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Abstract

AIM: To compare differences between volumetric interpolated breath-hold examination (VIBE) using two-point Dixon fat-water separation (Dixon-VIBE) and chemically selective fat saturation (FS-VIBE) with magnetic resonance imaging examination. 

METHODS: Forty-nine patients were included, who were scanned with two VIBE sequences (Dixon-VIBE and FS-VIBE) in hepatobiliary phase after gadoxetic acid administration. Subjective evaluations including sharpness of tumor, sharpness of vessels, strength and homogeneity of fat suppression, and artifacts that were scored using a 4-point scale. The liver-to-lesion contrast was also calculated and compared. 

RESULTS: Dixon-VIBE with water reconstruction had significantly higher subjective scores than FS-VIBE in strength and homogeneity of fat suppression (< 0.0001) but lower scores in sharpness of tumor (P < 0.0001), sharpness of vessels (P = 0.0001), and artifacts (P = 0.034). The liver-to-lesion contrast on Dixon-VIBE images was significantly lower than that on FS-VIBE (16.6% ± 9.4% vs 23.9% ± 12.1%, P = 0.0001). 

CONCLUSION: Dixon-VIBE provides stronger and more homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after gadoxetic acid administration. 
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Core tip: The role of three dimensional gradient echo sequence with volumetric interpolated breath-hold examination (VIBE) by using chemically selective fat-saturation for abdominal magnetic resonance (MR) imaging is well established and it is now part of the standard clinical work-up, especially for dynamic contrast-enhanced liver MR imaging. The Dixon technique has been improved extensively in the aspects of phase errors, noise and artifacts. There are no reports yet on the potential value of two-point Dixon fat-water separation technique for image quality and focal liver lesions in hepatobiliary phase of gadoxetic acid-enhanced MR imaging. Therefore, we compare the image quality and liver-to-lesion contrast in hapatobiliary phase between VIBE using two-point Dixon fat-water separation and chemically selective fat saturation.

INTRODUCTION

Gadoxetic acid is a hepatocyte-specific contrast agent for magnetic resonance (MR) imaging of the liver[1-4]. The major value of gadoxetic acid compared with other gadolinium-based agents is that it can be taken up by normal functional hepatocytes and excreted into the bile duct. Many studies have showed that gadoxetic acid-enhanced imaging can increase the detection of focal liver lesions, especially for small liver lesions[5-7], as well as improve the confidence for characterization of liver lesions[8-10]. The role of three dimensional (3D) gradient echo sequence with volumetric interpolated breath-hold examination (VIBE) by using chemically selective fat-saturation for abdominal MR imaging is well established and it is now part of the standard clinical work-up, especially for dynamic contrast-enhanced liver MR imaging[11-13]. Chemically selective fat-saturation imaging reduces the potential degradation of image quality resulting from motion-related artifacts, helps increase image contrast resolution and highlights lesions such as contrast-enhancing tissue, edema, and blood products by eliminating the high-intensity signal of fat[11,14]. However, this technique is susceptible to B0 and B1 inhomogeneities, which remains a challenge, particularly for imaging off-center, with large field of view, or anatomies with strong susceptibility effects[15,16]. Studies are therefore focusing on the potential added benefit of other methods for fat suppression like Dixon fat-water separation technique[17-21]. The Dixon technique, described for water and fat imaging in 1984[22-24], has been improved extensively in the aspects of phase errors, noise and artifacts. In addition, this technique is routinely used to find intracytoplasmic lipid (also referred to as microscopic fat)[25], as well as to have the potential for detection and grading of liver iron[26], based on comparison of signal intensity on in-phase and opposed-phase images. Ragan et al[19] demonstrated that 2-point Dixon fat separation with water recon​struction provided more reliable and homogenous fat suppression than chemical saturation in phantoms and mouse MR imaging. Previous studies also reported the similar results for abdominal and pelvic MR imaging in humans[21-23]. However, Rosenkrantz et al[23] showed that the contrast between focal liver lesions and liver parenchyma was slightly lower for Dixon imaging with water reconstruction than that for chemical saturation. To our knowledge, there are no reports yet on the potential value of two-point Dixon fat-water separation technique for image quality and focal liver lesions in hepatobiliary phase of gadoxetic acid-enhanced MR imaging. 

The aim of this study was to compare the image quality and liver-to-lesion contrast in hapatobiliary phase between VIBE using two-point Dixon fat-water separation (Dixon-VIBE) and chemically selective fat saturation (FS-VIBE).

MATERIALS AND METHODS
Patients

This study was approved by Institutional Review Board of our hospital. The requirement for informed consent was waived for our study. This study was performed at our department between December 2012 and July 2013. Inclusion criteria for patients consisted of (1) undergoing liver MR imaging with injection of gadoxetic acid; (2) detectable focal liver lesions; (3) breath-holding capacity for at least 18 s; and (4) normal liver function. Clinical data were obtained from medical records. 

MR imaging

Liver examinations were performed on a 1.5-T MR system with a phased-array coil (Magneto Aera, Siemens Medical Solution, Erlangen, Germany). In routine liver MR protocol at our department, early dynamic contrast-enhanced MR imaging and hepatobiliary phase at 20 min were performed using FS-VIBE besides conventional MRI sequences. Dixon-VIBE was also routinely performed before gadoxetic acid administration. Besides conventional MR imaging sequences, Dixon-VIBE was performed for the hepatobiliary phase before FS-VIBE (no more than 2 min). The sequence parameters are displayed in Table 1. A parallel imaging technique (R factor of 2) was performed with generalized autocalibrating partially parallel acquisition for the 2 sequences. Four image sets were obtained by two-point Dixon-VIBE: an in-phase image, an out-of-phase image, a fat-reconstruction image, and a water-reconstruction image, with the water-reconstruction image being analogous to the standard FS-VIBE sequence. In all patients, 0.025 mmol/kg body weight of gadoxetic acid (Primovist; BayerSchering Pharma AG, Berlin, Germany) was injected manually at about 1 mL/s, as recommended, by one investigator through a 20-gange intravenous catheter placed in a cubical or cephalic vein. Immediately afterwards, a 20 mL saline flush was administered at the same injection rate.

Image evaluation

MR imaging data were evaluated in the hospital’s Picture Archiving and Communication System. All MR images were assessed by a single reader (Ren-chen Li) with 5 years of experience in reading abdominal MR images. The reader was blinded to clinical data of the patients. For each patient, qualitative and quantitative analyses were performed on the largest available lesion.

Qualitative analysis

The reader reviewed Dixon-VIBE and FS-VIBE sequences on 2 separate dates with 4-8 wk separating interpretation of the 2 sequences. For each data set, the reader scored the following parameters: sharpness of tumor, sharpness of vessels, strength and homogeneity of fat suppression, and artifacts, which were scored using the following 4-point scale: 4, excellent quality; 3, good quality, not impairing diagnostic performance; 2, fair quality, somewhat impairing diagnostic performance; 1, poor quality, impairing diagnostic performance.

Quantitative analysis

The signal intensities (SIs) of focal liver lesions were measured on Dixon-VIBE with water reconstruction and FS-VIBE images in hepatobiliary phase. The reader manually traced the lesion boundary by placing free hand region of interest at the largest axial slice. The SI of liver parenchyma surrounding the tumor was also measured avoiding large vessels and artifacts. The liver-to-lesion contrast (%) was calculated according to the Michelson contrast formula[18]: 100 × (SIliver - SIlesion)/(SIliver + SIlesion), where SIliver is SI of liver parenchyma and SIlesion is SI of focal liver lesions.

Statistical analysis

The statistical methods of this study were reviewed by Ren-chen Li from Zhongshan Hospital Fudan University. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS version 18.0, SPSS, Chicago, IL, United States). The liver-to-lesion contrast was pared using a paired t-test when data were normally distributed or a Wilcoxon signed ranked test when data were not normally distributed. A Wilcoxon signed ranked test was also used to compare quality factors. Differences with a P-value less than 0.05 were considered statistically significant.

RESULTS

Patient characteristics 

A total of 49 consecutive patients meeting the inclusion criteria were included in our study. Of the 49 patients, 41 were male and 8 were female (media age, 51 years; range, 26-84). Forty-one target lesions were confirmed by surgical pathologic assessment (33 hepatocellular carcinomas, 2 cholangiocaicinomas, 4 metastases from colorectal carcinoma, and 2 hemangiomas) and the remaining 8 lesions were hemangiomas which were confirmed by imaging findings combined with clinical data. Cirrhosis was diagnosed in 20 patients by pathologic assessment. The median size of the lesions was 15 mm (range, 5-70 mm); 12 (24.5%) were ≤ 10 mm, 24 (49.0%) were between 10 and 20 mm and 13 (26.5%) were > 20 mm.

Dixon-VIBE vs FS-VIBE
All the target lesions were detected as hypointense lesions on both Dixon-VIBE and FS-VIBE. The mean values for subjective scores (sharpness of tumor, sharpness of vessels, homogeneity of fat suppression, and artifacts) are shown in Table 2, Figures 1 and 2, and the results of liver-to-lesion contrast are displayed in Figure 3. Dixon-VIBE with water reconstruction had significantly higher subjective scores than FS-VIBE in strength and homogeneity of fat suppression (< 0.0001) but lower scores in sharpness of tumor (P < 0.0001), sharpness of vessels (P = 0.0001), and artifacts (P = 0.034). The liver-to-lesion contrast on Dixon-VIBE images was significantly lower than that on FS-VIBE (16.6% ± 9.4% vs 23.9% ± 12.1%, P = 0.0001).

DISCUSSION

The aim of this study was to compare Dixon-VIBE with conventional FS-VIBE sequence in gadoxetic acid-enhanced liver MR imaging. Our results indicated that Dixon-VIBE with water reconstruction demonstrated significantly stronger and more homogenous fat suppression but had lower clarity of hepatic vessels and lesions and increased artifacts, when compared with conventional FS-VIBE in hepatobiliary phase.

Inhomogeneous and incomplete fat suppression especially for the area near the edges of surface coils could degrade the image quality of conventional FS-VIBE for abdominal MR imaging, while Dixon methods are insensitive to B1 inhomogeneities and provide robust water-fat separation[16-18]. Our study showed that Dixon-VIBE with water reconstruction yielded fat suppression with superior quality than conventional FS-VIBE, which was in keeping with the results of previous studies[21-23]. We further found the improvement for homogeneous fat suppression adjacent to the lung and chest/abdominal wall by Dixon-VIBE with water reconstruction. This might have potential value for visualization of the uptake of gadoxetic acid by hepatocytes in the hepatobiliary phase. Unfortunately, our study failed to demonstrate that Dixon-VIBE with water reconstruction had the superiority for visualization of focal liver lesions with significantly lower subjective scores and liver-to-lesion contrast. The possible reason might be that Dixon fat separation techniques avoid the potentially severe suppression artifacts due to B0 inhomogeneities and frequency offsets among separate volumes of interest, including inadvertent suppression of the water signal, which can reduce image contrast[19,20]. This results also might be in part affected by earlier acquisition for Dixon-VIBE compared with FS-VIBE in our study. In theory, the peak liver parenchymal enhancement was observed to occur at 20 min after administration of gadoxetic acid. However, in our study there was only no more than 2 min between the two scans. A previous study also reported the lower, without reaching significant difference, liver-to-lesion contrast for Dixon-VIBE than FS-VIBE at about 3-min delayed gadolinium-enhanced liver MR imaging[27]. Our poor results for the increased artifacts on Dixon-VIBE may be due to the B0 inhomogeneities and relative longer acquisition time. Some researchers[28-30] modified the two-point Dixon method by acquiring a third image (three-point Dixon) that was used to compensate for B0 inhomogeneities, which have not been assessed for high resolution 3D VIBE breath-hold post-contrast liver MR imaging.

There are some limitations to our study. First, we did not change the routine default parameters for the 2 sequences, which were different in some parameters. Second, as above-mentioned we performed Dixon-VIBE a little earlier (≤ 2 min) than FS-VIBE, which might affect the calculation of the liver-to-lesion contrast. Finally, we did not evaluate the detection of the lesions. However, all the tumors (ranging from 5 mm to 70 mm) could be found in both sequences, which are consistent with the results of no difference for detection between the 2 sequences in the previous study[23].

In conclusion, Dixon-VIBE provides stronger and more homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after gadoxetic acid administration. Dixon-VIBE has potential value when incomplete fat suppression is achieved by the FS-VIBE sequence. 

COMMENTS

Background

The role of 3D gradient echo sequence with volumetric interpolated breath-hold examination (VIBE) by using chemically selective fat-saturation for abdominal magnetic resonance (MR) imaging is well established and it is now part of the standard clinical work-up, especially for dynamic contrast-enhanced liver MR imaging. Chemically selective fat-saturation imaging reduces the potential degradation of image quality resulting from motion-related artifacts, helps increase image contrast resolution and highlights lesions such as contrast-enhancing tissue, edema, and blood products by eliminating the high-intensity signal of fat. However, this technique is susceptible to B0 and B1 inhomogeneities, which remains a challenge, particularly for imaging off-center, with large field of view, or anatomies with strong susceptibility effects. Studies are therefore focusing on the potential added benefit of other methods for fat suppression like Dixon fat-water separation technique. 

Research frontiers

The Dixon technique has been improved extensively in the aspects of phase errors, noise and artifacts. In addition, this technique is routinely used to find intracytoplasmic lipid (also referred to as microscopic fat), as well as to have the potential for detection and grading of liver iron, based on comparison of signal intensity on in-phase and opposed-phase images.

Innovations and breakthroughs

Ragan et al demonstrated that 2-point Dixon fat separation with water reconstruction provided more reliable and homogenous fat suppression than chemical saturation in phantoms and mouse MR imaging. Previous studies also reported the similar results for abdominal and pelvic MR imaging in humans. However, Rosenkrantz et al showed that the contrast between focal liver lesions and liver parenchyma was slightly lower for Dixon imaging with water reconstruction than that for chemical saturation. To our knowledge, there are no reports yet on the potential value of two-point Dixon fat-water separation technique for image quality and focal liver lesions in hepatobiliary phase of gadoxetic acid-enhanced MR imaging. Therefore, the authors compared the image quality and liver-to-lesion contrast in hapatobiliary phase between VIBE using two-point Dixon fat-water separation (Dixon-VIBE) and chemically selective fat saturation (FS-VIBE).

Applications

Dixon-VIBE provides stronger and more homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after gadoxetic acid administration. Dixon-VIBE has potential value when incomplete fat suppression is achieved by the FS-VIBE sequence. 

Terminology

Dixon-VIBE provides stronger and more homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after gadoxetic acid administration. 

Peer-review

The paper describes the comparison between VIBE using two-point Dixon-VIBE and chemically selective FS-VIBE in gadoxetic acid-enhanced liver MR imaging. Authors demonstrates that Dixon-VIBE provides stronger and more homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after gadoxetic acid administration. The paper is scientifically accurate and complete. Many parameters (sharpness of tumor, sharpness of vessels, strength and homogeneity of fat suppression, artifacts and liver-to-lesion contrast) have been investigated to explore the differences between Dixon-VIBE and conventional FS-VIBE sequence. 
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Figure 1  A 54-year-old patient with hepatocellular carcinoma. The fat suppression is stronger and more uniform with Dixon-volumetric interpolated breath-hold examination (VIBE) (A) than chemically selective fat saturation-VIBE (FS-VIBE) (B), the slight signal loss is seen with FS-VIBE (arrowhead, B), and the score was 4 for Dixon-VIBE and 3 for FS-VIBE. However, the hepatic veins are clearer with FS-VIBE. The tumor is well depicted with each sequence (arrow).
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Figure 2  A 68-year-old patient. The border of tumor (arrow) and intrahepatic portal vein are sharper with chemically selective fat saturation-volumetric interpolated breath-hold examination (FS-VIBE) (B) than Dixon-VIBE (A), and the score was 3 for Dixon-VIBE and 4 for FS-VIBE. Artifact from the air in the stomach is seen with Dixon-VIBE (arrowhead, A). The suppression of subcutaneous fat is stronger with Dixon-VIBE. VIBE: Volumetric interpolated breath-hold examination; FS: Fat saturation
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Figure 3  Box-and-whisker plots show median and interquartile ranges for liver-to-lesion contrast in hapatobiliary phase for chemically selective fat saturation-volumetric interpolated breath-hold examination and 2-point Dixon fat-water separation-volumetric interpolated breath-hold examination.
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Table 1  Sequence parameters


 �
Dixon-VIBE�
FS-VIBE�
�
Repetition time (ms)�
8.88�
3.47�
�
Echo time (ms)�
2.39/4.77�
1.36�
�
Section thickness (mm)�
3.5�
3.5�
�
Field of view (mm)�
380-400 × 300-324�
380-400 × 300-324�
�
Flip angle (degree)�
10�
10�
�
Matrix�
320 × 240�
320 × 195�
�
Bandwidth (Hz/pixel)�
430/490�
400�
�
Acquisition time (s)�
18�
14�
�
FS: Chemically selective fat saturation; VIBE: Volumetric interpolated breath-hold examination.





Table 2  mean ± SD for subjective image scores for Dixon fat-water separation and chemically selective fat saturation


Parameter�
FS-VIBE�
Dixon-VIBE�
P value�
�
Sharpness of tumor�
3.22 ± 0.47�
2.78 ± 0.47�
< 0.0001�
�
Sharpness of vessels�
3.20 ± 0.46�
2.73 ± 0.49�
   0.0001�
�
Strength and homogeneity of fat suppression�
2.98 ± 0.25�
3.6 ± 0.53�
< 0.0001�
�
Artifacts�
2.98 ± 0.25�
2.86 ± 0.35�
   0.0340�
�
FS: Chemically selective fat saturation; VIBE: Volumetric interpolated breath-hold examination.








