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Super paramagnetic iron oxide-enhanced low-field MRI of liver tumors.
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Background: The advantages of low-field MRI are that there is little image distortion,
specific absorption rate can be kept low, and electron return effect can be suppressed,
so it can be used not only for interventional radiology, but also for radiation therapy.
The purpose of this study was to investigate the visibility of superparamagnetic iron
oxides (SPIO)-enhanced low-field MRI for hepatic malignancy.

Materials and Methods: We retrospectively extracted 15 hepatic tumors from 10
patients who underwent SPIO-enhanced MRI at both 0.2T and 1.5T for MRI-guided
biopsy or radiofrequency ablation. Tumor-to-liver (T/L) signal intensity ratio (SIR), as
well as the SIRs of the aorta-to-background (A/B) and the spleen-to-background (S/B)
were calculated and compared between 0.2T and 1.5T MRI using 2D fast low angle
shot sequence.

Results: The mean values of T/L SIRs at 0.2T and 1.5T were 4.04 + 1.96 and 5.08 +
2.19 (mean + standard deviation [SD]), respectively (p = 0.18). The mean values of A/
B SIRs at 0.2T and 1.5T were 174.70 + 42.89 and 380.36 £139.18 (mean + SD),
respectively (p < 0.01). The mean values of S/B SIRs at 0.2T and 1.5T were 93.58
+48.13 and 19728 + 9696 (mean =+ SD), respectively (p < 0.01).
Conclusion: Malignant tumors of the liver were clearly visualized on 0.2T low-field
MRI after SPIO administration and are comparable to 1.5T high-field MRI
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Introduction

MRI-guided biopsy or radiofrequency ablation
(RFA) for liver tumors is highly useful because it allows
treatment while monitoring the tumor and the
surrounding normal tissue (1,2). MRI-guided treatment
of liver tumors is usually performed using low-field
open MRI. The advantages of low-field MRI are that
there is little image distortion, specific absorption rate
(SAR) can be kept low, and electron return effect (ERE)
can be suppressed, so it can be used not only for
interventional radiology, but also for radiation therapy
(3-5). Disadvantages of low-field MRI include poorer
image quality, lower signal-to-noise ratio (SNR), and

longer imaging time than high-field MRI.

Superparamagnetic iron oxide (SPIO) is a
liver-specific contrast agent that is phagocytosed by
Kupffer cells in the liver and helps visualize malignant
tumors in the liver (6). It may be useful in MRI-guided
stereotactic ablative radiotherapy (SABR) because the
contrast enhancement effect persists for several days
after SPIO administration and SPIO does not have to be
administered at each session of SABR. However, the
image quality of SPIO-enhanced low-field MRI for
hepatic malignant tumors has not been investigated (7).
The purpose of this study was to investigate the
visibility of SP10-enhanced low-field MRI for hepatic

malignancy.

Materials and Methods

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964

Helsinki Declaration and its later amendments or

comparable ethical standards. This study was considered
to meet the institutional review board (IRB) waiver
conditions of informed consent for clinical
investigations involving no more than minimal risk to
human subjects. Among liver tumor patients who
underwent open MRI-guided biopsy or RFA in the past
10 years, we retrospectively extracted 15 lesions from
10 patients (male/female 7/3) who underwent both
SP10-enhanced 0.2T low-field MRI and 1.5T high-field
MRI within 2 hours. The mean + standard deviation
(SD) age was 71.2 + 6.8 years. Of the 10 cases, 3 had
hepatocellular carcinoma, 1 had cholangiocarcinoma,
and 6 had liver metastases. Tumors with a maximum

diameter of 1 cm or more were selected and evaluated.

Imaging protocols and scanning parameters at 0.2T

and 1.5T

All  patients underwent  SPIO-enhanced MRI
(ferucarbotran, Resovist, Bayer Healthcare, Leverkusen,
Germany) of liver tumors using a 1.5T MRI unit
(Magnetom Vision plus, Siemens, Munich, Germany),
and then, the same site was imaged using a 0.2T MRI
unit (Magnetom Open viva, Siemens, Munich,
Germany) within the next 2 hours. MRI scan parameters
are shown in Table 1. Sequence parameters were
optimized for each scan. Both 0.2T and 1.5T MRI used
the 2D fast low angle shot (FLASH) sequence, but 0.2T
reduced the flip angle and 1.5T made the echo time (TE)

longer.
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Table 1: MRI scan parameters at 0.2T and 1.5T

0.2T MRI 1.5TMRI

Manufacturer's Model Name ~ MAGNETOM Open viva (Siemens)

Acquisition Type T1-weighted 2D FLASH T1-weighted 2D FLASH

Slice Thickness (mm) 10 6

Repetition Time (msec) 31 132

Echo Time (msec) 9 10

Echo Train Length 1 1

Receiver Coll Body Spine Array Coil Body Spine Array Coil
Flip Angle 40° 50°

Pixel size (mm) 1.37x1.37 148x148

MAGNETOM VISION plus (Sieme!

FLASH= fast low angle shot
Comparison of tumor-to-liver signal intensity ratio

To assess the visibility of liver tumors on 0.2T and 1.5T
MRI, tumor-to-liver signal intensity ratio (T/L SIR) was
calculated by setting regions of interest (ROIs) in the
tumor (T) and the surrounding normal liver tissue (L)
(Fig. 1). T/L SIR was defined as: T/L SIR = T/L. In
order to further evaluate the image quality, ROIs were
set in the aorta (A), spleen (S) and background (B), and
the signal intensity ratios of the aorta-to-background
(A/B) and the spleen-to-background (S/B) was
calculated respectively. The background signal intensity
was defined as an average value of the four corner
backgrounds (B1-4): A/B SIR=4*A/%(B1-4), S/B
SIR=4*S/%(B1-4) (Fig. 1).

Fig. 1. Assessment of tumor-to-liver signal intensity

ratio.

Tumor-to-liver signal intensity ratio was calculated by
setting regions of interest (ROIs) in the tumor (T) and
the surrounding normal liver tissue (L). ROIs were also
set in the aorta (A), spleen (S) and background (B), and
the signal intensity ratios of the aorta-to-background
(A/B) and the spleen-to-background (S/B) was
calculated respectively. The background signal intensity
was defined as an average value of the four corner
(B1-4):
SIR=4*S/3(B1-4).

backgrounds A/B SIR=4*A/¥(B1-4), S/B

Statistical analysis

An unpaired t-test was used to compare T/L, A/B, and
S/B SIRs between 0.2T and 1.5T MRI. A p-value that is

< 0.05 was considered statistically significant.

Results

Image analysis of 0.2T MRI and 1.5T MRI

was possible in all 15 lesions (Fig. 2).

Fig. 2a. MRI at 0.2T.
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Fig. 2. SP1O-enhanced 2D fast low angle shot MRI at

0.2T and 1.5T in a patient with cholangiocarcinoma.
Liver tumor (arrow) are clearly visualized on both 0.2T

(@) and 1.5T (b) MRI.

The mean values of T/L SIRs at 0.2T and 1.5T were 4.04
+ 1.96 and 5.08 £ 2.19 (mean £ SD), respectively (p =

0.18) (Fig. 3). The mean values of A/B SIRs at 0.2T and
1.5T were 174.70 + 42.89 and 380.36 £139.18 (mean +
SD), respectively (p < 0.01). The mean values of S/B
SIRs at 0.2T and 1.5T were 93.58 +48.13 and 197.28 +
96.96 (mean + SD), respectively (p < 0.01).
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Fig. 3. Tumor-to-liver signal intensity ratio assessed

at0.2T and 1.5T MRI.

Tumor-to-liver

comparable between 0.2T and 1.5T MRI (p = 0.18).

signal intensity ratio (SIR) was

Discussion

Based on the results of this study, both A/B and
S/B SIR were lower at 0.2T than at 1.5T, but T/L SIR
was comparable between them. Considering that the
SNR of 0.2T MRI is lower than that of 1.5T MR, it was
assumed that A/B and S/B SIRs would be lower at 0.2T.
However, the result of the T/L SIR being comparable
was not initially expected. The effect of the SPIO is on

T2* relaxation and MRI is usually performed using T2-
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or T2*-weighted sequences. Since T2*-weighted images
can be taken by using long TE sequences, we used long
TE FLASH sequence at 1.5T. However, at 0.2T, using
long TE sequence significantly reduced SNR and
lengthened the imaging time, therefore long TE
sequence could not be used. We optimized the sequence
parameters by lowering the flip angle (FA) and making
the slice thickness 10 mm to shorten the imaging time
while maintaining the SNR at 0.2T. As far as we know,
this is the first report that has evaluated the imaging
performance of SPlO-enhanced liver tumors at 0.2T
compared to 1.5T MRI. Since the T/L SIR was
comparable at 0.2T and 1.5T, SP10-enhanced MRI may
be feasible for imaging liver tumors even in a low-field

MRI.

At present, there is no consensus on pulse
sequences  for tumors

MRI-guided radiotherapy (8,9). SPIO was found to be

monitoring  liver during
useful in visualizing liver tumors because it causes
strong spin-spin interactions not only in 1.5T high-field
MRI but in 0.2T low-field one. If low-field MRI can be
used to accurately monitor liver tumors during
radiotherapy, ERE can be suppressed even if there is an
intestinal tract near the tumor, making it possible to
achieve safer radiotherapy (5). So far, there has been
only one case report in the literature that attempted to
visualize a liver tumor during radiotherapy using a
liver-specific contrast agent (10). However, since linear
gadolinium-based contrast agent (GBCA) was used in
the past report, long-term toxicity such as nephrogenic
systemic fibrosis and neuronal deposition is a concern. It

is considered safer to use SPIO than to use linear GBCA

in MRI-guided radiotherapy for liver tumors.

Some limitations should be noted in this study.

First, this is a retrospective study of patients with liver

tumors who underwent MRI-guided interventional
procedures rather than MRI-guided radiotherapy. We
think that the research using the MRI-guided
radiotherapy system actually used in clinical practice
will draw a more practical conclusion. However, the
currently available low-field MRI-guided radiotherapy
system does not allow us to customize the MRI
sequence parameters. Second, we analyzed only those
liver tumors that were clearly visualized on low-field
MRI. Therefore, it should be noted that there is a
selection bias in this study. However, even if the
selection bias exists, this study is the first report to show
the feasibility of SP10-enhanced MRI at 0.2T. It would
be expected to be applied in low-field MRI-guided

radiotherapy.
Conclusion

In conclusions, liver tumors were clearly
visualized by using liver-specific SPIO even in low
magnetic field MRI. Imaging of liver tumors with SP10
may also be applicable to low-field MRI-guided

radiotherapy.
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