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Abstract
Purpose To compare the effects of gadoxetic acid and gadoteric acid on the image quality of single-breath-hold, triple (first, 
second, and third) arterial hepatic magnetic resonance imaging (MRI).
Methods Two hundred and eleven patients were divided into two groups according to the contrast materials used (gadoxetic 
acid, 108 patients and gadoteric acid, 103 patients). All 3.0-T MR examinations included triple arterial phase acquisition 
using the 4D enhanced T1-weighted high-resolution isotropic volume examination (eTHRIVE) keyhole technique. The image 
qualities of the pre-contrast and triple arterial phases were assessed in terms of image artifacts, sharpness of the intrahepatic 
vessel and liver edge, and overall image quality with a 5-point scale for qualitative analysis.
Results The image quality of gadoxetic acid-enhanced liver MRI in the triple arterial phases was significantly degraded com-
pared with that of gadoteric acid-enhanced liver MRI, although better image scores were observed in the pre-contrast images 
in the gadoxetic acid group (P < 0.001). The overall image quality gradually improved from the first to the third arterial 
phases in both groups (P < 0.003).
Conclusions Intravenous gadoxetic acid could have a detrimental effect on image quality of triple arterial phase MRI with 
the 4D eTHRIVE Keyhole technique. The third arterial phase images had the best image qualities; thus, they could be used 
as key scans.
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Introduction

Stepwise improvement in magnetic resonance imaging 
(MRI) speed has been achieved with the development of the 
parallel acquisition technique used to reduce scan time and 
enhance temporal resolution. Accordingly, several studies 
with high-speed MRI have described the value of sequen-
tial and multiple arterial phases in a single-breath-hold 
method for both the detection and differential diagnosis of 
hypervascular hepatic tumors [1–3]. Multiple arterial phase 

acquisition in contrast-enhanced MRI may allow appropriate 
selection of an arterial phase image with a small amount of 
contrast filling in the portal vein and can also reduce unin-
tended portal venous contamination in the fixed arterial 
phase acquisition time [4]. However, the parallel acquisi-
tion technique has some limitations in that the numbers of 
imaging matrices and slices can be compromised because of 
the intrinsic trade-off with MRI parameters [5]. To overcome 
these limitations, Masayuki et al. performed a 2D high-spa-
tial-resolution gadolinium-enhanced double-hepatic arterial 
phase liver MRI using a 2D-spoiled gradient-recalled echo 
(GRE) sequence with serial switching and reversed centric 
and centric k-space reordering [5]; however, this study had 
some limitations, including the reduced numbers of imag-
ing matrices, obtainable slices, and through-plane spatial 
resolution, even when the parallel acquisition technique was 
employed. In several other studies using multiple arterial 
phases, more advanced and unique k-space filling strategies 
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with GRE sequence have been introduced to reduce the MR 
acquisition time [5–8].

The THRIVE-CENTRA-keyhole technique is a combi-
nation of a 3D T1-weighted turbo GRE sequence, where a 
fat suppression pre-pulse is followed by the acquisition of 
several profiles [3D T1-weighted high-resolution isotropic 
volume examination (THRIVE)], with a segmented centric 
profile ordering technique [contrast-enhanced timing-robust 
angiography (CENTRA)]. Additionally, this profile ordering 
technique is combined with a 3D dynamic keyhole to accel-
erate data acquisition time during the arterial phase scanning 
[9]. Moreover, the 4D enhanced THRIVE (eTHRIVE) has 
been introduced for performing single-breath-hold multiple 
arterial phases in contrast-enhanced liver MRI [9].

Gadoxetic acid (Gd-EOB-DTPA), a liver-specific MRI 
contrast agent with perfusion and hepatocyte-selective prop-
erties, has been used for dynamic and hepatobiliary phase 
images [10]. However, adverse events such as nausea/vom-
iting, blood pressure decrease, and acute transient dyspnea 
after intravenous gadoxetic acid administration have been 
demonstrated in several studies [11, 12]. Notably, several 
techniques have been suggested to reduce truncation or res-
piratory artifacts, such as contrast agent dilution or respira-
tory triggering methods [13–19]. Nevertheless, severe image 
degradation with various artifacts (e.g., respiratory motion 
and truncation artifacts) in multiple arterial phases has often 
been experienced when gadoxetic acid is used. In fact, it is 
very important to reduce these artifacts because multiple 
arterial phases with the 4D eTHRIVE Keyhole technique 
are added to the standard MR protocol in contrast-enhanced 
liver MRI.

In this study, we hypothesized that severe image deg-
radation of multiple arterial phases scanned with the 4D 
eTHRIVE Keyhole technique might be associated with the 
intravenous administration of gadoxetic acid. Accordingly, 
this study aimed to confirm our hypothesis and then identify 
the method that would help improve the multiple arterial 
phase image quality. Therefore, we conducted a retrospective 
study to evaluate the impact of Gd-EOB-DTPA on image 
degradation of a single-breath-hold, triple arterial dynamic 
MRI of the liver with the 4D eTHRIVE Keyhole technique, 
and we then compared our results with those of extracellular 
gadolinium contrast agent-enhanced MRI.

Materials and methods

Study population

The ethics committee of our institute approved this retro-
spective study and waived the requirement for informed 
consent. We conducted a computerized search in the medi-
cal records at our institution from April 2014 to September 

2015, and a total of 563 patients who underwent liver MRI 
were consecutively registered as the study group (the gadox-
etic acid group). At a similar period, from April 2014 to 
December 2015, a total of 480 patients who underwent MRI 
study of the pancreas, bile duct, or kidneys were recruited 
as the control group (the gadoteric acid group). Detailed 
inclusion and exclusion criteria are described in Fig. 1a, b.

Finally, 103 (35 women, [mean age, 58 years; range 
29–84  years] and 68 men [mean age, 60  years; range 
25–80 years]) were enrolled as the study group, and 103 
(49 women [mean age, 55 years; range 19–83 years] and 54 
men [mean age, 59 years; range 20–86 years]) were enrolled 
as the control group.

The choice of contrast agents was study dependent, not 
randomized; 108 administrations of gadoxetic acid in 103 
patients (liver MRI, n = 108) and 103 administrations of 
gadoteric acid in 103 patients who had contrast-enhanced 
MRI of the pancreas (n = 50), MR cholangiopancreatogra-
phy (MRCP, n = 51), or MRI of the kidneys (n = 2) were 
conducted.

Demographic data and risk factors of patients are summa-
rized in Table 1. In the gadoxetic acid group, many patients 
had ascites due to underlying liver cirrhosis. The degrees of 
ascites, which were recorded through a blinded image review 
by one radiologist who had 4 years’ experience in abdomen 
MRI interpretation, were classified as Grade I (only detect-
able by imaging study), Grade II (moderate symmetrical 
distension of abdomen), or Grade III (large or gross ascites 
with marked abdominal distension) [20]. Other characteris-
tics that could affect the image quality of the arterial phase 
were identified by a blinded review of the electronic medical 
records.

Contrast agents

The two gadolinium-based contrast agents (GBCAs) 
assessed in our study were gadoxetic acid (Gd-EOB-
DTPA; Primovist®, Bayer Schering Pharma, Berlin, Ger-
many) and gadoteric acid (Gd-DOTA; Dotarem®, Guerbet 
group, Roissy, France). At our institution, gadoxetic acid 
and gadoteric acid are always administered based on the 
patient’s body weight at the doses of 0.025 mmol/kg (or 
0.1 mL/kg) and 0.1 mmol/kg (or 0.2 mL/kg), respectively 
[10]. This dose of gadoxetic acid has been recommended 
in prior studies to improve the arterial phase image quality 
[17, 21], although the lower approved dose (0.025 mmol/
kg), which is one-quarter the dose of the traditional extra-
cellular agents, may result in a weak arterial enhancement 
of the liver [11, 14, 22]. The two GBCAs were undiluted 
and were automatically administered intravenously at a rate 
of 1 mL/s (0.025 mmol/mL gadoxetic acid and 0.1 mmol/
mL gadoteric acid) [13], followed by 25 mL of intravenous 
saline flush at a rate of 1 mL/s. Gadoxetic acid was mostly 
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used in liver MRIs, and gadoteric acid was usually used in 
non-liver contrast-enhanced MRIs (such as pancreas MRI, 
MRCP, and kidney MRI) in our institution.

MR imaging techniques

All MR examinations were performed using a 3.0-T MR 
system (Achieva, Philips Health care, Best, the Netherlands 
with SENSE Torso/Cardiac coli 32 elements). Breath-hold-
ing instructions (verbal command from the technologist of 
image acquisition at end inspiration) and dynamic phase 

image timing were the same for both contrast agents. Triple 
(first, second, and third) arterial phase images were acquired 
using the 4D eTHRIVE Keyhole technique. In our keyhole 
technique, the central 30% of k-space data were collected for 
each phase, but the peripheral k-space data, used to obtain 
the reference dataset, were collected only once in the third 
arterial phase and were used to reconstruct the images of 
all arterial phases. The first arterial phase acquisition about 
20–25 s after the contrast agent injection was initiated based 
on a real-time contrast bolus-triggering technique. The 
total scan duration of the triple arterial phase using the 4D 

Fig. 1  Flowchart of the study population. Gadoxetic acid (a) and Gadoteric acid (b) groups
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eTHRIVE Keyhole technique was 10 s, with a dynamic ref-
erence scan of 4.7 s and each dynamic keyhole scan of 1.3 s 
(see Table 2 for more details),

Adverse events

The enrolled patients were interviewed after their MR exam-
inations by an assigned technologist. Patients were asked 
how they experienced discomfort during the MR examina-
tions. All seven technologists were not blinded to the con-
trast agents used. Patient complaints were recorded for each 

occurrence and were categorized according to discomfort 
types, such as dyspnea, nausea, or vomiting.

Image analysis

For each GBCA administration, the pre-contrast and triple 
arterial phase (first, second, and third arterial phase) con-
trast-enhanced T1-weighted images were evaluated on a pic-
ture archiving and communicating system (INFINITT PACS 
version 3.0; INFINITT Healthcare Co., Seoul, Korea). Other 
phase images (e.g., portal or delayed phase images) were not 
included in the analysis to prevent inadvertent unblinding. 

Table 1  Demographic data of 
study patients

The values in parentheses are the percentage
a Data in parentheses are the range
b No recorded height was found in the charts; so, four patients in the gadoxetic acid group and 28 patients in 
the gadoteric acid group were excluded from the analysis
c Grade I ascites is mild ascites only detectable by an imaging study. Grade II ascites manifests as moder-
ate symmetrical distension of abdomen. Grade III ascites is large or gross ascites with marked abdominal 
distension
d P values calculated using the Fisher exact test
e Significant value

Patient characteristics Gadoxetic acid group Gadoteric acid group P  valued

Mean age (years)a

 Female 58 (29 to 84) 55 (19 to 83) 0.604
 Male 60 (25 to 80) 59 (20 to 86)

Sex
 Female 36 (33.3) 49 (47.6) 0.037e

 Male 72 (66.7) 54 (52.4)
Obesity according to  BMIb

 Underweight 3 (2.9) 10 (13.3) 0.020e

 Normal weight 68 (65.4) 39 (52.0)
 Overweight 33 (31.7) 26 (34.7)

Ascitesc

 Grade I 90 (83.3) 98 (95.1) 0.014e

 Grade II 11 (10.2) 2 (1.9)
 Grade III 7 (6.5) 3 (2.9)

Cirrhosis
 None 76 (70.4) 98 (95.1) 0.001e

 Present 32 (29.6) 5 (4.9)
Allergy
 None 106 (98.1) 101 (98.1) 1.000
 Present 2 (1.9) 2 (1.9)

Associated diseases
 Cancer patient (non-HCC) 51 (47.2) 27 (26.2) 0.001e

 HCC 41 (38.0) 2 (1.9)
 Benign disease 16 (14.8) 65 (63.1)
 Healthy people 0 (0.0) 9 (8.7)

Dyspnea comment by report or physician
 None 102 (94.4) 100 (97.1) 0.499
 Present 6 (5.6) 3 (2.9)

Total 108 103
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All MR images were independently assessed blindly by two 
gastrointestinal radiologists who had 6 years’ [reviewer 1] 
or 15 years’ [reviewer 2] experience in liver MRI interpre-
tation. They were blinded to the patients’ clinical history 
and contrast agents used. The image quality was assessed 
using a five-point score rating in terms of degrees of artifacts 
(including motion artifact, pulsation artifact, absence of B1 
inhomogeneity artifact, and truncation artifact), the sharp-
ness of intrahepatic vessel and liver edge, and subjective 
determination of overall image quality of arterial phases. 
The degrees of “artifact” were rated as 0 = severe image arti-
fact (non-diagnostic); 1 = moderate to severe image artifact 
(between scores 0 and 2, but still diagnostic); 2 = moderate 
image artifact, considerably obscured anatomy; 3 = minimal 
image artifact, slightly affected visualization of anatomy; or 
4 = no image artifact. The degrees of “sharpness of intra-
hepatic vessel” and “sharpness of liver edge” were rated as 
0 = unacceptable; 1 = poor and severely blurred; 2 = mod-
erate (between scores 1 and 3); 3 = clearly depicted with 
slight blurring; or 4 = excellently depicted without blurring. 
The evaluation of the overall image quality was ranked as 
0 = non-diagnostic; 1 = poor; 2 = fair; 3 = good; or 4 = excel-
lent. The five scores for each phase were averaged to pro-
duce a mean score for that phase and administration. After 
independent analysis, the image scores of the two reviewers 
were averaged, and the score difference between the two 

study groups was compared. The best image quality phase 
was selected among the three arterial phases.

Statistical analyses

The Mann–Whitney test was used to determine significant 
differences between images acquired using the two GBCAs. 
The Wilcoxon signed-ranks test was used to determine 
image quality differences between each image phases (e.g., 
second arterial phase vs. first arterial phase, third arterial 
phase vs. second arterial phase, and third arterial phase vs. 
pre-contrast phase). Inter-reviewer agreement was assessed 
with the weighted kappa test. Weight kappa values were 
interpreted as follows: < 0.20, poor agreement; 0.21–0.40, 
fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, 
good agreement; and > 0.81, excellent agreement. Chi-
square test was used to determine image quality differences 
based on risk factors and demographics of patients.

Underlying demographic data and patient risk factors 
were compared between the two GBCAs using Fisher’s 
exact test. Qualitative image quality and patient character-
istics were compared between the two GBCAs using the 
Mann–Whitney test. In addition, the χ2 test was used to 
determine image quality differences by MRI technologists. 
All statistical analyses were performed using SPSS 20.0 

Table 2  MR parameters in 
T1-weighted pre-contrast and 
triple arterial phase liver MRI

SPAIR spectrally selective attenuated inversion recovery, eTHRIVE enhanced THRIVE, Ph phase encoding 
direction, Sl slice encoding direction, Y phase encoding direction, Z slice encoding direction, NEX number 
of excitation, NA not applicable
a BH breath-hold
b Dynamic reference scan duration was 4.7 s and each dynamic keyhole scan durations was 1.3 s

eTHRIVE pre-contrast  (BHa) 4D eTHRIVE 3 phase  (BHa)

Magnet 3.0-T 3.0-T
Pulse sequence Spoiled turbo GE Spoiled turbo GE
Acquisition 3D 3D
Keyhole percentage 30 30
Reference scan NA Third
Profile order Linear Linear
Half scan factor Y: 0.7, Z: 0.85 Y: 0.7, Z: 0.85
Fat suppression SPAIR SPAIR
TR/TE(ms) 3.1/1.52 2.8/1.32
Flip angle (°) 10 10
Thickness 6 6
Intersection gap − 3 − 3
Acceleration factor 2.34 (Ph:1.8 × Sl:1.3) 2.34 (Ph:1.8 × Sl:1.3)
Matrix (X, Y) 304 × 297 232 × 227
FOV (X, Y) 350 x 340 350 x 340
NEX 1 1
BW (Hz/pixel) 719 867
Acquisition time 4.7 s 10  sb
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Software (Chicago, Illinois). A P value < 0.05 indicated a 
statistically significant difference.

Results

Patients receiving gadoxetic acid were statistically more 
likely to be cirrhotic and have ascites and other variable 
comorbid malignancies, which could lead to more degraded 
image qualities (P < 0.05), than those receiving gadoteric 
acid (Table 1). Nevertheless, the overall image quality was 
significantly higher in the pre-contrast phase in the gadoxetic 
acid group than in the gadoteric acid group, and mean image 
scores were 2.83 in the gadoxetic acid group and 2.55 in the 
gadoteric acid group (Table 3, P < 0.003). However, in the 
post-contrast phase, the overall image quality was signifi-
cantly lower in the gadoxetic acid group than in the gado-
teric acid group, and mean image scores were 2.40 in the 
gadoxetic acid group and 2.94 in the gadoteric acid (Table 3, 
P < 0.001).

Significant differences in the BMI between the two 
groups were observed (Table 1). However, patients whose 
height could not be identified in the medical record were 
excluded from the analysis: 4 patients were excluded from 
the gadoxetic acid group and 28 from the gadoteric acid 
group.

The specific image quality between each arterial phase 
assessed using the 4D eTHRIVE Keyhole technique signifi-
cantly improved with an increasing trend from the first to the 

third arterial phases in both groups (Table 3, Figs. 2, 3), and 
the third arterial phase images had the best image qualities 
among the three arterial phases (Table 4) (P < 0.001).

In the qualitative analyses of images, all rated scores were 
significantly higher in the gadoteric acid group. Accordingly, 
gadoxetic acid-enhanced liver MRI showed poorer image 
qualities in all arterial phases than did gadoteric acid-
enhanced MRI.

Six patients in the gadoxetic acid group and three patients 
in the gadoteric acid group complained of dyspnea, although 
no statistical differences in the incidence of dyspnea were 
observed between the two groups (P = 0.499). Four patients 
from both groups had a past medical history of allergies: one 
nickel allergy and one CT contrast agent (Iodine) allergy in 
the gadoxetic acid group, and one hair dye allergy and one 
atopic dermatitis in the gadoteric acid group. However, these 
patients did not complain about any adverse events during 
the MRI study.

Image quality scores rated as 0 (non-diagnostic image) 
were mostly artifact scores and more common in the first 
arterial phase (Fig. 4). For example, in first arterial phase, 25 
patients were rated as artifact score 0, 2 patients were rated 
as vessel score 0, and 2 patients were rated as edge score 0 
by reviewer 2 (Table 5).

The weighted kappa test showed that some of the inter-
reviewer reliabilities were moderate, while others were good. 
There was a moderate agreement in the pre-contrast images 
(0.56–0.61) and the first arterial phase (0.57–0.59) and a 
good agreement in the second arterial phase (0.61–0.72, 
third arterial phase (0.65–0.73), and overall quality (0.78) 
(Table 6). No significant differences in MR image quality 
were reported by the MRI technologists (P = 0.21).

Discussion

The first principal finding of our study is that intravenous 
gadoxetic acid administration led to significantly degraded 
multiple arterial hepatic images than did intravenous gado-
teric acid administration. Despite the differences in patient 
characteristics, the image quality of the pre-contrast scan 
of the gadoxetic acid group was significantly higher than 
that of the gadoteric acid group. Gadoxetic acid-enhanced 
liver MRI has been increasingly used, and the detection of 
arterial hyperenhancement within a liver lesion is of cardi-
nal importance, particularly in patients with cirrhosis; how-
ever, image quality degradation in the arterial phase can be 
a disadvantage.

Several studies have found “acute transient dyspnea” 
or “transient motion artifact” after intravenous gadoxetic 
acid administration during the arterial phase, and this phe-
nomenon can cause image quality degradation [23–25]. 
Thus, gadoxetic acid may degrade the image quality of 

Table 3  Specific and overall image quality scores between two 
groups using 4D eTHRIVE keyhole technique

Mean ± SD
AP arterial phase
a P values calculated with Mann–Whitney Test

Phase Image quality Gadoxetic 
acid

Gadoteric 
acid

P  valuea

Pre-contrast Artifact 2.56 ± 0.66 2.34 ± 0.66 0.014
Vessel 2.55 ± 0.63 2.38 ± 0.54 0.034
Edge 3.08 ± 0.64 2.82 ± 0.51 0.001
Overall 2.83 ± 0.76 2.55 ± 0.62 0.003

First AP Artifact 1.34 ± 0.87 1.90 ± 0.78 0.001
Vessel 2.67 ± 0.83 2.96 ± 0.73 0.008
Edge 2.53 ± 0.74 2.96 ± 0.54 0.001

Second AP Artifact 1.81 ± 0.96 2.28 ± 0.87 0.001
Vessel 3.04 ± 0.80 3.36 ± 0.68 0.002
Edge 2.81 ± 0.80 3.24 ± 0.50 0.001

Third AP Artifact 2.09 ± 0.93 2.52 ± 0.85 0.001
Vessel 3.25 ± 0.80 3.53 ± 0.69 0.007
Edge 2.96 ± 0.76 3.37 ± 0.55 0.001
Overall 2.40 ± 0.98 2.94 ± 0.75 0.001
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the arterial phase when compared with other extracellu-
lar contrast agents. In our study, only a small number of 
patients in both groups (5.6% in the gadoxetic acid group 
and 2.9% in the gadoteric acid group) complained of overt 
transient dyspnea, and no significant difference was found 
between the two groups. Therefore, we can hypothesize 

that subclinical dyspnea was a greater influence on image 
quality degradation than overt breath-hold failure.

The second principal finding of our study is that the third 
arterial phase images had the best image quality regardless 
of the contrast agents used. We found a high prevalence of 
severe artifacts in the first arterial phase in the gadoxetic acid 

Fig. 2  Averaged image quality scores of three evaluation factors from 
two reviewers. Artifacts (a), degrees of sharpness of hepatic vessels 
(b), and degrees of sharpness of hepatic edge (c). Overall scores were 
higher in the gadoteric acid group than in the gadoxetic acid group. 
(The exact statistical value correlates with Table 3.) The image qual-

ity between each arterial phase using the 4D enhanced T1-weighted 
high-resolution isotropic volume examination (eTHRIVE) keyhole 
technique significantly improved from the first to the third arterial 
phases
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group (Table 5). Although we did not subcategorize specific 
artifact types, most artifacts were ringing artifacts, while 
some were respiratory motion artifacts.

In the keyhole technique, the central k-space portion is 
acquired in the initial phase of the multiple arterial phase 
scanning and after the complete filling of the central por-
tion, and the k-space filling is then continued toward the 
peripheral k-space portion (reference image) [9]. In the last 
arterial phase image (the third arterial phase in our study), 

peripheral k-space and central k-space are acquired at the 
same time; accordingly, the last arterial phase image is not 
a reconstructed image, and it has a low chance to be inter-
rupted by respiratory motion and other artifacts. The adverse 
effects of transient dyspnea during the initial gadoxetic acid 
injection may have degraded the quality of the first arterial 
phase but not that of the third arterial phase. It has been 
indicated that the image quality of the multiple arterial 
phases can be improved if the peripheral k-space is obtained 

Fig. 3  MR images of a 61-year-old man with hepatocellular carci-
noma who had five transcatheter arterial chemoembolizations and one 
radiofrequency ablation previously. Image quality between each arte-
rial phase using the 4D eTHRIVE Keyhole technique significantly 

improved from the first to the third arterial phases. The artifact scores 
were assigned as 3 (minimal) in the pre-contrast image (a), 1 (moder-
ate to severe) in the first arterial phase (b), 2 (moderate) in the second 
arterial phase (c), and 3 (minimal) in the third arterial phase (d) 

Table 4  Best image quality phase among triple arterial phases

Kappa values less than 0.20 indicated poor agreement; values between 0.21 and 0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–
0.80, good agreement; and > 0.81, excellent agreement
AP arterial phase

Best image phase Gadoxetic acid (n = 108) Kappa P value Gadoteric acid (n = 103) Kappa P value

Reviewer 1(%) Reviewer 2(%) Reviewer 1(%) Reviewer 2(%)

First AP 8 (6.5) 1 (0.9) 0.54 < 0.0001 3 (3.0) 2 (2.0) 0.619 < 0.0001
Second AP 25 (23.1) 26 (24.1) 22 (21.3) 19 (18.4)
Third AP 75 (69.4) 81 (75) 78 (75.7) 82 (79.6)
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immediately after injection of the contrast agent and the ref-
erence scan is conducted in the early phase [9]. However, we 
speculate that the reference scan using the keyhole technique 
in gadoxetic acid-enhanced liver MRI should be taken at the 
last arterial phase to obtain better results. The image quality 
of every phase may be affected if the reference scan during 
the early phase is compromised by respiratory motion or 
ringing artifacts [11, 16].

Regarding the concentration of contrast agent used, 
gadoxetic acid (Primovist®, 0.025 mmol/kg) was a quar-
ter times more diluted than other extracellular agents such 
as gadoteric acid (Dotarem, 0.1 mmol/kg) and gadobenate 
dimeglumine (MultiHance; Bracco Diagnostics, Princeton, 
NJ; 0.1 mmol/kg). This low approved dose of gadoxetic acid 
may have resulted in the difficult timing of the peak signal 
intensity of the multiple arterial phase imaging.

Gadoxetic acid has a higher relaxivity than other extra-
cellular contrast agents; however, based on our experiences, 
gadoxetic acid-associated contrast enhancement tends to 
decrease slightly in the arterial phase when compared with 

Fig. 4  MR images of a 72-year-old man with liver cirrhosis in the 
gadoxetic acid group. The artifact score was assigned as 2 (moderate) 
or 3 (minimal) in the pre-contrast image (a). The artifact score was 
assigned as 0 (non-diagnostic) in the first arterial phase image by two 

reviewers (b). Pre-contrast MR images had adequate quality. How-
ever, severe artifacts, which were thought to be the cause of respira-
tory failure, were found in the first arterial phase images taken after 
contrast administration

Table 5  Non-diagnostic images 
(Score 0) among pre-contrast 
and triple arterial phases

Artifact/vessel/edge
For example, in the third AP of reviewer 1, 8 patients were rated as artifact score 0, 1 patient was rated as 
vessel score 0, and 1 patient was rated as edge score 0

Phase Gadoxetic acid (n = 108) Gadoteric acid (n = 103)

Reviewer 1 Reviewer 2 Reviewer 1 Reviewer 2

Score 0 images Pre-contrast 0/0/0 0/0/0 0/0/0 0/0/0
First AP 17/0/1 25/2/2 4/1/0 3/1/0
Second AP 10/0/1 12/1/1 3/1/0 3/1/0
Third AP 8/1/1 7/2/2 4/1/0 4/1/0

Table 6  Inter-reviewer reliability

Weighted kappa values < 0.20 indicated poor agreement; values 
between 0.21 and 0.40, fair agreement; 0.41–0.60, moderate agree-
ment; 0.61–0.80, good agreement; and > 0.81, excellent agreement

Phase Image quality Weighted 
kappa

Agreement P value

Pre-contrast Artifact 0.61 Good < 0.0001
Vessel 0.56 Moderate < 0.0001
Edge 0.58 Moderate < 0.0001
Overall 0.60 Moderate < 0.0001

First AP Artifact 0.59 Moderate < 0.0001
Vessel 0.58 Moderate < 0.0001
Edge 0.57 Moderate < 0.0001

Second AP Artifact 0.72 Good < 0.0001
Vessel 0.61 Good < 0.0001
Edge 0.63 Good < 0.0001

Third AP Artifact 0.73 Good < 0.0001
Vessel 0.68 Good < 0.0001
Edge 0.65 Good < 0.0001
Overall 0.78 Good < 0.0001



4046 Abdominal Radiology (2019) 44:4037–4047

1 3

gadoteric acid-associated contrast enhancement. Moreover, 
because the concentration of gadoxetic acid was low, the 
signal-to-noise ratio was lower than those pertaining to other 
extracellular contrast agents. In addition, the low dose of 
gadoxetic acid may lead to lesser contrast enhancement in 
the first phase of the multiple arterial phases and degraded 
image quality. Therefore, the image quality would improve 
in the last phase when the contrast agent is fully filled. Fur-
thermore, the recently introduced dilution contrast injection 
method is thought to prevent truncation artifacts in the early 
arterial phase, resulting in rapid changes of contrast levels 
in soft tissues [15, 19].

The third principal finding of our study is that among the 
three factors evaluated, the “artifact” had the lowest scores 
in both contrast agents. The sharpness of the intrahepatic 
vessel and the liver edge had relatively high scores. These 
two evaluated factors seemed to have helped to assess the 
appropriateness of the image quality that was less affected by 
the artifact. This is possibly due to single-breath-hold image 
acquisition in our study rather than respiratory triggering. 
Liver edge blurring and poor depiction of intrahepatic ves-
sels are usually used to assess the quality of images obtained 
by respiratory-triggered acquisition [26]. Compared with the 
artifacts in the pre-contrast image and each arterial phase 
image, those in the first arterial phase with gadoxetic acid 
were more severe, with statistically significant differences. 
Despite the relatively prominent image degradation caused 
by artifacts, other evaluation factors and the overall image 
quality were still acceptable.

In our study, we did not subcategorize specific artifact 
types; most of the artifacts were similar and they were 
motion or ringing artifacts. These findings are consistent 
with those of Davenport MS et al., who found that intra-
venous gadoxetate disodium resulted in acute self-limiting 
dyspnea, which had a deleterious effect on the arterial phase 
MR image quality, mainly manifesting as respiratory motion 
artifacts [11]. Tanimoto et al. showed that ringing artifacts 
derived from truncation artifacts in a narrow sense and 
phase ghost from organs and vessels were more suscepti-
ble in gadoxetic acid-enhanced MRIs than in other GBCA-
enhanced MRIs [16].

The image quality of MRI and computed tomography 
(CT) can be affected by hardware, software, and patients’ 
factors. Compared with CT, MRI has a longer scan time 
and many sequences; in addition, the proficiency of the MRI 
technologist is also likely to affect image quality; therefore, 
we also evaluated the differences in the quality of images 
obtained by MRI technologists. Seven technologists per-
formed a total of 211 consecutive MR examinations, and no 
differences in the quality of images acquired by them were 
observed.

Our study has several limitations. First, although the 
reviewers were blinded to the administered contrast agents, 

the GBCA subgroup was not randomized, and most base-
line risk factors between the two groups were not similar. 
Generally, more compromised general medical conditions 
were observed in the gadoxetic acid group, and breath-hold 
during the arterial phase was more difficult, thus causing 
image quality degradation. However, better image quality 
was observed in the pre-contrast phase in the gadoxetic acid 
group. This finding suggests that the baseline risk factor dif-
ferences in the two groups do not influence the study results. 
Second, a recent study has shown that end-expiration breath-
hold methods reduce respiratory motion artifacts over end-
inspiration breath-hold methods in T1WI abdominal MRI 
[27]. Also, the recently introduced dilution contrast injec-
tion method is thought to prevent truncation artifacts in the 
early arterial phase [15, 19]. However, the MR acquisition 
protocol utilized the end-inspiration method, and contrast 
dilution was not used in the current study; thus, these fac-
tors were thought to have influenced our results. Third, 
only the subjective qualitative analysis was performed, not 
quantitative analysis. Moreover, we did not assess the over-
all performance of the technique in the diagnosis of focal 
hepatic lesions. Fourth, the intra-reviewer agreement was 
not assessed for image quality.

In conclusions, intravenous gadoxetic acid can have a det-
rimental effect on the image quality of triple arterial phase 
MR imaging with the 4D eTHRIVE Keyhole technique. The 
third arterial phase images had the best image quality regard-
less of the contrast media used; therefore, this phase could 
be used as a key scan among degraded images.
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