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Differentiating Liver Hemangioma from Metastatic Tumor
Using T2-enhanced Spin-echo Imaging with a Time-reversed
Gradient-echo Sequence in the Hepatobiliary Phase of
Gadoxetic Acid-enhanced MR Imaging

Yukihisa Takayama', Akihiro Nishie'", Daisuke Okamoto', Nobuhiro Fujita',
Yoshiki Asayama®, Yasuhiro Ushijima', Tomoharu Yoshizumi’, Masami Yoneyama®,
and Kousei Ishigami'

Purpose: To evaluate the utility of T2-enhanced spin-echo imaging using the time-reversed gradient echo
sequence (T2FFE imaging) in the hepatobiliary phase (HBP) of gadoxetic acid-enhanced MRI (Gd-EOB-
MRI) for differentiating hemangiomas from metastatic tumors.

Methods: A total of 61 patients with 133 liver lesions, including 37 hemangiomas and 96 metastatic
tumors, were scanned by Gd-EOB-MRI. Four data sets were independently analyzed by two readers: (1) 3D
fat-suppressed T2-weighted imaging (FS-T2WI) alone; (2) the combination of 3D FS-T2WI and T2FFE
imaging in the HBP of Gd-EOB-MRI; (3) the combination of 3D FS-T2WI, diffusion-weighted imaging
(DWI) with the b-value of 1000 s/mm? and the apparent diffusion coefficient (ADC); and (4) a dynamic
study of Gd-EOB-MRI. After classifying the lesion sizes as < 10 mm or > 10 mm, we conducted a receiver-
operating characteristic analysis to compare diagnostic accuracies among the four data sets for differen-
tiating hemangiomas from metastatic tumors.

Results: The areas under the curves (AUCs) of the four data sets of two readers were: (1) < 10 mm (0.85
and 0.91) and > 10 mm (0.88 and 0.97), (2) < 10 mm (0.94 and 0.94) and > 10 mm (0.96 and 0.95), (3) < 10
mm (0.90 and 0.87) and > 10 mm (0.89 and 0.95), and (4) < 10 mm (0.62 and 0.67) and > 10 mm (0.76 and
0.71), respectively. Data sets (2) and (3) showed no significant differences in AUCs, but both showed
significantly higher AUCs compared to that of (4) regardless of the lesion size (P < 0.05).

Conclusion: The combination of 3D FS-T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI achieved
an accuracy equivalent to that of the combination of 3D FS-T2WI, DWI, and ADC and might be helpful in
differentiating hemangiomas from metastatic tumors.
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Introduction

Gadoxetic acid-enhanced MRI (Gd-EOB-MRI) is widely
used for the assessment of benign and malignant liver
lesions, such as hemangioma, hyperplasia, adenoma, hepa-
tocellular carcinoma, cholangiocellular carcinoma, and
metastatic tumors.' ¢ Several research groups have investi-
gated the strategies for differentiating hemangiomas from
metastatic tumors on liver MRL.”""® Reliable findings for
the differentiation include the enhancement pattern in the
arterial phase, plus the lesion’s signal intensity (SI) on
T2-weighted imaging (T2WI) and diffusion-weighted
imaging (DWI).”%"!"!* Hepatobiliary phase (HBP) images
of Gd-EOB-MRI are not useful for the differentiation of
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hemangiomas from metastatic tumors because both lesions
show hypointensity. However, image degradation in the
arterial phase of Gd-EOB-MRI disturbs the image interpre-
tation and diagnosis at the frequency of 13%-25%.'> In these
cases, it can be difficult to differentiate hemangiomas from
metastatic tumors. If another MR sequence could be used to
differentiate between hemangiomas and metastatic tumors,
it would contribute to the diagnostic performance of
Gd-EOB-MRI.

A T2-enhanced spin echo using a time-reversed gradient
echo sequence (T2-fast field echo: T2FFE) is a sequence in
which the signal acquired is a spin echo (or Hahn echo).'®!”
The SI values of organs or lesions are characterized by T2
relaxation, with a TE equal to 2* TR — TE, where the TR and
TE are of the original gradient echo (GRE) sequence before
time reversal.'® Interestingly, the T2FFE sequence also has a
high sensitivity to T1 shortening effects due to gadoxetic acid,
depending on the flip angle (FA).'® After optimization of the
FA, T2FFE imaging in the HBP of Gd-EOB-MRI is useful for
differentiating benign versus malignant liver lesions by means
of the interpretation of the lesions’ SI values.'® We thus
hypothesized that the T2FFE imaging to Gd-EOB-MRI
might contribute to the differentiation of hemangiomas from
metastatic tumors. The purpose of this study was to evaluate
the utility of lesion’s SI on T2FFE imaging in the HBP of Gd-
EOB-MRI for differentiating hemangioma from metastatic
tumor.

Materials and Methods

Subjects

The study was approved by our institutional review board,
and the requirement of written informed consent was
waived because this study was a retrospective analysis.
We first investigated the records of 602 patients who had
undergone Gd-EOB-MRI at our institute during the period
from December 2013 to December 2014. Patients were
selected referring to the following criteria. The inclusion
criteria were as follows: (1) the patient had undergone
Gd-EOB-MRI on a 1.5T MR system; and (2) the patient
had or was suspected of having a hemangioma or a meta-
static tumor. The exclusion criteria were as follows: (1) an
MR contrast agent other than gadoxetic acid was used; (2)
an MR contrast agent was not used because of a contra-
indication for contrast media; (3) the patient had or was
suspected of having another type of liver lesion such as
hepatocellular carcinoma or cholangiocellular carcinoma;
and (4) it was difficult to diagnose a liver lesion on imaging
including those in a follow-up study, or there was no pathol-
ogy result. A summary flowchart of the patient selection is
presented in Fig. 1. After applying these criteria, a total of
61 patients were enrolled in this study. We categorized the
liver function of all enrolled patients as Child-Pugh type A
based on the patients’ clinical data. The other characteris-
tics of the 61 patients are summarized in Table 1.
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All liver lesions in the 61 patients were retrospectively
reviewed by this study’s coordinator (Y.T., with 20 years of
experience in liver MRI interpretation). Five hemangiomas
in one patient and 50 metastatic tumors in 21 patients were
surgically resected, and the histopathological results were
used for the diagnosis of the lesion. For the other 32 heman-
giomas in 18 patients and 46 metastatic tumors in 21 patients,
typical imaging findings of dynamic contrast-enhanced com-
puted tomography (DCE-CT) and the interval change in the
lesion size during the patient’s follow-up were used for the
diagnosis after the study coordinators reviewed the patient’s
imaging findings and medical records.

Hemangiomas were diagnosed based on the findings
revealed by DCE-CT, including dot-like enhancement with
a subsequent contrast filling pattern, flash-filling enhance-
ment pattern, or very delayed fill-in pattern, and the absence
of lesion size change in follow-up imaging studies at > 6
months.”'”?? Metastatic tumors were diagnosed based on
the patient’s history of malignancy, DCE-CT findings
(including ring enhancement), elevated tumor markers
(e.g., carcinoembryonic antigen for colon and rectal cancers,
and carbohydrate antigen 19-9 for pancreas cancer), and
follow-up imaging studies at > 6 months, which showed
tumor shrinkage with treatment or tumor progression without
treatment.”>?* After these criteria were applied, a total of
133 liver lesions were analyzed in this study (Table 1).

MRI

All MR examinations were performed using a 1.5T whole-
body clinical system (Achieva, Philips Healthcare, Best, the
Netherlands) with sensitivity-encoding acceleration (SENSE)
techniques using a 32-channel phased-array coil. The MR
examinations were limited to 1.5T because of the specific
absorption ratio (SAR) limitation in the FA setting of the
T2FFE sequence.'® For dynamic studies including arterial
(first), second, transitional, and HB phases, 3D fat-suppressed
GRE T1-weighted imaging (T1WI) was performed. A total
amount of gadoxetic acid (EOB Primovist; Bayer Yakuhin,
Osaka, Japan) based on the patient’s body weight (0.1 mL/kg)
was intravenously injected. The scan timing of the arterial
phase of the dynamic study was determined by a test injection
method.”> The second phase was 30 sec after the arterial
phase, and the transitional phase was 180 sec after injection
of contrast agent.

The 3D fat-suppressed T2-weighted imaging (FS-T2WI)
was performed using spectral presaturation with inversion
recovery (SPIR) and volume isotopic turbo spin-echo
acquisition (VISTA) with low constant variable FA
techniques.?* For the HBP, images were obtained at > 20
min after the start of the injection of the contrast agent. The
3D FS-T2WI, T2FFE imaging, DWI, and 3D T1WI were
scanned in sequence. In addition to the MR imaging, an
apparent diffusion coefficient (ADC) map was developed
using a mono-exponential model that was estimated from
the slope of the linear regression line fitted to the natural
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n=602

From December 2013 to December 2014,
liver MRI was scheduled due to
suspicion of liver tumor.

T2FFE Sequence in the HBP of Gd-EOB-MRI

_| The patient had undergone MRl on a
"1 3.0T MR system. (n=252)

n=350
The patient had undergone MRI on a
1.5T MR system.

7: No contrast enhanced MRI (n=37) I

v

_ | A contrast agent other than gadoxetic
" | acid was used. (n=18)

n=295
The patient had undergone Gadoxetic
acid-enhanced MRI.

7: No liver tumor (n=79)

_| The same patients had undergone MRI
on different days. (n=27)

metastatic tumor

carcinoma (n=1)

Lesions other than hemangioma and

* Hepatocellular carcinoma (n=62)

* Cholangiocarcinoma (n=5)

* Invasion of gallbladder cancer (n=3)
* Direct invasion of renal cell

* Malignant lymphoma (n=1)
» Difficult to diagnose on imaging and
v no pathology result (n=56)*

n=61

Final enrollment. The patient had or was
suspected of having a hemangioma or a
metastatic tumor.

logarithm of signal intensities of DWI with b-values of
0, 500, and 1000 s/mm?. Details of the MR parameters are
shown in Table 2.

The lesion-to-nonlesion contrast ratios of 3D TIWI,
3D FS-T2WI, and T2FFE imaging
The lesion-to-nonlesion contrast ratios (CRs) of the heman-
giomas and metastatic tumors on 3D T1WI, 3D FS-T2WI,
and T2FFE imaging in the HBP of the Gd-EOB-MRI were
independently calculated by two radiologists (the study
coordinator Y.T. and another experienced abdominal radi-
ologist, A.N., with 26 years of experience in liver MRI
interpretation).

The lesion-to-nonlesion CR was calculated using the fol-
lowing formula:

(Sllesion - SIliver ) / SIliver )

where Sliesion 18 the signal intensity of the hemangioma or
metastatic tumor, and Slj;,, is the signal intensity of the liver
parenchyma.

First, the ROIs of each liver lesion and the liver parench-
yma were drawn on 3D T1WI. Image slices in which the
liver lesion showed the maximum diameter on transverse

Vol. 21, No. 3

Fig. 1 A summary flowchart of the
patient selection. *: The initial diagnosis
and actual outcome of liver lesions in the
56 patients who were excluded by cri-
teria are shown in Appendix 1.

images were selected. For each liver lesion, an ROI that
was as large as possible was drawn on the lesion.

For the ROIs of the liver parenchyma, three ROl (as large
as possible) were drawn with care taken to avoid the intra-
hepatic bile duct and vessels. Slj;ye, Was defined as the
average value of the three SIs measured. Next, the ROIs on
the 3D TIWI were copied on the 3D FS-T2WI and the
T2FFE. All ROI measurements were performed using a
commercially available picture archiving and communica-
tion system (SYNAPSE, FujiFilm, Tokyo). Measurements of
the lesion-to-nonlesion CR were repeated three times for
each lesion, and the averaged values were used for the
analysis.

The comparison of diagnostic accuracy among the
four data sets

Four different imaging data sets were prepared for the ana-
lysis: (1) 3D FS-T2WTI alone; (2) the combination of 3D FS-
T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI; (3)
the combination of 3D FS-T2WI and DWI with the b-value
of 1000 s/mm?* and an ADC map; and (4) dynamic Gd-EOB-
MRI including the pre-contrast, arterial, second, transitional,
and HBPs. We did not analyze 3D TIWI in the HBP of
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Table 1 Characteristics of the 61 patients and 133 liver lesions
analyzed
Characteristics n
Males/females 36/25
Age range (mean) 32-83 (62.0) years
Child-Pugh Classification A/B/C 61/0/0
Patients with hemangioma 19
Patients with metastatic tumor 42
Primary site of metastatic tumors:
Rectal cancer 14
Colon cancer 15
Pancreas cancer 5
Gastrointestinal stromal tumor 3
Pancreatic neuroendocrine tumor 2
Bile duct cancer 1
Lung cancer 1
Epipharyngeal cancer 1
Analyzed liver lesions (n = 133) n
Hemangioma 37
Size range (mean): 7-70 (19.6) mm
<10 mm 11
>10 mm 26
Diagnosis:
Histopathology 5
Imaging findings 32
Metastatic tumor 96
Size range (mean): 7-70 (18.7) mm
<10 mm 27
> 10 mm 69
Diagnosis:
Histopathology 50
Imaging and clinical findings 46

Gd-EOB-MRI for data sets (1), (2), and (3), but HBP images
were used for the localization of liver lesions.

The images were independently interpreted by two experi-
enced abdominal radiologists (D.O. and N.F with 18 and 17
years of experience in interpreting liver MRI, respectively).
They were blinded to all clinical information, including the
MRI reports, the patients’ clinical data, and all imaging data
reviewed by the study coordinator. The study coordinator
presented each imaging set in random order in terms of
patients to each reader separately with information about the
liver segment and the number of liver lesions. For patients
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with multiple liver lesions, a maximum of the five largest liver
lesions per single patient was selected by the coordinator
beforehand and those liver lesions were used for the analysis.
Image interpretation was performed three times at 4-week
intervals in the order of imaging sets (1), (2), (3), and (4).

The two readers interpreted each combination of imaging
set and diagnosed liver lesion(s) as a hemangioma or meta-
static tumor by using a 4-point scale: 1 point for a liver
hemangioma, 2 points for a possible liver hemangioma, 3
points for a possible metastatic tumor, and 4 points for a
metastatic tumor. We considered liver lesions with 1 or 2
points as liver hemangiomas and those with 3 or 4 points as
metastatic tumors.

The diagnostic criteria of hemangioma on imaging were
as follows: On the 3D FS-T2WI, the lesion’s SI was high
(similar to water’s SI), and for the T2FFE imaging, the lesion
showed an apparently high ST compared to liver parenchyma,
and the high-SI area of the lesion was > 50%.°% Otherwise, a
lesion was diagnosed as a metastatic tumor. On the DWI, the
lesion’s SI was high on DWI with the b-value of 1000 s/mm?,
and the ADC of the liver lesion was higher than that of the
liver parenchyma.?”-*® If a lesion’s SI was high on DWI with
the b-value of 1000 s/mm? and the ADC of a liver lesion was
equal to or lower than that of the liver parenchyma, the lesion
was diagnosed as a metastatic tumor. If there was a diver-
gence in judgement between the two sequences during the
interpretation of the combination of 3D FS-T2WI and T2FFE
imaging or of the combination of 3D FS-T2WI and DWI with
the b-value of 1000 s/mm? and an ADC map, the findings
obtained with the T2FFE imaging and the DWI/ADC map
were prioritized.

For the dynamic Gd-EOB-MRI, the diagnostic criteria of
hemangioma were dot-like enhancement with a subsequent
contrast filling pattern, flash-filling enhancement pattern, or
very delayed fill-in pattern.”'”?* Metastatic tumors were
diagnosed based on the appearance of ring enhancement on
the arterial phase of DCE-MRI without a subsequent contrast
filling pattern or target appearance in the HBP.*’

Statistical analyses

The lesion-to-nonlesion CRs between the hemangiomas
and metastatic tumors on 3D T1WI, 3D FS-T2WI, and
T2FFE imaging were compared by Student’s t-test. We
calculated the intraclass correlation coefficient (ICC)
using a two-way random-effects model to describe the
correlations of the measurements of 3D TIWI, 3D FS-
T2WI, and T2FFE imaging between the two readers
based on the following criteria: < 0.40, poor agreement;
0.40-0.59, fair agreement; 0.60—0.74, good agreement;
and > 0.75, excellent agreement.

For the determination of the diagnostic accuracy for differ-
entiating hemangiomas from metastatic tumors, we performed
a receiver operating characteristic (ROC) analysis to calculate
the area under the curve (AUC). AUCs were separately cal-
culated after liver lesions were categorized into two groups:
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Table 2 Details of the sequence parameters

T2FFE Sequence in the HBP of Gd-EOB-MRI

Unit 3D T1WI 3D FS-T2WI T2FFE imaging DWI
Imaging eTHRIVE VISTA T2-enhanced spin echo  Spin echo single-shot
technique using time-reversed EPI

gradient echo sequence
TR ms 4.2 465 9.1 1542
TE ms 2.1 110 4.6 71
Flip angle degree 18 90 50 90
Refocus angle degree N/A 120 N/A N/A
TSE factor N/A 78 N/A N/A
FOV mm 360 x 252 380 x 308 350 x 288 360
Matrix 240 x 133 375 x297 224 x 184 304
(frequency x
phase)
b-value s/mm? 0, 500, and 1000
Slice thickness mm 1.5 2 3 7
No. of slices 116 90 60 25
No. of 1 1 1 1
excitations
Fat suppression SPAIR SPIR Water selective SPIR
technique excitation
(1-2-1 binominal
excitation pulse)
Respiratory Breath-hold Navigator-echo-based, Breath-hold Navigator-echo-
control real-time resp.-gating based, real-time resp.-
and resp.-triggering gating and resp.-
technique triggering technique

Scan time of min:sec 00:20.7 05:02.0 00:18.6 01:54.0
whole slices

DWI, diffusion-weighted imaging; EPI, echo-planar imaging; eTHRIVE, enhanced 3D T1 high-resolution isotropic volume excitation;
FS-T2WI, fat-suppressed T2-weighted imaging; N/A, not available; SPAIR, spectral attenuation with inversion recovery; SPIR, spectral
presaturation with inversion recovery; TIWI, T1-weighted imaging; T2FFE, T2-fast field echo; TSE, turbo spin echo; VISTA, volume isotropic

turbo spin echo acquisition.

(1) lesions with a diameter < 10 mm, and (2) lesions with a
diameter > 10 mm. The AUCs of the four imaging data sets
were nonparametrically compared using the ROCPLOT
macro (SAS Institute, Cary, NC, USA). First, a multiple
comparison of AUCs was performed among four imaging
data sets. If it showed a statistically significant difference,
then pairwise comparisons of their AUCs were performed.

The kappa statistic was used to measure the inter-reader
agreement for each pair of readers. The kappa value was
calculated to assess the inter-reader agreement based on the
following criteria: < 0.20, poor agreement; 0.20-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80,
good agreement; and > 0.81, excellent agreement. All
statistical analyses were performed with JMP software
ver. 12.0 (SAS Institute). P values < 0.05 were considered
significant for each analysis.

Vol. 21, No. 3

Results

The lesion-to-nonlesion contrast ratios between the
hemangiomas and metastatic tumors

The lesion-to-nonlesion CRs of the 3D TIWI, 3D FS-T2WI,
and T2FFE imaging in the HBP of the Gd-EOB-MRI demon-
strated normal distributions: 3D T1WI, reader 1, P = 0.52,
reader 2, P=0.97; 3D FS-T2WI, reader 1, P=0.11, reader 2,
P =0.65; and T2FFE imaging, reader 1, P = 0.72, reader 2,
P =0.24. The ICCs of the lesion-to-nonlesion CRs of the 3D
T1WI, 3D FS-T2WI, and T2FFE imaging in the HBP of the
Gd-EOB-MRI between the two readers were as follows: 3D
T1WI, 0.99 (95% confidence interval [CI]: 0.98-0.99); 3D
FS-T2WI, 0.98 (95% CI: 0.98-0.99); and T2FFE imaging,
0.98 (95% CI, 0.98-0.99), respectively. Excellent interobser-
ver agreement was thus obtained.
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Fig. 2 The lesion-to-nonlesion CRs of 3D T1WI, 3D FS-T2WI,
and T2FFE imaging in the hepatobiliary phase of Gd-EOB-MRI,
which were averaged values using all data from the two read-
ers. The mean £ SD of the lesion-to-nonlesion CRs of 3D
TIWI, 3D FS-T2WI, and T2FFE imaging in the hepatobiliary
phase of Gd-EOB-MRI of the hemangiomas and the metastatic
tumors were as follows: 3D T1WI, -0.51 £ 0.15 and -0.53 *+
0.11; 3D FS-T2WI, 494 + 1.52 and 2.04 + 1.29; T2FFE
imaging, 0.44 = 0.34 and -0.10 £ 0.25. The 3D FS-T2WI
and T2FFE imaging showed that the lesion-to-nonlesion CR of
the hemangiomas was significantly higher than that of the meta-
static tumors (*: P < 0.05). CR, contrast ratio; FS-T2WI, fat-
suppressed T2-weighted imaging; Gd-EOB-MRI, gadoxetic
acid-enhanced MRI; SD, standard deviation; TTWI, T1-weighted
imaging; T2FFE, T2-fast field echo.

Figure 2 shows the lesion-to-nonlesion CRs of the 3D
TIWI, 3D FS-T2WI, and T2FFE imaging in the HBP of
the Gd-EOB-MRI, which were averaged values using all
data from the two readers. The mean *+ standard devia-
tions (SDs) of the averaged lesion-to-nonlesion CRs of
the hemangiomas and the metastatic tumors were as
follows: 3D TIWI, —0.51 £ 0.15 and —0.53 * 0.11;
3D FS-T2WI, 4.94 4 1.52 and 2.04 & 1.29; and T2FFE
imaging, 0.44 X 0.34 and —0.10 = 0.25. The 3D FS-
T2WI and T2FFE imaging showed that the lesion-to-
nonlesion CR of the hemangiomas was significantly
higher than that of the metastatic tumors (P < 0.05).
The 3D FS-T2WI depicted all the hemangiomas and
metastatic tumors as high-SI lesions, which means that
the lesion-to-nonlesion CRs of the hemangiomas and
metastatic tumors were > 0.

In contrast, the T2FFE imaging could depict all hemangio-
mas as high-SI lesions (the lesion-to-nonlesion CRs were > 0),
and it depicted most of the metastatic tumors as iso- or low-SI
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lesions (the lesion-to-nonlesion CRs were < 0). The 3D TIWI
showed no significant difference in lesion-to-nonlesion CRs
between the hemangiomas and metastatic tumors (P = 0.52,
95% CI: -0.03-0.06). Both types of lesions were depicted as
low-SI.

Representative images of 3D T1WI, 3D FS-T2WI, and
T2FFE imaging of the hemangiomas and the metastatic
tumors are provided in Figs. 3—6.

The diagnostic accuracy for differentiating
hemangiomas from metastatic tumors

For both readers, a multiple comparison of AUCs among four
imaging data sets showed significant differences (P values of
two readers were: for lesions < 10 mm, < 0.0001, and 0.0009;
and for lesions > 10 mm, < 0.0001, and 0.001). Pairwise
comparisons of AUCs between pairs of imaging data sets
calculated by the ROC analysis of the two readers are given
in Table 3. For both readers, the AUCs of 3D FS-T2WI alone,
the combination of 3D FS-T2WI and T2FFE imaging in the
HBP of Gd-EOB-MRI, and the combination of 3D FS-T2WI
and DWI with the b-value of 1000 s/mm? and ADC map were
significantly higher than the AUC of dynamic Gd-EOB-MRI
(P < 0.05). One reader showed that the AUC of the combina-
tion of 3D FS-T2WI and T2FFE imaging in the HBP of
Gd-EOB-MRI was significantly higher than that of 3D FS-
T2WI alone, but the other reader did not. However, both
readers showed that there was no significant difference in
the AUCs between 3D FS-T2WI and the combination of 3D
FS-T2WI and DWI with the b-value of 1000 s/mm? and an
ADC map, and between the combination of 3D FS-T2WI and
T2FFE imaging in the HBP of Gd-EOB-MRI and the
combination of 3D FS-T2WI and DWI with the b-value of
1000 s/mm?® and an ADC map. Regardless of the lesions’
sizes, the AUC results showed a similar trend among the
four different imaging data sets.

The inter-reader agreement for each pair of readers
The results of the kappa statistic used to measure the inter-
reader agreement for two readers are provided in Table 4.
The results demonstrated that 3D FS-T2WI alone, the com-
bination of 3D FS-T2WI and T2FFE imaging in the HBP of
Gd-EOB-MRI, and the combination of 3D FS-T2WI and
DWI with the b-value of 1000 s/mm” and an ADC map
showed excellent inter-reader agreement regardless of the
lesion size (P < 0.05). However, dynamic Gd-EOB-MRI
showed poor agreement for the < 10-mm lesion group and
fair agreement for the > 10-mm group (P < 0.05).

Discussion

Our analyses revealed that in the HBP of Gd-EOB-MRI, the
T2FFE imaging showed the hemangiomas as hyperintense
and most of the metastatic tumors as iso- or hypointense,
whereas the 3D T1WI showed both hemangiomas and meta-
static tumors as hypointense, and the 3D FS-T2WI showed

Magnetic Resonance in Medical Sciences




T2FFE Sequence in the HBP of Gd-EOB-MRI

Fig. 3 A 56-yr-old female with hemangioma in segments 7 and 8 of the liver (arrows). (a) 3D TTWI in the HBP of the Gd-EOB-MRI, (b) 3D
FS-T2WI, (c) T2FFE imaging in the HBP of the Gd-EOB-MRI, (d) DWI with the b-value of 1000 s/mm?, and (e) the ADC map. Two
hemangiomas show hypointensity on 3D TTWI but hyperintensity on the 3D FS-T2WI, T2FFE imaging, and DWI. The lesion-to-nonlesion
CRs of the hemangioma in segment 7 of the liver were as follows: 3D T1WI, -0.46; 3D FS-T2WI, 4.65; and T2FFE imaging, 0.67. The
averaged image interpretation scores of the two readers were as follows: (1) 3D FS-T2WI alone, 1.0; (2) the combination of 3D FS-T2WI and
T2FFE imaging in the HBP of Gd-EOB-MRI, 1.0; (3) the combination of 3D FS-T2WI and DW!I with the b-value of 1000 s/mm? and ADC,
2.5; and (4) dynamic Gd-EOB-MRI, 2.0. The ADC of the hemangioma was 1.91 x 107> mm?/s. The lesion-to-nonlesion CRs of the
hemangioma in segment 8 of the liver were as follows: 3D TTWI, —0.48; 3D FS-T2WI, 5.21; and T2FFE imaging, 0.45. The averaged image
interpretation scores of the two readers were as follows: (1) 3D FS-T2W! alone, 1.0; (2) the combination of 3D FS-T2WI and T2FFE imaging
in HBP of Gd-EOB-MRI, 1.0; (3) the combination of 3D FS-T2WI, DWI with the b-value of 1000 s/mm? and ADC, 2.5; and (4) dynamic Gd-
EOB-MRI, 2.5. The ADC of the hemangioma was 1.62 x 107> mm?/s. ADC, apparent diffusion coefficient; CR, contrast ratio; DWI,
diffusion-weighted imaging; FS-T2WI, fat-suppressed T2-weighted imaging; Gd-EOB-MRI, gadoxetic acid-enhanced MRI; HBP, hepato-
biliary phase; TTWI, T1-weighted imaging; T2FFE, T2-fast field echo.

17,18 In

both hemangiomas and metastatic tumors as hyperintense.  contrast enhancement shows T2-weighted contrast.

The T2-enhanced spin-echo imaging with the time-reversed
GRE sequence (which we call the T2FFE sequence) in
the HBP of Gd-EOB-MRI could be helpful to differentiate
hemangiomas from metastatic tumors. The T2FFE imaging
may provide an easy interpreting method to differentiate
liver hemangiomas and metastatic tumors with which
we can judge whether a lesion’s SI is hyper-, iso-, or
hypointense.

The T2FFE sequence can clearly reflect slight differences
in the SI between the liver parenchyma and liver lesions,
namely, the T2 relaxation times or the ratio of T1 to T2
(T1/T2) relaxation times.’® The T2FFE sequence without
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contrast, T2FFE imaging in the HBP of Gd-EOB-MRI is
thought to reflect both the T2 contrast and the T1 shortening
effect of the uptake or pooling of gadoxetic acid in the liver
parenchyma and liver lesions.'”'® We observed no signifi-
cant differences in the lesion-to-nonlesion CRs of 3D T1WI
in the HBP of Gd-EOB-MRI, as described in another studylg;
therefore, the T1 shortening effect of gadoxetic acid might
not have a significant influence on the difference between the
signal intensities of hemangiomas and metastatic tumors on
T2FFE imaging.

There are two possible factors explaining why the T2FFE
imaging depicted the hemangiomas as hyperintense and most
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Fig. 4 A 63-yr-old male with a metastatic tumor in segment 2 of the liver (arrows). The primary metastatic tumor was a malignant
gastrointestinal stromal tumor of the stomach. (a) 3D TTWI in the HBP of the Gd-EOB-MRI, (b) 3D FS-T2WI, (c) T2FFE imaging in the HBP of
the Gd-EOB-MRI, (d) DWI with the b-value of 1000 s/mm?, and (e) the ADC map. The metastatic tumor showed hypointensity on the 3D
T1WI and iso-intensity on the T2FFE imaging but hyperintensity on the 3D FS-T2WI and DWI. The lesion-to-nonlesion CRs of the metastatic
tumor in segment 2 of the liver were as follows: 3D TIWI, —0.71; 3D FS-T2WI, 0.38, and T2FFE imaging, 0.05. The averaged image
interpretation scores of the two readers were as follows: (1) 3D FS-T2W!I alone, 2.5; (2) the combination of 3D FS-T2WI and T2FFE imaging
in the HBP of Gd-EOB-MRI, 3.5; (3) the combination of 3D FS-T2WI and DWI with the b-value of 1000 s/mm? and an ADC, 2.5; and (4)
dynamic Gd-EOB-MRI, 3.5. The ADC of the metastatic tumor was 1.53 x 107> mm?/s. ADC, apparent diffusion coefficient; CR, contrast
ratio; DWI, diffusion-weighted imaging; FS-T2WI, fat-suppressed T2-weighted imaging; Gd-EOB-MRI, gadoxetic acid-enhanced MRI;

HBP, hepatobiliary phase; TTWI, T1-weighted imaging; T2FFE, T2-fast field echo.

of the metastatic tumors as iso- or hypointense. One possible
factor is the differences in the T2 contrast of liver lesions,
which played an important role in the determination of the
lesion-to-nonlesion CRs of the T2FFE imaging. The heman-
giomas showed significantly higher SIs compared to the
metastatic tumors. Another possible factor is the change of
the liver parenchymal SI that was greatly influenced by the
T1 shortening effect of gadoxetic acid compared to liver
lesions in the HBP of the Gd-EOB-MRI because of the
uptake of gadoxetic acid from hepatocytes.'®

We suspect that increased liver parenchymal SI on
T2FFE imaging in the HBP could unexpectedly become a
reference point of the signal level for the interpretation of
the SIs of hemangiomas or metastatic tumors compared
with liver parenchymal SIs.'”'® Thus, we speculated that
this is why the 3D FS-T2WI depicted all of the
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hemangiomas and metastatic tumors as hyperintense, but
the T2FFE imaging in the HBP of Gd-EOB-MRI could
depict all hemangiomas as hyperintense and most of the
metastatic tumors as iso- or hypointense.

Several imaging techniques have been applied to the differ-
entiation of hemangiomas and metastatic tumors, including
DWI, ADC, diffusion tensor imaging, and T1 and T2 relaxa-
tion times.”®**>? In clinical practice, if the arterial-phase
images of Gd-EOB-MRI are hampered by artifacts, radiolo-
gists may interpret other MRI findings (especially those
obtained with FS-T2WI, DWI, and an ADC map) to diagnose
liver lesions on Gd-EOB-MRI. Regarding the diagnostic accu-
racy for differentiating hemangiomas from metastatic tumors,
in the present study, the AUCs of the combination of 3D
FS-T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI
and the combination of 3D FS-T2WI and DWI with the
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Fig. 5 An 83-yr-old male with a metastatic tumor in segment 3 of the liver (arrows). The primary metastatic tumor was a mucinous
adenocarcinoma of the sigmoid colon. This case was difficult to be distinguished from hemangioma because of the lesion’s high signal
intensity on the T2FFE sequence. (@) 3D TTWI in the HBP of the Gd-EOB-MRI, (b) 3D FS-T2WI, (c) T2FFE imaging in the HBP of the Gd-

EOB-MRI, (d) DWI with the b-value of 1000 s/mm?, and (e) the ADC map. The metastatic tumor showed hypointensity on 3D TTWI and
hyperintensity on 3D FS-T2WI and DWI. The T2FFE imaging depicted inhomogeneous SI, but it showed iso- or low SI in > 50% of the
lesion’s area on T2FFE imaging. The lesion-to-nonlesion CRs of the metastatic tumor in segment 3 of the liver were as follows: 3D T1WI,
-0.67; 3D FS-T2WI, 0.35; and T2FFE imaging, 0.24. The averaged image interpretation scores of the two readers were as follows: (1) 3D FS-
T2WI alone, 2.5; (2) the combination of 3D FS-T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI, 3.5; (3) the combination of 3D FS-
T2WI and DWI with the b-value of 1000 s/mm? and an ADC, 4.0; and (4) dynamic Gd-EOB-MRI, 3.5. The ADC of the metastatic tumor was
1.50 x 10> mm?/s. ADC, apparent diffusion coefficient; CR, contrast ratio; DWI, diffusion-weighted imaging; FS-T2WI, fat-suppressed T2-
weighted imaging; Gd-EOB-MRI, gadoxetic acid-enhanced MRI; HBP, hepatobiliary phase; Sl, signal intensity; TIWI, T1-weighted

imaging; T2FFE, T2-fast field echo.

b-value of 1000 s/mm* and an ADC map were significantly
higher than that of dynamic Gd-EOB-MRI. The reasons why
the dynamic Gd-EOB-MRI showed lower diagnostic accuracy
are unknown, but we speculated that a few factors such as
poor-quality arterial-phase images of Gd-EOB-MRI (seen in
9/61 patients [14.8%] in this study)>* and poor visualization of
dot-like or ring enhancement might have influenced the
results.

One of our two readers obtained a significantly better diag-
nostic performance of the combination of 3D FS-T2WI and
T2FFE imaging compared to that of the 3D FS-T2WI alone.
This result indicated that the additional scan of T2FFE imaging
in the HBP of Gd-EOB-MRI provided helpful information for
one reader to differentiate hemangiomas from metastatic
tumors. However, for the other reader, there was no significant
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increase in the diagnostic performance by adding T2FFE ima-
ging compared to 3D FS-T2WI alone. The addition of T2FFE
imaging might not be necessary for radiologists who are well
experienced in interpreting liver lesions on FS-T2WI.

We also observed that the combination of 3D FS-T2WI
and T2FFE imaging in the HBP of Gd-EOB-MRI and the
combination of 3D FS-T2WI and DWI with the b-value of
1000 s/mm? and an ADC map had equivalent diagnostic
accuracy for differentiating hemangiomas from metastatic
tumors. This result indicated that the combination of 3D
FS-T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI
might be helpful in the diagnosis of hemangiomas and/or
metastatic tumors on liver MRI, as were the combination of
3D-FD-T2WI, DWI, and ADC. Although it was not a statis-
tically significant difference, the AUCs of the combination
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Fig. 6 A 75-yr-old male with a metastatic tumor in segment 7 of the liver (arrows). The primary metastatic tumor was an adenocarcinoma of
the rectum. (a) 3D T1WI in the HBP of the Gd-EOB-MRI, (b) 3D FS-T2WI, (c) T2FFE imaging in the HBP of the Gd-EOB-MRI, (d) DWI with
the b-value of 1000 s/mm?, and (e) the ADC map. The metastatic tumor showed hypointensity on the 3D T1WI and the T2FFE imaging but
slight hyperintensity on the 3D FS-T2W!I and hyperintensity on DWI. The lesion-to-nonlesion CRs of the metastatic tumor in segment 6 of
the liver were as follows: 3D TTWI, —0.66; 3D FS-T2WI, 2.78; and T2FFE imaging, —0.22. The averaged image interpretation scores of the
two readers were as follows: (1) 3D FS-T2W!I alone, 4.0; (2) the combination of 3D FS-T2WI and T2FFE imaging in the HBP of Gd-EOB-MRI,
4.0; (3) the combination of 3D FS-T2WI and DWI with the b-value of 1000 s/mm? and an ADC, 4.0; and (4) dynamic Gd-EOB-MRI, 3.5. The
ADC of the metastatic tumor was 0.85 x 107> mm?/s. ADC, apparent diffusion coefficient; CR, contrast ratio; DWI, diffusion-weighted
imaging; FS-T2WI, fat-suppressed T2-weighted imaging; Gd-EOB-MRI, gadoxetic acid-enhanced MRI; HBP, hepatobiliary phase; TTWI,

T1-weighted imaging; T2FFE, T2-fast field echo.

of 3D FS-T2WI and T2FFE imaging were higher than those
of the combination of 3D FS-T2WI, DWI, and ADC. The
combination of 3D FS-T2WI and T2FFE imaging in the HBP
of Gd-EOB-MRI may give other useful information to radi-
ologists when they diagnose liver hemangioma and metastatic
tumor using 3D FS-T2WI, DWI, and ADC. The T2FFE
sequence is a commercially available imaging technique and
does not need any special applications or software. The scan
time of T2FFE imaging of the whole liver in this study was
only 18.4 sec, and thus the images can be acquired during
breath-holding and the sequence is not time-consuming,.

This study has several limitations. First, the T2FFE
sequence with high FAs (e.g., a FA of 50° at 1.5T) cannot
be applied to a 3.0T scanner due to the limitation of SAR.'®
While it is known that the T1 relaxation time at 3.0T is longer
than that at 1.5T, in our experience, the SAR limits the FA to
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around 30°, and the T2FFE sequence with a FA of 30° at
3.0T does not provide as good contrast as at 1.5T. Thus, the
T2FFE sequence cannot be used for a 3.0T scanner. Second,
when each reader evaluated the lesion signal intensities for a
case with multiple liver lesions, the reader might conclude
that all of the lesions had the same etiology. A bias could thus
be present. Third, it is clinically important to investigate
whether the T2FFE sequence is useful in the differentiation
of lesions showing atypical findings. However, there was no
diagnostic standard to classify such a lesion into hemangio-
mas or metastatic tumors in this study. In addition, if any
metastatic tumors had a large necrotic area, we might have
accidentally excluded them from the present analyses by
assuming that they were liver cysts. In this study, we did
not consider how necrotic areas affect the interpretation
of the lesion’s SI on the T2FFE sequence. Fourth, the
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Table 3 The AUCs and the two readers’ interpretations to differentiate hemangiomas from metastatic tumors

AUCs (95% CI) P values
. (2) 3D FS-T2WI (3) 3D FS- (4) Dynamic (1) (1) (1) (2) 2) (3)
(1) 32|(F)ieT2WI and T2FFE T2WI, DWI, Gd-EOB- VS. vs. vVSs. vs. vs. VS.
imaging and ADC map MRI (2) (3) (4) (3) (4) (4)
<10 mm:
Reader 1 0.85 0.94 0.90 0.62 0.0064* 0.09 0.015* 0.31 0.0002* <0.0001*
(0.72-0.92) (0.83-1.00) (0.78-1.00) (0.44-0.81)
Reader 2 0.91 0.94 0.87 0.67 0.15 0.84 0.021* 0.29 0.017* 0.003*
(0.80-0.97) (0.83-1.00) (0.73-1.00) (0.48-0.86)
>10 mm:
Reader 1 0.88 0.96 0.89 0.76 0.012* 0.21  0.021*  0.31 0.0004* <0.0001*
(0.81-0.92) (0.91-1.00) (0.80-0.98) (0.66-0.86)
Reader 2 0.97 0.95 0.95 0.71 0.55 0.99 0.0001* 0.6 <0.0001* 0.0003*
(0.91-0.99) (0.90-1.00) (0.89-1.00) (0.59-0.84)

*P < 0.05. ADC, apparent diffusion coefficient; AUC, area under the curve; Cl, confidence interval; DWI, diffusion-weighted imaging; FS-T2WI, fat-
suppressed T2-weighted imaging; Gd-EOB-MRI, gadoxetic acid-enhanced MRI; T2FFE imaging, T2-enhanced spin-echo imaging using the time-

reversed gradient echo sequence.

Table 4 Kappa values (95% CI) of the inter-reader agreement of the two readers for each combination of imaging data set

(2) 3D FS-T2W/I (3) 3D FS-T2WI, DWI, (4) Dynamic

(1) 3D FS-T2W1 alone and T2FFE imaging and ADC map Gd-EOB-MRI
<10 mm 0.83 (0.67-0.98) 1.00 (1.00-1.00) 0.91 (0.79-1.00) 0.28 (0.04-0.52)
>10 mm 0.79 (0.67-0.90) 0.93 (0.85-1.00) 0.87 (0.77-0.96) 0.49 (0.36-0.63)

ADC, apparent diffusion coefficient; Cl, confidence interval; DWI, diffusion-weighted imaging; FS-T2WI, fat-suppressed T2-weighted imaging; Gd-
EOB-MRI, gadoxetic acid-enhanced MRI; T2FFE imaging, T2-enhanced spin-echo imaging using the timereversed gradient echo sequence.

Appendix 1. The initial diagnosis and actual outcome of liver lesions in the 56 patients who were excluded by criteria.

N“!“ber aif Initial diagnosis on Gd-EOB-MRI Outcome on follow-up studies
patients
7 Hemangioma No follow-up study nor pathology result
12 Metastatic tumor No follow-up study nor pathology result
4 Hemangioma or metastatic tumor No change in the lesion on follow-up studies, difficulty in diagnosis because of
small lesions and no pathology result.
1 Metastatic tumor or simple cyst No change in the lesion on follow-up studies, difficulty in diagnosis because of
small lesions and no pathology result.
1 Hemangioma or epithelioid No change in the lesion on follow-up studies, difficulty in diagnosis and no
hemangioendothelioma pathology result.
2 Focal nodular hyperplasia No follow-up study nor pathology result
1 Sarcoidosis No follow-up study nor pathology result
4 Abscess and infected cyst No follow-up study nor pathology result
Nonspecific findings that were difficult No change in the lesion on follow-up studies, difficulty in diagnosis and no
to diagnosis pathology result.
15 Hypovascular nodule in patients with ~ No change in the lesion on follow-up studies, difficulty in diagnosis and no

chronic liver disease

pathology result.

Gd-EOB-MRI, gadoxetic acid-enhanced MRI.
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diagnostic performance of T2FFE imaging alone was not
evaluated because some lesions showed obscure contours
on this sequence. Therefore, the efficacy of a combination
of 3D FS-T2WI and T2FFE imaging was compared with that
of 3D FS-T2WI alone. We did not evaluate the additional
value of the T2FFE imaging to DWI alone or dynamic
Gd-EOB-MRI. The comparison of DWI alone versus the
combination of T2FFE imaging and DWI or the comparison
of dynamic Gd-EOB-MRI alone versus the combination of
T2FFE imaging and dynamic Gd-EOB-MRI may also prove
the usefulness of T2FFE imaging for differentiation between
hemangiomas and metastatic tumors. We judged that it might
be clinically meaningful to compare data set (3) with data
set (4). These data sets are used for differentiation between
hemangiomas and metastatic tumors in daily practice.

Conclusion

The combination of 3D FS-T2WI and T2FFE imaging in the
HBP of Gd-EOB-MRI achieved an accuracy equal to that of
the combination of 3D FS-T2WI, DWI, and ADC. A simple
interpretation of lesion SI using this combination modality
was helpful to differentiate liver hemangiomas from meta-
static tumors.
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