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Introduction: The optimization of b-value for two-point apparent diffusion coefficient (ADC) estimation schemes were previously investigated,
assuming high signal-to-noise ratio (S\NR) imaging [1-5] and also considering the effects of T,-weighting [4-5]. Recently, the dependence of the
optimum b-value on the SNR of the imaging scheme has been shown, ignoring the T, relaxation effects [6]. Here, we incorporate the effects of the T,
decay, in addition to the SNR of the imaging scheme, to provide a more accurate optimum b-value for ADC estimation methods. The results of this
work are especially important for high-resolution diffusion-weighted (DW) imaging, which intrinsically suffers from low SNR. We apply our method
to DW imaging of the cervical spinal cord at low SNR values to demonstrate the improvement in the resulting DW images and ADC maps.
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asymptotic value of 1.28, as previously shown in [6]. of SNRy for T, = 80 ms (for white matter).The optimal ratio is ry;*=e for all cases.

The optimum r; ratio is still given by ro*=Pob)", (‘Measure SNRof a ) (Decide on total # of)

. . o . o ) single b=0 image images to be
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estimation. In practice, larger b-values require longer echo times (TE), which result in more T, (SNRy)
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Figure 1.a shows the result of incorporating the effects of T,-weighting by expressing TE as a function k v

of the b-value. Here, SNRoy is defined as SNRyqy = SNRy /Ny , where SNRy is the SNRof theb=0 -~ ~
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case with the shortest possible TE value that the imaging sequence allows, and Ny = N3+ N,. Figure 1.b
shows the optimum DADb as a function of SNRy, for T, = 80 ms, which is the typical value for healthy
white matter. For both Figure 1.a. and 1.b, the optimal ratio rp is r21*=e(DAb)*. It can be shown that the
knee point in Figure 1.b corresponds to the SNRy point below which there is no local optimum DAb
[6]. Therefore, (DAb)* for these very low SNR regions is chosen such that no bias is introduced in the
estimation of ADC due to high noise levels. To achieve this, a lower threshold of SNRpy>3.43 is set on Figure 2. Flow chart summarizing the
the DW images. This threshold also ensures that the optimum DAD is an increasing function of SNRg. optimum b-value selection.

Results: A summary of the proposed optimum b-value selection method is given in b=710s/mm? b=665s/mm? b =500s/mm?
Figure 2. To demonstrate the improvement achieved with this method, high-resolution -

(0.94x0.94 mm” in-plane resolution) single-shot EPI DW imaging of the cervical spinal
cord of a healthy volunteer was performed on a 1.5T GE Excite scanner. For SNRy=5.1, a
total of 9 images were acquired, i.e., NRyy~15.3. From Figure 1.b, the optimum DAb
for this SNRgw is (DAB)'=0.9 (rp, =2.46, N;=3, Np=6, TE=62 ms). These parameters
were compared against the T,=w case (green dash-dot curve) of DAb=1.2 (r,;=3.31,
N;=2, N,=7, TE=66 ms), and the asymptotic solution for SNR=wc & T,= (red dashed
line) of DAb=1.28 (r»=3.59, N;=2, N,=7, TE=67 ms). The results of DW spinal cord
imaging are shown in Figure 3. Note that both the DW image and the ADC map has
improved SNR for DAb*~0.9, corresponding to b = 500 s/mm? which is the optimum
solution suggested for this specific case.

Conclusion: Tt is shown that the optimum DAb depends on both the SNR of the imaging
scheme and the T, of the tissue of interest, as given in Figure 1. The results presented in
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this work become especially important for high-resolution DW imaging, which Figure 3. Comparison at low SNR level of
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