Figure 2, imperfect
filtering before the model fitting leads to incorrect parameter estimation. Although more
sophisticated processing may reduce these errors34, it till pertains residual errors that could be significant during the sensitive data fitting process.
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Figure 2. Filtered phase (upper) and
Afmy (lower) images
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