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Abstract

Differentiation of hepatic tumors is often evaluated in terms of qualitative
diagnostic performance. The signal intensity patterns of hepatic masses are
known to differ on certain T2-weighted imaging sequences. In this study,
we investigated the quantitative analysis of hepatic masses by using an
index called the “T2-shine ratio”. Fast-spin-echo (FSE), Half-Fourier
acquisition single-shot turbo spin echo (HASTE), and True-FISP sequences
obtained with quick-imaging techniques during a single breath-hold were
examined in 74 patients. T2-shine ratios were calculated by use of the
signals of Region of interests (ROIs) placed on a tumor and peripheral
tissue: the T2-shine ratio is defined as (tumor signal-liver signal) / liver
signal. The rate of change in the T2-shine ratio was compared among three
sequences of FSE, HASTE, and True-FISP. The T2-shine ratio of FSE
deducted from HASTE was significantly higher for hepatic cysts than for
other masses. The T2-shine ratio of HASTE deducted from True-FISP was
less than zero for hemangioma. For the value that deducted the T2-shine
ratio of HASTE from the T2-shine ratio of True-FISP, hemangiomas had a
significantly lower value than did cysts and metastases (P<0.05), but there
was no significant difference from hepatocellular carcinomas (HCCs).
Although liver cysts, cavernous hemangiomas and other lesions could be
differentiated, it was virtually impossible to distinguish HCCs from
metastatic tumors. In conclusion, the quantitative analysis of hepatic
tumors was able to differentiate among these lesions by use of the T2-shine
ratio.
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Introduction

Magnetic resonance imaging (MRI) is frequently used for facilitating
the diagnosis of hepatic masses. Techniques for distinguishing hepatic
tumors in imaging studies have been proposed by several researchers [1-5].
Dynamic study after bolus injection of gadolinium chelates is a useful
method for detection and characterization of hepatic masses [6,7].
Superparamagnetic iron oxide particles (SPIOs) can also contribute to
distinguishing hepatic masses by use of various imaging sequences [8-13].
In addition, conventional MR images without contrast media are commonly
obtained, taking advantage of the high contrast resolution of this modality.
However, most radiologists prefer visual assessment for tumor
characterization. For the evaluation of appearance, considerable time is
required for developing the skills of experienced radiologists. In general,
hepatic cysts and hemangiomas show much higher signal intensities on
heavily T2-weighted images (T2WIs) because of the high fluid
concentrations in these tissues. This influence is particularly great for cysts.
In addition, the signal intensity of hemangiomas tends to deteriorate on
True-FISP sequences in comparison to that on Half-Fourier acquisition
single-shot turbo spin echo (HASTE) sequences. For metastases and
hepatocellular carcinomas (HCCs), there is no typical signal difference
among the three imaging sequences. Regarding the numerical value of the
signal, however, the order of signal intensity depends on the signal gain in
MRI, and the signal intensity difference is evaluated in relation to the
organization of the circumference. Quantitative evaluation of MRI findings
is difficult because the radiologists know these signal intensity patterns
experimentally, but such a determination cannot avoid being a qualitative
index of the radiologist’s sensitivity and skill. Therefore, we developed a
quantitative analysis method by the using the T2-shine ratio as the ratio of



the signal intensity of the mass and organization of the circumference
(contrast). In this study, we assessed whether the quantitative diagnostic
performance by use of the T2-shine ratio could discriminate among hepatic
masses including hepatic cysts, cavernous hemangiomas, metastases, and
HCCs.

Materials and Methods

This study was carried out retrospectively. The subjects were 74
patients. Twenty-one patients had cysts, 14 had HCCs, 22 had
hemangiomas, and 17 had metastases. All of the patients in the study group
had undergone previous sonography and CT examinations. The diagnoses
of solid masses were established by dynamic enhanced CT and dynamic
enhanced MRI studies. In some patients, pathologic confirmation was
obtained by biopsy or surgical intervention. The institutional review board
approved the study design and the review of patient records and images.

All patients were studied with a 1.5T MRI unit (Magnetom Symphony,
Siemens, Erlangen, Germany) that used a body phased-array coil. Fast
spin echo (FSE), HASTE, and True-FISP sequences were examined with
breathhold in all patients. The sequence parameters are shown in Table 1.
FSE was performed with an effective TE of 77 msec and echo train lengths
(ETLs) of 25. HASTE was performed by one excitation with an effective
TE of 88 msec and ETLs of 128. The HASTE sequence is essentially a
heavily T2-weighted sequence, which may cause water-rich lesions to
appear very bright. True-FISP was performed with an effective TE of 2.66
msec and TR of 5.32 msec in a steady state. Sequential slice imaging was
obtained on the transverse plane with a 5 mm slice thickness.

FSE, HASTE, and True-FISP sequences using quick-imaging techniques
under a single breathhold were examined in the 74 patients (liver cysts,
cavernous hemangiomas, hepatocellular carcinomas, and metastatic
tumors). The T2-shine ratio can be estimated by a simple calculation with



use of imaging data of each sequence from the ratios of signal intensity
determined by placement of a region of interest (ROI) on the mass and the
organization of the circumference. We manually designed a circular ROI
with an electronic cursor to match the mass. ROIs of the organization of the
circumference were in the normal liver parenchyma excluding major blood
vessels.

The T2-shine ratio is defined as

T2-shine ratio=(tumor signal - liver signal) / liver signal ....... (1)

The rate of change in the T2-shine ratio was compared among the three
sequences. The Wilcoxon signed-rank test was used for comparison of all
data.

Results

The T2-shine ratios of images obtained by FSE, HASTE, and
True-FISP imaging sequences for the 74 masses (cysts, HCCs,
hemangiomas, and mets) are shown in Figure 1la-d. For cysts, the T2-shine
ratio of HASTE was a high value in comparison with that of FSE. For
hemangioma, the T2-shine ratio of True-FISP showed a tendency to
deteriorate compared to that on the other sequences. Figure 2 shows the
values obtained by deduction of the T2-shine ratio of FSE from the
T2-shine ratio of HASTE. Cysts showed a difference in the T2-shine ratios
greater than 1 in all masses and exhibited a significantly higher value than
did the other masses (P<0.05). Also, the T2-shine ratios of hemangiomas
were greater than zero. Figure 3 indicates the value after deduction of the
T2-shine ratio of HASTE from the T2-shine ratio of True-FISP.
Hemangiomas showed a difference in the T2-shine ratio less than zero for
all masses and showed a significantly lower value than did cysts and
metastases (P<0.05), but there was no significant difference from HCCs.

Discussion



An MRI can be performed with a variety of imaging sequences. The
signal intensity is determined by T1-relaxation, T2-relaxation, and proton
density of organization as well as the influence of susceptibility to imaging
factors. Therefore, signal intensity is specific to the imaging sequence
design and composition of organization. In general, radiologists know these
signal intensity patterns from experiments, but the determination of
diagnosis is also based on the radiologist’s sensitivity and skill. The
characteristics of the three image sequences used in this study were as
follows.

FSE --- Fast spin echo is a general T2-weighted image with an echo train of
25.

HASTE --- A high-speed single-shot fast-spin-echo sequence that allows a
heavy T2-weighted image in abdominal imaging.

True-FISP --- A T2-star weighted image with gradient echo. The signal
intensity shows T2/T1 with optimal flip angle of excitation pulse.
Signal=1/2MoVT2/T1 ............ (2)

For the T2-shine ratio of the cysts, HASTE, which is a heavily T2WI,
showed a higher value than did FSE (Figure 2). Moreover, cysts always
showed a high value more than 1 compared to that on FSE because cysts
contain abundant water. For the T2-shine ratio of hemangiomas,
True-FISP was lower than HASTE (Figure 3). This is because of the
influence of the susceptibility for a gradient echo of the hemosiderin and
contrast of T2/T1. However, the signal intensities of True-FISP showed
various patterns; there were masses that showed a high signal and the same
signal for organization of the circumference. True-FISP showed a lower
T2-shine ratio than did HASTE in all cases. We considered it possible to
distinguish cysts and hemangioma from other lesions by using indices of
the two modalities discussed above. A limitation of this study was the
inability to discriminate between HCC and metastasis, which unfortunately
did not allow meaningful distinctions. This is because the composition of



metastatic lesions depends on the type of primary tumor, whereas the
composition of HCC changes with the degree of differentiation. Therefore,
it seems that these differences cause the characteristics of these masses to
be distributed more broadly. The usefulness of adding another index to the
T2-shine ratio will be investigated in a future study. In this study, we were
able to distinguish among cysts, hemangiomas, and other masses without
using contrast media.

This index may be a useful algorithm for computer-aided diagnosis.

Conclusion

Using an index called the T2-shine ratio, we examined the usefulness of
quantitative analysis of hepatic masses. For the T2-shine ratio of cysts,
HASTE, which is a heavily T2WI, gave higher values than did FSE. Cysts
always showed a value greater than 1 compared to that on FSE. For the
T2-shine ratio of hemangiomas, True-FISP was lower than HASTE. By use
of this index, it was possible to distinguish cysts and hemangiomas from
other masses without the use of contrast media.
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Figure legends

Fig.la  T2-shine ratio of images by FSE, HASTE, and True-FISP
imaging sequence for a cyst.

Fig.1lb  T2-shine ratio of images by a FSE, HASTE, and True-FISP
imaging sequence for HCC.

Fig.lc  T2-shine ratio of images by a FSE, HASTE, and True-FISP
imaging sequence for hemangioma.

Fig.1d  T2-shine ratio of images by a FSE, HASTE, and True-FISP
Imaging sequence for the metastases.

Fig.2  Value that deducted T2-shine ratio of FSE from T2-shine ratio of
HASTE. Cysts showed a difference of T2-shine ratio more than 1 in all
samples and had a significantly higher value than the other masses
(P<0.05). The T2-shine ratio of hemangiomas was more than zero.

Fig.3  Value that deducted T2-shine ratio of HASTE from T2-shin ratio
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of True-FISP. Hemangiomas showed a difference of T2-shine ratio in a
value less than zero for all samples. Hemangiomas had a significantly
lower value than the cysts and metastates (P<0.05), but no significant
difference from HCCs.
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Table

Imaging TR TE band
sequences (msec) (msec) ETL width(Hz/px) thickness (mm)
FSE 3180 77 25 391 5
HASTE ) 88 128 651 5
True-FISP 5.32 2.66 558 5




