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Purpose: New type of ultrafast imaging techniques have recently been proposed using spatiotemporal _ Chire LA A
encoding (SPEN) (1,2). In SPEN-based imaging, a quadratic phase produced by a frequency-modulated pulse " :
like a chirp pulse sequentially localizes a signal in time and space at the same time along the SPEN direction,  m
thereby not requiring Fourier transform along that direction. Hence, Nyquist ghostings in SPEN-based
imaging is weaker than in echo-planar imaging(EPI). However, SPEN has an inherently low spatial
resolution because of signal localization based on a quadratic phase. A super-resolved(SR) image G«
reconstruction method has been developed that improves the spatial resolution of SPEN imaging with an m
acceptable SNR (3,4). Despite several works on SPEN imaging so far, discontinuous signal variation seems ’ &~ o

t(? exist bettween adjz}cent pixelsvand signal ove.rlapping from nearby pixels qsed to take' place along Fhe SPEN [Fig. 1. 3D RASER sequence diagram. G,,(Read-ouf
leeCthH in th? ongmal.S.PEN imaging. In'thls study, we .show that there is an effec.tlve way Fo circumvent o dient), Ggp(SPEN gradient), G . (Phase-encoding]
this problem in the original SPEN imaging scheme with no special reconstruction technique like SR
reconstruction if we employ a 3D imaging scheme for SPEN imaging. The guideline for parameter setup not
to meet the overlapping artifacts was also discussed. The proposed method was demonstrated by theory and phantom imaging.

Theory and Methods: The idea of our new strategy is simple, that is, to use the SPEN for spatial encoding in the slab-selective(SS) direction, not in one of the two
directions in the principal plane, in 3D SPEN imaging. With this strategy, we have a couple of advantages: First, we can benefit from 3D SPEN imaging in terms of
SNR because the peak echo amplitude is reduced due to the quadratic phase existing in the SPEN direction and, thus, can maintain the SNR by reducing the
quantization error when the dynamic range is limiting (5). Second, if we set the SPEN to be performed in the SS direction, the number of sampling points in the SPEN
direction (Nspen) is not necessarily large enough to cover as broad as area possible, as is usually needed in the axes of the principal plane. If we can take a relatively
small Ngpen, image blurring due to 7>-decay along the readout(RO) direction can also be reduced because the total acquisition time (7T, in Fig.1) is reduced. Even when
we set the SPEN direction to be the SS direction, signal overlapping from nearby slices can happen unless some parameters are properly set up. The effective spatial
resolution (Az) in SPEN is given by (3): Az = FOV,/ VR [1], where FOV. is the length of excited FOV and R = Pulse bandwidthxlength. If Az is the same as the
nominal resolution, Nspexn = FOV/Az. Accordingly, based on Eq.[1], the number of sampling points corresponding to Az is given by: Neg = Nspen/sqrt(R) [2]. Since
signal overlapping begins to appear when Neg > 1 in principle, R has to be no less than (NSPEN)Z. For example, if we set Nspen to be 20, the R value of the RF pulse has to
be at least 400. To confirm the condition for avoiding signal overlapping and evaluate the performance of the proposed method, ACR phantom imaging was performed
at 3T (Siemens Magnetom Trio, Erlangen, Germany) with a 4-channel volume coil. For 3D SPEN imaging, 3D RASER sequence (2) was used with the scan parameters
as follows: TE/shot-TR = 150/250 ms, FOV = RO(240)xSPEN(60/120)xPE(240) mm’, FA = 38.8°(Ernst’s angle), R-value (pulse bandwidthxlength) = 512/128, matrix
size = RO(80)xSPEN(20/40)xPE(80), isotropic resolution = 3mm”®. Reference image was acquired using 3D GRE imaging with GRAPPA. Scan parameters were:
TE/TR = 3.53/7.6ms, FOV = 384 mmz, FA = 9°, matrix size = 128X 128, isotropic resolution = 3mm?’, total scan time = 46s.

Results and Discussion: Figure 2 show the axial slices of phantom images obtained from 3D RASER imaging by using the new strategy, i.e., by setting the SPEN to be
in the SS direction, except for Fig.2E that was the 3D reference GRE image. The SPEN direction was the SS direction through the plane. Figures 2A and B were
acquired with R = 512, and Figs.2C and D with R = 128. The number of sample points in Figs. 2A and C was 20 in the SPEN direction. It was 40 in Figs. 2B and D.
According to Eq.[2], Nes was calculated to be 0.88 (A), 1.77 (B), 1.77 (C), and 3.54 (D). As expected, signal overlapping from other slices was more apparent when R
was small and Nspex is large, i.e., Negr was more apart from 1. Figure 3 shows the comparison of our new strategy (Fig.3A) and the original strategy (Fig.3B) in the
principal plane. Thus, the two axes of the principal image were PE and RO in Fig.3A, having SPEN in the through-plane direction, and SPEN and RO in Fig.3B,
respectively. The image quality of Fig.3A was clearly better than that of Fig.3B, especially in terms of the discontinuous signal variation existing pixel by pixel, which
was mentioned in Purpose. Signal overlapping observed in Fig.2 are also seen in Fig.3B because Nei = 1.5 (R = 256, Nspen = 24).

Conclusion: We here suggested a simple strategy of using the SPEN direction as s slab-selective direction in a 3D SPEN imaging scheme. In this way, we make the two
axes of the principal plane to be the readout and phase-encoding axes, avoiding SPEN-related image artifacts in the principal plane. We also proposed the proper
experimental condition for not meeting signal-overlapping artifacts that is one of the SPEN-related artifacts. The proposed methods were well confirmed by phantom
experiment.
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[Fig. 2 Axial slices of ACR phantom images obtained by using the new strategy. The SPEN]|
direction as a SS direction is through the plane. A and B are acquired with R-value of 512
and C and D with R-value of 128. E is the reference image obtained from 3D GRE]
imaging. In A and C, 20 sample points were set up in the SPEN direction. In B and D, 40
sample points in the SPEN direction. Signal overlapping from other slices is more apparent
when R-value is small and the number of sample points in the SPEN direction is large.

[Fig. 3 Coronal slices of ACR phantom images. (A) was obtained by using]
he new strategy, i.e, by setting the SPEN to be in the slab-selective]
direction. Thus, the two axes of the image are PE and RO. (B) wa
obtained by using the original strategy. The two axes of the image are]
SPEN and RO. The SS direction is through the plane. R = 256. Nsppn = 24.
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