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Fig. 1. K-space trajectory for the projection-type fast spin echo (PFSE) imaging.
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Fig. 2. Pulse sequence for the projection-type FSE imaging.
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Fig. 4. Signal decay and the effective echo time in the
PFSE method.
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Fig. 8. Effective echo time as a function of T; relaxation
time in the PFSE method. As T} increases, the effective
echo time converges to a value that is the middle point
of the entire acquisition period for the multiple spin e-
choes.
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Fig. 7. A mathematically defined phantom composed of
4 elements. The T; and density of the elements are sum-
marized in Table 1.
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TEZ 96msZ 3lo] 9& FSE X359 37)1E 3 gl Table 1. The T; relaxation times and proton density values of the
Fig. 6914 50| T gte] 70ms-300ms H$1el 24g| 74  clementsinthe phantom

PFSESt FSEdM 7ke] A3 Afo]= 5% ojulolt}, &} T Element  Center Radius  Density  Tjms]
#te] 50ms ol3te] 75 AhAQl Aol= 20% o2 et

a {0.0,0.0) 0.8 75 100
deh 2o Tgx G T de 249 Ase 3 b (00,04 026 130 40
3 Zse] A Aele 2A vehAe 9% 5 ek ¢ 1035-025 026 >0 200
d (0.35, -0.25) 0.26 100 70

PFSEA B]ZA #& Tigts 2 239 4137} FSEe H]

Fig. 8. Reconstruction images by the FSE and PFSE methods. Images by the FSE method are shown with respective ef-
fective TE of 24ms (a), 48ms (b}, 72ms (c), 96ms (d), 120ms (e}, 144ms (f), 168m:s (g}, and 192ms {h). Image by the PFSE
method is shown in (i}. Note that the image (i) has similar contrast as in (d} and {g).
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Table 2. Pixel intensities in various regions of the phantom for the
FSE with various effective echo times {a-h) and PFSE (i) images

Element

a b c d

Image

a (24ms) 57.3534 72.3415 44.2496 70.1149

b (48ms}) 45.2839  39.9304 39.3428 49.8913

¢ (72ms) 357025 22.0972 34.9396 354730
FSE  d(96ms] 28.1182 12.2749 31.0080 25.2046
(TE) ef120ms)] 22,1269  6.8589 27.5079 17.8978

f{144ms) 17.4009  3.8619 24.3974 12.7020

g(168ms)  13.6768  2.2012 21.6360  9.0093

h(192ms)  10.7446 12761 19.1861  6.3862
PFSE i 22.23908 11.5458 26.7187 19.923%

Flg 9 Multi-slice head images of a volunteer obtained by the FSE method with an effectlve TE of 96ms.
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Fig. 10. Multi-slice head images of a volunteer obtained by the PFSE method. Note the similar contrast in these images

compared to those obtained by the FSE method (Fig. 9).

_ 48 —



Fig. 11. Zoomed images of the FSE and PFSE images in a region near eyes contalmng motion. N ote a moving artlfact a-
long the phase encoding direction in the FSE image, while such artifact is not observable in the PFSE image. For a bet-
ter comparison display window levels of the zoomed images are identically adjusted. (a) Zoomed FSE image, and (b}

zoomed PFSE image.
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Projection-type Fast Spin Echo Imaging
H.J. Kim, C.Y. Kim, S.M. Kim, and C.B. Ahn
Department of Electrical Engineering, Kwangwoon University

Purpose : Projection-type Fast Spin Echo (PFSE) imaging is robust to patient motion or flow related artifact
compared to conventional Fast Spin Echo (FSE) imaging, however, it has difficulty in controlling T, con-
trast. In this paper, T, contrast in the PFSE method is analyzed and compared with those of the FSE
method with various effective echo times by computer simulation. The contrasts in the FSE and PFSE
methods are also compared by experiments with volunteers. From the analysis and simulation, it is
shown that T,-weighted images can well be obtained by the PFSE method proposed.

Materials and methods : Pulse sequence for the PFSE method is implemented at a 1.0 Tesla whole body M-
RI system and T; contrasts in the PFSE and FSE methods are analyzed by computer simulation and exper-
iment with volunteers. For the simulation, a mathematical phantom composed of various T, values is de-
vised and T, contrast in the reconstructed image by the PFSE is compared to those by the FSE method
with various effective echo times. Multi-slice T>-weighted head images of the volunteers obtained by the
PFSE method are also shown in comparison with those by the FSE method at a 1.0 Tesla whole body MRI
system.

Results : From the analysis, T, contrast by the PFSE method appears similar to those by the FSE method
with the effective echo time in a range of 80-100ms. Using a mathematical phantom, contrast in the PFSE
image appears close to that by the FSE method with the effective echo time of 96ms. From experiment
with volunteers, multi-slice T;-weighted images are obtained by the PFSE method having contrast similar
to that of the FSE method with the effective echo time of 96ms. Reconstructed images by the PFSE
method show less motion related artifact compared to those by the FSE method.

Conclusion : The projection-type FSE imaging acquires multiple radial lines with different angles in polar
coordinate in k space using multiple spin echoes. The PFSE method is robust to patient motion or flow,
however, it has difficulty in controlling T, contrast compared to the FSE method. In this paper, it is shown
that the PFSE method provides good T contrast (T,-weighted images) similar to the FSE method by both
computer simulation and experiments with volunteers.

Index words : Projection-type Fast Spin Echo imaging (PFSE)
Fast Spin Echo imaging (FSE)
T contrast
Effective echo time
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