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Efficiency of MR imaging in the detection of
malignant liver lesions
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PURPOSE

To evaluate the efficacy of preoperative magnetic
resonance (MR) imaging in the detection of malig-
nant liver neoplasms.

MATERIALS AND METHODS

MR images of 23 patients who had undergone hepatic
resection or liver transplantation in the last two years
were evaluated retrospectively. All MR imaging studies
were performed with a 1.5 T magnet using a phased-ar-
ray multi-coil. The MR imaging protocol was comprised
of fat-suppressed T2-weighted TSE imaging, GRE with
and without fat-suppressed T1-weighted imaging, and
gadolinium-enhanced multiphasic dynamic GRE imag-
ing. Images were reviewed on a PACS workstation by
two independent abdominal radiologists. The image
review was conducted on a lesion-by-lesion as well as
segment-by-segment basis. MR imaging findings were
compared with the results of pathology studies and in-
traoperative ultrasound examinations. Sensitivity, spe-
cificity, and positive predictive value (PPV) of MR imag-
ing and interobserver variation were evaluated.

RESULTS

A total of 59 malignant liver lesions in 23 patients were
identified by pathology studies and intraoperative
sonographic examinations. Sensitivity and PPV of MR
imaging on a lesion-by-lesion analysis were 68-86%
and 85-89%, respectively; kappa=0.175 and agree-
ment was 65.8% in these analyses. Sensitivity of MR
images for small (< 1cm) lesions was 13-67% and for
large (> 3 cm) lesions it was 100%. In segment-by-seg-
ment analysis, sensitivity and specificity of MR images
were 87-95% and 97-98%, respectively; kappa=0.207
and agreement was 76.1%. Sensitivity and PPV of MR
imaging in the detection of hepatocellular carcinoma
were 46-85% and 55-73%, respectively.

CONCLUSION

Although MR imaging is generally a highly accurate
method for the diagnosis of malignant liver tumors,
it has some difficulty in detecting small lesions and
hepatocellular carcinoma in cirrhotic livers.
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recently become more important because of the increase in alter-

native treatment modalities for liver tumors and the expanded
indications for hepatic resections in metastatic liver lesions. Cross-sec-
tional imaging methods are usually performed for detecting the number
of liver lesions and their segmental location. Magnetic resonance (MR)
imaging has been performed in many studies for this aim, yet compari-
sons between the older technologies and MR sequences were done in
those studies (1-7). The aim of the present study was to examine the ef-
ficiency of MR imaging using current standard protocols for diagnosing
malignant liver lesions.

Preoperative radiological diagnosis of malignant liver lesions has

Materials and methods
Patients

We retrospectively evaluated the preoperative MR images of 23 pa-
tients who have undergone transplantation for cirrhotic livers or had
undergone hepatic resection for primary or secondary malignant he-
patic tumors between May 2002 and April 2004. The study group in-
cluded 16 males and 7 females, with an average age of 58 years (range,
39-81 years). Ten patients had metastases of colorectal cancer, 6 had
cirrhosis and/or hepatocellular carcinoma, 3 had metastases of breast
cancer, 1 had metastasis of gastric cancer, 1 had peripheral cholangi-
ocellular carcinoma, 1 had metastasis of neuroendocrine carcinoma,
and 1 had hepatocellular carcinoma occurring in a non-cirrhotic liver.
Twenty patients underwent hepatic resections and 3 underwent trans-
plantations. The average time between MR imaging and surgery was 24
days (range, 3-62 days).

Technique

All patients were examined with a 1.5 T MR imaging scanner with
a surface body coil. MR imaging examinations included the following
sequences: TSE fat-saturated T2-weighted (TR/effective TE/ETL, 1600/70/
24; 256x256 matrix; 2 NEX; slice thickness, 8 mm); GRE in-phase and
out-of-phase T1-weighted (TR/TE/FA, 266/4.6-6.9/80° 192x256 matrix;
1 NEX; slice thickness, 7 mm); post-contrast agent injection, multiphase
GRE fat-saturated T1-weighted (TR/TE/FA: 136/6.9/70°; 256x256 matrix;
1 NEX) transverse images. Additionally, superparamagnetic iron oxide
(SPIO) images were obtained from 9 patients.

Assessment

Two radiologists (F.O., M.S.) experienced in abdominal imaging independ-
ently conducted the radiological evaluations using PACS (picture archiving
and communication system) monitors. The number, size, and segmental loca-
tion of malignant liver lesions were identified using all sequences together.
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Figure 1. a-d. Metastases of neuroendocrine carcinoma. Transverse fat-saturated TSE T2-
weighted MR images (a, b) show two moderately hyperintense lesions in hepatic segments
5 and 6 (arrows). On transverse post-contrast fat-saturated T1-weighted images taken in the
arterial phase (c, d), diffuse, homogenous contrast enhancement of the lesions is seen.

Table 1. Results of the lesion-by-lesion analysis

TP FN FP Sensitivity PPV
Observer 12 51 8 6 86 89
Observer 22 40 19 7 68 85

a Kappa: 0.175, consistency: 65.8%
TP: true positive, FN: false negative, FP: false positive, PPV: positive predictive value

Table 2. Analysis of two observers based on the size of the lesions

Lesion size Sensitivity (Observer 1) (%) Sensitivity (Observer 2) (%)
<1 cm 67 13
1-3cm 93 85
>3 cm 100 100
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Histopathology and intraoperative
ultrasonography in 10 patients, and
MR imaging follow-up (at least a 6-
month interval) were accepted as the
gold standard. Experienced radiolo-
gists performed intraoperative sonog-
raphy with a wide-band L5-12 MHz
probe.

Two kinds of evaluation were per-
formed: lesion-by-lesion and segment-
by-segment analyses. In lesion-by-lesion
analysis, true positive, false positive, and
false negative numbers of lesions were
determined, as well as sensitivity and
positive predictive value (PPV). In seg-
ment-by-segment analysis, the number
of hepatic segments containing at least
one lesion and containing no lesion
was determined; sensitivity, specificity,
and PPV and negative predictive value
(NPV) were calculated. Kappa test was
used for determining the correlation be-
tween the two observers.

Results

Histopathological and intraopera-
tive US results identified a total of
59 malignant lesions in 20 of the 23
patients. There were no malignant le-
sions in 3 patients. Fifteen (25%) le-
sions were <1 cm, 40 (68%) were 1-3
cm, and 4 (7%) were >3 cm in size. Of
the 59 lesions, 30 were metastases of
colorectal carcinoma, 13 were hepato-
cellular carcinoma (HCC) (Figure 1), 6
were peripheral cholangiocellular car-
cinoma, 4 were metastases of gastric
carcinoma, 4 were metastases of breast
cancers, and 2 were metastases of neu-
roendocrine carcinoma (Figure 2).

The results of lesion-by-lesion anal-
ysis are shown in Tables 1 and 2. The
sensitivity of MR imaging was 68-86%
in lesion-by-lesion analysis; PPV was
85-89%. Kappa value was 0.175 and
consistency was 65.8% in this analy-
sis. In segment-by-segment analysis,
184 segments in 23 patients were ex-
amined. The number of segments con-
taining at least one lesion was 39, and
145 contained no lesions. The results
of segment-by-segment analysis are
provided in Table 3. The sensitivity
of MR imaging was 87-95% and spe-
cificity was 97-98%; kappa value was
0.207 and consistency was 76% in this
analysis.

There were 8 lesions that were not
detected by the evaluators. Of the 19
false negative lesions, 13 were <1 cm
in size (10 metastases, 3 HCCs) and 6
were 1-3 cm (4 HCCs, 2 metastases).
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Figure 2. a, b. Metastases of breast cancer. Transverse fat-saturated TSE T2-weighted MR image (a) shows hyperintense metastatic nodules in
hepatic segments 7 and 8. T2-weighted MR image after the administration of SPIO (b) reveals no difference in the number of lesions. Because
the lesions did not enhance, they became more discernible from the parenchyma.

Pathological examinations revealed
that, 46 of the 59 lesions were non-
HCC tumors and 13 were HCCs. In
determining non-HCC tumors, sen-
sitivity of MR imaging was 74-87%
and PPV was 94-95%. In determining
HCC:s, sensitivity was 46-85% and PPV
was 55-73%.

In lesion-by-lesion analysis of the 9
patients in whom SPIO images were
obtained, sensitivity of the two ob-
servers before SPIO was 81%, PPV was
81-100%; following SPIO, sensitivity
was 94% and PPV was 83-100% (Fig-
ure 3).

Discussion

Determining the true number of le-
sions in liver tumors is very important
for preoperative staging and planning
of treatment. Currently, hepatic resec-
tion is in widespread use for limited me-
tastases of colorectal, gastric, gall blad-
der, and breast carcinoma. Surgery or
percutaneous treatment is performed in
HCC due to the number of lesions and
their locations. Computed tomography
arterial portography (CTAP) has been

the most sensitive (80-97%) method in
recent years for detecting liver lesions
(8-10). However, because it is invasive
and has a high rate of false positivity,
nowadays, other non-invasive meth-
ods are being used (7, 11, 12). Although
MR imaging has high soft tissue resolu-
tion, conventional sequences have lim-
itations in abdominal imaging. Images
with high spatial and contrast resolu-
tion, and no artifacts, may be achieved
by using fast T2- and T1-weighted se-
quences, fat saturation methods, and
thin slice thickness (13). Specific and
nonspecific contrast agents used in MR
imaging of the liver increase accuracy
(1-3, 5-7, 14, 15). It is seen that in most
MR imaging studies performed for de-
tecting lesions of the liver, sequences
and contrast agents are compared to
each other (3-7). In the present study,
we evaluated the efficiency of MR imag-
ing in detecting malignant liver lesions
using current standard MR imaging pro-
tocol, and all sequences and dynamic
imaging techniques with contrast agent
together.

Table 3. Results of the segment-by-segment analysis

Sensitivity Specificity Accuracy PPV NPV
Observer 12 95 98 97 93 99
Observer 22 87 97 95 87 97

a Kappa: 0.207, consistency: 76.1%

PPV: positive predictive value, NPV: negative predictive value
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In this report, MR imaging sensitiv-
ity for small lesions (<1 cm) was 13-
67%, while for large lesions (>3 cm)
it was 100% for both observers. Mat-
suo et al. reported the sensitivity in
dynamic MR imaging with contrast
agent in lesions <1 cm as 55%, for le-
sions 1-2 cm as 85%, and for lesions
>2 cm as 100% (16).

Because hepatic resection is per-
formed according to segments, most
of the lesions are detected with seg-
ment-by-segment analysis in most
studies (7, 11, 12, 16). In our report,
the sensitivity of MR imaging was 87-
95% in the segment-by-segment anal-
ysis, which was higher than the results
of lesion-by-lesion analysis (68-86%).
The reason for this is that in the seg-
ment-by-segment analysis failure to
observe one of the lesions in the same
segment did not affect the result.

In a study that detected malignant
hepatic lesions with segment-by-seg-
ment analysis, the sensitivity of MR
imaging, with and without contrast
agent, was 82% and the specificity
was 92% (11). In the present report,
the sensitivity of MR imaging with
SPIO was 86% and the specificity was
95%. In another comparative study, it
is reported that the sensitivity of MR
imaging, with and without contrast
agent, for detecting malignant lesions
is higher than the imaging using SPIO
(16). The superiority of dynamic MR
imaging to SPIO in detecting HCC le-
sions in cirrhotic patients is empha-
sized. In cirrhotic patients, due to the
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Figure 3. a-c. Hepatocellular carcinoma occurring in a cirrhotic liver. Transverse fat-saturated TSE T2-weighted MR image (a) shows no visible

lesion. Two hyperintense lesions in the subdiaphragmatic area (arrows) show hypovascular nature in the arterial phase on both the T1-weighted
MR image without contrast agent (b) and the subtraction image (c) performed for detecting the vascularity of these hyperintense lesions. These
two lesions were diagnosed as dysplastic nodules by both radiologists.

functional liver disorder, uptake of
SPIO is low and so it reduces the liver-
lesion contrast difference. Additionally,
well-differentiated HCCs may uptake
SPIO as well (17). Kwak et al. reported
that using dynamic MR imaging and
SPIO together is a superior method for
detecting HCCs preoperatively (12). In
our study, SPIO was used in 9 patients
in addition to dynamic MR imaging
examination and the sensitivity was
94%. In the same 9 patients, sensitivity
was 81% without using SPIO. Although
this result was higher than the result of
the evaluation of all the patients, 9 pa-
tients represent too small a number for
statistical significance.

Krinsky et al. reported the sensitivity
of dynamic MR imaging in detecting
HCC lesions in cirrhotic patients who
underwent transplantation as 55%
(18). These results are less than the
results of non-HCC lesions. This may
be due to the difficulty in detecting le-
sions <1 cm or hypovascular lesions.
Because the 3 HCC lesions in our study
(1-3 cm in size) were isointense in T2-
weighted sequences and hypovascular
in dynamic imaging, they were accept-
ed as dysplastic nodules. The reduced
values of PPV may be explained with
the high false positive ratios in this
patient group. Due to parenchymal
distortion and heterogeneity in cir-
rhotic patients, gross fibrotic foci may
be detected as HCC. Moreover, due to
hypervascularity, parenchymal arte-
rioportal shunts, and some dysplastic

nodules may not be distinguishable
from HCC (12, 18).

One of the limitations of our study
is that because it was retrospective the
time period between MR imaging and
surgery was long. This may have caused
errors, especially in detecting small le-
sions. Although the images were evalu-
ated by two radiologists who are experi-
enced in abdominal imaging, the corre-
lation between each of their evaluations
was low (kappa, 0.175 and 0.207). As the
identities of the patients, and surgical
and pathological information were kept
confidential, the cause of the low cor-
relation between the two observers may
have been due to differences in their
experience. As exemplified in the litera-
ture, the observers may be chosen from
outside the clinic for reducing the bias.

In conclusion, MR imaging is highly
accurate in detecting malignant liver
lesions, although it has some difficulty
in detecting small lesions, especially
<1 cm, and HCC in cirrhotic patients.
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