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Abstract

Purpose: To evaluate respiratory-triggered three-dimensional (3D) true steady-state free-preces-
sion (SSFP) projection magnetic resonance angiographic sequences with time-spatial labeling in-
version pulse (Time-SLIP) for visualizing the hepatic arteries and to optimize the image acquisi-
tion protocol. Materials and Methods: A 1.5-T clinical magnetic resonance imager was used to per-
form abdominal magnetic resonance angiography (MRA) in 25 consecutive patients before tran-
scatheter arterial chemoembolization or surgery. We compared two selective space-labeling in-
version pulse (tag pulse) patterns (Patterns I and II, oblique and parallel tag pulses, respectively).
Two experienced radiologists evaluated the number of hepatic arterial branches visible on the ac-
quired MRA images, and the results were referenced with those on images from intra-arterial dig-
ital subtraction angiography. Results: Images were acquired from all patients. The two radiolo-
gists clearly visualized branches of the left and right hepatic arteries. More peripheral hepatic ar-
terial branches were identified in MRA images captured by using tag pulse Pattern I than in those
acquired by using Pattern II (P < 0.05). Two patients with ascites had great numbers of peripheral
hepatic arterial branches, indicating that ascites did not affect the visualization of hepatic arteries
in the MRA images acquired. There was no significant difference between the scores of images from
patients with Child-Pugh classifications A and B (P > 0.05). Conclusion: Non-contrast-enhanced
Time-SLIP hepatic MRA with true SSFP allowed selective visualization of peripheral hepatic ves-
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1. Introduction

Detailed evaluation of the hepatic arteries is a necessary task before liver surgery or transcatheter arterial che-
moembolization (TACE). Intra-arterial digital subtraction angiography (IADSA) is a useful technique for visua-
lizing the hepatic arterial anatomy; however, as it is an intra-arterial procedure, it is invasive. Contrast-enhanced
computed tomography (CT) and magnetic resonance angiography (MRA) are standard non-invasive procedures
used to visualize the hepatic arteries [1] [2]. However, these techniques require the use of contrast agents that
have the potential to cause severe adverse reactions such as anaphylactic shock, making them unsuitable for pa-
tients who have asthma, severe renal dysfunction, or a history of allergy to contrast agents. Furthermore, gadoli-
nium-based MRA contrast agents can cause nephrogenic systemic fibrosis in patients with severe renal dysfunc-
tion [3]. Therefore, vascular imaging without contrast medium is safe and low cost modality. Non-contrast-en-
hanced MRA techniques are suitable for visualization of the hepatic arteries. Time-spatial labeling inversion
pulse (Time-SLIP) is a form of spin labeling that uses inversion pulses to suppress the background signal before
data acquisition [4]. By changing the inversion time (TI), the inflowing blood signal can be controlled and the
vessel to be visualized can be selected. Recent advances in magnetic imaging technology mean that it is now
possible to use multiple inversion pulses. Selective visualization of the hepatic arteries by using respiratory-
triggered three-dimensional (3D) true steady-state free-precession (SSFP) combined with Time-SLIP has been
reported, and the optimal TI for balancing vessel-to-liver contrast and peripheral hepatic artery visualization is
1200 ms [5] [6]. We consider IADSA to be the gold standard technique for visualizing hepatic arteries. There-
fore, here, we scored the visualization of hepatic arteries by using non-contrast-enhanced hepatic MRA by refe-
rencing the images of IADSA. The purpose of this study is to evaluate respiratory-triggered three-dimensional
(3D) true steady-state free-procession (SSFP) projection magnetic resonance angiographic sequences with time-
spatial labeling inversion pulse (Time-SLIP) for visualizing the hepatic arteries and to optimize the image ac-
quisition protocol.

2. Materials and Methods
2.1. Subjects

From August 2011 to July 2012, 25 consecutive patients (21 men and 4 women; mean age, 73.1 years; range, 3 -
82 years; Child-Pugh classification A and B, n = 15 and n = 10, respectively) were recruited to the study. Twen-
ty-three examinations were conducted within the 2 days before the patients underwent TACE for hepatocellular
carcinoma. One case was performed about three weeks before TACE, and the other case did not undergo TACE
because of a history of allergy to contrast agents. This study obtained ethical approval from our institutional re-
view board. All source images were transferred to an independent workstation and subjected to multiplanar re-
construction and maximum intensity projection (SYNAPSE®™ Enterprise-PACS FUJIFILM, Japan). Images were
analyzed retrospectively.

2.2. MRA

All examinations were performed on a 1.5-T MR imager (EXCELART® Vantage Powered by Atlas, Toshiba
Medical Systems, Tokyo, Japan) with the patient supine. The imager equipped with a pair of phased array coils
containing 12 active coil elements connected to 12 receiver channels which were placed at the front and back of
the abdomen. The parameters used were as follows: TR, 4300 ms; TE, 2.2 ms; flip angle, 120°; slice thickness, 3
mm; FOV, 400 x 400 mm; matrix, 256 x 256; STIR TI, 1200 ms; respiration rate, 4000 ms.
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2.3. Time-SLIP

Two different Time-SLIP tag pulse patterns were used (Figure 1): Pattern I comprised three tag pulses. Two of
the tag pulses were oblique. The 1st tag pulse was placed such that the superior border was parallel to the upper
edge of the liver and celiac trunk to suppress the background tissue, and the 2nd tag pulse was placed caudal to
Isttag pulse to suppress the flow signal from the inferior vena cava. There was a distance of about 1 cm space
between 1st and 2nd tag pulses, not so as to pile up each other’s pulses. The 3rd tag pulse was placed vertically
to suppress the flow signal from the splenic vein. Pattern II comprised two oblique pulse tags both parallel to the
diaphragm. Both patterns of tag pulse covered the splenic vein and superior mesenteric vein to suppress the sig-
nal from blood flowing into the liver. The most important difference between the two types of tag pulse was the
starting point of the signal from the inflow through the aorta. Three cases were performed only tag pulse Pattern
I. The acquisition time of each pattern’s scan time was from three to five minutes.

2.4. Hepatic Arterial Scoring

Two radiologists (with 8 and 22 years of experience) evaluated the number of hepatic arterial branches visible in
the acquired images. Both the left and right hepatic arteries were examined, because the study included patients
who had undergone partial resection of the hepatic lobe (left or right). Angiographic results of 24 cases were
used as standards for comparison. One case was evaluated by only MRA images. The images of angiography
were acquired by injecting contrast agent from celiac artery. MRA Images were scored in accordance with the
number of arterial branches visible (Figure 2). For example, a score of 3 was given if the sub-branches of a he-
patic artery could be identified. A score of 4 was the case that third-order branch of right or left hepatic artery
was visualized, and a score of 5 was forth-order branch was visualized. Both radiologists were blinded to the
scan conditions and the images were evaluated in random order. When the scores from the radiologists differed,
a discussion was held until an agreement was reached.

2.5. Statistical Analysis

Statistical analyses were performed by using a commercially available software package (SPSS, Chicago, IL).
Paired t test was performed, and a P-value of less than 0.05 was considered to indicate a statistically significant
difference.

3. Results

Images were acquired from all patients and no motion artifacts were seen. The total imaging time for each

(@ (b)

Figure 1. Tag pulse patterns used: (a) Pattern I: two oblique (1st and 2nd) and one
vertical tag pulses (3rd); (b) Pattern II: two parallel tag pulses (1st and 2nd).
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Time-SLIP was approximately 10 min. Twenty four patients experienced TACE and we established the images
of intra-arterial angiogram as the gold standard. After referencing the angiogram, the two radiologists evaluated
the hepatic MRA images. More peripheral branches were identified in images captured by using tag pulse Pat-
tern I than in images captured by using Pattern II (P < 0.05). The highest score of 5 (meaning that the fourth-
order branches of the artery could be detected) was achieved in only one case, of visualization of the right he-
patic artery with tag pulse Pattern I, although this patient did have ascites (Table 1 and Figure 3). In spite of
better quality images of Pattern I, three left hepatic arteries (LHA) and two right hepatic arteries (RHA) were not
visualized. Their average age was 80.0 years. Three of five patients breathed irregularly and did not synchronize
the respiratory-triggered scan. Aging and irregular breathing might be defectiveness factor. There were no sig-
nificant differences between the scores of images from patients with Child-Pugh classifications A and B for ei-
ther hepatic artery (P > 0.05) (Table 2). Normal hepatic arterial anatomy was seen in 21 patients and anatomical
variations were seen in four patients: two patients had a replaced right hepatic artery arising from the superior
mesenteric artery, and two had an aberrant left hepatic artery arising from the left gastric artery. Both radiolo-
gists identified the aberrant arteries before angiography was performed (Figure 4 and Figure 5). The vascular
variants were coincident with the results of angiography (IADSA).

4. Discussion

Multi-detector-row 3D CT angiography provides excellent visualization of vascular details, and owing to its ac-
cessibility and brief scan time it is now a commonly used technique for assessing liver anatomy [7] [8]. Moreover,
320-row CT 4D DSA can accurately visualize normal anatomy and variation of hepatic artery, dynamically dis-
play tumor staining and reproducibly delineate the three-dimension relationship between tumor and blood ves-
sels [9]. However, CT scans expose the patient to ionizing radiation and intravenous contrast agents that may cause
serious adverse events such as anaphylactic shock. Contrast-enhanced MRA is a useful method for evaluating

Figure 2. Images were scored as shown and compared with angiographic results.
Right and left arteries were evaluated. LHA: left hepatic artery; PHA: proper he-
patic artery; RHA: right hepatic artery.

Table 1. Hepatic artery scores for tag pulse Patterns I and II.

Hepatic Artery Score

Hepatic Artery
Tag Pulse Pattern 0 1 2 3 4 5
LHA Pattern I (n = 23) 3 8 9 2 1 0
LHA Pattern II (n = 21) 9 6 5 1 0 0
RHA Pattern T (n = 25) 2 3 6 7 6 1
RHA Pattern I (n = 22) 7 3 5 5 2 0

LHA: left hepatic artery; RHA: right hepatic artery.
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Table 2. Differences in liver function: Child-Pugh (CP) classifications A and B (tag pulse Pattern I).

Hepatic Artery Score
Hepatic Artery
Tag Pulse Pattern 0 1 2 3 4
LHA CPA (n=13) 1 5 4 2 1
LHA CPB (n=10) 2 3 5 0 0
RHA CPA (n=15) 2 1 2 6 3
RHA CPB (n = 10) 0 2 4 1 3

CPA: Child-Pugh classification A; CPB: Child-Pugh classification B.

4

(a) (b)

Figure 3. (a) MRA image with the highest score (tag pulse Pattern I). The most peripheral hepatic arteries
are identifiable in this image (arrow), although this patient did have ascites. (b) Angiography in the pa-
tient shown in (a). The contrast agent was injected into the celiac artery and showing the right hepatic ar-
tery (arrow head).

(2) (b)

Figure 4. (a) MRA image of replaced right hepatic artery arising from the superior mesenteric artery (ar-
rows). (b) Angiography of the vessel shown in (a) (arrow head).
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Figure 5. MRA images captured by using (a) tag pulse Pattern I and (b) tag pulse Pattern II. (c) Angiography of the vessels
shown in (a) and (b). Aberrant left hepatic artery arising from the left gastric artery (arrows) is clearly visualized on both
MRA images ((a) and (b)). Tag pulse Pattern II provides a clearer depiction of the branch of the aberrant left hepatic artery
(arrow) owing to greater suppression of the background signal. (c) Angiography showing the aberrant left hepatic artery
arising from the left gastric artery (arrow head).

vascular disease without the need to expose the patient to radiation [10] [11]. However, patients with moderate
to severe renal dysfunction may develop a serious adverse reaction called nephrogenic systemic fibrosis in re-
sponse to gadolinium-based MR contrast agents. This adverse event is rare but non-reversible. Other adverse
events such as anaphylactic shock are sometimes fatal. Therefore, non-contrast techniques are required for visu-
alizing the hepatic vessels in these patients.

Previous reports have described the selective visualization of hepatic arteries without the need for an exogen-
ous contrast agent by using a combination of respiratory-triggered 3D true SSFP sequences and Time-SLIP [5]
[6]. Recently, Shimada et al. demonstrated that fat suppression by means of short-tau inversion recovery pro-
vides better background signal suppression than chemical shift selective pulse [5]. The most important factor for
clearly visualizing hepatic arteries with non-contrast-enhanced hepatic MRA is TI. A short TT (800 or 1000 ms)
favorably suppresses the background signal, but the inflow signal is weak and therefore the images obtained are
unsuitable for peripheral vessel visualization [5]. A longer TI (1400 ms) shows more peripheral arterial flow, but
the vessel-to-liver contrast deteriorates because of background signal recovery. An intermediate TI of 1200 ms
allows the visualization of more peripheral hepatic arteries and suppresses the flow signal of the splenic vein,
superior mesenteric vein, and inferior vena cava [5] [6]. A TI of 1200 ms gives the optimal balance between
vessel-to-liver contrast and peripheral hepatic artery visualization [5], and therefore was the TI that we used here.
We used short-tau inversion recovery not only to obtain complete fat suppression but also to improve image
quality by suppressing signals from the surrounding tissues (liver parenchyma, gastrointestinal tract, and gall-
bladder) [6] [12] [13]. We also examined different patterns of inversion pulse placement. Placement of the in-
version pulses closer to the start point of the inflowing arterial signal provided better visualization of the peri-
pheral vessels, which is why the hepatic arteries were better visualized with tag pulse Pattern I than with Pattern
II. The main difference between the two tag pulse patterns was where the inflowing blood signal from the aorta,
superior mesenteric artery, and several veins (such as the inferior vena cava, splenic vein, and portal vein)
began. The superior border of tag pulse Pattern I was placed near the celiac artery, whereas that of Pattern II was
placed at the descending aorta at a level of the heart inferior border (Figure 1). This means that the inflowing
signal in Pattern I began at the celiac trunk, whereas that in Pattern II was nearer the descending aorta. This dif-
ference in where the inflow began influenced the visualization of the peripheral hepatic arteries (Figure 6).
However, the disadvantage of tag pulse Pattern I was seen in the poor visualization of one case of aberrant left
hepatic artery arising from the left gastric artery (Figure 4). The image was of poor quality because the branch
of this vessel was outside the tag pulse pattern, so the background signal was not suppressed.

We expected the flow in the hepatic arteries of patients with liver dysfunction to be slow and poorly visua-
lized because of intrahepatic vascular increased pressure and resistance [14]. However, the scores of images
from patients with Child-Pugh classifications A and B were not significantly different (P > 0.05). Patients with
Child-Pugh classification C were not enrolled in the study: these patients have substantial liver dysfunction and
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Figure 6. (a) Tag pulse Pattern [; (b) Tag pulse Pattern II. Two different patterns of tag
pulse give different depictions of the hepatic artery. Red arrow means arterial flow, and
light blue flow means venous flow. Pink arrow is visualized hepatic arterial flow acquired
by MRA images. More peripheral arteries can be visualized with tag pulse Pattern I be-
cause the start point of the inflowing blood signal of the aorta is different. The start point of
Pattern I is the celiac trunk, and Pattern II is the descending aorta at a level of the cardiac
inferior border. More peripheral start point can visualize more hepatic arteries.

are in overall poor health and are therefore not candidates for TACE. One important point to note regarding our
results is that patients with ascites had high scores, indicating that ascites did not influence the visualization of
hepatic arteries with Time-SLIP MRA.

5. Conclusion

This is the report to evaluate non-contrast-enhanced hepatic MRA by referencing angiography for the visualiza-
tion of hepatic arteries. Non-contrast-enhanced hepatic MRA with Time-SLIP is a safe and effective method for
visualizing hepatic arterial anatomy before angiography or surgery.
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