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Table 1. Patient demographic data

Parameter

Number (%)

Mean age (year)

58.6 (range 34~78)

Sex ratio

M:F =46 16

Reason for study

Evaluation of HCC 37

Metastasis work—up 18

Others 7

LC group 37
Child—Pugh class

A 34

B 3

C 0

Total bilirubin (mg/dl)

0.79 (range 0.2—3.1)

LC — liver cirrhosis
M — male

F — female
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Figure 1. Phantom diluted with triple distilled water (left, A) and MR image
(right, B).
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interpolated breathbhold examination, VIBE)E ©¢]&3}%t} (TR=5ms, TE=2ms,

slice thickness=2.5mm, field of view=303x305, matrix number=320x320). 7+A|

B
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=5, AA 99 & (5=very good, diagnostic, 4=good, diagnostic, 3=fair,
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Table 2. Comparison of qualitative scores of hepatobiliary phase using different

flip angles and times

Average score p—value
15min, 15min, 20min, 20min, 15min vs. 20min 9° vs. 13°
13° 9° 13° 9° 13° 9° 15min  20min

Liver edge sharpness

Total 4.69 4.54 4.77 4.63 0.083 0.047+«  0.001x  0.001=

LC 4.64 4.47 4.76 4.55 0.021= 0.084 0.011x  0.001=
Non—LC 4,76 4.64 4.78 4.76 0.854 0.236 0.034= 0.564
Hepatic vessel clarity

Total 4.33 3.88 4.50 4.07 0.001%  0.004x  0.000%  0.000%

LC 4.24 3.80 4.43 3.93 0.003%  0.040%  0.000%«  0.000%
Non—LC 4.46 4.00 4.62 4.28 0.143 0.040+=  0.000= 0.002
Lesion conspicuity

Total 4.58 4.13 4.73 4.26 0.003% ~ 0.008+«  0.000%  0.000%

LC 4.42 3.96 4.64 4.08 0.005%  0.034x  0.000%  0.000%
Non—LC 4.89 4.46 4.92 4.62 0.317 0.102 0.009%  0.025%
Artifact severity

Total 4.40 4.25 4.48 4.33 0.223 0.194 0.005%«  0.001=

LC 4.32 4.21 4.42 4.22 0.257 0.655 0.060 0.004x
Non—-LC 4.48 4.32 4.56 4.50 0.518 0.244 0.023% 0.083
Overall image quality

Total 4.48 4.23 4.60 4.31 0.041= 0.073 0.000%  0.000%

LC 4.42 4.13 4.55 4.18 0.029= 0.157 0.000%  0.000%
Non—-LC 4,58 4.38 4.66 4.50 0.518 0.236 0.004%  0.011=

LC — liver cirrhosis

* p<0.05



Table 3. Relative liver enhancement of hepatobiliary phase using different flip

angles and times

Relative liver enhancement

Average value SD p—value
15min, FA 13° 0.8819 +0.34535
15min, FA 9° 0.7546 +0.27819
Total (n=62) p=0.012%
20min, FA 13° 0.9141 +0.37510
20min, FA 9° 0.7683 +£0.30078
Average value SD
15min, FA 13° 0.8760 +0.33066
In LC group 15min, FA 9° 0.7515 +£0.28000
p=0.073
(n=37) 20min, FA 13° 0.9123 +0.35772
20min, FA 9° 0.7639 +0.29583
Average value SD
15min, FA 13° 0.8906 +0.37281
In non—LC 15min, FA 9° 0.7593 +0.28119
p=0.272
group (n=25) 20min, FA 13° 0.9168 +£0.40700
20min, FA 9° 0.7748 +0.31399

SD — standard deviation

* p<0.05



Table 4. Signal—to—noise ratio of hepatobiliary phase using different flip

angles and times

Signal—to—Noise ratio

Average value SD p—value
15min, FA 13° 245.51 +72.6850
15min, FA 9° 239.72 +60.8900
Total (n=62) p=0.757
20min, FA 13° 251.06 +78.6167
20min, FA 9° 239.76 +28.2789
Average value SD
15min, FA 13° 232.49 +73.4811
In LC group 15min, FA 9° 236.84 +67.7092
p=0.836
(n=37) 20min, FA 13° 245.84 +86.7451
20min, FA 9° 232.41 +56.0016
Average value SD
15min, FA 13° 264.78 +68.4178
In non—LC 15min, FA 9° 243.98 +50.1495
p=0.652
group (n=25) 20min, FA 13° 258.79 +65.7080
20min, FA 9° 250.62 +61.0092

SD — standard deviation



Figure 4. A 44—year—old woman with normal liver function (total bilirubin :

0.5mg/dL) who was performed Gd—EOB—DTPA enhanced liver MRI for
evaluation of hepatic metastasis. Fat suppressed transverse T1—weighted GRE
images (3D—VIBE) with CAIPIRINHA technique at 3T obtained 15 min after
contrast injection with FA 13° (A) and FA 9°(B) and 20 min after contrast
injection with FA 13° (C) and FA 9° (D). Each values of relative liver
enhancement were followed; (A) 1.69, (B) 1.26, (C) 1.49, and (D) 1.29



Figure 5. A 55—year—old woman with liver cirrhosis (total bilirubin

3.1mg/dL, Child—Pugh <class : B) who was performed Gd—EOB—-DTPA
enhanced liver MRI for evaluation of hepatocellular carcinoma. Fat suppressed
transverse T1—weighted GRE images (3D—VIBE) with CAIPIRINHA technique
at 3T obtained 15 min after contrast injection with FA 13° (A) and FA 9°(B)
and 20 min after contrast injection with FA 13° (C) and FA 9° (D). Each
values of relative liver enhancement were followed; (A) 0.38, (B) 0.53, (C)

0.38, and (D) 0.53



Figure 6. A 70—year—old man who was performed Gd—EOB—DTPA enhanced
liver MRI for evaluation of hepatocellular carcinoma. Fat suppressed transverse
T1-weighted GRE images (3D—VIBE) with CAIPIRINHA technique at 3T
obtained 15 min after contrast injection with FA 13° (A) and FA 9°(B) and
20 min after contrast injection with FA 13° (C) and FA 9° (D). The average

score of lesion conspicuity were followed; (A) 4.5, (B) 4, (C) 5, and (D) 4
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Optimization of Flip Angle and Scan Timing for
Hepatobiliary Phase Imaging Using 3D T1—weighted GRE
Imaging with CAIPIRINHA Technique on Gadoxetic

Acid—enhanced 3T Liver MR Imaging

Abstract
Objective

The purpose of this study was to optimize flip angle (FA) and scan timing for
hepatobiliary phase (HBP) using 3D T1—weighted GRE imaging with controlled
aliasing in parallel imaging results in higher acceleration(CAIPIRINHA)

technique on gadoxetic acid—enhanced 37T liver MR imaging.
Material & methods

Sixty—two patients who underwent gadoxetic acid—enhanced 3T liver MR
imaging were Iincluded in this study. Four 3D T1-—weighted gradient recalled
echo (GRE) imagings with CAIPIRINHA technique using a FA of 9° and 13°
were acquired during HBP at 15 and 20 minutes after intravenous injection of
gadoxetic acid. Two abdominal radiologists, who were blinded to FA and timing
of 1mage acquisition, assessed liver edge sharpness, hepatic vessel clarity,
lesion conspicuity, artifact severity and overall image quality using a five point
scale. Quantitative analysis was performed to estimate the relative liver
enhancement (RLE) and signal—to—noise ratio (SNR) by one another
radiologist. Statistical analyses were performed using Wilcoxon signed rank

test, and one—way ANOVA.
Result

For most assessment, HBP imaging with FA 13° revealed better than FA 9°



with statistical significance. There was no significant qualitative score
difference between 20—minute—HBP and 15—minute—HBP images in non—
liver cirrhosis (LC) group except the score of hepatic vessel clarity with FA
9°. The degree of RLE was the highest in the 20—minute—HBP with FA 13°.
In the HBP with FA 13° the degree of RLE was higher than that of the HBP
with FA 9° Also, RLE in 20—minute—HBP was higher than that in
15—minute—HBP image. However, in the subgroup analysis, there was not
statistically significant difference of the RLE among four HBP images in both
LC and non—LC group. Signal—to—noise ratio was also not significantly

different in four HBP images.

Conclusion

The use of a larger FA may improve the image quality for HBP using 3D
T1—weighted GRE imaging with CAIPIRINHA technique on gadoxetic—acid liver
MR imaging. It could be feasible that FA 13° replaces the FA 9° of HBP
image without significant decrease of diagnostic performance on 3D
T1—weighted GRE imaging with CAIPIRINHA technique. Also, applying the FA
of 13° 15—minute—HBP has potential to be comparable to the standard

20—minute—HBP especially in the patient with non—LC.
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