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Abstract

A total of 124 lesions from 1 to 6cm in diameter, including 31 cavernous hemangiomas, 32
metastases and 61 hepatocellular carcinomas (HCC) were analyzed to study the usefulness of
magnetic resonance imaging (MRI) at 0.5 Tesla to differentiate focal hepatic lesions on the ba-
sis of qualitative criteria. Each focal hepatic lesion was assessed for shape, internal architecture
and signal intensity relative to normal liver parenchyma. While all cavernous hemangiomas and
metastases except one lesion could be detected, detection rate of HCC was significantly inferior to
that of the other two diseases. A tumor capsule and a hyperintense focus on T1-weighted images
were demonstrated in only HCC lesions in strong contrast with the other two diseases; however,
metastases with slow-growing characteristics or subacute hematoma may appear as similar im-
ages. Cavernous hemangiomas appeared markedly hyperintense on T2-weighted images in 23 of
31 lesions, but one metastasis and one HCC had similar images. A multivariate analysis of several
MRI resulted in the following mean discriminant scores: cavernous hemangioma, -1.2652; metas-
tasis, 0.1830; and HCC, 0.7138. It appeared to be possible to differentiate the three diseases with
84.4 percent accuracy.
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A total of 124 lesions from 1 to 6cm in diameter, including 31 cavernous hemangiomas, 32
metastases and 61 hepatocellular carcinomas (HCC) were analyzed to study the usefulness of
magnetic resonance imaging (MRI) at 0.5Tesla to differentiate focal hepatic lesions on the basis of
qualitative criteria. Each focal hepatic lesion was assessed for shape, internal architecture and
signal intensity relative to normal liver parenchyma. While all cavernous hemangiomas and
metastases except one lesion could be detected, detection rate of HCC was significantly inferior to
that of the other two diseases. A tumor capsule and a hyperintense focus on T,-weighted images
were demonstrated in only HCC lesions in strong contrast with the other two diseases; however,
metastases with slow-growing characteristics or subacute hematoma may appear as similar images.
Cavernous hemangiomas appeared markedly hyperintense on T,-weighted images in 23 of 31 lesions,
but one metastasis and one HCC had similar images. A multivariate analysis of several MRI resulted
in the following mean discriminant scores: cavernous hemangioma, — 1.2652; metastasis, 0.1830;
and HCC, 0.7138. It appeared to be possible to differentiate the three diseases with 84.4 percent
accuracy.
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Hospital between May 1988 and April 1992. The study included
62 men and 21 women aged 36-83 (mean, 58.0) years old. The
124 lesions evaluated included 31 cavernous hemangiomas in 20
patients, 32 metastases in 16 patients, 61 HCCs in 47 patients.
The primary cancers of origin for the metastatic lesions included

The rapid progress of various imaging methods;
ultrasonography (US), computed tomography (CT) and
magnetic resonance imaging (MRI), has made possible
relatively accurate diagnoses of focal hepatic lesions (1-

10). Unfortunately equivocal cases continue to challenge
the accuracy of these noninvasive techniques.

The purpose of this study was to assess the accuracy
of differentiation among hepatocellular carcinoma (HCC),
metastasis and cavernous hemangioma by using a
multivariate analysis (Hayashi’s quantification scaling type
II) of several findings observed in MRI.

Materials and Methods

The MR images of 83 patients with focal hepatic lesions were
examined retrospectively at Iwakuni National Hospital and Kousei

* To whom correspondence should be addressed.

colorectal (13 lesions), gallbladder (5 lesions), stomach (4 lesions),
kidney (3 lesions), pancreas (2 lesions). Five lesions had metas-
tatic adenocarcinoma of unknown origin.

The diagnostic confirmation of individual lesions was made
histopathologically in 5 cases and angiographically in 26 cases for
cavernous hemangiomas, and histopathologically in all cases for
metastases and HCCs.

Tumors smaller than 1cm in diameter and tumors larger than
6 cm in diameter were excluded, and a maximum of five lesions per
patient (the largest lesions) were evaluated.

MR imaging was performed with a superconducting unit
(Resona; Yokogawa Medical Systems, Tokyo) operating at 0.5
Tesla. The matrix was 224 X 160. A spin echo (SE) pulse
sequence was employed, with a repetition time (TR) of 450-760
msec and an echo time (TE) of 15-21msec with four excitations
(TR/TE = 450-760/15-21) for T,-weighted images and SE 1700
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-2050/80-100 with two excitations for T,-weighted images.
Multiple simultaneous sections were obtained in the transaxial plane
in all patients. The section thickness was 10mm, with 2mm
intersection gaps.

Each focal hepatic lesion was assessed for shape, internal
architecture and signal intensity relative to normal liver parenchyma
on T,-weighted and T.-weighted images on the basis of visual
inspection. Shape was designated as smooth or irregular (6). A
tumor capsule was demonstrated as a thin circumferential rim,
hypointense relative to adjunct liver on T,-weighted images (8).

In comparison with the normal liver parenchyma on the
T,-weighted images, a peritumor halo sign appeared as thick and
hyperintense circumferential rim. In contrast to the halo sign, a
target sign appeared as markedly hyperintense central zone of the
tumor. Lesions were classified as homogeneous when they were of
uniform signal intensity throughout (3). In addition, lesions were
classified as markedly hyperintense on T,-weighted images if they
had signal intensities equal to or greater than that of bile within the
gallbladder or that of cerebrospinal fluid (3).

MR images obtained at soft-tissue windows and levels were
independently reviewed by two of the authors (M. F., 1. S.). All
interpretations were made without knowledge of the histologic type
of the lesions. When the interpretations differed, a consensus was
achieved after both interpreters had reviewed the images together.

Initially, each factor was evaluated for its value in
differentiating three diseases on a univariate basis by means of the
x-square analysis.

We conducted the evaluation of a multivariate analysis with
several variables from the univariate analysis by means of statistical
software HALBAU (High-quality Analysis Library for Business
and Academic Users).

In this multivariate analysis, the three types of diseases are
defined as criterion variables and the factors used for the analysis
such as lesion shape, internal architecture, and signal intensity
characteristics are defined as explanatory variables.

Results

The contingency table between each factor and the
diseases is shown in Table 1. When any frequency in the
table was 5 or less, Fisher's test was adopted. The
distribution of the size was not statistically significant in
the three diseases. Except one metastatic lesion, all cav-
ernous hemangiomas and metastases larger than lcm
were detectable under the already described condition.
However, HCC could not be imaged with statistical
significance by the y-square analysis at a 0.01 level. The
metastases were irregular in shape, but irregular shape
did not occur in the other two diseases with statistical
significance by the y-square analysis at a 0.01 level. A
tumor capsule was demonstrated in HCC, but not in the
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other two diseases. Halo or target signs appeared in
metastases frequently, and they could be observed in 3.3
percent of HCCs. Metastases appeared homogeneously
hypointense on T,-weighted images signiftcantly compar-
ed with HCCs. Cavernous hemangiomas and metastases
never showed a hyperintense focus on T)-weighted

Table 1 Correlation between various factors and three different hepatic
lesions
Number of lesions
Factor Cavern.ous Metastasis Hepatf)cellular
hemangioma carcinoma
n=231) n=232) (n =61)
Size? (cm)
1~2 11 11 19
21~4 15 16 35
4.1~6 5 5 7
Can be imaged by MRI
Yes 31 31 47
No 0 1 14
ek —
Shape®
Smooth 10 2 19
Irregular 21 29 28
SN |} S S —
Tumor capsule®
No 31 31 26
Yes 0 0 21
* ._,
Halo/Target sign?
No 31 20 59
Yes 0 12 2
\ * 1 % |
Homogeneously hypointense on
T,-weighted images
Yes 21 28 6
No 10 4 55
S
Hyperintense focus on
T,-weighted images
No 31 32 36
Yes 0 0 25
> S—
Markedly hyperintense on
T,-weighted images
Yes 23 1 1
No 8 31 60
* _’

5k
*k

a: The major axis was measured. b: The cases undetectable on T)-weighted
images or on T,-weighted images were excluded. ¢: The presence of tumor
capsule was estimated on T;-weighted images and undetectable cases were
excluded. d: The presence of halo or target sign was estimated on T,-
weighted images. Statistical significance was determined by x-square test or
Fisher’s test. *%: p <0.01; *%: p <0.05.
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images, in strong contrast with HCCs.  Cavernous
hemangiomas appeared markedly hyperintense on T,-
weighted images in 23 of 31 lesions; however, one
metastasis and one HCC showed the similar images.
Further analysis was undertaken by selecting several
combinations of MRI findings in order to determine their
feasibility for clinical diagnosis. The explanatory variables
included in the Hayashi’s quantification scaling type II
were as follows; size, shape, whether it was homo-
geneously hypointense on T,-weighted images or not, and
whether it was markedly hyperintense on T,-weighted
images. Because other factors had a frequency zero in the
x-square table, they could not be used. The discriminant
score is expressed by the sum of the four corresponding
discriminant coefficients. The discriminant coefficients are
determined to maximize the distance of the mean dis-
criminant scores of each criterion variable. All the
discriminant scores are shown in Fig. 1. Each case was
diagnosed as the disease for which the mean discriminant
score was most approximate to the calculated discriminant
score. The agreement rate of the real disease to the
diagnosis obtained by means of this analysis, or the
discrimination success rate was 84.4 percent, while the
rates for cavernous hemangioma, metastasis and HCC
were 80.6, 87.5 and 88.5 percent, respectively.

Discussion

Recent articles have described the usefulness of he-
patic MRI for distinguishing cavernous hemangiomas
from metastases (1, 2, 6, 9) or cavernous hemangiomas
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Scatter plot of discriminant score for cavernous hemangioma, metastasis and hepatocellular carcinoma

from HCCs (5) either on the basis of visual appearance (2,
6) or by the use of T, and T, values (1, 2, 5, 6).
However, there was significant overlap among the three
diseases even when qualitative and quantitative criteria
were used. For example, a typical cavernous heman-
gioma shows as markedly hyperintense on T.-weighted
images (11). Nevertheless, it is generally known that the
characteristic appearance of cavernous hemangiomas
includes hypervascular endocrine tumors, sarcomas,
uterine carcinoma (2), pancreatic adenocarcinoma (6) etc.
In this study, no significant difference was shown
between the hypervascular tumor and hypovascular one.
Moreover, one metastasis and one HCC had these typical
images, and consequently it is difficult to differentiate
them completely by looking only at MRI findings (11, 12).
However, cavernous hemangiomas larger than 1cm show
as hyperintense, sometimes markedly, on T,-weighted
images, and it is thought that MRI is suitable for detect-
ing them (11, 13-15). On the other hand, the detection
rate of HCC is significantly inferior to that of the other
two diseases. Accordingly, even if a lesion is revealed by
means of US or CT and it is impossible to detect by MRI,
it should be emphasized that it can be HCC.
Irregular-shaped lesions exist more often in metastases
than in the other two diseases. This information is useful
for distinguishing them except large cavernous heman-
giomas, Because in the case of large cavernous heman-
gioma, tumors may undergo thrombosis and form central
scars, causing them to have lobulated contours and a
nonhomogenous internal signal intesity (14, 16, 17).
Though halo or target signs are said to be specific to
metastases (9), in this study a halo sign was also seen in
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HCC. This suggests that it is necessary to differentiate
them with reference to labolatory data, past history and
ultrasonographic or CT findings.

In this study the presence of a hyperintense focus on
T,-weighted images was characteristic to HCC. It should
be noted that metastasis with subacute hematoma may
also present the same kind of image. Although the
presence of a tumor capsule in an HCC lesion seems to
result in a specific finding in MRI (4, 8, 14), slow-growing
metastasis may also have a capsular structure.

We encountered several equivocal cases when we
focused on singular MRI findings. However, by using a
multivariate analysis of several MRI findings, we were
able to differentiate the three diseases with more than an
80-percent accuracy which would obviate angiography or
biopsy for cavernous hemangiomas detected by
noninvasive diagnostic methods.

It was believed that Hayashi’s quantification scaling
type II should be applied to a clinical study like this one.
However, in an HCC lesion, the shape, internal architec-
ture and signal intensity of the tumor may change as
tumor size increases. It was, therefore, concluded that
more cases should be studied, and in order to improve the
accuracy of the diagnoses, the criterion variables should
be more strictly selected.
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