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Objectives: To evaluate the effect of gadoxetic acid enhancement on the detection and
characterisation of focal hepatic lesions on T2 weighted and diffusion weighted (DW)
images.
Methods: A total of 63 consecutive patients underwent T2 weighted and DW imaging
before and after gadoxetic acid enhancement. Two blinded readers independently
identified all of the focal lesions using a five-point confidence scale and characterised
each lesion using a three-point scale: 1, non-solid; 2, indeterminate; and 3, solid. For
both T2 weighted and DW imaging, the accuracies for detecting focal lesions were
compared using the free-response receiver operating characteristic analysis; the
accuracies for lesion characterisation were compared using the McNemar test between
non-enhanced and gadoxetic acid-enhanced image sets. For hepatic lesions >1 cm, the
lesion-to-liver contrast-to-noise ratio (CNR) and the apparent diffusion coefficient
(ADC) were compared in the non-enhanced and enhanced image sets using the
generalised estimating equations.
Results: For both T2 weighted and DW images, the accuracies for detecting focal lesions
(p>0.52) and those for lesion characterisation (p>0.63) did not differ significantly
between the non-enhanced and enhanced image sets. The lesion-to-liver CNR was
significantly higher on enhanced DW images than on non-enhanced DW images
(p50.02), although the difference was not significant for T2 weighted imaging
(p50.65). The mean ADC values of lesions did not differ significantly on enhanced and
non-enhanced DW imaging (p50.75).
Conclusion: The acquisition of T2 weighted and DW images after administration of
gadoxetic acid has no significant effect on the detection or characterisation of focal
hepatic lesions, although it improves the lesion-to-liver CNR on DW images.
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Various contrast agents have been developed and
utilised for MRI of the liver in order to facilitate the
detection and characterisation of focal hepatic lesions.
Gadoxetic acid (gadolinium-ethoxybenzyl-diethylene-
triamine pentaacetic acid, PrimovistH; Bayer Schering
Pharma, Berlin, Germany) is a recently developed, liver-
specific contrast agent. As it has combined extracellular
and hepatocyte-specific properties, gadoxetic acid can
provide functional information regarding the cellular
composition of focal hepatic lesions on hepatobiliary
phase imaging as well as haemodynamic information on
dynamic MRI following bolus injection. These properties
of gadoxetic acid have been reported to improve the
accuracy of liver MRI for lesion detection and character-
isation [1–7].

By contrast, these advantages of gadoxetic acid-
enhanced liver MRI are obtained with increased exam-
ination time, as delayed scanning approximately 20 min
after contrast administration is necessary for optimal
hepatobiliary phase imaging [4, 5, 7–9]. Among the pulse
sequences commonly acquired for clinical liver MRI,
T2 weighted and diffusion weighted (DW) imaging
are frequently performed using a respiratory-triggered
method in order to improve image quality [10–12], thus
a lengthy acquisition time is required. To shorten the
examination time for gadoxetic acid-enhanced MRI, it
has been proposed to perform respiratory-triggered T2

weighted and DW imaging during the interval between
dynamic T1 weighted imaging and the hepatobiliary
phase imaging [7, 13, 14]. However, this modification in
the MRI protocol is only feasible if the administration of
gadoxetic acid does not degrade the image quality and
provides comparable image quality and accuracy to non-
enhanced imaging.

Although previous studies have demonstrated that
gadolinium-enhanced T2 weighted images improve the

Address correspondence to: Professor Seung Soo Lee, Department
of Radiology and Research Institute of Radiology, University of
Ulsan College of Medicine, Asan Medical Center, 388-1 Poongnap2-
Dong, Songpa-Gu, 138-736 Seoul, Republic of Korea. E-mail: seung
soolee@amc.seoul.kr

The British Journal of Radiology, 85 (2012), 29–36

The British Journal of Radiology, January 2012 29



conspicuity of focal hepatic lesions compared with
unenhanced T2 weighted images [15, 16], these studies
used non-specific extracellular contrast agents. Consi-
dering the different properties of extracellular contrast
agents and gadoxetic acid, these results might not be
easily applied to gadoxetic acid-enhanced MRI.

Therefore, the purpose of our study was to evaluate
the effect of gadoxetic acid on lesion detection and
characterisation using T2 weighted and DW imaging.

Methods and materials

Patients

The study protocol was approved by our institutional
review board and informed consent was obtained from
each participant. From January to May 2008, a total of
85 consecutive patients underwent gadoxetic acid-
enhanced liver MRI to evaluate focal hepatic lesions.
Among these patients, 22 were excluded for several
reasons: the presence of more than 10 hepatic lesions
(because of the difficulty in comparing numerous lesions
depicted on non-enhanced images and those on gado-
xetic acid-enhanced images) (n510); an inability to obtain
proof of the hepatic lesion (n58); unacceptable image
quality owing to motion artefacts (n52); or failure to
perform the MRI according to our research protocol
(n52). The remaining 63 patients formed the study
population, which included 46 males (mean age 56.3
years; range 31–83 years) and 17 females (mean age 55.0
years; range 37–79 years).

MR examination

MRI was performed using a 1.5 T scanner (Magnetom
Avanto; Siemens, Erlangen, Germany) with a six-ele-
ment, phased-array body coil as the receiver. The MRI
protocol used in our study is summarised in Figure 1.
All patients underwent T2 weighted imaging and DW
imaging before and after administration of gadoxetic
acid; gadoxetic acid-enhanced T2 weighted and DW
imaging were performed immediately after completion
of dynamic T1 weighted imaging and after 10 min
delayed hepatobiliary phase imaging, respectively.

T2 weighted imaging was performed using a respira-
tory-triggered, turbo spin-echo sequence with the fol-
lowing scan parameters: repetition time (TR)/echo time
(TE) 2664–5755 ms (depending on the patient’s respira-
tory cycle)/82 ms; section thickness 6 mm; intersection
gap 1.2 mm; matrix 3846190; echo train length 9;
number of signal averages 2; and mean acquisition time
4.6 min. DW images were acquired using a respiratory-
triggered, single-shot echo planar sequence with diffu-
sion weighted gradients (i.e. b-factors of 0, 50, 300, 600
and 900 s mm–2) applied in three orthogonal directions.
The scan parameters for DW imaging were as follows:
TR/TE 4000 ms/80 ms; section thickness 6 mm; inter-
section gap 1.2 mm; matrix 1926162; echo train length
123; number of signal averages 4; parallel imaging
technique (GRAPPA; Siemens Medical Solutions) used
with an acceleration factor of 2; and mean acquisition

time 5.3 min. For both T2 weighted and DW imaging, fat
saturation was achieved using the chemical shift-selec-
tive fat suppression technique. The rectangular field of
view was used.

After the non-enhanced T1 weighted images were
acquired using a fat-suppressed, three-dimensional,
spoiled-gradient echo sequence (VIBE; Siemens), 10 ml
of gadoxetic acid was administered as an intravenous
bolus followed by a 30 ml saline flush (at a rate of 2 ml s–1

using a power injector in the arterial phase). The images
were obtained in the arterial phase which was determined
using a real-time bolus display method in the venous
phase (50 s after contrast injection), delayed phase (3 min
following contrast injection) and in the hepatobiliary
phases (10 min and 20 min after contrast injection).

Qualitative image analysis

Qualitative image analysis was performed indepen-
dently by two, board-certified radiologists (with 7 years
and 1 year, respectively, of clinical experience interpret-
ing liver MRI) in a blinded manner during two separate
sessions; the readers interpreted the T2 weighted images
during the first session and the DW images during the
second session. For each review session, 126 image sets
(i.e. 63 non-enhanced and 63 gadoxetic acid-enhanced
image sets) were presented in random order. Patient data
and the imaging parameters were removed from the
images. The readers were blinded to the number and
final diagnoses of both the hepatic lesions and MRI
acquisition conditions (i.e. non-enhanced or gadoxetic
acid-enhanced).

For each review session, the readers identified all of
the focal hepatic lesions. They recorded the segmental
location and size of each lesion and graded the readers’
confidence level for the presence of each lesion using a
five-point confidence scale: 1, confidence ,25%; 2, 25%#

confidence ,50%; 3, 50%# confidence ,75%; 4, 75%#

confidence ,90%; and 5, confidence >90%. The readers
then characterised each detected focal lesion using a three-
point scale: 1, non-solid; 2, indeterminate; and 3, solid.
Non-solid lesions represented haemangioma and hepatic

Figure 1. Flow diagram summarising the MRI protocol.
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cysts, while the other focal hepatic lesions were regarded
as solid lesions. On T2 weighted images, a lesion showing
high signal intensity (SI) similar to that of cerebrospinal
fluid was considered non-solid, whereas a lesion with an
SI lower than that of cerebrospinal fluid was considered
solid [17]. On DW images, a lesion was regarded as non-
solid if it showed homogeneously high SI on DW images
at b50 and 50 s mm–2 with an apparent SI decrease on
DW images at b5600 and 900 s mm–2 [12]. A lesion was
considered solid if it was mildly to moderately hyper-
intense on DW images at b50 and 50 s mm–2 and re-
mained hyperintense at b5600 and 900 s mm–2 [12].

After completing the qualitative image analysis, the
two readers reviewed in consensus all available MRIs,
follow-up imaging examinations, the patients’ clinical
data and the pathology reports and constructed the
reference standard for focal hepatic lesions by combining
all of this information.

Quantitative image analysis

Quantitative analysis was performed by one radiolo-
gist (blinded) on a commercially available workstation
(Syngo; Siemens Medical Solutions). The reader per-
formed operator-defined region of interest (ROI) mea-
surement of the SI of the liver (SIliver) and the focal
hepatic lesion (SIlesion), as well as recording the standard
deviation (SD) of background noise (SDnoise) for each
of the non-enhanced and gadoxetic acid-enhanced T2

weighted and DW images. Quantitative analysis of the
DW images was performed at b550 s mm–2, as DW
images obtained at a low b-factor (i.e. a b-factor of 50–150)
are commonly used to detect focal hepatic lesions [12].
Quantitative analysis of focal hepatic lesions [i.e. mea-
surement of the SI and the apparent diffusion coefficient
(ADC) value of the lesions] was only performed for tar-
get lesions, which included focal hepatic lesions 10 mm
or larger in diameter, in order to minimise any inac-
curacies in quantitative analysis resulting from the partial
volume averaging effect.

The SI of the liver was measured by averaging the SI
values of 4, 1.5 cm, circular ROIs; each ROI was placed at
each of the right and left hepatic lobes on each of the 2
image slices and were positioned in areas devoid of large
vessels and prominent artefacts. The SD of the back-
ground noise was measured by averaging the SD values
of the two, largest possible, rectangular ROIs positioned
in the phase-encoding direction outside the abdominal
wall on the two image slices. The SI of the target lesion
was measured by averaging the SI values of two circular
ROIs, which were drawn to encompass as much of the
lesion as possible on two consecutive image slices. Using
the copy-and-paste function of the workstation, we could
achieve a nearly complete match of the sizes and the
locations of the ROIs in the non-enhanced and gadoxetic
acid-enhanced images. The liver signal-to-noise ratio
(SNR) was calculated as SIliver /SDnoise. The lesion-to-
liver contrast-to-noise ratio (CNR) was calculated as
(SIlesion2SIliver)/SDnoise.

The same radiologist performed the ROI measurement
of the ADC values of the target lesions on DW images
using MATLAB-based software (blinded), which auto-
matically calculates ADC values of the areas within

manually drawn ROIs [18]. For each target lesion, the
ROI was placed in the same manner as the ROI mea-
surement of the SI of the target lesion. The ADC was
calculated by combining data for all of the b-values (b50,
50, 300, 600 and 900 s mm–2) using the linear regression
analysis of the function of S5S0 exp(2b6ADC), where
b is the diffusion factor, S is the SI after applying the
diffusion gradient and S0 is the SI at b50 s mm–2.

Statistical analysis

The diagnostic accuracy for detecting focal hepatic
lesions was compared in the non-enhanced and the
gadoxetic acid-enhanced image sets for both T2 weighted
and DW imaging, using a free-response receiver operat-
ing characteristic analysis. The analysis was performed
using JAFROC1 analysis software version 1.0 (http://
devchakraborty.com/) [19]; figure-of-merit values
representing the diagnostic accuracy were compared
in the non-enhanced and the gadoxetic acid-enhanced
image sets for both T2 weighted and DW imaging using
the F-test. To evaluate the effect of gadoxetic acid
enhancement on lesion characterisation, we identified
focal hepatic lesions that were detected on both non-
enhanced and gadoxetic acid-enhanced images by each
of the two readers. We then evaluated the agreement in
lesion characterisation between the non-enhanced and
the gadoxetic acid-enhanced image sets for T2 weighted
and DW imaging, using the weighted k statistic: a
weighted k value of ,0.2 represents poor agreement; a
value of 0.21–0.4 fair agreement; a value of 0.41–0.60
moderate agreement; a value of 0.61–0.80 good
agreement; and a value of 0.81–1.0 excellent agreement
[20]. The accuracies in the characterisation of detected
focal hepatic lesions were calculated and compared
in the non-enhanced and the gadoxetic acid-enhanced
image sets for both T2 weighted and DW imaging using
the McNemar test.

For both T2 weighted and DW imaging, liver SI,
background noise and liver SNR were compared be-
tween the non-enhanced and gadoxetic acid-enhanced
image sets using the paired t-test. We compared the
lesion-to-liver CNR and the ADC values of the focal
hepatic lesions between the non-enhanced and gadoxetic
acid-enhanced image sets using the generalised estimat-
ing equations to account for data clustering (i.e. mul-
tiple lesions in a single patient). Statistical analysis
was performed with SPSS 15.0 for Windows (SPSS,
Chicago, IL); p-values ,0.05 were considered statistically
significant.

Results

Characteristics of focal hepatic lesions

A total of 173 focal hepatic lesions including 121
solid lesions (mean diameter 1.6 cm; range 0.5–6.7 cm)
and 52 non-solid lesions (mean diameter 1.4 cm; range
0.5–7.1 cm) were identified in 63 patients. The final
diagnoses and the methods used to diagnose focal
hepatic lesions are summarised in Table 1. Of the 64
hepatocellular carcinomas, 45 were non-pathologically

Gadoxetic acid enhancement in T2 and diffusion weighted imaging

The British Journal of Radiology, January 2012 31



diagnosed according to the typical enhancement pattern
seen on gadoxetic acid-enhanced MRI, the elevated
serum a-fetoprotein and the increase in lesion size seen
on follow-up CT or by the lipiodol uptake in the mass as
seen on CT obtained after transarterial chemoembolisa-
tion. A total of 27 metastases were diagnosed by means
of the typical findings on gadoxetic acid-enhanced MRI,
as well as by the interval growth of the hepatic lesions
on follow-up CT. Nine cirrhotic nodules were diagnosed
according to their SI (variable SI on the T1 weighted
image and iso- or hypointensity on the T2 weighted
image) and enhancement pattern on gadoxetic acid-
enhanced MRI (lack of hypervascular enhancement on
the arterial phase image), while the stability of the lesion
size was ascertained on follow-up MRI [21]. Four
eosinophilic infiltrations in two patients were diagnosed
according to the imaging findings (poorly defined
lesions with faint hyperintensity on the T2 weighted
images and hypointensity on the venous phase images),
the presence of peripheral eosinophilia and resolution of
the hepatic lesions as seen on follow-up imaging
examinations [22]. Three patients had five ablated lesions
caused by previous radiofrequency ablation for hepato-
cellular carcinomas. Among the 52 non-solid lesions, 1
haemangioma was confirmed by surgical resection. The
diagnosis of the remaining 24 haemangiomas and 27
cysts was made according to the pathognomonic find-
ings on MRI and ultrasound.

Qualitative image analysis

The results of the free-response characteristic analysis
are summarised in Table 2. For both T2 weighted and DW
imaging, figure-of-merit values representing the diagnos-
tic accuracies for detecting focal hepatic lesions did not

differ significantly on the non-enhanced and gadoxetic
acid-enhanced image sets for either reader (p>0.52).

The agreement between each reader’s lesion character-
isation on non-enhanced image sets and that on gado-
xetic acid-enhanced image sets was good to excellent for
both T2 weighted imaging (k50.92 for reader 1 and 0.87
for reader 2) and DW imaging (k50.76 for reader 1 and
0.84 for reader 2). The accuracies in lesion characterisa-
tion on T2 weighted and DW images for all focal hepatic
lesions ranged from 89.4% to 93.6% (Table 3). There was
no statistically significant difference in the accuracies
of lesion characterisation between non-enhanced and
gadoxetic acid-enhanced image sets for both T2 weighted
and DW images for any lesion category (p>0.50).

Quantitative image analysis

Target lesions (i.e. focal hepatic lesions >10 mm in
diameter) included a total of 87 lesions (60 solid lesions
and 27 non-solid lesions). Results of the quantitative
analysis are summarised in Table 4. Liver SI and liver
SNR were significantly higher on non-enhanced images
than on gadoxetic acid-enhanced images for both T2

weighted and DW imaging (p#0.001) (Figures 2,3). Back-
ground noise was significantly higher on gadoxetic acid-
enhanced T2 weighted images than on non-enhanced T2

weighted images (p50.04), whereas it did not differ
significantly between non-enhanced and gadoxetic acid-
enhanced DW images (p50.82). The lesion-to-liver CNR
was significantly higher on gadoxetic acid-enhanced
DW images than on non-enhanced DW images for all
hepatic lesions and for solid hepatic lesions (p#0.04),
whereas it did not differ significantly on non-enhanced
and gadoxetic acid-enhanced T2 weighted images for any
lesion category (p>0.32) (Figures 2,3).

Table 1. Summary of the final diagnosis of focal hepatic lesions and methods used to confirm the diagnosis

Diagnosis Total number
of lesions

Pathological diagnosis Non-pathological
diagnosis

Surgical resection Ultrasound-guided biopsy

Solid lesion 121 21 10 90
Hepatocellular carcinoma 64 12 7 45
Metastasis 35 7 1 27
Cirrhotic nodule 10 0 1 9
Ablated lesion 5 0 0 5
Cholangiocarcinoma 3 2 1 0
Eosinophilic infiltration 4 0 0 4
Non-solid lesion 52 1 0 51
Cyst 27 0 0 27
Haemangioma 25 1 0 24

Data are number of lesions.

Table 2. Figure-of-merit values representing the diagnostic accuracies in detecting focal hepatic lesions

T2 weighted imaging Diffusion weighted imaging

Non-enhanced Gadoxetic
acid-enhanced

p-values Non-enhanced Gadoxetic
acid-enhanced

p-values

Reader 1 0.812 (0.770, 0.849) 0.810 (0.760, 0.852) 0.92 0.822 (0.772, 0.865) 0.823 (0.774, 0.865) 0.95
Reader 2 0.862 (0.819, 0.897) 0.877 (0.833, 0.912) 0.52 0.823 (0.779, 0.861) 0.818 (0.770, 0.860) 0.81
Average 0.837 (0.798, 0.870) 0.843 (0.803, 0.878) 0.67 0.823 (0.782, 0.859) 0.821 (0.779, 0.857) 0.61

Data were obtained from the free-response receiver operating characteristic analysis. Data in parentheses represent 95%
confidence intervals of figure-of-merit values.
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The mean ADC values of the focal hepatic lesions
measured on DW imaging obtained before and after
gadoxetic acid enhancement [for all hepatic lesions
(n587) 1.661023 mm2 s–1¡0.6 vs 1.661023 mm2 s–1¡0.6
(p50.75); for solid lesions (n560) 1.361023 mm2 s–1¡0.3
vs 1.361023 mm2 s–1¡0.3 (p50.89); for non-solid lesions
(n527) 2.361023 mm2 s–1¡0.6 vs 2.361023 mm2 s–1¡0.7
(p50.75)] were nearly identical, resulting in no significant
difference regardless of lesion category.

Discussion

Our study demonstrated that the diagnostic accuracies
of T2 weighted and DW images acquired after adminis-
tration of gadoxetic acid for detecting and characterising

focal hepatic lesions were similar to those of standard
non-enhanced images. The results of each reader’s char-
acterisation of hepatic lesions on non-enhanced images
and those on enhanced images were in strong agreement,
thus resulting in good to excellent agreement. Therefore,
we assume that the administration of gadoxetic acid does
not significantly affect the readers’ visual interpretation of
T2 weighted and DW images.

Results of the quantitative image analysis show that
administration of gadoxetic acid significantly decreases
liver SI and consequently liver SNR for both T2 wei-
ghted and DW images. Given the hepatocyte-specific
property of gadoxetic acid, our findings might be attri-
butable to the T2 and T2* shortening effect of the gado-
xetic acid, which was taken up by the hepatocytes and

Table 3. Accuracies in characterising focal hepatic lesions on non-enhanced and gadoxetic acid-enhanced T2 weighted images
and diffusion weighted images

T2 weighted imaging Diffusion weighted imaging

Non-enhanced Gadoxetic
acid-enhanced

p-values Non-enhanced Gadoxetic
acid-enhanced

p-values

Reader 1 All 93.3 (98/105) 91.4 (96/105) 0.63 91.2 (103/113) 89.4 (101/113) 0.79
Solid 95.2 (60/63) 92.1 (58/63) 0.50 91.5 (65/71) 88.7 (63/71) 0.73
Non-solid 90.5 (38/42) 90.5 (38/42) 1.00 90.5 (38/42) 90.5 (38/42) 1.00

Reader 2 All 91.8 (101/110) 93.6 (103/110) 0.73 89.6 (103/115) 89.6 (103/115) 1.00
Solid 92.4 (61/66) 92.4 (61/66) 1.00 88.6 (62/70) 90.0 (63/70) 1.00
Non-solid 90.9 (40/44) 93.2 (41/44) 1.00 91.1 (41/45) 88.9 (40/45) 1.00

Accuracy values are percentages. Numbers in parentheses are the number of lesions.

(a) (b)

(d)(c)

Figure 2. A 55-year-old male with hepatocellular carcinoma. (a, b) Fat-saturated, respiratory-triggered, T2 weighted, turbo spin-
echo axial images [repetition time (TR)/echo time (TE) 3850 ms/82 ms] acquired (a) before and (b) after administration of
gadoxetic acid. The images demonstrate the hepatic mass in segment IV (arrows). The lesion-to-liver contrast is nearly identical
for both images. (c, d) Fat-saturated, single-shot, echo-planar, diffusion weighted, axial images (TR/TE, 4000 ms/80 ms; b-factor,
50 s/mm2) obtained (c) before and (d) after administration of gadoxetic acid show the same hepatic lesion (arrows). However,
the liver signal intensity is slightly lower on (d) the image obtained after enhancement with gadoxetic acid than on (c) the
non-enhanced image, resulting in slightly better lesion-to-liver contrast on (d) than on (c).
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remained in the hepatic parenchyma in a high concen-
tration [8, 23, 24]. Lesion-to-liver CNR was significantly
improved on gadoxetic acid-enhanced DW images com-
pared with non-enhanced DW images. This might have
been caused by the lack of hepatobiliary uptake of
gadoxetic acid in focal hepatic lesions without function-
ing hepatocytes, thus resulting in more pronounced
signal reduction of the hepatic parenchyma than of focal
hepatic lesions on gadoxetic acid-enhanced DW images
[4, 5]. However, conflicting results were noted for T2

weighted imaging, which showed similar lesion-to-liver
CNR for non-enhanced and gadoxetic acid-enhanced T2

weighted images. This discrepancy could have resulted
from different delay times for T2 weighted and DW
imaging after administration of gadoxetic acid (i.e. an
approximate 4 min delay for T2 weighted imaging and
an approximate 11 min delay for DW imaging). Because
the hepatic concentration of gadoxetic acid gradually
increases until reaching peak hepatic enhancement 20 min
after contrast injection [5, 8], the hepatic concentration
of gadoxetic acid might have been higher at the time of
DW imaging than on T2 weighted imaging. This factor
probably led to a greater reduction of hepatic parenchy-
mal SI and in turn a greater improvement of lesion-to-liver

(a) (b)

(d)(c)

Figure 3. A 65-year-old male with haemangiomas. (a, b) Fat-saturated, respiratory-triggered, T2 weighted, turbo spin-echo axial
images [repetition time (TR)/echo time (TE) 3700 ms/82 ms] acquired (a) before and (b) after administration of gadoxetic acid.
The images demonstrate an hepatic haemangioma in hepatic segment VIII (arrows), which shows high signal intensity on both
(a) and (b). Both readers correctly interpreted these lesions as non-solid lesions on both non-enhanced and gadoxetic acid-
enhanced images. (c, d) Fat-saturated, single-shot, echo-planar, diffusion weighted axial images (TR/TE, 4000 ms/80 ms; b-factor,
50 s mm–2) obtained (c) before and (d) after administration of gadoxetic acid show the same high-signal lesion (arrows).

Table 4. Results of quantitative analysis of liver SI, background noise, liver SNR and lesion-to-liver CNR of focal hepatic lesions

T2 weighted imaging Diffusion weighted imaging

Non-enhanced Gadoxetic
acid-enhanced

p-values Non-enhanced Gadoxetic
acid-enhanced

p-values

Liver SIa 81.4¡27.9 72.2¡22.7 ,0.001 63.2¡22.2 55.6¡18.7 ,0.001
Background noisea 3.8¡1.2 4.0¡1.2 0.04 1.4¡0.6 1.4¡0.6 0.82
Liver SNRa 24.4¡13.5 20.2¡10.1 ,0.001 58.8¡26.5 46.4¡22.1 ,0.001
CNR of all

lesions (n587)
35.9¡29.2 35.1¡30.0 0.65 87.8¡85.0 92.6¡98.3 0.02

CNR of solid
lesions (n560)

24.3¡21.8 25.1¡24.1 0.62 66.0¡62.9 78.1¡91.6 0.04

CNR of non-solid
lesions (n527)

61.4¡27.5 57.2¡30.2 0.32 137.0¡106.8 145.0¡98.6 0.37

CNR, contrast-to-noise ratio; SI, signal intensity; SNR, signal-to-noise ratio.
Data are means ¡ standard deviation.
aThe total sample size was 63 patients.
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CNR on gadoxetic acid-enhanced DW images compared
with T2 weighted images. Moreover, as DW imaging
using an echo planar sequence is known to be more
sensitive to T2* decay than T2 weighted imaging using a
turbo spin-echo sequence [25], the T2* shortening effect
of gadolinium in the hepatic parenchyma might have
induced an additional loss of liver SI and in turn led to a
greater increase in lesion-to-liver contrast on DW images
than on T2 weighted images.

Another noteworthy finding of our study was that the
ADC values of focal hepatic lesions measured on gado-
xetic acid-enhanced DW images did not differ signifi-
cantly from those measured on non-enhanced images.
Considering the results of recent studies showing the
value of quantitative ADC measurement for characteris-
ing hepatic lesions and for monitoring the therapeutic
response of malignant hepatic tumours [26, 27], our re-
sults could have clinical implications. Our observations
suggest that the ADC values of focal hepatic lesions
measured on gadoxetic acid-enhanced DW images might
be used instead of those measured on standard, non-
enhanced DW images.

Overall, our data suggests that gadoxetic acid-enhanced
T2 weighted and DW imaging might be able to replace
standard, non-enhanced T2 weighted and DW imaging
without any adverse effect on the diagnostic accuracy or
image quality. Therefore, it is feasible to acquire T2

weighted and DW images during the time gap between
dynamic contrast-enhanced T1 weighted imaging and
hepatobiliary phase imaging. Using this modified MRI
protocol, the examination time can be shortened by as
much as the time required for T2 weighted and DW
imaging (i.e. approximately 10 min in our study).

Our study does have limitations. Firstly, only a small
number of hepatic lesions were pathologically con-
firmed. Pathological proof of all lesions would have
provided more reliable reference-standard data; how-
ever, this might not have been crucial for our study, as its
main purpose was not to evaluate the accuracy of an
imaging technique in lesion characterisation. Instead, we
aimed to evaluate the effect of contrast enhancement
on the image quality and the readers’ interpretation of
MRI compared with standard, non-enhanced images.
Secondly, we did not evaluate the effect of gadoxetic acid
on the ADC values of the normal hepatic parenchyma.
Given a significant reduction in liver SI on DW images
after administration of gadoxetic acid in our study, its
effect on the ADC values of the hepatic parenchyma
should be determined by further research.

In conclusion, acquisition of T2 weighted and DW
images after administration of gadoxetic acid has no
significant effect on detecting and characterising focal
hepatic lesions, although it does improve the lesion-to-
liver CNR on DW images. Therefore, for time-efficient,
gadoxetic acid-enhanced liver MRI examinations, it is
preferable to obtain T2 weighted and DW images during
the interval between the contrast-enhanced dynamic
imaging and the hepatobiliary phase imaging.
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