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Evaluation of the degree of liver damage by
dynamic MRI using ferucarbotran
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Abstract: Purpose: To determine whether SPIO-enhanced dynamic MRI can be used to
assess the degree of liver dysfunction.

Material and methods: The subjects were 41 patients with liver disease. Dynamic
studies were performed with bolus injection of ferucarbotran, and arterial- and portal-
phase images were obtained. T2- and T2*-weighted images were also obtained 10 min
after injection. We compared the degree of liver dysfunction determined using blood
markers with the degree of signal changes in MRI.

Results: Relative signal intensity of arterial-phase images was 0.42+0.05 in patients
with normal liver function, 0.7540.22 in those with mild dysfunction, and 0.88+0.08 in
those with severe dysfunction. The difference between each group was statistically
significant (p<<0.050). A similar trend was noted for portal-phase images, T2-weighted
images, and T2*-weighted images. The degree of signal change was the largest in the T2*-
weighted images, but the difference between the normal group and the mild and severe
dysfunction groups was the most clear using arterial-phase images.

Conclusion: Dynamic MRI may be useful in assessing liver function. The differences
were particularly well depicted using arterial-phase and T2*-weighted images.
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Introduction

Superparamagnetic iron oxide (SPIO) is a magnetic resonance (MR) contrast agent designed to
assess phagocytotic activity in the liver, and its clinical utility has been established in several studies'®.
Up to 80% of the injected contrast agent is taken up by Kupffer cells in liver sinusoids, where its
particles form large clusters. SPIO clusters cause substantial perturbation of the magnetic field,
resulting in marked T2 shortening of liver parenchyma”. The activity and number of Kupffer cells may
14)15)

therefore be directly related to the signal changes induced by SPIO in T2- or T2*-weighted images
Several studies found less significant alteration of signal in the liver after SPIO administration when
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patients with acute and chronic hepatitis were imaged, and concluded that SPIO phagocytosis was
disturbed in these patients**.

Liver function test by blood sampling is the most widely used method to estimate liver function.
However, it cannot identify the geographic distribution of liver damage. MRI is much more advan-
tageous in terms of such spatial localization, and the SPIO technique allows qualitative assessment of
focal liver lesions and liver dysfunction. Such assessment of liver function may be crucial when planning
resection or transplantation of the liver.

Recent studies have used perfusion MRI or CT techniques, and indicated that the perfusion deficit
of the liver can be visualized using these techniques. Earlier, the available SPIO agent (ferumoxide)
was not designed for bolus injection and MRI equipment was not sufficiently developed to carry out
high-speed and high-resolution imaging techniques, including echo-planar imaging'. The newer SPIO
agent ferucarbotran can be used for bolus injection; MRI equipment and imaging techniques have
improved; and high-performance gradient systems and parallel imaging techniques are available. This
has enabled assessment of liver perfusion with SPIO.

We carried out a dynamic study of the liver to assess liver function assuming that the technique
would reflect the viability of Kupffer cells and perfusion status of the liver. The purpose of this study
was to determine whether dynamic scans of the liver can be used to evaluate liver function.

Patients and methods

Patient population

This study was approved by our institutional review board. Written informed consent was obtained
from each patient.

Forty-one (28 males and 13 females) consecutive patients (mean age, 62 years; range, 31-80
years) underwent MRI using a fixed protocol from October 2004 to April 2005. Five patients with
normal liver function were imaged for metastatic liver tumor. A second group of patients had mild liver
dysfunction (chronic hepatitis; n=20) and the third group had severe liver dysfunction (liver cirrhosis;
n=16). Severity of liver dysfunction was diagnosed using routine laboratory tests and liver biopsy.
Fibrosis scores classified F1 or F2 with mild liver dysfunction, and F3 or F4 with severe liver
dysfunction. Laboratory tests classified type IV collagen 7S (<8.0 ng/ml) with mild liver dysfunction,
and type IV collagen 7S (=8.0 ng/ml) with severe liver dysfunction. Patient groups were classified into
viral hepatitis (n=33) versus alcoholic hepatitis (n=3).

MRI

Images were obtained with a 1.5-Tesla whole-body scanner (Gyroscan Intera, Philips, Best, The
Netherlands). T2-weighted images were SE with TR=2400, TE="70, TSE factor=23, and matrix size
=512X256. T2*-weighted images were fast-field echo (FFE) with TR=400, TE=14, flip angle=35°,
and matrix size =512X256. Dynamic images were obtained by single-shot EPI with TR=1600, TE=
72, EPI factor=39, flip angle=90°, and matrix size=256X192. The entire liver was covered with 20
trans-axial slices (thickness, 7mm). The contrast agent ferucarbotran (0.016 ml/kg) was injected with
a mechanical injector (Spectris, MedRad, PA, USA) at a rate of 2.0 ml/s into an antecubital vein.

Dynamic liver scans were started immediately after injection. One slice per second was taken for
25 s (arterial phase). After 10s, the same process was repeated for another set of 25 s (portal phase).
T2-weighted and T2*-weighted images were obtained approximately 10 min after completion of
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dynamic scans.

Data analysis
Region of interest (ROI) analysis was done using a single circular ROI placed at the liver tissue 1

cm lateral to the right portal vein (Figs. 1-3). Non-contrast scans were used as the first phase of the
dynamic study and as baseline control for the rest of the images. Relative signal changes in each
dynamic scans were calculated from this baseline ROI:
(Pre-contrast signal—Post-contrast signal)/Pre-contrast signal

We placed the ROI at other slices, using the right portal vein as an anatomic reference, if there was
motion due to poor holding of breath. We did similar measurements on T2- and T2*-weighted images by
placing the ROI at the same location. Signal changes were calculated using the paraspinal muscles as
the control location.

Measurements were done at three locations in each patient to confirm that the ROI placements had
avoided areas with artifacts.

Statistical analysis was carried out using Student’s ¢-test for each group.
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Fig. 1-3. Typical MRI and time-intensity curve for the dynamic scans with
normal liver function (Fig. 1), mild liver dysfunction (Fig. 2), and severe
liver dysfunction (Fig. 3) after resovist injection (0.016 ml/kg). A linear
part in the center of the time-intensity curve is rest time between the
arterial and portal phase.
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Results

Signal changes induced by bolus administration of SPIO are described below.

Plots of the arterial and portal phases are illustrated in Figs. 4 and 5, respectively. Time 0 was
defined as the time when the contrast agent reached the abdominal aorta at the level of the celiac artery.
There were no significant differences between the three groups in the early arterial phase, but the
differences grew larger in the late arterial phase that was 25 sec after injection (p<<0.01). We therefore
chose to use this late arterial phase to compare the results with other sequences.

Statistical significance was noted at all times for the portal phase, but the difference appeared to
be largest at the later phase. We therefore used the late portal phase that was 60 sec after injection
for comparison.

Relative signal changes in the arterial phase were 0.42+0.05, 0.75+0.22, and 0.880.08 for
normal, mild, and severe liver dysfunction, respectively. Relative signal changes in the portal phase
were 0.34£0.06, 0.5410.08, and 0.72+0.11 for normal, mild, and severe liver dysfunction, respectively
(Fig. 6).

Signal changes at 10 min for T2-weighted images were 0.38£0.03, 0.49+0.07, and 0.64+0.13 for
normal, mild, and severe liver dysfunction, respectively. Signal changes at 10 min for T2*-weighted
images were 0.09+0.02, 0.20%0.06, and 0.34%0.11 for normal, mild, and severe liver dysfunction,
respectively (Fig. 6).
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Fig. 4. Relative signal changes of the liver at arterial phase after injection of resovist in normal
function, mild liver dysfunction, and severe liver dysfunction.
A significant difference in relative signal changes is noted in the late arterial phase
between normal function, mild dysfunction, and severe dysfunction (P<0.05, each group
by Student’s #-test) .
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Fig. 5.

Relative signal changes of the liver at portal phase after injection of resovist in normal
function, mild liver dysfunction, and severe liver dysfunction.

A significant difference in relative signal changes is noted in the leach late portal phase
between normal function, mild dysfunction, and severe dysfunction (P<0.01, each group
by Student’s ¢-test).
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Fig. 6.

Relative signal changes of the liver at late arterial-phase, late portal-phase, T2-, and
T2*-weighted images after injection of resovist in normal function, mild liver dysfunction,
and severe liver dysfunction.

A significant difference in relative signal changes is noted in each phase between
normal function, mild dysfunction, and severe dysfunction (P<0.05, each group by
Students t-test).
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Fig. 7. 'The difference between normal function, and mild and severe liver dysfunction was the
largest in the late arterial-phase images, although the signal decrease was the largest in
T2*-weighted images in each group.

There were significant differences (p<<0.05) for all sequences between these groups. Highest
signal changes were seen for T2*-weighted images.

We further analyzed the data to examine which of the imaging methods had the highest change in
signal relative to the normal group. The signal change of the normal liver function group was defined
as 1. The relative signal change was 0.43%0.044 and 0.21+0.016 in arterial-phase images; 0.70%0.013
and 0.42+0.018 in portal-phase images; 0.82+0.023 and 0.58+0.043 in T2-weighed image; and
0.89+0.03 and 0.73+0.055 in T2*-weighted images, for the mild and severe liver dysfunction groups,
respectively (Fig. 7).

The change in signal between the normal and liver dysfunction groups was the highest for the
arterial phase of dynamic MRI (although signal decrease was the largest for each group in T2*-weighted
images). The second highest signal change was in the portal phase of dynamic MRI.

Discussion

We demonstrated that all T2/T2*-weighted images could show different degrees of signal change
depending on the degree of liver damage. These differences were statistically significant for all imaging
methods. The arterial-phase images obtained by the dynamic scan method demonstrated the largest
signal differences between the groups. This indicates that the dynamic scan method was the best
method for evaluating severity of liver damage.



312 Terutoshi Masunami

We assumed that the delayed scans (T2-/T2*-weighted images) taken 10 min after injection were
not related to the degree of decrease in blood flow but simply reflected the phagocytotic ability of
Kupffer cells. Dynamic scans probably reflected liver perfusion, thereby differentiating differences
between mild and severe damage.

Signal loss observed within the liver tissue during bolus injection of SPIO may reflect two different
classes of pathophysiology: (i) the amount of the contrast agent reaching the liver (perfusion term);
and (ii) the clustering of SPIO taken-up within Kupffer cells. The less change in signal in the poor liver
function group probably reflects deficit in perfusion and phagocytosis.

Recent research has shown that if liver damage occurs, not only the total amount of blood flow
decreases but also the ratio between arterial and portal flow is altered. Relative increase in arterial
blood flow occurs as liver damage progresses, whereas the portal flow declines. There was only a minor
difference between the mild versus severe liver damage groups on arterial-phase images, which may
indicate that increased arterial blood flow was a compensation mechanism. The difference between mild
versus severe groups was larger for the portal phase, suggesting that the decline in portal flow
accelerated the difference.

It has been advocated that T2- and T2*-weighted images should be obtained >10 min after contrast
injection. We found that dynamic-phase data was the most sensitive in assessing the degree of liver
damage.

MRI assessment of liver function may be crucial, for example, when planning liver resection for
patients with hepatic failure because the geographic distribution of liver function reserve must be
assessed. When planning liver transplantation, liver function reserve of the donor may become
important to lessen the risk of postoperative liver function failure or to increase the chance of long-term
survival. Our method may provide more information than the conventional volume measurements of
the liver.

The SPIO technique is an established imaging method that allows qualitative assessment of focal
liver lesions, and additional information derived from dynamic SPIO imaging may increase the value of
this test.

There were limitations in this study. First, slice location will always hamper accurate estimation
of signal change (it is a problem for other imaging techniques involving holding the breath). This made
ROI analysis difficult in some cases. A certain degree of spatial misregistration is unavoidable; however,
subtle location differences will not be a substantial problem because we are dealing with patients with
diffuse liver damage. Second, the artifact at the lateral segment of the left lobe cannot be avoided
because it is induced by cardiac pulsation as well as diaphragmatic motion. Our technique is therefore
limited to other parts of the liver. Third, we could not obtain liver biopsy in all cases. We used not only
the blood liver function test, but also relied on some fibrosis markers, including type IV collagen 7S and
hyaluronic acid, to overcome this issue. There was high correlation between these markers and biopsy-

29 We believe that correlation with these markers is sufficient.

graded degree of liver fibrosis
In conclusion, high resolution dynamic MRI may be useful in assessing liver function. The

differences were especially well depicted using arterial-phase T2*-weighted images.
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