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Discussion

Image noise, artifacts and distortions
It has been demonstrated previously that CAT is of reduced SNR than TSE 1[]
. In the most simple form, SNR can be estimated dividing the mean signal intensity of the scanned object (brain) divided by the standard deviation outside the object and multiplied by a correction factor 2[]
. For recordings with multi-channel receiver coils (12-channel phased array head coil used in our investigation), parallel acquisition techniques (like GRAPPA, not used in the current study) and in the presence of structured, non-Gaussian, spatial artifacts (cf. Fig. 5) this approach would not be accurate. In these situations, other methods employing different ROI samples or multiple replica measurements, for example, are required to measure SNR correctly 
 ADDIN EN.CITE 
[3,4]
. These methods require additional noise measurements. Therefore, we simply obtained spatial noise ratios of TSE to CAT for exemplary images.

According to these values, the standard deviation of the noise is increased by a factor of no more than 1.25 for CAT at the λ-values chosen. This estimate corresponds to the theoretical and empirical predictions 1[]
. However, spatial noise of CAT was less increased compared to TSE for PD-weighted imaging. This may be related to the bandwidth chosen and would effectively increase the SNR in PD-weighted CAT above the expected values (cf. equation 6 in 5[]
). Mean signal and SNR may be further enhanced due to the fact that the EPI signal does not decay as much as the TSE signal (in areas where T2* approximately equals T2), simply because the EPI read-out proceeds much faster at its shorter ESP than the TSE read-out. This increases the signal particularly of the later echoes for CAT. Thus, CAT has more spatial noise than TSE but the corresponding SNR loss will be below 20 % for the given parameter settings and was hardly recognizable by eye given that SNR at 3 Tesla (and above) is rather luxurious to begin with anyway (Figs. 4 and 5). Upon close visual inspection, a slight blurring especially of small MS lesions may be noted in CAT images (Fig. 5) which is presumably related to the reduced SNR. This could, in theory, exert an impact on automatic and even manual lesion volume measurements. Such potential effect is likely to be very small. At this point, we did not examine the possibility further because lesion count and not lesion volume is considered diagnostic by all current criteria for MS 
 ADDIN EN.CITE 
[6-10]
 and because both raters considered general lesion conspicuity to be equal on CAT and TSE.

In addition to the expense of some SNR, CAT imaging is accompanied by a few artifacts and minimal distortions in the phase-encoding direction (Fig. 5). These are primarily observed at the skull base level in proximity to air / soft tissue boundaries. Considering the actual echo spacing, which is high compared to pure EPI sequences, distortions were rather insignificant. Overall, SNR reduction, artifacts and geometric distortions of CAT did not impede diagnostic information and accuracy in the clinical setting.

Flow void in vessels (Figs. 4 & 5) and in the aquaeductus mesencephali (Fig. 5, bottom), for example, is equally well depicted on TSE and CAT. Thus, loss of flow void (such as in cases of internal carotid artery occlusion or sinus thrombosis) and increased flow void (such as in sufficient third ventriculostomia), for example, can be expected to be equally well visualized on CAT compared to TSE.
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