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Objective: To evaluate the diagnostic value of T2* mapping using 3D multi-echo Dixon gradient echo acquisition on
gadoxetic acid-enhanced liver magnetic resonance imaging (MRI) as a tool to evaluate hepatic function.

Materials and Methods: This retrospective study was approved by the IRB and the requirement of informed consent was waived.
242 patients who underwent liver MRIs, including 3D multi-echo Dixon fast gradient-recalled echo (GRE) sequence at 3T, before
and after administration of gadoxetic acid, were included. Based on clinico-laboratory manifestation, the patients were classified
as having normal liver function (NLF, n = 50), mild liver damage (MLD, n = 143), or severe liver damage (SLD, n = 30). The 3D
multi-echo Dixon GRE sequence was obtained before, and 10 minutes after, gadoxetic acid administration. Pre- and post-contrast
T2* values, as well as T2* reduction rates, were measured from T2* maps, and compared among the three groups.

Results: There was a significant difference in T2* reduction rates between the NLF and SLD groups (-0.2 + 4.9% vs. 5.0 +
6.9%, p = 0.002), and between the MLD and SLD groups (3.2 + 6.0% vs. 5.0 + 6.9%, p = 0.003). However, there was no
significant difference in both the pre- and post-contrast T2* values among different liver function groups (p = 0.735 and
0.131, respectively). A receiver operating characteristic (ROC) curve analysis showed that the area under the ROC curve for
using T2* reduction rates to differentiate the SLD group from the NLF group was 0.74 (95% confidence interval: 0.63-0.83).
Conclusion: Incorporation of T2* mapping using 3D multi-echo Dixon GRE sequence in gadoxetic acid-enhanced liver MRI
protocol may provide supplemental information for liver function deterioration in patients with SLD.
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Liver cirrhosis (LC) is one of the leading causes of
morbidity and mortality worldwide, with the majority of
preventable LC cases being attributed to viral hepatitis
B or C, excessive alcohol consumption, or non-alcoholic
fatty liver disease (NAFLD) (1-3). Fibrosis and cirrhosis are
the consequences of a sustained wound healing response
to chronic liver injury from various causes including viral,
autoimmune, drug-induced, cholestatic, and metabolic
diseases (4). Cirrhosis is the common endpoint of many
hepatic diseases and represents a relevant risk for liver
failure and hepatocellular carcinoma (5). Assessment of
liver function is crucial to predicting the prognosis of
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patients with chronic liver disease (CLD) or LC (6). In
addition, liver function estimation is clinically important,
as it is an essential part of making treatment decisions

in patients with hepatocellular carcinomas (HCC) (7-9).
Although a serological test is frequently used in practice,
it is often associated with false-negative results (10).
Currently, several methods, including indocyanine green
retention at 15 minutes (ICG R15), 99mTc-galactosyl serum
albumin scintigraphy, and hepatic volumetric assessments,
are frequently used for the estimation of hepatic function
(11-13). However, liver function estimation using ICG R15
or scintigraphy reflects the degree of total liver damage or
global hepatic function, rather than remnant liver function
after a resection or other treatments (14).

Magnetic resonance imaging (MRI) using hepatobiliary
contrast agents such as gadoxetic acid (Gd-EOB-DTPA,
Primovist®, Bayer Healthcare, Berlin, Germany) has recently
been proven to be a valuable tool in evaluating focal liver
lesions including HCC (15-20). After administration of
gadoxetic acid, temporary intracellular accumulation of
gadoxetic acid in hepatocytes results in the enhancement
of the liver parenchyma on T1 or T2*-weighted images (21-
23). Thus, the uptake of gadoxetic acid in hepatocytes
can be quantified with T1 or T2* relaxometry (24-26). For
T2* relaxometry, a breath-hold (BH) multiple gradient-
recalled echo (GRE) technique is traditionally used to
acquire a series of images with increasing echo times (TE)
at each slice position, and requires a long acquisition time
for full coverage of the liver (27). Recently, BH 3D multi-
echo gradient-recalled echo (GRE) sequences, which correct
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several confounding factors, including T1 bias and T2*
decay, are widely available from major MRI vendors for
hepatic proton density fat fraction estimation (28, 29).
Multi-echo Dixon sequences have shown promising results
for hepatic fat quantification, illustrating their value as
one of the ancillary sequences in liver MRI examination
(28, 29). Interestingly, during the process of T2* decay
correction for hepatic proton density fat fraction estimation,
a T2* map is obtained as a byproduct (30). Therefore, we
hypothesized that T2* mapping from the multi-echo Dixon
sequence for hepatic fat quantification could also be used
for the estimation of liver function (31-33).

The purpose of this study was to evaluate the validity of
using T2* mapping of the liver from the multi-echo Dixon
sequence for hepatic fat quantification as a quantitative
tool to estimate liver function.

MATERIALS AND METHODS

Study Population

This retrospective study was approved by our Institutional
Review Board, and the requirement of informed consent
was waived. From September 2015 to July 2016, a total
of 242 patients (M:F = 156:86; mean age, 61.0 + 11.0
years) underwent gadoxetic acid-enhanced liver MRIs
(Ingenia, Philips Healthcare, Best, the Netherlands), in
our institution, at 3T. Eligibility criteria for the study
population were 1) available MR images including pre-
and post-contrast 3D GRE sequencing; 2) no diffuse
or massive focal liver lesions which may hamper the

MRI including 3D multi-echo Dixon GRE sequence

242 patients underwent gadoxetic acid-enhanced liver

A

Excluded
- Presence of diffuse or massive focal liver lesion (n = 10)
- Previous history of right hepatectomy (n = 5)
- Possible parenchymal iron deposition (n = 4)

223 patients were classified into three groups based

on Child-Pugh classification and were included for further analysis

A

Normal Lliver function (n = 50)
Mild liver damage (n = 143)
Severe liver damage (n = 30)

Fig. 1. Flow diagram of study population. GRE = gradient-recalled echo
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parenchymal measurement; 3) no diffuse iron deposition
in either the liver or spleen parenchyma on the T2*
corrected multi-echo chemical shift imaging sequence;

4) no history of a right hemihepatectomy; and 5) no bile
duct obstruction. Among 242 patients, 15 (M:F = 9:6) were
excluded because of diffuse liver lesions that hampered
parenchymal measurement (n = 10) or history of a right
hemihepatectomy (n = 5). Four patients (M:F = 2:2) were
removed from the analysis because of low pre-contrast T2*
values that suggest iron deposition. The cut-off value used
in determining possible iron deposition was 6.7 ms (34).
Finally, 223 patients (M:F = 145:78; mean age = 60.9 + 11.0
years) were included (Fig. 1).

Albumin level, total bilirubin level, prothrombin time,
presence and etiology of underlying liver disease data were
obtained from electronic medical records for all patients.
Based on clinico-laboratory findings, patients were
classified into one of three groups: normal liver function
(NLF) group, mild liver damage (MLD) group and severe
liver damage (SLD) group. The NLF group included patients
without any risk factor for CLD (n = 50; liver metastasis [n

Table 1. Patients’ Characteristics

n =233
Age (years) 60.9 + 11.0 (24-88)
Sex (%)
Male 145 (65.0)
Female 78 (35.0)
Etiology (%)
Chronic hepatitis B 123 (55.2)
Chronic hepatitis C 23 (10.3)
Chronic alcoholic hepatitis 9 (4.0)
Non-alcoholic steatohepatitis 4 (1.8)
Chronic hepatitis B and alcoholic hepatitis 1 (0.4)
Wilson’s disease 2 (0.9)
Primary biliary cirrhosis 1 (0.4)
Budd-Chiari syndrome 1(0.4)
Cirrhosis due to unknown etiology 7 (3.1)
Others* 16 (7.2)
Metastasis from other organs 36 (16.1)
Liver function (%)
Normal liver function 50 (22.4)
Child-Pugh class A 143 (64.1)
Child-Pugh class B 28 (12.6)
Child-Pugh class C 2 (0.9)

*Qthers refer to choledochal cyst (n = 1), Crohn’s disease (n

= 1), hemangioma (n = 11), focal nodular hyperplasia (n = 1),
hemangioendothelioma (n = 1), and lymphocytic peritonitis (n = 1).
Child-Pugh score was determined from serologic findings, clinical
history, and imaging features.
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= 36], benign focal liver lesion [n = 13], and no liver lesion
[n =1]) and who showed no abnormal results on liver
enzyme tests. The MLD group consisted of patients with
CLD or compensated LC patients (Child-Pugh class A) (n =
143). The SLD group included patients with decompensated
cirrhosis (n = 30; Child-Pugh class B [n = 28] and C [n

= 2]). Decompensated cirrhosis was defined as having
symptomatic complications related to cirrhosis, including
those related to hepatic insufficiency (jaundice), and those
related to portal hypertension (ascites, variceal hemorrhage,
or hepatic encephalopathy) (35). Detailed characteristics of
the study population, including clinico-laboratory findings,
are provided in Table 1.

MRI Acquisition

MR images were obtained at a 3T unit (Ingenia, Philips
Healthcare) using a 32-channel torso phased-array coil.
Baseline MR sequences included a BH T2-weighted half
Fourier single-shot turbo spin-echo (TSE) sequence, a
respiratory-triggered T2-weighted TSE, BH T1-weighted 3D
spoiled GRE sequence, a 3D multi-echo Dixon GRE sequence,
and diffusion weighted images. For all patients, 3D multi-
echo Dixon GRE sequences were obtained before, and 10
minutes after, gadoxetic acid administration. A standard
dose of gadoxetic acid (0.025 mmol/kg) was injected at
a rate of 1.0 mL/s through an intravenous line placed in
a cubital or cephalic vein and was flushed with 30 mL of
saline at the same speed.

3D Multi-Echo Dixon GRE Sequence

For liver fat quantification and T2* mapping, a BH 3D
multiple echo GRE sequence (mDixon-Quant, Philips Medical
systems, Best, the Netherlands), based on the mDixon
technique, was performed using the following parameters:
a 40 x 40 cm? field of view, 256 x 259 matrix, 3 mm slice
thickness (50% interpolation), 64 slices, 3-degree flip
angle, + 125 kHz receiver bandwidth, time to repetition:
7.8 ms, 6 echoes (initial time to echo: 1.20 ms, interval
of TE: 1.98 ms), and acceleration factor of 3 (36). The
sequence utilized a low flip angle, multi-echo, multi-peak
method including T2*, R2*, and eddy current compensation
for accurate and reproducible fat quantification in a single
BH time (37). mDixon-Quant (Philips Medical systems)
automatically generated a fat fraction map and a T2* map.

Image Analysis
T2* values were measured by drawing regions of interest

Korean J Radiol 18(4), Jul/Aug 2017 kjronline.org



T2* Mapping for Hepatic Function Assessment

Length: 61.20 mm | |Length: 63.40 mm
Min : 9.00 Min : 10.00

Max : 30.00 Max : 23.00

Avg : 15.01 Avg : 15.01

SD: 3.18 SD: 2.47

Sum : 2672.43 Sum.: 3062.54

Area: 316.92 mm2 |
lLength: 63.11 mm
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[Area: 298.05 mm2 | [Area: 319.84 mrf>*
Length: 61.20 mm | |Length: 63.40 mm
Min : 10.00 Min : 10.00

Max : 24.00 Max : 28.00

Avg : 13.84 Avg : 14.97

SD: 2.29 SD: 2.75

Sum : 2464.15 _ Sum 3054 19

Area: 316.92 mm?2 |
Length: 63.11 mm |
Min : 11.00

36.00

iSum,: 3358.32

Fig. 2. T2* values were calculated in pre- and post-contrast T2* maps by drawing three circular ROIs in liver parenchyma while
avoiding focal hepatic lesions, major branches of portal or hepatic veins, or imaging artifacts. ROIs were placed in same position in

liver for both pre- and post-contrast T2* maps. ROIs = regions of interest

(ROIs) manually in the liver on pre- and post-contrast T2*
maps (Fig. 2). Three circular ROIs (mean area = 301 + 48
mm?) were placed in the right liver lobe on pre-contrast
T2* maps. Every effort was made to avoid focal hepatic
lesions, major branches of hepatic vessels, and imaging
artifacts. The ROIs drawn on pre-contrast T2* maps were
copied and pasted onto the corresponding locations on the
post-contrast T2* maps. The average T2* value of the three
ROIs was considered as the representative T2* value of the
liver. A reduction rate of T2* values between pre- and post-
contrast images was calculated following the definition
from a previous study (38):

T2*pre - T2*post

Reduction rate of T2*value =[ ] x 100 (%)
T2*pre

Statistical Analysis
The distribution of parameters was tested using the

Kolmogorov-Smirnov test. A paired sample t test was used
to compare pre- and post-contrast T2* values in each
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group. Pre-contrast T2* values, post-contrast T2* values
and, T2* reduction rates were compared among the three
liver function groups using one-way ANOVAs, followed by
paired sample t tests, to determine pairs with statistical
significance. A p value of less than 0.05 was considered to
indicate statistical significance. A box-plot was created to
compare pre- and post-contrast T2* values in each group,
as well as to compare reduction rates among different liver
function groups. A receiver operating characteristic (ROC)
curve analysis was performed to evaluate the diagnostic
performance of using T2* reduction rates for the assessment
of decompensated LC.

All statistical analyses were performed using commercially
available software (MedCalc, version 12, MedCalc Software,
Mariakerke, Belgium; IBM SPSS Statistics, version 22.0,
SPSS Inc., Armonk, NY, USA).
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RESULTS 0.019) were different among the three groups (Table 2).
Among the major clinico-laboratory findings of the Intra- and Inter-group Comparison of Pre- and Post-

three groups, sex (p < 0.001), liver enzyme values (p < Contrast T2* Values

0.001 for albumin, total bilirubin, and prothrombin time/ Pre- and post-contrast T2* values of the liver are

international normalized ratio [PT/INR]), and age (p = summarized and visualized in Table 3 and Figure 3A,

Table 2. Comparison of Patient Characteristics between Different Liver Function Groups

. P
Characteristics NLF (n = 50) MLD (n = 143) SLD (n = 30) NLF vs. MLD NLF vs. SLD MLD vs.SLD
Sex (M:F) 20:30 104:39 21:9 < 0.001 0.009 0.762
Age (years) 57.8 + 10.5 (34-81)  61.2 + 10.9 (24-81)  64.7 + 10.9 (45-88) 0.907 0.627 0.556
Albumin (mg/dL) 4.2+0.4 (2.8-5.0)  4.1+0.4(3.0-5.0)  3.3£0.5 (2.4-4.7) 0.053 0.028 0.222
Total bilirubin (mg/dL) 0.6 + 0.3 (0.2-2.0) 0.97 + 0.42 (0.2-2.4) 2.6 +2.8 (0.5-15.2)  0.012  <0.001 < 0.001
PT/INR 1.0+0.1(0.9-1.3)  1.1+0.1(0.9-1.4) 1.3+ 0.4 (0.9-2.7) 0.825  <0.001  <0.001

Student’s t test was used to compare age, albumin, total bilirubin, and PT/INR values, while chi-square test was used to compare sex
distribution. INR = international normalized ratio, MLD = mild liver disease, NLF = normal liver function, PT = prothrombin time, SLD =
severe liver disease

Table 3. Pre- and Post-Contrast T2* Values of Liver

Liver Function Group Pre-Contrast (ms) Post-Contrast (10 Minutes, ms) P
NLF (n = 50) 22.9 +5.1 (11.9-36.3) 21.7 + 4.6 (11.6-34.8) <0.001
MLD (n = 143) 23.4 5.6 (7.3-41.0) 22.5 + 5.0 (7.5-40.6) <0.001
SLD (n = 30) 23.9 + 4.6 (15.0-32.7) 23.9 + 4.5 (15.5-32.8) 0.886

Paired sample ¢ test was used to compare pre- and post-contrast T2* values in each group. Range of pre-contrast and post-contrast
values is shown in parenthesis. MLD = mild liver disease, NLF = normal liver function, SLD = severe liver disease

T2* value Reduction rate (%)
Il Pre-mean 30.0 A
Il Post-mean
40 - ° B
_ 20.0
[} —_
30 1 . 4.0
10.0 ¢
23.5 23.9 23.8 2.4
23.6 ’io 22.6
- I I 02
20 I 0.0 -
1 1 -10.0 i
10 o
8
-20.0 -
T T T T T T
NLF MLD SLD NLF MLD SLD
A B

Fig. 3. Pre- and post-contrast T2* values (A) and reduction rates (B) in each group were visualized through box-plot. Dark line

in middle of boxes denotes median T2* value, bottom of box indicates 25th percentile, and top of box indicates 75th percentile. Circle denotes
outliers that are farther than 1.5 interquartile ranges, yet closer than 3 interquartile ranges, while star denotes extreme outliers that are greater
than 3 interquartile ranges. MLD = mild liver disease, NLF = normal liver function, SLD = severe liver disease
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respectively. T2* values obtained in the three ROIs were
consistent for both pre- (average standard deviation:

1.89) and post-contrast measurements (average standard
deviation: 1.75). A Kolmogorov-Smirnov test showed that
both pre- and post-contrast T2* values, as well as reduction
rates, in all three liver function groups were normally
distributed (Table 4). In the NLF and MLD groups, post-
contrast T2* values were significantly higher than pre-
contrast T2* values (p < 0.001). However, pre- and post-
contrast T2* values did not show a significant difference in
the SLD group (p = 0.886). Finally, there was no significant
difference in either the pre-contrast (p = 0.735) or post-
contrast T2* values (p = 0.131) among the three groups.

Comparison of Reduction Rate of T2* Values

The reduction rates for the three groups were as follows:
NLF 5.0 + 6.9%, MLD 3.2 + 6.0%, and SLD -0.2 + 4.2%. A
one-way ANOVA analysis showed that there was a significant
difference in reduction rate among the three groups (p <
0.001). While there was no significant difference between
NLF and MLD (p = 0.303), there was a significant difference
between MLD and SLD (p = 0.003), and between NLF and
SLD (p = 0.002) (Fig. 3B).

ROC Curve Analysis

According to a ROC curve analysis, the area under the ROC
curve (AUROC) using the T2* reduction rate to differentiate
SLD patients from NLF patients was 0.74 (95% confidence
interval [CI]: 0.63-0.83). Table 5 summarizes AUROC values,
sensitivities and specificities for using a T2* reduction rate
to differentiate various liver function groups.
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Our study showed that there is a significant difference in
the reduction rate of T2* values between the MLD and SLD
groups (p = 0.002), and between the NLF and SLD groups (p
= 0.006). A ROC curve analysis showed that the AUROC of
T2* reduction rates for differentiating the SLD group from
the NLF group is 0.74 (95% CI: 0.63-0.83). In addition,
the cut-off value for using a reduction rate to distinguish
patients NLF patients from SLD patients (Child-Pugh class
B or C) was 1.60. Our study results are in agreement with
the results of a previous study by Katsube et al. (38), which
used multi-echo 2D T2*-weighted GRE imaging with Gd-
EOB-DTPA to show that the reduction rate of the T2* value
in the SLD group was significantly smaller than that of the
NLF group. The reduction rate of T2* values of SLD patients
being significantly smaller compared to that of the NLF
patients can be explained by reduced intracellular Gd-EOB-
DTPA uptake by hepatocytes due to decreased function
of organic anion-transporting polypeptide (OATP) or a
decreased number of OAPT on hepatocytes in patients with

DISCUSSION

decreased liver function.

The standard protocol in our hospital for obtaining liver
MRIs includes obtaining pre- and post-contrast T2* maps.
Patients’ agreements were waived as T2* mapping requires
only 15 seconds of BH sequencing and the technique poses
minimum radiation risk. Given that the acquisition of a
T2* map using multi-echo Dixon sequencing requires only
one BH, and post-contrast T2* maps can be obtained in
between dynamic imaging and hepatobiliary phase imaging
(between 3 and 20 minutes after Gd-EOB-DTPA injection),
T2* mapping can easily be incorporated as part of a routine
liver MR examination. Furthermore, considering that multi-
echo Dixon sequences have been accepted as a promising

Table 4. Kolmogorov-Smirnov Test of Normality for Pre- and Post-Contrast T2* Values and T2* Reduction Rate

Liver Function Group Pre-Contrast

Post-Contrast (After 10 Minutes)

Reduction Rate

NLF (n = 50) 0.170
MLD (n = 143) > 0.200
SLD (n = 30) > 0.200

>0.200 >0.200
0.065 > 0.200
> 0.200 >0.200

MLD = mild liver disease, NLF = normal liver function, SLD = severe liver disease

Table 5. ROC Analysis Indicating Various Cut-Off Values and Diagnostic Performance for Differentiating Patients with SLD from

Other Patient Groups

AUROC (95% CI)

Cut-Off Reduction Rate

Sensitivity (%) Specificity (%)

SLD vs. NLF
SLD vs. NLF and MLD

0.74 (0.63-0.83)
0.69 (0.63-0.75)

1.60
1.60

70.0 (50.6-85.3)
70.0 (50.6-85.3)

70.0 (55.4-82.1)
62.7 (55.5-69.5)

AUROC = area under the ROC curve, CI = confidence interval, MLD =mild liver disease, NLF = normal liver function, ROC = receiver

operating characteristic, SLD =severe liver disease
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and accurate tool for fat quantification (28, 29), we believe
that multi-echo Dixon sequencing can be a useful tool

for detecting CLDs, including NAFLD or chronic hepatitis

C, that cause hepatic dysfunction and increased hepatic
triglycerides.

To note, there was no significant difference in pre-
contrast T2* values, post-contrast T2* values or reduction
rates between the MLD and SLD groups. These results
were different from the results of a previous study, which
demonstrated a significant difference in the reduction
rates between the two groups (38). Such a discrepancy
is mainly due to the difference in acquisition time, study
population and the sequences used for T2* mapping. First,
in the previous study, the difference in the T2* reduction
rates between the MLD and SLD groups at 3 and 8 minutes
after gadoxetic acid administration was significant (38),
while our study acquired T2* values 10 minutes after the
contrast injection, which may have been too long to observe
a significant difference in the reduction rate. Therefore,
further study regarding optimal time for T2* mapping is
required. Second, the proportion of SLD patients in the total
study group was much smaller in the current study (13.5%)
compared to that of the previous study (30%), although the
study population was much larger in the current study (242
patients) than that of the previous study (35 patients). In
addition, hepatic B viral infection was the main cause of
CLD in our study, while hepatitis C viral infection was the
main cause of CLD in the previous study. Third, 2D T2*-
weighted GRE sequences (2D fast field echo [FFE] in the
previous study) may have provided higher sensitivity for
field inhomogeneity caused by Gd-EOB-DTPA than the 3D
six-echo modified Dixon sequence used in this study. Yet,
the 3D six-echo modified Dixon sequence used in our study
has additional advantages over the 2D T2*-weighted FFE
sequence in terms of its capability to cover the whole liver
in one BH and for its fat quantification capability. Other
mapping sequences including T1 hepatobiliary phase imaging
requires additional BH and thus requires 3-5 minutes of
additional acquisition time.

Several studies showed that a Gd-EOB-DTPA enhanced
liver MRI can be useful for evaluating liver function (15,
24-26, 39-41). Until now, three different approaches have
been reported: direct measurement of hepatic parenchymal
signal intensity, measurement of T1 or T2* relaxation time
changes using MR relaxometry, and the dynamic contrast-
enhanced (DCE)-MRI technique (26). Although signal
intensity measurements on T1-weighted images, before and
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after the administration of gadoxetic acid, is the simplest
and easiest method, the measurements may be affected

by the use of the parallel imaging technique and signal
inhomogeneity correction methods (24, 26). Furthermore,
the signal intensity does not correlate linearly with contrast
media concentration (42). Although the DCE-MRI technique
enables the measurement of serial hepatic uptake of Gd-
EOB-DTPA, and allows for the consideration of Lliver blood
flow, it requires complicated software and a long acquisition
time, leading to lower practicability (26). On the contrary,
MRI-based T1 or T2* relaxometry can be a more robust
quantitative measurement tool compared to traditional signal
intensity measurements (24, 38, 39, 43, 44). Until now,

the T1 mapping approach, using either a variable flip angle
or Look-Locker, has been the preferred method to evaluate
liver function compared to T2* mapping due to its shorter
acquisition time (15, 24, 40). However, these T1 mapping
protocols cannot produce stable T1 values in vivo compared
to inversion recovery sequences, the standard method for T1
mapping, mainly due to B1 inhomogeneity (45).

Interestingly, the 3D six-echo modified Dixon sequence
used in our study for T2* mapping was originally developed
for fat quantification, as T2* correction is necessary to
estimate the proton density fat fraction of the liver (37).
Considering that the sequence can allow quantification
of hepatic steatosis, as well as T2* values of the liver
within one BH, while having the capability of full liver
coverage, we believe that the T2* mapping approach for the
assessment of liver function using the 3D six-echo modified
Dixon sequence is quite practical. Recently, Cassinotto et al.
(46) reported that T1 liver mapping using a modified Look-
Locker sequence shows higher diagnostic accuracy than liver
and spleen diffusion-weighted imaging and T2 mapping
for assessing cirrhosis severity. However, there has been
no study comparing T1-relaxometry and T2*-relaxometry
for assessing the severity of hepatic dysfunction, thus
warranting further study.

This study has several limitations. First, this study was
designed retrospectively, so there is unavoidable selection
bias. Second, a limited number of Child-Pugh class B and
C patients were included, so it was impossible to compare
the reduction rate of T2* value between Child-Pugh class
B and C patients. Third, we did not compare T2* reduction
rates with established quantitative liver function tests
such as ICG R15 (47). Finally, patient diagnosis was based
merely on clinico-laboratory characteristics and radiological
data, and not on biopsy findings or hepatic venous pressure
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gradient measurements.

In conclusion, T2* mapping using a 3D multi-echo Dixon
GRE sequence provided moderate sensitivity to assess liver
function deterioration in patients with LC, and could be
incorporated as part of a routine liver MR examination for
the evaluation of CLDs.

REFERENCES

10.

11.

12.

13.

kjronline.org

. Chang ML. Metabolic alterations and hepatitis C: from bench

to bedside. World J Gastroenterol 2016;22:1461-1476

. Heidelbaugh JJ, Bruderly M. Cirrhosis and chronic liver

failure: part I. Diagnosis and evaluation. Am Fam Physician
2006;74:756-762

. Park BJ, Lee YJ, Lee HR. Chronic liver inflammation:

clinical implications beyond alcoholic liver disease. World J
Gastroenterol 2014;20:2168-2175

. Friedman SL. Liver fibrosis--from bench to bedside. J Hepatol

2003;38 Suppl 1:538-553

. Dietrich CG, G&tze O, Geier A. Molecular changes in hepatic

metabolism and transport in cirrhosis and their functional
importance. World J Gastroenterol 2016;22:72-88

. Starr SP, Raines D. Cirrhosis: diagnosis, management, and

prevention. Am Fam Physician 2011;84:1353-1359

. Bruix J, Sherman M; American Association for the Study of

Liver Diseases. Management of hepatocellular carcinoma: an
update. Hepatology 2011;53:1020-1022

. Korean Liver Cancer Study Group (KLCSG); National Cancer

Center, Korea (NCC). 2014 Korean Liver Cancer Study Group-
National Cancer Center Korea practice guideline for the
management of hepatocellular carcinoma. Korean J Radiol
2015;16:465-522

. Yoon JH, Park JW, Lee JM. Noninvasive diagnosis of

hepatocellular carcinoma: elaboration on Korean Liver Cancer
Study Group-National Cancer Center Korea Practice guidelines
compared with other guidelines and remaining issues. Korean
J Radiol 2016;17:7-24

Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum
of clinical and pathological severity. Gastroenterology
1999;116:1413-1419

Kwon AH, Ha-Kawa SK, Uetsuji S, Inoue T, Matsui Y, Kamiyama
Y. Preoperative determination of the surgical procedure

for hepatectomy using technetium-99m-galactosyl human
serum albumin (99mTc-GSA) liver scintigraphy. Hepatology
1997;25:426-429

Dinant S, de Graaf W, Verwer BJ, Bennink RJ, van Lienden KP,
Gouma DJ, et al. Risk assessment of posthepatectomy liver
failure using hepatobiliary scintigraphy and CT volumetry. J
Nucl Med 2007;48:685-692

de Graaf W, van Lienden KP, van Gulik TM, Bennink RJ. (99m)
Tc-mebrofenin hepatobiliary scintigraphy with SPECT for the
assessment of hepatic function and liver functional volume

Korean J Radiol 18(4), Jul/Aug 2017

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Korean Journal of Radiology

before partial hepatectomy. J Nucl Med 2010;51:229-236

Ge PL, Du SD, Mao YL. Advances in preoperative assessment
of liver function. Hepatobiliary Pancreat Dis Int 2014;13:361-
370

Haimerl M, Verloh N, Fellner C, Zeman F, Teufel A, Fichtner-
Feigl S, et al. MRI-based estimation of liver function: Gd-EOB-
DTPA-enhanced T1 relaxometry of 3T vs. the MELD score. Sci
Rep 2014;4:5621

Kudo M. Will Gd-EOB-MRI change the diagnostic algorithm in
hepatocellular carcinoma? Oncology 2010;78 Suppl 1:87-93
Inoue T, Kudo M, Komuta M, Hayaishi S, Ueda T, Takita M, et
al. Assessment of Gd-EOB-DTPA-enhanced MRI for HCC and
dysplastic nodules and comparison of detection sensitivity
versus MDCT. J Gastroenterol 2012;47:1036-1047

Ahn SS, Kim MJ, Lim JS, Hong HS, Chung YE, Choi JY. Added
value of gadoxetic acid-enhanced hepatobiliary phase MR
imaging in the diagnosis of hepatocellular carcinoma.
Radiology 2010;255:459-466

Frydrychowicz A, Lubner MG, Brown JJ, Merkle EM, Nagle SK,
Rofsky NM, et al. Hepatobiliary MR imaging with gadolinium-
based contrast agents. J Magn Reson Imaging 2012;35:492-
511

Lee YJ, Lee M, Lee JS, Lee HY, Park BH, Kim YH, et al.
Hepatocellular carcinoma: diagnostic performance of
multidetector CT and MR imaging-a systematic review and
meta-analysis. Radiology 2015;275:97-109

Tsuda N, Okada M, Murakami T. Potential of gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA) for differential diagnosis of nonalcoholic
steatohepatitis and fatty liver in rats using magnetic
resonance imaging. Invest Radiol 2007;42:242-247

Shimizu J, Dono K, Gotoh M, Hasuike Y, Kim T, Murakami T, et
al. Evaluation of regional liver function by gadolinium-EOB-
DTPA-enhanced MR imaging. Dig Dis Sci 1999;44:1330-1337
Schmitz SA, Miihler A, Wagner S, Wolf KJ. Functional
hepatobiliary imaging with gadolinium-EOB-DTPA.

A comparison of magnetic resonance imaging and
153gadolinium-EOQB-DTPA scintigraphy in rats. Invest Radiol
1996;31:154-160

Yoon JH, Lee JM, Paek M, Han JK, Choi BI. Quantitative
assessment of hepatic function: modified look-locker inversion
recovery (MOLLI) sequence for T1 mapping on Gd-EOB-DTPA-
enhanced liver MR imaging. Eur Radiol 2016;26:1775-1782
Kim JY, Lee SS, Byun JH, Kim SY, Park SH, Shin YM, et al.
Biologic factors affecting HCC conspicuity in hepatobiliary
phase imaging with liver-specific contrast agents. AJR Am J
Roentgenol 2013;201:322-331

Bae KE, Kim SY, Lee SS, Kim KW, Won HJ, Shin YM, et al.
Assessment of hepatic function with Gd-EOB-DTPA-enhanced
hepatic MRI. Dig Dis 2012;30:617-622

Storey P, Thompson AA, Carqueville CL, Wood JC, de Freitas
RA, Rigsby CK. R2* imaging of transfusional iron burden

at 3T and comparison with 1.5T. J Magn Reson Imaging
2007;25:540-547

Tang A, Tan J, Sun M, Hamilton G, Bydder M, Wolfson T, et al.

689



Korean Journal of Radiology

KJR

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

690

Nonalcoholic fatty liver disease: MR imaging of liver proton
density fat fraction to assess hepatic steatosis. Radiology
2013;267:422-431

Bannas P, Kramer H, Hernando D, Agni R, Cunningham AM,
Mandal R, et al. Quantitative magnetic resonance imaging
of hepatic steatosis: validation in ex vivo human livers.
Hepatology 2015;62:1444-1455

Hernando D, Wells SA, Vigen KK, Reeder SB. Effect of
hepatocyte-specific gadolinium-based contrast agents

on hepatic fat-fraction and R2(*). Magn Reson Imaging
2015;33:43-50

Meisamy S, Hines CD, Hamilton G, Sirlin CB, McKenzie CA,
Yu H, et al. Quantification of hepatic steatosis with T1-
independent, T2-corrected MR imaging with spectral modeling
of fat: blinded comparison with MR spectroscopy. Radiology
2011;258:767-775

Hines CD, Frydrychowicz A, Hamilton G, Tudorascu DL, Vigen
KK, Yu H, et al. T(1) independent, T(2) (*) corrected chemical
shift based fat-water separation with multi-peak fat spectral
modeling is an accurate and precise measure of hepatic
steatosis. J Magn Reson Imaging 2011;33:873-881

Yu H, McKenzie CA, Shimakawa A, Vu AT, Brau AC, Beatty PJ,
et al. Multiecho reconstruction for simultaneous water-fat
decomposition and T2* estimation. J Magn Reson Imaging
2007;26:1153-1161

Aldstiza Echeverria JM, Castiella A, Emparanza JI.
Quantification of iron concentration in the liver by MRI.
Insights Imaging 2012;3:173-180

Garcia-Tsao G, Lim JK; Members of Veterans Affairs Hepatitis
C Resource Center Program. Management and treatment

of patients with cirrhosis and portal hypertension:
recommendations from the Department of Veterans Affairs
Hepatitis C Resource Center Program and the National
Hepatitis C Program. Am J Gastroenterol 2009;104:1802-1829
Eggers H, Brendel B, Duijndam A, Herigault G. Dual-echo
Dixon imaging with flexible choice of echo times. Magn Reson
Med 2011;65:96-107

Kukuk GM, Hittatiya K, Sprinkart AM, Eggers H, Gieseke J,
Block W, et al. Comparison between modified Dixon MRI
techniques, MR spectroscopic relaxometry, and different
histologic quantification methods in the assessment of
hepatic steatosis. Eur Radiol 2015;25:2869-2879

Katsube T, Okada M, Kumano S, Imaoka I, Kagawa Y, Hori

39.

40.

41.

42.

43.

44,

45,

46.

47.

Yoo et al.

M, et al. Estimation of liver function using T2* mapping on
gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid enhanced magnetic resonance imaging. Eur J Radiol
2012;81:1460-1464

Motosugi U, Ichikawa T, Sou H, Sano K, Tominaga L, Kitamura
T, et al. Liver parenchymal enhancement of hepatocyte-
phase images in Gd-EOB-DTPA-enhanced MR imaging:

which biological markers of the liver function affect the
enhancement? J Magn Reson Imaging 2009;30:1042-1046
Besa C, Bane 0, Jajamovich G, Marchione J, Taouli B. 3D T1
relaxometry pre and post gadoxetic acid injection for the
assessment of liver cirrhosis and liver function. Magn Reson
Imaging 2015;33:1075-1082

Nilsson H, Blomqvist L, Douglas L, Nordell A, Janczewska

I, Naslund E, et al. Gd-EOB-DTPA-enhanced MRI for the
assessment of liver function and volume in liver cirrhosis. Br
J Radiol 2013;86:20120653

Ding Y, Rao SX, Meng T, Chen C, Li R, Zeng MS. Usefulness
of T1 mapping on Gd-EOB-DTPA-enhanced MR imaging in
assessment of non-alcoholic fatty liver disease. Eur Radiol
2014;24:959-966

Haimerl M, Schlabeck M, Verloh N, Zeman F, Fellner C, Nickel
D, et al. Volume-assisted estimation of liver function based
on Gd-EOB-DTPA-enhanced MR relaxometry. Eur Radiol
2016;26:1125-1133

Kamimura K, Fukukura Y, Yoneyama T, Takumi K, Tateyama A,
Umanodan A, et al. Quantitative evaluation of liver function
with T1 relaxation time index on Gd-EOB-DTPA-enhanced MRI:
comparison with signal intensity-based indices. J Magn Reson
Imaging 2014;40:884-889

Stikov N, Boudreau M, Levesque IR, Tardif CL, Barral JK, Pike
GB. On the accuracy of T1 mapping: searching for common
ground. Magn Reson Med 2015;73:514-522

Cassinotto C, Feldis M, Vergniol J, Mouries A, Cochet H,
Lapuyade B, et al. MR relaxometry in chronic liver diseases:
comparison of T1 mapping, T2 mapping, and diffusion-
weighted imaging for assessing cirrhosis diagnosis and
severity. Eur J Radiol 2015;84:1459-1465

Fan ST, Wang QS, Lo CM, Tam Yu KW, Lai EC, Wong J.
Evaluation of indocyanine green retention and aminopyrine
breath tests in patients with malignant biliary obstruction.
Aust N Z J Surg 1994;64:759-762

Korean J Radiol 18(4), Jul/Aug 2017 kjronline.org



	제목없음

