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SNR Optimal Flow Imaging
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Introduction
	Phase contrast MRI with low velocity encoding parameter () has higher sensitivity to slower flows such as in aneurysms, interstitial fluid and glymphatic flows in the brain. The challenges with low  flow imaging include aliasing error from faster flows, phase errors due to elevated eddy currents and gradient concomitant fields, and loss in precision due to diffusive attenuation of the signal by flow gradients and T2 relaxation which increases the phase uncertainty. In this study, we have found an optimal set of flow gradient amplitude and duration which maximize the signal-to-noise ratio (SNR) and the precision of the velocity measurement for a given .

Experimental
	The method was formulated for a spin echo, phase contrast MRI sequence with rectangular flow gradients of strength, G, and duration, , inserted before and after the 180o RF pulse. The diffusion weighting factor (b-value) for the flow gradient pair is given by,
,
where  is the time separation between the two gradient pulses. The optimization problem for the MR signal,  can be formulated as follows,

where,  is the diffusivity, and  the relaxation time of the sample and  is the MR signal without the flow gradient. In Figure 1, a plot of the objective function, , subject to the  constraint, indicates the presence of a maxima. The optimization problem was solved using Mathematica with the narrow pulse requirement relaxed until the required gradient strength is achievable with the available hardware.
	MR measurements were performed with an Agilent VNMRS console and Oxford 4.7T magnet system with RRI BFG-200/115-S14 gradient set and quadrature birdcage volume transmit/receive coil. The sample was a 0.6% (v/v) hydrogel, whose apparent diffusion coefficient is 1.9 x 10-3 mm2/s and T2 of 202 ms. Frequency-encode direction, flow encoded images were acquired with TR = 5000 ms. For purpose of illustration,  was fixed to 7.2 ms and  was varied from 2.5 ms to 60 ms with gradient strength adjusted to satisfy the flow constraint. The signal magnitude was plotted for various  and the cost function was fitted to the data points using least squares approach to find S0. 

Results and Discussion
[image: ][image: ][image: ]In Figure 1, the magnitude signal at different pulse lengths increased to a maximum then decreased, which matched well with prediction with an optimal flow gradient duration of 31.5 ms. The common notion to reduce echo time to increase the signal in these flow measurements would result in signal loss as high as 67% from the optimum due to very high diffusion weighting resulting from the  constraint. Past the optimum, the signal begins to drop due to T2 signal loss. Thus two regimes can be identified in the plot with diffusion dominating for shorter  and T2 for longer .  Fig. 1. (Left) Surface plot with contour plot underneath of the MR signal satisfying the venc constraint (venc = 500 m/s) for 0.6% hydrogel with T2 = 202 ms, D = 1.9 x 10-3 mm2/s and S0 was set to 1.9 for normalization. (Middle) Magnitude images for  = 2.5, 5, 10, 15, 25, 31.5, 35, 40, 50 and 60 ms. (Right) Plot of the signal averaged over the entire region of the gel versus the flow gradient duration along with the fitted result.
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