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Objective: To compare the diagnostic performance of gadoxetic acid-enhanced magnetic resonance (MR) imaging with that
of triple-phase multidetector-row computed tomography (MDCT) in the detection of liver metastasis.

Materials and Methods: Our institutional review board approved this retrospective study and waived informed consent. The
study population consisted of 51 patients with hepatic metastases and 62 patients with benign hepatic lesions, who
underwent triple-phase MDCT and gadoxetic acid-enhanced MRI within one month. Two radiologists independently and
randomly reviewed MDCT and MRI images regarding the presence and probability of liver metastasis. In order to determine
additional value of hepatobiliary-phase (HBP), the dynamic-MRI set alone and combined dynamic-and-HBP set were
evaluated, respectively. The standard of reference was a combination of pathology diagnosis and follow-up imaging. For
each reader, diagnostic accuracy was compared using the jackknife alternative free-response receiver-operating-
characteristic (JAFROC).

Results: For both readers, average JAFROC figure-of-merit (FOM) was significantly higher on the MR image sets than on the
MDCT images: average FOM was 0.582 on the MDCT, 0.788 on the dynamic-MRI set and 0.847 on the combined HBP set,
respectively (p < 0.0001). The differences were more prominent for small (< 1 cm) lesions: average FOM values were 0.433
on MDCT, 0.711 on the dynamic-MRI set and 0.828 on the combined HBP set, respectively (p < 0.0001). Sensitivity
increased significantly with the addition of HBP in gadoxetic acid-enhanced MR imaging (p < 0.0001).

Conclusion: Gadoxetic acid-enhanced MRI shows a better performance than triple-phase MDCT for the detection of hepatic
metastasis, especially for small (< 1 cm) lesions.
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to prolong patient survival (2). Imaging-guided interstitial
therapies, including cryoablation, laser photo-coagulation,
radiofrequency and microwave ablation and percutaneous
ethanol injection, are currently evolving and may assume
a curative or adjunctive role to other treatments. The
success of such therapies depends on accurate imaging

of liver neoplasms (3). Until now, both multidetector-row
computed tomography (MDCT) and magnetic resonance (MR)
imaging have been regarded as reliable imaging modalities
for the diagnostic work-up of the liver. However, detection
and characterization of small hepatic metastases continue
to present diagnostic challenges. Differentiating small
metastases and other incidental benign lesions, such as
small cysts, hemangiomas, focal nodular hyperplasia and
adenoma, is not always easy.

Gadoxetic acid (Primovist, Bayer Healthcare, Berlin,
Germany) is a liver-specific MR contrast agent that has both
dynamic and hepatocyte-specific properties (4-7). Gadoxetic
acid (Gd-EOB-DTPA) contains an additional lipophilic
chemical group that causes its uptake into hepatocytes
followed by subsequent biliary excretion of approximately
50% in patients with normal renal and hepatic function
(8). Once taken up by hepatocytes, gadoxetic acid
enhances the hepatic parenchyma, whereas lesions with
few or no hepatocytes such as cysts, metastases and most
hepatocellular carcinomas remain unenhanced (1, 9, 10).
Using these properties of gadoxetic acid and the excellent
spatial resolution of the three-dimensional, gradient-echo
(3D GRE) sequence, gadoxetic acid-enhanced MRI may
facilitate both the accurate detection and characterization
of hepatocellular lesions, including hepatic metastases
(1, 11-15). The use of gadoxetic acid in liver imaging has
recently become popular with the promising results seen
in recent studies evaluating focal liver lesions, especially
the small lesions (12, 16). Nevertheless, the most clinically
relevant problem when using gadoxetic acid for metastasis
workup may not only be the ability to detect small lesions
and but also to characterize them correctly, due to the
difficulty in differentiating small hemangioma or small,
benign, non-hepatocellular lesions from small metastases
(17-21).

Therefore, the purpose of our study was to compare
the diagnostic performance of gadoxetic acid-enhanced
MR imaging with triple-phase MDCT for the detection of
liver metastasis and to determine whether the addition of
hepatobiliary phase (HBP) imaging to dynamic imaging can
be helpful for the evaluation of liver metastases.
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MATERIALS AND METHODS

Patient Population

This study was approved by the Institutional Review
Board of Seoul National University Hospital and written
informed consent was waived for all patients for the
retrospective study. Between May 2008 and February
2009, 343 patients underwent gadoxetic-enhanced MRI
for suspected liver metastasis. Among these patients, 199
were excluded for the following reasons: 1) there was no
triple-phase, contrast-enhanced liver CT performed within
one month before or after gadoxetic acid-enhanced MRI;
or 2) there was insufficient proof of lesion etiology by
either histopathology or surveillance. Of the remaining
144 patients, 80 had suspected liver metastasis seen on
CT or MR imaging, while in 64 patients benign hepatic
lesions were detected on both CT and MR imaging. Among
the 80 patients with suspected liver metastasis, 29 were
excluded from the study for the following reasons: they
were undergoing or had undergone chemotherapy (n = 10);
radiofrequency ablation was performed before pathologic
confirmation (n = 9); there were more than 10 lesions
in a single patient (n = 8); and CT or MR images were
unavailable (n = 2). Meanwhile, among the 64 patients with
suspected benign hepatic lesions, two were excluded from
this study because liver metastases were newly observed at
other locations on the follow-up images. Ultimately, 113
patients (patients with liver metastasis, n = 51; patients
without liver metastasis, n = 62) were included in the final
study group. Our study population consisted of 72 males
and 41 females (M : F = 1.8 : 1) with age range of 30-86
years (mean age and SD, 62.7 + 10.4 years). Flow chart
for the enrollment of the study population is presented in
Figure 1.

Standard of Reference

The study coordinators with twenty, five and four years
of clinical experience in abdominal radiology, respectively,
decided in consensus regarding the presence or absence
of hepatic metastasis, based on contrast-enhanced CT,
US, gadoxetic acid-enhanced MR, follow-up US, CT, MR
imaging and pathologic reports regarding the surgical
or biopsy specimens. The proof of malignancy was based
on either histopathology or imaging surveillance. During
this review, 137 liver metastases were identified in 51
patients on the basis of: 1) surgery (n = 63 in 24 patients);
2) needle biopsy (n = 14 in 11 patients); or 3) tumor
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Eligible patients (n = 343)
Primovist MR for evaluation of hepatic metastasis

Excluded patients (n = 199)
-No triple-phase contrast-enhanced liver

CT within 1 month
-No pathologic confirmation or F/U imaging

A4

A4

Patients with suspected
benign FLLs (n = 64)

Patients with suspected
malignant FLLs (n = 80)

Excluded patients (n = 2)
-Metastasis on F/U exam (n = 2)

A

Excluded patients (n = 29)
-RFA before pathologic confirm (n = 9)
» -More than 10 liver metastases (n = 8)
-Ongoing chemoTx (n = 10)
-Unavailable image (n = 2)

A\

Patients without
metastasis (n = 62)

metastasis (n = 51)

Patients with

Fig. 1. Flow chart of inclusion criteria. Patients with and without liver metastasis were enrolled in evaluation of detectability of liver
metastasis. RFA = radiofrequency ablation, FLL = focal liver lesion, F/U = follow-up

growth observed on follow-up, cross-sectional imaging

(n =60 in 20 patients). Considering the possibility of
concealed metastatic lesions, entire liver was screened with
intraoperative ultrasonography during the surgery in our
study population. Furthermore, all patients who underwent
surgery or biopsy were followed-up with contrast-enhanced
CT scan for minimum 6 months, and there was no additional
recurrence. Without histopathology, liver metastasis was
confirmed when: 1) the lesion showed the typical imaging
findings of metastasis (1, 22-24) on at least two imaging
modalities; and 2) interval growth in the longest axial
diameter of at least 20%, as seen on follow-up imaging.
The mean follow-up interval was 8.3 + 5.0 months (range:
4-24 months). For benign lesions, exclusion of interval
growth seen on follow-up imaging was a prerequisite. Sixty-
two patients who had no hepatic metastasis were confirmed
absence of hepatic metastases on follow-up imaging
studies, performed at least six months following the initial
MR imaging (25).

Imaging Protocol
CT Protocol

Contrast-enhanced, triple-phase, helical CT exams were
performed in our institution on a 4-MDCT scanner (Mx
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8000, Philips Medical Systems, Cleveland, OH, USA) in

18 patients, on a 16-MDCT scanner (LightSpeed Ultra, GE
Healthcare, Milwaukee, WI, USA and Sensation 16, Siemens,
Forchheim, Germany) in 28 patients, on a 64-MDCT scanner
(Brilliance 64, Philips Healthcare, Cleveland, OH, USA) in
45 patients and on a dual-source CT (Somatom Definition,
Siemens, Forchheim, Germany) scanning in the single-
energy mode in 13 patients. Nine patients were scanned at
an outside hospital on MDCT scanners. At our institution,
the scanning parameters were 120 kVp, 189-200 mAs, 5-mm
slice thickness with an increment (overlap) of 2.5 mm,
table speed of 18.75-26.75 mm/rotation (pitch, 0.828-
1.07) and a single-breath-hold helical acquisition of 5-8
seconds, depending on the liver size. The images were
obtained in the craniocaudal direction. A total of 1.5 mL/kg
of 370 mgI/mL of the nonionic contrast material, iopromide
(Ultravist 370; Schering, Berlin, Germany), was injected
into an antecubital vein at a rate of 2.0-4.0 mL/sec using a
power injector (Stellent Dual; MEDRAD Inc., Warrendale, PA,
USA). The arterial phase imaging was performed 19 seconds
after attaining 100 HU attenuation of the descending aorta,
as measured using a bolus tracking technique. A 33-second
delay after the arterial phase was obtained for the portal
venous phase (PVP) acquisition (approximately a 70-second
delay after contrast injection). The reconstructed section
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thickness was equal to or less than 5 mm.

MRI Protocol

MRI was performed on a 3T General Electric scanner
(Signa Excite HD, GE Healthcare, Milwaukee, WI, USA) and
using an 8-element, torso phased array coil (26, 27). All MR
images were obtained in the axial plane. A rectangular field
of view of 320 to 350 mm was adjusted for each patient’s
body size and was held constant for all sequences. Baseline
MR images were composed of a respiratory-triggered, T2-
weighted, rapid-acquisition, relaxation-enhanced (RARE;
fast spin-echo) sequence, a half-Fourier acquisition, RARE
sequence (single-shot fast spin-echo) and a breath-hold,
T1-weighted, GRE sequence. Dynamic imaging including
arterial phase, PVP and delayed phase, as well as HBP
imaging, was performed using the same fat-suppressed
three-dimensional GRE sequence (liver acquisition with
volume acceleration [LAVA]; GE Medical Systems, Milwaukee,
WI, USA) after administration of gadoxetic acid. The
parameters of each pulse sequence are summarized in Table
1. After unenhanced imaging, all patients received a rapid
bolus of 10-mL gadoxetic acid (Primovist, Bayer Schering
Pharma AG, Berlin, Germany) at a rate of 1.5 mL/s, followed
immediately by a 20-mL saline flush through an antecubital
venous catheter, using a power injector. Scanning delay
times were determined using real-time MRI fluoroscopic
monitoring following contrast administration (Carebous
[Siemens] or SmartPrep [GE Medical Systems]). Hepatic AP
images were obtained 7 seconds after contrast arrived at
the distal thoracic aorta. Subsequent PVP, delayed-phase
and HBP images were obtained at 60 seconds, 3 minutes
and 20 minutes, respectively, after beginning the contrast-
medium injection. Acquisition of 3D-LAVA data for each
phase was finished during a single breath-hold at the end
of expiration (time range, 18-22 seconds; mean time, 21
seconds) (26, 27).

Image Interpretation and Analysis

Image interpretation was conducted to evaluate
diagnostic performance of CT and MR imaging for depicting
liver metastasis. All interpretations were performed
independently by two radiologists (with 13 and 10 years,
respectively, of clinical experience in abdominal radiology).
The radiologists were blinded to the patients’ clinical
histories and final diagnoses. All interpretations were
performed using a commercially available viewer system or
picture archiving and communication system (Maroview,
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Table 1. Parameters of MRI

Fat Suppression

Echo Train
Length

Flip Angle
(degrees)

Repetition Time (msec)/
Echo Time (msec)

Intersection
Gap (%)

Section Thickness
(mm)

Matrix

Sequence

No

240

90

0/86.9

20

384 x 192

Breath-hold T2-weighted

single-shot FSE

ASSET, acceleration factor

of 2, signal average of 3

90

3000-7500/97.1

20

512 x 384

Respiratory-triggered
T2-weighted FSE

ASSET, acceleration factor

Not
applicable

of 2, signal average of 1

70

140/2.4, 5.8

20

512 x 192

Breath-hold T1-weighted

spoiled GRE
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ASSET, acceleration factor

Not
applicable

15

4.8 50

320 x 256

Breath-hold T1-weighted

3D LAVA

of 2, signal average of 1

4.2,1.9

three-dimentional liver acquisition with volume acceleration, ASSET = array spatial sensitivity encoding technique

= fast spin echo, GRE = gradient-echo, 3D LAVA =

FSE

Note.
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Marotech, Seoul, Korea).

Image interpretation was performed during two sessions,
i.e., triple-phase MDCT and gadoxetic acid-enhanced MRI.
More than a six-week time interval was set between the
CT and MR reading sessions in order to reduce recall bias.
All patient-related details were removed from the images,
which were then provided in a random order to enable a
patient-by-patient analysis. In the CT interpretation session,
the two readers independently recorded the presence and
probability of liver metastasis based on integration of the
precontrast, arterial-, and portal-phase images. During the
MRI interpretation, dynamic MRI set (precontrast T1-, T2-
weighted images and dynamic images) was first evaluated.
Following this evaluation, HBP images were provided for
the same patient in order to re-evaluate liver metastasis
on a combined HBP set consisting of precontrast T1-, T2-
weighted images, dynamic images and 20-minute delay
HBP images. The two readers assessed probability of liver
metastasis for each patient, on both the dynamic MRI and
combined HBP set.

For focal liver lesions, each reader recorded the size
and location of the lesions and graded the probability of
malignancy on a five-point confidence scale: 1, definitely
benign; 2, probably benign; 3, indeterminate; 4, probably
metastasis; and 5, definitely metastasis. The readers were
informed that the lesions assigned to grades 4 or 5 were
regarded as positive for metastasis. If two or more liver
metastases were considered to be present in the liver of a
single patient, the size, location and confidence score were
reported on a review-sheet so that the study coordinators
could identify the lesions pointed out by the readers in
a lesion-by-lesion analysis. If any false-positive or false-
negative results were observed in a reader’s interpretation,
the study coordinators also assessed the reason for the
misinterpretation by reviewing the CT and MR images.

Statistical Analysis

In the statistical analysis, the data of each reader
were analyzed separately in order to avoid within-reader
clustering. Jackknife FROC, especially developed to analyze
the observer free-response tasks (28-30), was used to
compare the diagnostic performance of CT and MR imaging
for depicting liver metastasis. Jackknife FROC software
(JAFRQC, version 4.1; http://www.devchakraborty.com)
(29, 31) was used to compute a figure-of-merit (FOM). The
FOM is defined as the probability that lesions, including
unmarked lesions, are rated higher than non-lesion
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marks on control liver CT or MRI (28); or in other words,
that lesions are given a higher confidence rating for the
presence of malignancy than normal findings. Both normal
images with no marks and unmarked lesions are assigned a
zero rating. To calculate the sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV)
for each modality, lesions assigned to grades 4 or 5 were
regarded as positive for the presence of liver metastasis.
The McNemar test was used to compare the sensitivity and
specificity of CT and MR imaging, whereas the Fisher exact
test was used to compare PPV and NPV. Subgroup analysis
for lesion-by-lesion analysis was also performed on lesions
equal to or less than 1 cm in diameter. In the patient-by-
patient analysis, the readers’ assessment was assumed as
positive when at least one lesion was detected in the liver.
k values were calculated to assess inter-reader variability
for detecting liver metastasis on CT and MR, respectively,
both on a per-patient and per-lesion basis. The inter-reader
agreement for the presence of metastasis was estimated

on the patient-basis, and that in the confidence scale was
calculated on the lesion-basis. A k value of 0.81-1.00 was
interpreted as excellent; 0.61-0.80, substantial agreement;
0.41-0.60, moderate agreement; 0.21-0.40, fair agreement;
and 0.00-0.20, poor agreement. All statistical analyses were
performed using a commercially available software (SPSS,
version 17.0; SPSS Inc., Chicago, IL, USA). For all studies,
a difference with a p value less than 0.05 was considered
significant.

RESULTS

Demographic Characteristics

The demographic and clinical characteristics of the benign
and metastasis groups are shown in Table 2. No significant
differences in patient age (Mann-Whitney U test, p > 0.05),
patient sex (Fisher exact test, p > 0.05) and the interval
between CT and MR examinations (Mann-Whitney U test, p
> 0.05) were seen between those patients with and without
liver metastasis.

The mean size of the liver metastasis was 11.17 + 10.47
mm (range, 3-70 mm). In 51 patients with liver metastasis,
the primary cancer sites and types included colorectal
adenocarcinoma (n = 38), stomach (n = 4), breast (n =
2), pancreas (n = 2), Ampulla of Vater (n =2), GB (n =1),
ovary (n = 1) and rectal carcinoid tumor (n = 1).

In 62 patients without liver metastasis, 100 benign
hepatic lesions were identified including cysts (n = 53),
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Table 2. Demographic and Clinical Characteristics of Patients with and without Liver Metastases

KJR

Patients without Liver Metastasis Patients with Liver Metastasis P-Value
No. of patients 62 (55%) 51 (45%)
Mean age* 63.1+11.1 62.3 +9.6 0.70'
Male-to-female ratio 38:24 34 :17 0.55¢
CT-MR interval (days)* 11.8 + 11.6 13.5 + 10.2 0.411

Note.— *Data are mean values + standard deviations, 'Calculated using Mann-Whitney U test, *Calculated using Fisher exact test.

Table 3. Diagnostic Performance for Detection of Liver Metastases: Patient-by-Patient Analysis

Statistic and Reviewer Patient-by-Patient Analysis P-Value
cT? Dynamic MRI Set” Combined HBP Set* avs. b avs.c bvs. c

Sensitivity (%)*

Reviewer 1 80.4 (41/51) 90.2 (46/51) 92.2 (47/51) 0.18 0.11 1

Reviewer 2 76.5 (39/51) 90.2 (46/51) 96.1 (49/51) 0.07 0.01 0.25
Specificity (%)*

Reviewer 1 71.0 (44/62) 90.3 (56/62) 85.5 (53/62) 0.004 0.049 0.38

Reviewer 2 72.8 (47/62) 79.0 (49/62) 80.7 (50/62) 0.75 0.58 1
PPV (%)

Reviewer 1 69.5 (41/59) 88.5 (46/52) 83.9 (47/56) 0.02 0.08 0.58

Reviewer 2 72.2 (39/54) 78.0 (46/59) 80.3 (49/61) 0.52 0.38 0.82
NPV (%)!

Reviewer 1 81.5 (44/54) 91.8 (56/61) 93.0 (53/57) 0.16 0.09 1

Reviewer 2 79.7 (47/59) 90.7 (49/54) 96.2 (50/52) 0.12 0.01 0.44

Note.— Data in parentheses are numbers used to calculate percentages. *Calculated using McNemar test, Calculated using Fisher exact
test. HBP = hepatobiliary-phase, PPV = positive predictive value, NPV = negative predictive value

unclassified benign nodules (i.e., eosinophilic infiltration)

(n = 22), hemangiomas (n = 15), pseudolesions due to
partial volume averaging or other artifacts (n = 7), focal fat
deposition (n = 1), calcification (n = 1) and air bubble (n = 1).

Detection of Liver Metastasis

In the patient-by-patient analysis, all four of the
diagnostic performance parameters (sensitivity, specificity,
PPV and NPV), were higher on the MR imaging than on
CT (Table 3). The combined HBP set revealed a higher
sensitivity and NPV than the dynamic MRI set for both
readers.

In the lesion-by-lesion analysis, both readers saw higher
JAFROC FOM values with the gadoxetic acid-enhanced
MR images, and the average JAFROC FOM was 0.582 on
CT images, 0.788 on the dynamic MRI set and 0.847 on
the combined HBP set (p < 0.0001) (Table 4, Fig. 2). The
combined HBP set had a significantly better sensitivity
(92.0% for Reader 1 and 81.8% for Reader 2), than the
dynamic MRI set (79.6% for Reader 1 and 70.8% for Reader
2, p < 0.0001) and the triple-phase MDCT images (58.4%
for Reader 1 and 45.3% for Reader 2, p < 0.0001). With the
gadoxetic acid-enhanced HBP images, seventeen additional
metastatic nodules (12.4%) by Reader 1 and fifteen nodules
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(11.0%) by Reader 2 were seen compared to the number
seen on the dynamic MRI set. All of these nodules were of
a small size (< 10 mm). The NPVs were also highest with
the combined HBP set by both Reader 1 (p < 0.0001) and
Reader 2 (p < 0.0001) among the three image sets.

Among the 237 metastatic and benign hepatic lesions,
153 (64.6%) were equal to or less 1 cm. Differences in
JAFROC FOM values and sensitivities were more prominent
for lesions equal to or smaller than 10 mm in diameter (Table
5): the average JAFROC FOM and sensitivity were 0.433
and 26.6% on CT images; 0.711 and 60.8% on the dynamic
MRI set; and 0.828 and 81.0% on the combined HBP set,
respectively (p < 0.0001).

False-Positive and False-Negative Findings

The causes of false-negative and false-positive findings
were assumed based on the retrospective review of the CT
and MR images and the pathology results and in consensus
by the two radiologists. We found that the majority of
false-negative nodules detected on CT and MRI were of
a small tumor size < 10 mm, as seen by both readers. On
the CT examination, 89.5% (51/57) of the false-negative
nodules undetected by Reader 1 and 86.7% (65/75) of the
false-negative nodules undetected by Reader 2 were of a
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Table 4. Diagnostic Performance for Detection of Liver Metastases: Lesion-by-Lesion Analysis
L. Lesion-by-Lesion Analysis: All Lesions P-Value
Statistic and Reader cT? Dynamic MRI Set” Combined HBP Set* avs. b avs.c bvs. c
JAFROC FOM*
Reader 1 0.615 (0.508, 0.723) 0.842 (0.777, 0.906) 0.902 (0.847, 0.957) < 0.0001 < 0.0001 0.05
Reader 2 0.548 (0.461, 0.635)  0.733 (0.643, 0.822)  0.792 (0.729, 0.867)  <0.0001  <0.0001  0.04
Sensitivity (%)!
Reader 1 58.4 (80/137) 79.6 (109/137) 92.0 (126/137) <0.0001 <0.0001 < 0.0001
Reader 2 45.3 (62/137) 70.8 (97/137) 81.8 (112/137) <0.0001 <0.0001 < 0.0001
Specificity (%)"
Reader 1 72.0 (72/100) 92.0 (92/100) 81.0 (81/100) 0.001 0.16 0.003
Reader 2 83.0 (83,/100) 81.0 (81,/100) 80.0 (80/100) 0.82 0.66 1
PPV (%)
Reader 1 74.1 (80/108) 93.2 (109/117) 86.9 (126/145) <0.0001 0.01 0.11
Reader 2 78.5 (62/79) 86.6 (97/116) 84.9 (112/132) 0.45 0.13 0.48
NPV (%)*
Reader 1 55.8 (72/129) 76.7 (92/120) 88.0 (81/92) 0.001  <0.0001  0.048
Reader 2 52.3 (83/158) 66.9 (81/121) 76.2 (80/105) 0.02 <0.0001  0.14

Note.— Unless otherwise specified, data in parentheses are numbers used to calculate percentages. *Numbers in parentheses are 95%

confidence interval, 'Calculated using McNemar test, *Calculated using Fisher exact test. JAFROC = jackknife alternative free-response
receiver-operating-characteristic, FOM = figure-of-merit, HBP = hepatobiliary-phase, PPV = positive predictive value, NPV = negative

predictive value

small tumor diameter (< 10 mm). On the MR images, all of
the false-negative results interpreted by the two readers
were due to a small tumor size < 10 mm, except for four
metastases. Of these four, two metastases (13 mm, 20 mm
in diameter) were not detected by either reader due to
their sub-capsular location. For the remaining two nodules,
the readers were able to identify them as two metastatic
nodules but considered them as benign nodules. One nodule
(S6, 12 mm) was considered to be probably benign (score
2); and the other nodule (S7, 16 mm) was regarded as an
indeterminate (score 3) nodule by both readers.

The mean diameter of the false-positive lesions was
12.0 + 10.3 mm. There were 28, 17 and 8 false positive
nodules seen by Reader 1 on the CT, dynamic MRI set and
combined HBP set, respectively. There were 19, 19 and 20
seen on the CT, dynamic MRI and combined HBP set by
Reader 2. On the CT images, a total of 33 hepatic nodules
were misinterpreted as metastasis: inflammatory nodules (n
= 14), hemangiomas (n = 8), cysts (n = 7), pseudolesions
due to partial volume or artifacts (n = 3) and focal fat
deposition (n = 1). On the dynamic MRI set, a total of 22
hepatic nodules were misclassified as metastatic nodules:
inflammatory nodules (n = 10), hemangiomas (n = 7), cyst
(n = 1), psuedolesions due to partial volume or artifacts (n
= 3) and an air bubble (n = 1). On the combined HBP set, a
total of 27 hepatic nodules were misclassified as metastatic
nodules: inflammatory nodules (n = 16), hemangiomas (n

900

=6), cyst (n = 1), psuedolesions due to partial volume
averaging or other artifacts (n = 3) and an air bubble (n = 1).

Inter-Reader Variability

The weighted « value for the lesion-by-lesion analysis
of liver metastasis was 0.65 (substantial agreement) for
CT imaging and 0.56-0.57 (moderate agreement) for MR
imaging for Readers 1 and 2. The weighted « value for
the patient-by-patient analysis of liver metastasis was
uniformly substantial (k value, 0.71-0.78) for both CT and
MR imaging.

DISCUSSION

According to our study, the diagnostic performance of
gadoxetic acid-enhanced dynamic and HBP MR imaging for
detecting hepatic metastasis was superior to that of triple-
phase MDCT. Higher sensitivity and NPV were achieved
with gadoxetic acid-enhanced MR imaging compared with
those obtained with triple-phase MDCT imaging. Our results
are, therefore, consistent with those of other published
reports (8, 25), which demonstrated the higher diagnostic
accuracy of gadoxetic acid-enhanced MRI than that of MDCT
for distinguishing liver metastases from colorectal cancer.
The major strength of our study over previous reports is
that we included all consecutive liver metastasis patients,
not only those limited to colorectal cancer. We also
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Fig. 2. Surgically proven liver metastasis from ascending colon cancer in 53-year-old woman.

A, B. Contrast-enhanced CT scans on arterial (A) and portal phase (B) show no definite liver metastasis. C. Respiratory-triggered, T2-weighted
FSE image reveals one metastatic lesion in gallbladder bed (arrow). D, E. Arterial (D) and equilibrium (E) phase images after administration of
gadoxetic-acid show lesion as faintly hypo-intense nodule (arrow). F. Gadoxetic-acid HBP MR image shows low-signal-intensity nodule in segment
1V of liver (arrow). FSE = fast spin echo, HBP = hepatobiliary-phase

evaluated the added value of the HBP images for detection
of liver metastasis. While our CT examinations revealed

a limitation on localizing and characterizing small, low-
attenuated hepatic nodules (such as small cysts or small,
slowly enhancing hemangiomas), the combination of T2- or
heavily T2-weighted images and dynamic and HBP images
of the gadoxetic acid-enhanced MR examination resulted in
a much more accurate lesion detection and characterization
for both of our readers (1, 32).

In our study, the combined image analysis using the
gadoxetic acid-enhanced dynamic images and HBP images
allowed for a better diagnostic performance and offered
a higher sensitivity for detecting hepatic metastases,
when compared with image interpretation solely based on
precontrast and dynamic MR imaging. The gadoxetic acid-

kjronline.org Korean J Radiol 14(6), Nov/Dec 2013

enhanced HBP images were especially useful for detecting
small hepatic metastases 1 cm in diameter or less; and
with the HBP MR images, approximately 10% of hepatic
metastases were additionally detected by both readers. Our
study results were in good agreement with a recent study
which showed better results for MR for detecting colorectal
liver metastases than those for MDCT in patients who had
the fatty liver after undergoing neoadjuvant chemotherapy
(33). The high lesion-to-liver contrast of small metastases,
as seen on HBP images of gadoxetic acid-enhanced MR
imaging using a high-resolution 3D GRE technique, may
have allowed for such successful results (4, 25, 34). The
high lesion-to-liver contrast of liver metastases seen on
HBP images were derived from a strong, homogeneous
enhancement of the liver parenchyma through the
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Table 5. Diagnostic Performance for Detection of Liver Metastases Equal to or Less than 1 cm in Diameter

Statistic and Reader Lesion-by-Lesion Analysis: Lesions < 10 mm P-Value

cT? Dynamic MRI Set® Combined HBP Set* avs.b avs.c bvs. c

JAFROC FOM*

Reader 1 0.461 (0.333, 0.589) 0.757 (0.669, 0.846) 0.878 (0.800, 0.954) < 0.0001 < 0.0001 0.01

Reader 2 0.404 (0.287, 0.521)  0.664 (0.518, 0.810)  0.777 (0.663, 0.892)  <0.0001 < 0.0001 0.007
Sensitivity (%)*

Reader 1 35.4 (28/79) 68.4 (54/79) 89.9 (71/79) <0.0001 <0.0001 <0.0001

Reader 2 17.7 (14/79) 53.2 (42/79) 72.2 (57/79) <0.0001 <0.0001 <0.0001
Specificity (%)"

Reader 1 75.7 (56/74) 91.9 (68/74) 75.7 (56/74) 0.02 1 0.002

Reader 2 90.5 (67/74) 82.4 (61/74) 79.7 (59/74) 0.18 0.06 0.5
PPV (%)

Reader 1 60.9 (28/46) 90.0 (54/60) 79.8 (71/89) 0.001 0.02 0.12

Reader 2 66.7 (14/21) 76.4 (42/55) 79.2 (57/72) 0.40 0.25 0.83
NPV (%)*

Reader 1 52.3 (56/107) 73.1 (68/93) 87.5 (56/64) 0.003 <0.0001 0.045

Reader 2 50.8 (67/132) 62.2 (61/98) 72.8 (59/81) 0.11 0.002 0.15

Note.— Unless otherwise specified, data in parentheses are numbers used to calculate percentages. *Numbers in parentheses are 95%
confidence interval, 'Calculated using McNemar test, *Calculated using Fisher exact test. JAFROC = jackknife alternative free-response
receiver-operating-characteristic, FOM = figure-of-merit, HBP = hepatobiliary-phase, PPV = positive predictive value, NPV = negative

predictive value

hepatocyte-related uptakes seen during the HBP as well
as the low degree of enhancement of those metastases
without hepatocytes (35). Although the liver parenchyma
also showed strong enhancement during the portal phase,
the metastatic nodules also showed some degree of
enhancement during the same phase, and, therefore, the
contrast between the metastases and the liver parenchyma
was less on portal phase images than on HBP images.

On the other hand, although the false positive rate
of gadoxetic acid-enhanced MRI increased slightly with
the addition of HBP, the readers still had difficulty
differentiating inflammatory nodules or atypical
hemangiomas from hepatic metastases. In our study, with
the majority of hemangiomas showing a characteristic
enhancement pattern (i.e., early peripheral nodular
enhancement with centripetal progression) following the
bolus injection of contrast material, the correct diagnosis
was easily made by the two reviewers. However, several
of the small, high-flow hepatic hemangiomas mimicked
metastasis by showing hypointensity on delayed dynamic
phase imaging, the so-called “pseudo washout sign”, on
gadoxetic acid-enhanced MRI. Such did not then allow
for a confident diagnosis of hepatic hemangioma (17).
This pseudo washout sign of hemangiomas should not be
considered a true contrast washout, such as occurs in HCC
or hypervascular metastasis. Rather it was thought to be
caused by contrast uptake in the surrounding normal liver
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parenchyma. A close check for a high-signal intensity on
heavily T2-weighted images or on high quality, diffusion-
weighted imaging (DWI) may, therefore, be helpful in

differentiating small hemangiomas from metastases (21).

In our study, the sensitivity for detecting hepatic
metastasis on CT was slightly lower than the recently
reported sensitivity of dynamic CT for detecting hepatic
metastasis. Most studies have reported a sensitivity
between 60% and 80% (32, 36-40). However, in our study,
both of the readers who performed the image analysis were
abdominal radiologists with more than 10 years of clinical
experience in abdominal imaging. Therefore, we believe
that the low CT sensitivity for hepatic metastasis may be
associated with the high proportion (64.6%) of small,
hepatic nodules (diameter of 10 mm or less) seen in our
study as well as the inherently low sensitivity of CT for
detecting such tiny liver lesions.

Our study has several limitations. First, as our patient
evaluation was retrospective, there was an unavoidable
selection bias. Second, histopathology results were not
obtained for all metastasis cases. However, as mentioned
above, the three study coordinators carefully established
the standard of reference based on the characteristic
imaging findings of metastasis as well as the interval
growth of those lesions as seen on follow-up examination.
Third, we included triple-phase MDCT images obtained using
various types of CT equipment. Despite this heterogeneity,
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we attempted to select the acceptable CT images for
evaluation of possible liver metastasis, that is, those with
adequate contrast enhancement and reconstructed section
thickness equal to or less than 5 mm. Fourth, although our
study included patients with multiple liver metastases, per-
lesion sensitivity, specificity, PPV and NPV were compared
using the McNemar test and Fisher’s exact test. As we did
not use the appropriate statistical method for correcting

a possible statistical error resulting from the clustering
effect, the results of this study may have a potential bias
from the clustering effect. Finally, we did not include the
DWI in evaluation of the diagnostic performance of MR
examination in this study. Based on some recent studies
(18, 41), which demonstrated that DWI was most valuable
for identifying small metastases, we may anticipate a more
precise localization and characterization of small hepatic
metastases when using a combined reading of DWI and
gadoxetic acid-enhanced MRI in clinical practice.

In conclusion, our study showed that gadoxetic acid-
enhanced MRI can provide a better diagnostic performance
and higher sensitivity than triple-phase MDCT for the
detection of liver metastases. Gadoxetic acid-enhanced MR
images including HBP revealed a higher sensitivity for the
detection of liver metastasis, especially for small lesions
equal to or smaller than 10 mm in diameter.
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