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Abstract

Objective: To compare the conspicuity of hepatocellular
carcinoma (HCC) on hepatobiliary phase of gadoxetate
disodium-enhanced vs. delayed phase of gadodiamide-
enhanced MR images, relative to liver function.
Methods and materials: We retrospectively identified 86
patients with newly diagnosed HCC between 2010 and 2013
and recorded the severity of liver disease by Child-Pugh class
(CPC). 38 patients had gadodiamide-enhanced 5-min
delayed and 48 had gadoxetate disodium-enhanced 20-min
delayed hepatobiliary MR images. The conspicuity of 86
HCCs (mean size, 2.7 cm) was graded visually on a 3-point
scale and quantified by liver-to-tumor contrast ratios (LTC).
The relative liver parenchymal enhancement (RPE) was
measured. For different CPCs, we compared the conspicuity
of HCC and RPE between gadodiamide and gadoxetate.
Results: In patients with CPC A, the visual conspicuity and
LTC of the 27 HCCs imaged with gadodiamide were
significantly lower than those of the 38 HCCs with gadoxetate
(P < 0.01, <0.01, respectively). RPE was lower in gadodi-
amide scans than gadoxetate scans (P < 0.01). Conversely,
in patients with CPC B and C, HCCs appeared more
frequently as definite hypointensity when imaged with
gadodiamide (72.7%, 8/11) than gadoxetate (20%, 2/10,
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P = 0.03). LTC (mean 18.1 vs. 7.5, P = 0.04) and RPE
(mean 75.5vs. 45.4, P = (.04) was significantly higher in the
gadodiamide than gadoxetate scans.

Conclusion: In patients with compromised liver function,
hypointensity of HCC is more conspicuous in the gadodi-
amide delayed phase than the gadoxetate hepatobiliary
phase. This likely reflects the high extracellular accumulation
of gadodiamide and poor hepatocyte uptake of gadoxetate in
patients with compromised liver function.
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For the diagnosis of hepatocellular carcinoma (HCC),

contrast-enhanced computed tomography (CT) and
magnetic resonance (MR) imaging are vital for tumor
detection and diagnosis [1-3]. “Washout,” which refers
to tumor hypointensity relative to liver parenchyma in
the portal venous or delayed phase using conventional
extracellular contrast material, is a key diagnostic feature
of HCC in many guidance documents [1-3]. Recent
studies on extracellular contrast agents report that
washout is better seen in the delayed phase than in the
portal venous phase, with 19-64% of HCCs exhibiting
washout only on the delayed phase images after contrast
injection [4, 5].
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Gadoxetate disodium-enhanced MR imaging is a recent
valuable addition to imaging work-up for HCC due to the
advantage of hepatobiliary phase images [6, 7]. The primary
advantage of hepatobiliary phase images is attributed to its
potential for strong enhancement of hepatic parenchyma,
which allows hypointense tumors to be seen with high con-
spicuity against the hyperintense liver parenchyma [8—13].
On gadoxetate-enhanced MR images, hypointensity of a
lesion in the hepatobiliary phase is an important sign to
differentiate HCC from arterially enhancing pseudolesions
[8, 9]. Unfortunately, the hepatic parenchymal enhancement
of gadoxetate-enhanced MR imaging may be diminished in
patients with poor hepatic function [14-17], and this poor
enhancement may reduce the visibility of HCC during the
hepatobiliary phase in such patients [18, 19].

Recent work demonstrated that the hepatic
parenchymal enhancement from extracellular CT contrast
at delayed (equilibrium) phase imaging is more pro-
nounced in patients with diffuse liver disease such as liver
cirrhosis [20, 21]. This observation reflects the increased
volume of hepatic extracellular space that is seen in diffuse
liver disease and fibrosis. The increased volume of hepatic
extracellular space results in proportionally greater
amounts of extracellular contrast material in the liver
parenchyma at the delayed (equilibrium) phase of
enhancement [20-23]. Unfortunately, the possibility that
increased extracellular contrast material in diseased livers
could result in an increased conspicuity of HCC at delayed
phase MR images has not been studied in published re-
ports. Furthermore, given the nonlinear relationship be-
tween signal intensity and contrast concentration on MR
imaging [24], the applicability of this concept to clinical
observation to MR imaging needs to be tested.

In addition, there is a paucity of publications that directly
compare the diagnostic performance between gadoxetate
and extracelluar MR contrast agents [25, 26]. Importantly,
prior comparisons of gadoxetate to extracelluar MR contrast
agents did not account for the severity of liver disease [25, 26].

Thus, the purpose of our study was to compare the con-
spicuity of HCC on hepatobiliary phase of gadoxetate dis-
odium-enhanced vs. delayed phase of extracellular contrast
(gadodiamide)-enhanced MR images relative to liver function.

Materials and methods

Our study was approved by our institutional review
board and compliant with the Health Insurance Porta-
bility and Accountability Act. Informed consent was
waived by our Institutional Review Board due to the
retrospective nature of the study.

Study subjects

We searched the electronic database of our institution
and identified 742 consecutive patients who underwent
1130 abdominal MR examinations obtained between
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January 2010 and June 2013. Among them, we retro-
spectively identified 102 patients (101 men & 1 woman;
mean age, 63 years; range 49-81 years) with MR exams
suggesting a newly developed HCC. Since our hospital is
a military institution, our patients are skewed toward
male gender. Of our initial patients, we excluded ten
patients for the following reasons which may preclude
the quantitative and visual assessment of signal intensity
of the hepatic parenchyma or HCC: (1) infiltrative HCC
(n = 3); (2) bile duct obstruction (z = 1); (3) more than
10 HCCs (n = 3); and (4) hyperintense HCCs on hepa-
tobiliary phase images (n = 3). Of the remaining 92
patients, we further excluded three patients who did not
have available relevant laboratory tests for the determi-
nation of liver disease severity within three months be-
fore or after liver MR examinations. In addition, we
excluded three patients in whom HCCs were not con-
firmed by pathology or were not consistent with our
reference standard (described below in detail). Thus, our
study population consisted of 86 patients (86 men; mean
age, 63 years; range 49-81 years) with HCCs.

Of the 86 patients, 51 patients had a single HCC and
30 patients had multiple HCCs (range of the number of
HCC: 2-9). For the 30 patients with multiple HCCs, only
the largest lesion in each patient was included for anal-
ysis to avoid clustering effects. Therefore, 86 HCCs in 86
patients were included in the analysis. The size of the 86
HCCs ranged from 1.0 to 9.1 cm (mean size + standard
deviation, SD 2.7 + 1.5 cm). One of the authors (9 years
of experience in abdominal radiology), who was not
involved in the subsequent image analysis, made a list
indicating the size and locations of the target HCCs to be
analyzed.

The diagnosis of HCC was confirmed pathologically
for 29 lesions (24 lesions by surgery and 5 lesions by
percutancous biopsy). The remaining 57 HCC lesions
were diagnosed according to the Liver Imaging Report-
ing and Data System (LI-RADS) version 2013.1 pro-
posed by the American College of Radiology [27]. LI-
RADS Category 4 or 5 lesions were classified as HCCs in
this study. The 46 of the 57 lesions were reconfirmed by
tumor recurrence or metastasis after local treatment
(n = 19), interval growth (n = 17) at least 50% in
diameter of the nodule within 6 months or 100% within
12 months in follow-up CT (n = 2) or MR (n = 16),
lipidol uptake after transarterial chemoembolization
(n = 5), and CT scans within one month of MR con-
sistent with diagnostic criteria proposed by the American
Association for the Study of Liver Diseases (n = 5) [3].

Patient characteristics

One of the authors (9 years of experience in abdominal
imaging) who was not involved in imaging analysis for
HCC, reviewed the electronic medical records and re-
corded clinical and laboratory data within 3 months
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before or after MR examinations (mean 13.2 days; range
0—69 days). These included age, gender, body weight
(kg), total bilirubin (mg/dL), albumin (g/dL), interna-
tional normalized ratio of prothrombin time (PT), crea-
tinine (mg/dL) and estimated glomerular filtration rate
(eGFR, mL/min/1.73 m?), the amount of ascites, and a
history of hepatic encephalopathy. Using the clinical and
laboratory data, the Child-Pugh class (CPC) [28] and the
Model for End-Stage Liver Disease (MELD) score [29]
was recorded.

MR imaging techniques

During the study period, two different MR contrast
agents, gadoxetate disodium (Eovist; Bayer Healthcare,
Wayne, NJ) and gadodiamide (Omniscan; GE Health-
care Medical Diagnostics, Little Chalfont, Bucking-
hamshire, UK) were used for liver MR examinations. To
avoid biases related to repeat examinations, only the
earliest MR examinations with the HCC diagnosis were
included for analysis. Thus, the analysis included 48 MR
scans obtained with gadoxetate disodium, and 38 scans
with gadodiamide. Gadoxetate disodium was adminis-
tered at a fixed dose of 10 mL per patient and gadodi-
amide was also administered at a fixed dose of 20 mL per
patient. In previously published studies and current
clinical practice, off-label fixed 10 mL doses of gadoex-
tate disodium are commonly used in order to increase
arterial enhancement and improve lesion-to-liver con-
trast [13, 30-33]. In our institution, off-label use of
gadodiamide was used during the study period to
potentially increase the amount of gadolinium contrast
agent for better vascular enhancement [34]. Gadoxetate
was power injected at a rate of 1 mL/s and gadodiamide
was power injected at a rate of 2 mL/s. Gadoxetate or
gadodiamide injection was followed by 25 mL of saline
flush at the same rate as the contrast administration.
Each patient underwent MR imaging on a 1.5-T
magnetic resonance (MR) system (Magnetom Avanto;
Siemens Medical Solutions, Erlangen, Germany) with a
dedicated 6-channel torso array coil. Imaging protocols
for both gadoxetate and gadodiamide groups included
nonenhanced MR sequences and contrast-enhanced T1-
weighted imaging. For both contrast agents, axial T1-
weighted images were acquired in the arterial phase
(determined using a fluoroscopic triggering method),
venous phase (15 s after completion of arterial phase
images), and delayed phase (5 min following contrast
injection) using a fat-suppressed, three-dimensional,
spoiled gradient echo sequence (volumetric interpolated
breath-hold examination, VIBE; Siemens) with the fol-
lowing scan parameters: TR/TE of 3.8 ms/1.7 ms; flip
angle of 12°; field of view of 370 x 300 mm; matrix of
256 x 166; slice thickness of 3 mm; parallel imaging
technique (GRAPPA; Siemens Medical Solutions) with
an acceleration factor of two. For MR scans with
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gadoxetate, hepatobiliary phase images were obtained at
20 min after contrast administration with the same pulse
sequence.

MR image analysis

Two abdominal radiologists (with 6 and 10 years of
experience in abdominal imaging, respectively) evaluated
MR images on the arterial, portal, and hepatobiliary
phase images of the gadoxetate group and the arterial,
portal, and delayed phase images of the gadodiamide
group in consensus. During image interpretation, the
readers referred to the list indicating the anatomic loca-
tion and size of the target HCCs in order to identify the
lesions correctly. While the readers were blinded to
clinical data, they were not blinded to the MR contrast
agent used, since delayed phase images of gadodiamide-
enhanced MR and hepatobiliary phase images of
gadoxetate-enhanced MR imaging are easily discernible.

The readers performed qualitative assessment of the
conspicuity of HCCs. For this analysis, they visually
compared the predominant signal intensity (SI) of HCCs
to the SI of the surrounding hepatic parenchyma on
hepatobiliary phase images for the gadoxetate group and
delayed phase images for the gadodiamide group. The
visual conspicuity for hypointensity of HCC was rated
on a three-point scale (1, invisible; 2, fair; 3, excellent):
grade 1, when the hypointensity of a lesion was invisible
or barely depicted; grade 3, when a lesion was definitely
hypointense compared to hepatic parenchyma. Grade 2
was applied to a lesion slightly hypointense which was
not classified as grade 1 or grade 3.

Quantitative analysis of tumor conspicuity and hep-
atic parenchymal enhancement was performed on a
commercially available workstation (Syngo, Siemens
Medical Solutions, Erlangen, Germany). The readers
placed region of interest (ROI) on the target HCC lesions
and the nontumorous liver parenchyma, and measured
the signal intensity on nonenhanced images, hepatobil-
iary phase images of gadoxetate-enhanced MR, and de-
layed phase images of gadodiamide-enhanced MR. ROIs
of HCCs were drawn as large as possible excluding
approximately 1 mm peripheral margin of the lesion in
order to prevent partial volume averaging effect. The
mean SI values for the HCC measured on two consecu-
tive slices were used for analysis. The SI of the liver was
obtained by averaging the SI values of three 1.5-cm-di-
ameter circular ROIs which were positioned in areas
devoid of large vessels, focal hepatic lesions, or promi-
nent artifact. The standard deviation of the background
noise was measured in the largest possible rectangular
ROI placed in the phase-encoding direction outside the
abdominal wall on nonenhanced and contrast-enhanced
images. Liver-to-tumor contrast noise ratios (LTC) were
calculated as follows for hepatobiliary phase image of
gadoxetate-enhanced MR scans and delayed phase ima-
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ges of gadodiamide-enhanced MR: [(SI g — SItg)/SIn],
where SI; g is the SI of the liver on enhanced images,
SItg is the SI of the tumor on enhanced images, and SIy
is the SI of the background noise. The relative hepatic
parenchymal enhancement (RPE) was calculated as fol-
lows: (SNRg — SNRyEg)/SNRyg x 100%, where SNRg
refers liver signal-to-noise ratio (SNR) in enhanced
images and SNRyg is unenhanced liver SNR. The SNR
of the liver was calculated as the SI of the liver/SD of
background noise. RPE served as a quantitative index of
the relative SI increase of hepatic parenchyma at hepa-
tobiliary phase images or delayed phase images com-
pared to that of nonenhanced images.

P values
0.10
0.22
0.68
0.46
0.20

(n = 11)
vs. 3 (27.3)

Gadodiamide
64.1 +8.9
78.6 = 8.6
89.8 + 42.1
244+09
8 (72.7)

Patients with Compromised Liver Function

Gadoxetate
disodium (n = 10)
582+ 6.0
859+ 17.0
97.4 £394

2.9 £2.0
4 (40.0)
vs. 6 (60.0)

Statistical analysis

Patient demographics, including age, body weight,
eGFR, the CPC, and the size and location of HCCs, were
compared between gadoxetate disodium-enhanced and
gadodiamide-enhanced MR scans. Patients were then
sub-divided into two groups based on the CPC: patients
with normal liver function (CPC A) vs. patients with
compromised liver function (CPC B & C). Subgroup
analysis according to liver function was performed to
compare the clinical and tumor characteristics between
the two contrast agents. The numbers and the percent-
ages of typical HCC on imaging in both groups as
determined by the AASLD guidelines [3] the European
Association for the Study of the Liver (EASL) criteria
were also assessed [35].

We compared HCC conspicuity in terms of the con-
spicuity scores by visual assessment and LTC between
the two contrast agents. Visual conspicuity scores as well
as their distribution between the two contrast agents
were compared. Hepatic parenchymal enhancement was
evaluated by RPE. Subgroup analysis according to liver
function was also done for the comparison for HCC
conspicuity and hepatic parenchymal enhancement. The
Spearman correlation coefficient (p) was used to examine
the correlation between LTC or RPE and MELD score.

Statistical comparisons were performed using the
Fisher’s exact test for categorical variables and the
independent ¢ test or Mann—Whitney U test for quanti-
tative variables. Statistical analyses were performed in
SPSS (version 19, IBM). P < 0.05 was considered sta-
tistically significant.

P values
0.42
0.90
0.75
0.60
0.79

Gadodiamide
(n = 27)
62.8 +5.9
88.4 + 134
99.4 £ 255
25+£1.7
19 (70.4)
vs. 8 (29.6)

Patients with Normal Liver Function

Gadoxetate

disodium (n = 38)
vs. 10 (26.3)

642+ 7.6
88.8 + 17.9
97.3 + 25.3
27415
28 (73.7)

P values
0.90
0.43
0.91
0.40
0.82

Gadodiamide
(n = 38)
63.2 + 6.8
855+ 12.8
96.6 £ 30.9
25+ 14
27 (71.1)
vs. 11(28.9)

All patients

vs. 16 (33.3)

63.0 + 7.6
882 + 17.6
97.4 + 28.3
28+ 1.6
32 (66.7)

disodium (n = 48)

Gadoxetate

Results
Patients demographics and HCC characteristics

Table 1 summarizes the patient demographics and HCC
characteristics in both contrast groups. None of the
tested variables was significantly different between the
two groups. In the gadoxetate group, 38 (38/48, 79.2%)
HCCs were found in patients with normal liver function
and 10 (10/48, 20.8%; seven with CPC B and three with

(Rt lobe vs. Lt lobe)

Table 1. Demographic Data of Study Population and HCC Characteristics
* Data are the number of HCCs and data in parentheses are the percentages

Unless otherwise specified, data are mean + standard deviation
eGFR, estimated glomerular filtration rate; Rt, right; Lt, left

Body weight (kg)

Characteristics
Age (years)

eGFR
(mL/min/1.73 m?)
Size of HCC (cm)
Location of HCC*
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Table 2. Conspicuity of HCC
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Characteristics All patients Patients with normal liver function Patients with compromised liver function
Gadoxetate  Gadodiamide P values Gadoxetate Gadodiamide P values Gadoxetate Gadodiamide P values
disodium (n = 38) disodium (n = 27) disodium (n=11)

(n = 48) (n = 38) (n = 10)
Visual scores 26+ 04 23+0.6 0.12 28+0.3 234+0.7 <0.01 2407 254+0.7 0.10
LTC 25.6 +£19.2 139 + 12.8 <0.01 30.4 + 18.7 122 +12.5 <0.01 7.5+ 5.1 18.1 £13.3 0.04

Data are mean =+ standard deviation in parentheses
LTC, liver-to-tumor contrast noise ratio

CPC C) HCCs were in patients with compromised liver
function. The gadodiamide population was composed of
27 (27/38, 71.1%) HCCs in patients with normal liver
function and 11 (11/38, 28.9%; nine with CPC B and two
with CPC C) HCCs with compromised liver function.
Due to the limited number of patients with compromised
liver function, the patients with both CPC B and C were
combined into a “‘compromised liver function” group.
The distribution of patients according to liver function
was not different between the two contrast groups
(P = 0.14). In subgroup analyses, grouped by liver
function, none of the patient demographics and HCC
characteristics were significantly different between the
Child-Pugh A vs. the B and C groups (Table 1).

According to the EASL/AASLD criteria, 33 cases
(33/48, 68.8%) were diagnosed as HCC in the gadoxetate
disodium group, and 29 cases (29/38, 73.3%) were diag-
nosed as HCC in the gadodiamide group. In the
gadoxetate disodium group, seven cases did not have
arterial hypervascularity and eight cases did not show
washout during the portal phase. In the gadodiamide
group, five cases did not show arterial hypervascularity
and four cases were not accompanied with washout
during the portal or delayed phase images.

HCC conspicuity

When HCC conspicuity was compared without consid-
eration of hepatic function (Table 2), the visual scores of
HCC conspicuity on the hepatobiliary phase of gadoxe-
tate disodium tended to be better than on the delayed
phase of gadodiamide, but not significantly so
(P = 0.12). LTC was significantly higher in the gadox-
etate than in the gadodiamide group (P < 0.01).

In patients with normal hepatic function (Table 2),
both visual conspicuity of HCCs and LTC were higher
on the hepatobiliary phase of the gadoxetate-enhanced
images than on the delayed phase of the gadodiamide-
enhanced images (P < 0.01, <0.01, respectively). The
opposite result was seen in patients with compromised
liver function (Table 2): LTC was significantly lower in
the gadoxetate group (mean LTC, 7.5) than in the
gadodiamide group (mean LTC, 18.1) (P = 0.04). The
visual conspicuity scores in the gadoxetate group (mean
2) tended to be lower than that in the gadodiamide group

(mean 2.5), but not significantly so (P = 0.10). Figure 1
shows the distribution of the HCC conspicuity scores on
the hepatobiliary phase images of gadoxetate-enhanced
MR exams and on delayed phase images of gadodi-
amide-enhanced MR exams according to liver function
of the patients. The distribution of the visual conspicuity
was significantly different between the two groups in the
subgroup analysis. In the patients with normal liver
function, HCC was seen more frequently as definite
hypointensity in gadoxetate-enhanced MR scans than in
gadodiamide-enhanced MR scans. In the patients with
compromised liver function, however, only 20% (2/10) of
HCC appeared as a definite hypointensity when imaged
with gadoxetate, while 72.7% (8/11) of HCC looked as a
definite hypointensity when imaged with gadodiamide
(Figs. 2, 3). Among all the four patients (two with nor-
mal liver function and two with compromised liver
function) in whom the HCCs were invisible on the hep-
atobiliary phase of the gadoxetate-enhanced images, one
of them with normal hepatic function showed washout
during the portal phase of gadoxetate-enhanced images
while the other three did not.

LTC showed significant negative correlation with
MELD scores (p = —0.627, P < 0.01) in the gadoxetate
group and marginally positive correlation (p = 0.319,
P = 0.05) in the gadodiamide group.

Relative parenchymal enhancement

When the total study population was considered, RPE
tended to be higher in hepatobiliary phase images of
gadoxetate-enhanced @ MR  exams  (mean &£ SD,
79.2 £+ 45.1) than in delayed phase images of gadodi-
amide-enhanced MR exams (mean & SD, 62.1 £ 32.1)
(P = 0.11). When patients with normal hepatic function
were separately assessed, RPE in hepatobiliary phase
images of gadoxetate-enhanced MR scans (mean £ SD,
88.3 £ 45.6) was significantly higher than that in delayed
phase images of gadodiamide-enhanced MR scans
(mean + SD, 56.9 £ 30.5) (P < 0.01). In contrast, in
patients with compromised liver function, RPE in the
hepatobiliary phase of the gadoxetate population
(mean + SD, 45.5 £+ 21.7) was significantly lower than
that in the delayed phase of the gadodiamide population
(mean + SD, 75.5 + 33.8) (P = 0.04). Figure 4 shows
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Olnvisible
M Fair

M Excellent

100% 1
90%
80% -
70%
60% -
50% -
40% -
30% -
20% A
10% A
0%
Gadoxetate Gadodiamide Gadoxetate
disodium (n=48) (n=38) disodium (n=38)
Total patients
Fig. 1. Comparison of visual conspicuity of HCC between

hepatobiliary phase images of gadoxetate and delayed
phase images of gadodiamide relative to liver function of
patients The numbers in the bars indicate the number of the

Fig. 2. Gadoxetate-enhanced MR in a 60-year-old male
patient with CPC C. A The nonenhanced image reveals a
HCC (arrow) located in left lobe of the liver. The HCC (arrow)
appears isointense. Note that the portal veins (arrowheads in
A) are not identified on the hepatobiliary phase image, which

Gadodiamide

Patients with Normal Liver Function

Gadodiamide
(n=11)

Gadoxetate

(n=27) disodium (n=10)

Patients with Compromised Liver
Function

patients in each category, with the percentages in paren-
theses. The P values are from comparisons of the distri-
bution of visual conspicuity scores between the two contrast
agents.

probably indicates insufficient enhancement of the hepatic
parenchyma. Large ascites (asterisks) is also seen. B On the
hepatobiliary phase image, the HCC (arrow) looks isointense
compared to the surrounding hepatic parenchyma. LTC was
measured as 2.6 and RPE was 27.3.
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Fig. 3. Gadodiamide-enhanced MR in a 65-year-old male
with CPC C. A HCC (arrow) located in left lobe of the liver is
seen as a subtle hypointense mass on the nonenhanced
image. B On the delayed phase image, the HCC (arrow)

S. Y. Kim et al.: Comparison of hepatocellular carcinoma conspicuity

appears as a definite hypointense mass with in comparison to
the hepatic parenchyma. LTC was measured as 44.7 and
RPE was 53.

100
— P<.01
90 88.3
\ P=04 —
80
5t
70
60
50
40
30
20
10
O N N
Gadoxetate Gadodiamide Gadoxetate Gadodiamide Gadoxetate Gadodiamide
disodium (n=48) (n=38) disodium (n=38) (n=27) disodium (n=10) (n=11)
Total patients Patients with Normal Liver Function Patients with Compromised Liver
Function

Fig. 4. Comparison of relative parenchymal enhancement
between hepatobiliary phase images of gadoxetate and de-
layed phase images of gadodiamide relative to liver function
of patients. The numbers above the bars indicate the mean

value of relative parenchymal enhancement in each category.
The P values are from comparisons of relative parenchymal
enhancement between the two contrast agents.
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RPE on the hepatobiliary phase images of gadoxetate-
enhanced MR exams and on delayed phase images of
gadodiamide-enhanced MR exams according to liver
function of the patients.

In the gadoxetate group, RPE was significantly cor-
related with MELD scores (p = —0.472, P < 0.01),
while no significant correlation was noted in the gado-
diamide group (p = 0.285, P = 0.08).

Discussion

We found that hepatic function plays a key role in the
conspicuity of HCC hypointensity in hepatobiliary phase
images of gadoxetate disodium and delayed phase images
of extracellular contrast agent (gadodiamide) liver MR.
Hepatobiliary phase images of gadoxetate-enhanced ex-
ams outperform delayed phase images of gadodiamide-
enhanced MR in depicting hypointensity of HCC in
patients with normal liver function (Child-Pugh A).
However, the opposite is true in patients with compro-
mised liver function (Child-Pugh B/C), with decreased
HCC conspicuity on the hepatobiliary phase images of
gadoxetate-enhanced MR.

Despite the recent great attention to gadoxetate vs. the
traditional use of extracellular contrast agents for the
work-up for HCC, there is a paucity of data that compare
the imaging with these two types of MR contrast agents
directly [25, 26]. When we did not sub-stratify patients by
the degree of liver function, our study supports a recent
study showing a trend toward better diagnostic perfor-
mance of gadoxetate disodium than that of gadopentetate
dimeglumine (Magnevist, Bayer Schering Pharma) [26].
However, these previous publications [25, 26] comparing
the two contrast agents did not consider liver function of
patients. Our results provide a direct comparison between
gadoxetate and extracellular MR contrast agents for the
late phase of enhancement. The reason we focused pri-
marily on the hepatobiliary phase images of gadoxetate
disodium and delayed phase images of gadodiamide liver
MR was that these late phases are where critical “wash-
out” is generally sought [4, 5, 813]. Nevertheless, it
should be noted that hypointensity on hepatobiliary phase
images cannot be considered equivalent to true washout
as depicted on portal venous phase (using extracellular
MR contrast agents or gadoxetate) or delayed phase
images (with extracellular contrast agents). A recent study
demonstrated that to include hypointensity on hepato-
biliary phase images of gadoxetate-enhanced MR imaging
as a criterion to make a diagnosis of HCC could decrease
the specificity [36].

It is known that liver function has an important
influence on the degree of hepatic parenchymal
enhancement and consequently HCC conspicuity on
gadoxetate-enhanced MR scans [18, 19]. Our results are
in agreement with those from prior studies, and addi-
tionally showed that hepatic parenchyma enhancement
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as well as the HCC conspicuity on delayed phase images
of extracellular contrast-enhanced MR exams can also be
affected by liver function. Recent work using extracel-
lular CT contrast demonstrated that the increased
enhancement in delayed phase images is linearly related
to the amount of liver fibrosis and correlates with the
MELD scores [20, 21]. The increased liver enhancement
at delayed phase imaging of extracellular contrast agent
was attributed to the increased amount of extracellular
contrast material that equilibrates into the expanded
extracellular space secondary to liver fibrosis, edema, or
inflammation [20-23]. This increased hepatic parenchy-
mal enhancement, in turn, can explain the higher con-
spicuity of HCC in this group. The same phenomenon
likely explains our finding of higher liver parenchymal
enhancement observed with gadodiamide in patients
with compromised liver function (CPC B/C). However,
when we evaluated the correlation of LTC and RPE with
MELD scores in the gadodiamide group, it did not show
significant correlation possibly due to the nonlinear
relationship between signal intensity and contrast con-
centration at MR imaging [24]. Further studies are
warranted to prove the relationship between liver
parenchymal enhancement on extracellular contrast
agent-enhanced MR and liver functional parameters.

Our study found that the primary diagnostic advan-
tage of gadoxetate disodium-enhanced MR from strong
hepatic enhancement and high lesion conspicuity on
hepatobiliary phase images can be maximized in patients
with normal liver function [8—13]. However, in patients
with compromised liver function, extracellular contrast
may be more appropriate for detecting HCC because of
the increased hepatic parenchymal enhancement at de-
layed imaging in these patients. The results of our study
suggest the importance of considering liver function
when selecting MR contrast agents for liver MR imag-
ing. In addition, an optimized protocol including high
flip angles [37] for the hepatobiliary phase could be
considered to improve liver-to-lesion contrast in patients
with compromised liver function.

Our study has several limitations. First, only 34%
HCCs in our study were confirmed by histopathology.
Therefore, we did not have information on the histologic
and molecular features of HCCs, which may affect lesion
conspicuity [38]. However, it is virtually impossible or
even unethical to obtain histopathologic diagnosis of all
HCCs, as imaging criteria is widely accepted to make the
diagnosis of HCC in the majority of patients [1-3]. In
addition, the LI-RADS criteria were used to make im-
age-based diagnosis of HCC in our study. Since the
diagnostic performance of LI-RADS criteria has not
been completely proven yet, we reconfirmed the diag-
nosis of HCCs with other additional methods when
possible. Second, our study included a limited number of
patients, particularly those with compromised liver
function. The limited number of patients in the group of
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compromised liver function prevented separate analysis
of Child-Pugh B vs. C. Third, we did not assess the
diagnostic performance of HCC using the other available
MR sequences, although hypointensity on delayed or
hepatobiliary phase images evaluated in our study is a
key diagnostic feature of HCC. Future studies are war-
ranted to compare the diagnostic performance of HCC
using other MR sequences including arterial phase ima-
ges between gadoxetate-enhanced and extracellular con-
trast-enhanced MR exams. Fourth, we administered off-
label fixed doses of gadoxetate disodium and gadodi-
amide instead of weight-adjusted approved doses. It can
be a possible confounder of our results. Fifth, owing to
spatially variable noise distribution, measurement of
SNR may not be reliable on MR images obtained with
parallel imaging techniques [39]. However, we put ROIs
at the same locations of the liver when we measured SNR
in different phases of images and we used ratios of SNR
rather than SNR itself. Thus, the effect of spatially
variable noise distribution may be minimized. Lastly, our
study group had a skewed age and gender distribution
and consisted of mostly of elderly men because it was
performed in a miliary hospital. Although our study re-
sults may not be readily generalized, they do provide
impetus for a direct comparison between gadoxetic acid
and gadodiamide MR for HCC diagnosis in patients
with compromised liver function.

In conclusion, in patients with compromised liver
function, hypointensity of HCC is more conspicuous
on the delayed phase with gadodiamide than on the
hepatobiliary phase with gadoxetate disodium. This
likely reflects increased gadodiamide accumulation in
the expanded extracellular space and poor hepatocyte
uptake of gadoxetate in patients with compromised
liver function. Consideration of liver function may be
valuable when choosing between hepatobiliary and
extracellular contrast material for the imaging of
possible HCC.
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