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R—L phase encode

Fig. 1. A diagram of swap phase encoding FBI
SPE-FBI consists of two sets of subtraction im-
ages, which were obtained during the systolic
phase and diastolic phase with the phase encode
directions swapped, and processed in piles with
MIP projection.
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Fig. 2. The mean SNR of the arterial branches in MIP images as an MR arteriography, with the H-F phase en-
code direction vs. R-L phase encode direction vs. Swap phase encoding FBI. H-F : H-F phase encode direction,
R-L : R-L phase encode direction, SPE : Swap phase encoding FBI. Differences among three methods were as-
sessed using Fisher’s PLSD. The overall effect was assessed by two-way ANOVA and pair-wise comparisons
were conducted only when the overall effect was significant. Fisher’s PLSD, *: P<0.001, NS : not significant.
In the external iliac artery, the mean SNR increased higher with the H-F phase encode direction than with R-L
phase encode direction, whereas those in the deep femoral and femoral artery increased higher with the R-L phase
encode direction than with H-F phase encode direction. In addition, there was a significant difference between the
both phase encode directions in the external iliac and deep femoral arteries. The mean SNR of all arterial branches
acquired with SPE-FBI images were higher than with both phase encode directions, which were significant in the
deep femoral and femoral arteries.
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Table. Visual Assessments of MR Arteriography with Swap Phase En-
coding FBI, H-F and R-L Phase Encode Directions

Parameter H-F direction R-L direction  SPE-FBI
* %
|
external iliac a. 2.46+0.57 1.88+0.70 2.67+0.52
* % | | * ok % |
* K K
|
femoral a. 1.45+0.69 1.98+0.92 2.39+0.69
* % ¥ | | * % %
* Kk
deep femoral a. 1.00+0.44 1.93+0.77 2.24+0.67
* % ¥ | | * ok ¥
* Kk
l |
lateral femoral circumflex a.  1.03+0.78 1.29+0.87 1.64+0.90
| * | | * k% |

All values are mean+SD. H-F : H-F phase encode direction, R-L : R-L
phase encode direction, SPE : swap phase encoding FBI. Differences
among three methods were assessed using Fisher’s PLSD. The overall
effect was assessed by two-way ANOVA and pair-wise comparisons
were conducted only when the overall effect was significant. Fisher’s

PLSD, *:P<0.03, **: P<0.01, ***: P<0.001.
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Fig. 3. Normal volunteer of a 24-year-old man
MR image by ECG-triggered 3D half-Fourier FSE obtained during diastole with swap phase en-
code extended data acquisition (SPEED) (A) shows both arteries and veins. MR arteriography
images with the H-F phase encode direction (B) shows the external iliac artery in higher signals
than the others, however, the image with the R-L phase encode direction (D) shows the femoral,
deep femoral arteries and descending branches of lateral femoral circumflex artery in relative
high signals. MR arteriography using SPE-FBI (C) clearly demonstrates overall arteries.
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Fig. 4. Osteosarcoma in the left femur of a 9-year-old woman

The SPEED image (A) shows a large osteosarcoma in the left femur (arrowheads). MR ar-
teriography with the H-F (B) and R-L phase encode direction (D) show areas of signal dropout
in the arterial branches (arrows), and those are clearly depicted with the SPE-FBI (C, E) (ar-
TOWS).
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Fig. 5. Typical MR arteriographies acquired with two sorts of image
processing

(A) MR arteriography processed with the MIP projection after the pil-
ing up two sets of subtraction images, which were obtained during sys-
tole and diastole with the phase encode directions swapped.

(B) MR arteriography processed with addition of MIP images, which
were subtracted the systolic phase images from systolic phase images
with the phase encode directions swapped.

Image (A) clearly demonstrates overall arteries as flat high signals,
however, image (B) shows defective and unequal signals in those (ar-
rowheads). Note : Further detailed comparison of these images is

referred in Fig. 3.
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MR Arteriography of the Pelvis and Femurs with Swap Phase Encoding FBI
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Fresh blood imaging (FBI) is known as non-contrast-enhanced MR angiography using ECG-trig-
gered 3D half-Fourier fast spin echo (FSE). A new method, swap phase encoding FBI (SPE-FBI), is
proposed to access better image quality in MR arteriography. SPE-FBI uses two sets of subtraction
images, and it is possible that the flow dephasing due to the gradient amplitude for the read-out direc-
tion contributed to both directions in the imaging plane.

Ten healthy volunteers and 18 patients with bone and soft-tissue neoplasms in the pelvis and
femurs participated in the study. They underwent SPE-FBI and FBI examinations with both H-F and
R-L phase encoding directions. The acquired images were then compared quantitatively and qualita-
tively. The analysis was performed by a comparison of all arterial branches acquired from the differ-
ent methods. In the results, a higher mean SNR was obtained with the SPE-FBI than with the H-F
and R-L phase encoded directions. The score of the SPE-FBI was clearly superior to those of both
phase encoded directions upon visual assessment. Signal defects were seen in various arteries with
both the phase encoded direction images, but a clear depiction in those same arteries was confirmed
with SPE-FBI. In conclusion, SPE-FBI improves delineation of arteries in MR arteriography and pro-
vides clinically useful image quality.
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