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Study on the Reduction of Nyquist Ghost Artifact Caused by Differences
in Magnetization Susceptibility in Diffusion Weighted Image
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The Diffusion weighted image results in Nyquist ghost artifact (NGA) due to differences in magnetization susceptibility due to the
anatomical structure, resulting in images with poor diagnostic value. In this paper, we have studied the reduction of NGA using the 2D
navigator-based reacquisition readout segment (RS-EPI) technique in our own Phantom. In order to know the characteristics of NGA
and its reduction method, single-shot EPI (SS-EPI) technique and RS-EPI technique changes the segment number, echo spacing, and
bandwidth. Ghost - to - signal ratios (GSR) were measured in the presence of NGA. As a result, it was confirmed that the RS-EPI
technology has a smaller NGA than the SS-EPI technology. The correlation results of the parameters of the RS-EPI technique,
Increasing the number of segments reduces Bandwidth as a cause of increasing NGA. But the minimum value of echo spacing is
reduced, NGA decreased when minimum value was selected.

Keywords : diffusion weighted image, parallel imaging, SS-EPI, RESOLVE, Nyquist ghost artifact
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Fig. 1. (Color online) Contrast phantom.
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Table L. Scan parameters.

Parameter TE (ms) ESP (ms) BW/px (HZ) Time
SS-EPI 129 1 1202 0:23
RESOLVE, segl 102/192 1 1202 0:23
RESOLVE, segl 102/192 1 1202 0:23
RESOLVE, seg3, ESP1 102/192 1 422 0:56
RESOLVE, seg5, ESP1 102/192 1 274 1:17
RESOLVE, seg7, ESP1 102/192 1 206 1:42
RESOLVE, seg9, ESP1 102/192 1 170 2:08
RESOLVE, seg5, ESP 0.36 56/95 0.36 919 1:17
RESOLVE, seg5, ESP 0.5 65/115 0.5 601 1:17
RESOLVE, seg5, ESP 0.64 75/136 0.64 446 1:17
RESOLVE, seg5, ESP 0.78 85/157 0.78 363 1:17
RESOLVE, seg5, ESP 1 102/192 1 274 1:17
RESOLVE, seg3, ESP 0.4 58/100 04 1202 0:56
RESOLVE, seg5, ESP 0.36 56/95 0.36 919 1:17
RESOLVE, seg7, ESP 0.3 52/86 0.3 868 1:42
SS-EPI, BW1116 129 1 1116 0:23
SS-EPI, BW1380 129 1 1380 0:23
SS-EPI, BW1644 129 1 1644 0:23
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3. Phantom image acquisition methods
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Fig. 2. ROI for GSR measurement.
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Fig. 3. (Color online) SS-EPI and 2D navigator phase correction.

Table II. Wilcoxon signed rank test of SS-EPI and 2D navigator
phase correction.

Average NGA (%)  SD P-value
SS-EPI 34.6 112 P<0.05
2D phase correction 5.9 21 P<0.05

segment0]| L2 Nyquist ghost artifacto| LA™ T
13.0%

11.0% -

9.0% - B GSR
0% | I
oo - LN BN BN

segmentl segment3 segment5 segment7 segment9

Fig. 4. (Color online) GSR due to Segment difference.
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Table III. Wilcoxon signed rank test according to Segment
difference.

Average NGA (%) SD P-value
Segment 1 59 22 P <0.05
Segment 3 7.9 29 P <0.05
Segment 5 9.1 33 P <0.05
Segment 7 9.5 39 P <0.05
Segment 9 11.9 4.1 P <0.05
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Fig. 5. (Color online) GSR due to echo spacing difference in Segment
5.

Table I'V. Wilcoxon signed rank test according to difference of echo
spacing in Segment 5.

Average NGA (%) SD P-value
ESP 0.36 2.1 0.6 P <0.05
ESP 0.50 2.5 0.7 P <0.05
ESP 0.64 29 0.9 P <0.05
ESP 0.78 4.6 1.9 P <0.05
ESP 1.00 8.9 2.8 P <0.05
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Fig. 6. (Color online) GSR due to minimum echo spacing in Segment.
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Table V. Wilcoxon signed rank test according to difference of
minimum echo spacing in Segment.

Average NGA (%) SD  P-value
Segment 3, ESP 0.4 2.5 0.7 P<0.05
Segment 5, ESP 0.36 22 0.6 P<0.05
Segment 7, ESP 0.3 1.6 05 P<0.05
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Fig. 7. (Color online) GSR due to Bandwidth difference of SS-EPI
sequence.

Table VI. Wilcoxon signed rank test according to difference of
bandwidth in SS-EPI sequence.

Average NGA (%) SD P-value
SS-EPI 1116 Hz 36.1 12.5 P <0.05
SS-EPI 1380 Hz 31.8 10.3 P <0.05
SS-EPI 1644 Hz 272 9.1 P <0.05
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