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Abstract
Purpose To determine whether CAIPIRINHA-Dixon-TWIST (CDT) volume-interpolated breath-hold examination (VIBE) im-
proves image quality by reducing gadoxetate-disodium-associated transient arterial-phasemotion artefacts in magnetic resonance
imaging (MRI) of the liver.
Materials and methods MRI studies of the liver from 270 patients who had received gadoxetate disodium were retrospectively
evaluated in regard to arterial timing accuracy and arterial phase motion artefact severity (VIBE: 90/270, CAIPIRINHA-VIBE:
90/270 and CDT-VIBE: 90/270 cases). Three independent and blinded readers assessed arterial phase timing and motion artefact
severity (5-point scale). Interrater agreement was calculated by weighted kappa. Continuous variables were compared via a two-
sided ANOVA, categorical variables via a χ2 test. An ordinal regression analysis was performed to identify other predictors of
motion artefacts.
Results CDT-VIBE improved correct late arterial timing rates and reduced motion-related image deterioration rates. Successful
late arterial liver visualisation was achieved in 56.7% (VIBE) compared with 66.7% (CAIPIRINHA-VIBE) and 84.4% (CDT-
VIBE) (P < 0.0001). Good/excellent image quality was achieved in 56.7% vs. 66.7% and 73.3%, respectively (P = 0.03). Male
sex negatively influenced image quality (P = 0.03).
Conclusion CDT-VIBE increases the diagnostic utility of gadoxetate disodium-based liver MRI by reducing respiratory motion
artefacts and optimising late arterial visualisation compared with VIBE and CAIPIRINHA-VIBE.
Key Points
• CAIPIRINHA-Dixon-TWIST-VIBE-MRI (CDT) mitigates effects of acute transient dyspnoea caused by gadoxetate disodium.
• CDT improves late arterial imaging compared with VIBE and CAIPIRINHA-VIBE.
• The rate of ideal late arterial images is higher with CDT-VIBE vs. VIBE or CAIPI-VIBE.
• The impact of respiratory motion artefacts on arterial phase images can be reduced.
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Abbreviations
CAIPIRINHA Controlled Aliasing In Parallel Imaging Results In

Higher Acceleration Factor
TWIST Time-resolved Angiography With Interleaved

Stochastic Trajectories
CDT CAIPIRINHA-Dixon TWIST
VIBE Volume-interpolated Breath-hold Examination
HASTE Half Fourier Acquisition Single-shot Turbo Spin Echo
MRI Magnetic Resonance Imaging

CT Computed Tomography
TSM Transient Severe Motion
T2w T2 Weighted
HCC Hepatocellular Carcinoma
PACS Picture Archiving And Communication System

Introduction

Recently gadoxetate disodium (Eovist® in North America,
Primovist® in Europe; BayerSchering Pharma AG, Berlin,
Germany)—an intravenously administered hepatobiliary
contrast agent for magnetic resonance imaging (MRI) of
the liver—has been associated with acute transient
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dyspnoea, which is a temporary, self-limiting phenomenon
lasting for 10-20 s [1]. It is widely used for both standard
dynamic images and late hepatobiliary phase images.
Despi te addi t iona l informat ion provided in the
hepatobiliary phase, arterial phase enhancement still re-
mains essential for the detection and characterisation of
liver lesions [1, 2]. Especially in patients with liver cirrho-
sis, arterial hyperenhancement is still a hallmark and a
surrogate in the diagnosis of hepatocellular carcinoma
[3–7]. Therefore the correct timing of the so-called late
arterial phase can be crucial for the correct diagnosis [8].

Davenport et al. reported that the rate of transient severe
motion (TSM) was significantly higher with gadoxetate
disodium than with gadobenate dimeglumine (Multihance;
Bracco, Milan, Italy). Hence, significantly more arterial phase
images were degraded by respiratory motion-related artefacts
than with gadobenate dimeglumine. Another study by the
same group supported these results 1 year later in matched
patients and suggested that results are not solely explicable
by selection bias [9]. These results were further confirmed
by several authors with the conclusion that the described arte-
facts are associated with breath-hold failure [10–12].

Manufacturers are continuously working on develop-
ment and optimisation of their MR sequences with em-
phasis on the acquisition time and signal-to-noise ratio.
Controlled Aliasing In Parallel Imaging Results In
Higher Acceleration Factor (CAIPIRINHA) allows for re-
duction of acquisition times while still maintaining ade-
quate spatial resolution [13]. The further developed
CAIPIRINHA-Dixon Time-resolved angiography With
Interleaved Stochastic Trajectories (TWIST, [14]) (CDT,
[15]) volume-interpolated breath-hold examination (VIBE
[16]) is promoted as a high-end sequence for abdominal
imaging [15, 17]. This 3D gradient-echo sequence with
Dixon fat-suppression technique and view-sharing com-
bines incomplete interpolated k-space filling with a paral-
lel imaging technique to achieve a fourfold acceleration
factor [18] and allows acquiring multiple data sets during
one breath-hold. Therefore, in contrast-enhanced dynamic
liver imaging, it can be ascertained that at least one data
set is available with ideal arterial enhancement [19].

In theory, CDT-VIBE, as a multiple arterial phase im-
aging technique [20], could provide at least one image set
with reduced or limited motion artefacts and ideally with
late arterial opacification. The purpose of this study was
to determine whether the use of CDT-VIBE in imaging
the liver with gadoxetate disodium provides improved late
arterial phase imaging with adequate image quality by
reducing the effect of transient motion artefacts.
Therefore CDT-VIBE was compared with clinically ap-
proved single (VIBE) and double (CAIPIRINHA-VIBE)
arterial phase imaging techniques regarding phase timing
and image quality.

Materials and methods

Study population

Institutional review board approval was obtained with patient
consent waived for this retrospective study (Ethikkommission,
Medical University Innsbruck).

For this retrospective study, a keyword search of the radi-
ology reports in the medical record database at our centre
(Department of Radiology, Medical University Innsbruck)
was performed to identify patients who met the following
inclusion criteria: (1) dynamic gadoxetate disodium enhanced
MRI of the liver on a 3.0-T scanner and (2) successful, intra-
venous administration of gadoxetate disodium. No age limit
was applied. In addition, the MRI protocol had to be either a
single arterial phase VIBE, a double arterial phase
CAIPIRINHA-VIBE or a multiple arterial phase CDT; for
each sequence type the patient number was limited to 90.

Two hundred seventy MR imaging studies between
March 2011 and April 2016 could be identified and were
included. Demographic data on age, gender and cause of re-
ferral (cirrhosis, liver metastasis, other, unknown) were
collected.

MR imaging

All studies were performed on a 3.0-T MR system
(MAGENTOM Skyra; Siemens Healthcare, Erlangen,
Germany) using an 18-element body matrix coil and a 32-
element spine coil. Patients were examined in supine position.
All images were acquired by predefined institutional protocols
for contrast-enhanced liver imaging in which three types of
dynamic axial imaging sequences were used: single arterial
VIBE (n = 90), double arterial phase CAIPIRINHA-VIBE
(n = 90) and multiple arterial phase CDT-VIBE (n = 90).
The respective sequence parameters are summarised in
Table 1. All patients also received a T2-weighted Half
Fourier Acquisition Single-shot Turbo Spin Echo (HASTE)
sequence of the liver before administration of the contrast
agent (see Table 1 for details). This sequence was used for
further morphological assessment described below. After
one unenhanced imaging sequence, patients received 10 ml
of gadoxetate disodium by manual injection through a periph-
eral intravenous line at the cubita or forearm at an approximate
injection rate of 1.5-2.0 ml/s followed by a 20-ml saline flush.
In all patients dynamic imaging was started after a predefined
delay of 15 s after the start of the contrast agent injection to
acquire an optimally timed late arterial phase, defined as hav-
ing Bstrong hepatic arterial, substantial portal venous, slight
parenchymal, and no hepatic venous enhancement^ [21].
Portal venous phase and later venous phase images were ac-
quired at 45 s and 120 s after contrast injection; late phase
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imaging was performed 30-45 min after contrast injection.
Late phase images were, however, not evaluated for this study.

Image interpretation

Three radiologists with 8 (reader 1), 6 (reader 2) and 2 (reader
3) years of experience in the field of abdominal MRI per-
formed independent readings in an anonymised fashion and
blinded to the cause of referral, final diagnosis and other pa-
tient information. Reading was performed on an Agfa Impax
EE (Agfa Healthcare; Mortsel, Belgium) workstation. All
readers were aware of the difference between true motion-
related artefacts and rapid bolus-related ring artefacts [10].

Each reader rated each imaging study (unenhanced T2w
HASTE and unenhanced VIBE, respectively) regarding the
presence of morphological signs of liver cirrhosis, presence
and severity of ascites (none/moderate/severe) and pleural ef-
fusion (none/moderate/severe). For CAIPI-VIBE and CDT-
VIBE studies the best sequence phase was then chosen regard-
ing the lowest degree of motion artefacts and optimal arterial
timing. This was done in consensus among all three readers to
ensure that for further evaluation every reader evaluated the
same arterial phase.

Arterial timing phases were independently graded by each
reader as aortic (aortic, yet no intrahepatic arterial enhancement),
early arterial (enhancement of hepatic artery, but not of the portal
or hepatic veins), late arterial (enhancement of hepatic artery and
portal vein branches, yet not of the hepatic veins) and venous
(enhancement of hepatic veins) (according to [8]). Examples are
given in Fig. 1. Finally, each reader rated the overall quality of the
chosen sequence in regard to motion artefacts on a scale of 1 (no
motion artefacts, optimal image quality), 2 (virtually no motion

artefacts, good image quality), 3 (moderate motion artefacts, but
still usable), 4 (severe motion artefacts, barely usable) and 5
(heavy motion artefacts, images not usable for diagnostic pur-
poses) (see also exemplary Fig. 2).

Statistical analysis

All data were analysed in GraphPad Prism Pro 6.05
(GraphPad Software Inc., La Jolla, CA, USA) or SPSS ver-
sion 23.0 (SPSS Inc., Chicago, IL, USA). P values < 0.05
were considered significant and 95% confidence intervals
are given where appropriate.

Interrater agreement concerning the timing of the arterial
phase and image quality is given as weighted kappa between
all readers; results were rated according to [22].

Relative and absolute frequencies of arterial phases were
calculated. Mean values for image quality for VIBE,
CAIPIRINHA and CDT were compared via a two-sided
ANOVA with Dunnett’s correction for multiple testing.
Contingency tables were analysed via χ2 tests.

To determine the extent of gadoxetate disodium-associated
breathing artefacts in patients with liver cirrhosis, the analysis
was repeated for the subgroup of patients with imaging find-
ings in line with manifest liver cirrhosis (defined by a
fibronodular appearance of the liver).

An ordinal regression analysis was carried out to determine
the influence of the presence of liver cirrhosis, ascites, pleural
effusion as well as age and sex on the final classification of the
image quality. Multicollinearity between predictors was ex-
cluded by means of the variance inflation factor and tolerance
value. Results are given as B-value, 95% confidence intervals
(95% CI) and P values.

Table 1 Sequence parameters for T2w HASTE (Half Fourier Acquisition Single-shot Turbo spin Echo), VIBE, CAIPIRINHA VIBE and
CAIPIRINHA-Dixon-TWIST VIBE (CDT VIBE). Interpolation is used to generate final resolution

Parameter T2w HASTE VIBE CAIPI-VIBE CDT-VIBE

TR/TE/TE2 [ms] 1600.0/95.0/- 3.90/1.80/- 4.20/1.89/- 3.89/1.23/2.46

Flip angle 160 9 9 10

Acquired voxel size [mm × mm × mm] 1.3 × 1.3 × 5.0 1.4 × 1.4 × 3.0 1.2 × 1.2 × 3.0 1.4 × 1.4 × 3.0*

Parallel imaging mode GRAPPA GRAPPA CAIPIRINHA CAIPIRINHA

Acceleration factor 2 2 4 4

FOV read size [mm × mm] 400 × 312 450 × 310 380 × 297 400 × 325

Acquisition matrix 320 × 259 320 × 240 320 × 234 288 × 216

Frames (n) 1 1 2 5

Slices (n) 40 72 80 72

Fat suppression None Spectral Spectral Dixon

TWIST size of central k-space region - - - 20

TWIST sampling density k-space periphery - - - 25

Sequence acquisition time [s] 14 (×3) 15 15 16

Breath-hold interval [s] 15 (×3) 15 15 16

TR, repetition time; TE, echo time; FOV, field of view, *interpolated to 0.7 × 0.7 × 3 mm for routine reading
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Results

Study population

Table 2 provides an overview of the three patient groups im-
aged with VIBE, CAIPI-VIBE and CDT-VIBE. Mean patient
age was 56.3 ± 16.3 years; 51.4% of patients were male. There
was no significant age difference between groups: mean pa-
tient age was 55.0 ± 16.6 years for VIBE, 58.2 ± 15.0 years for

CAIPI-VIBE (P = 0.30) and 57.2 ± 15.5 years for CDT-VIBE
(P = 0.53, both compared with VIBE). Furthermore, there was
no significant difference in regard to gender distribution (P =
0.84), cause of referral (P = 0.37), rates of liver cirrhosis (P =
0.22) or ascites (P = 0.17) among the three groups. Mild
pleural effusion was less common in the CAIPI-VIBE group
compared with the other two groups (P = 0.03).

Among cirrhotic patients (Table 3), the mean age was 60.4
± 14.4 years; 69.2% of patients were male. There was no

Fig. 2 Illustration of the five distinct respiratory motion grades: (a) CDT-
VIBE in a 65-year-old female patient after liver transplantation with no
noticeable artefacts (grade 1), (b) VIBE in a 52-year-old male patient
referred because of an unclear elevation of liver enzymes 7 years after a
Whipple procedure with very subtle breathing artefacts—magnification
(white outline) is provided in image (c) (grade 2), (d) CAIPI-VIBE in a
69-year-old male patient evaluated for the presence of a hepatocellular

carcinoma (HCC) with moderate breathing artefacts (grade 3), (e) VIBE
in a 72-year-old male patient with known liver cirrhosis referred to ex-
clude an HCC with severe breathing artefacts substantially decreasing
readability (grade 4) and f) CDT-VIBE of a 64-year-old female patient
referred for the assessment of an unknown liver lesion with non-
diagnostic scans due to severe breathing artefacts (grade 5)

Fig. 1 Illustration of liver contrast
enhancement phases: aortal
(VIBE) with no attenuation of the
hepatic artery, portal vein or he-
patic veins (a), early arterial
(CDT-VIBE) with sole enhance-
ment of the hepatic artery (b), late
arterial (CDT-VIBE) with en-
hancement of the hepatic artery
and portal vein (c) and venous
(CDT-VIBE) with enhancement
of attenuation of the hepatic veins
and signal increase of the liver
parenchyma (d)
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significant difference in age (P = 0.89 for CAIPI-VIBE/0.99
for CDT-VIBE compared with VIBE, respectively), rate of
male gender (P = 0.35), referral cause (P = 0.78), ascites (P
= 0.75) or pleural effusion (P = 0.31).

Interrater agreement

Arterial phase timing interrater agreement was ‘very good’
between reader 1 and 2 (weighted kappa = 0.979), between
reader 1 and 3 (weighted kappa = 0.990) and between reader 2
and 3 (weighted kappa = 0.989).

Motion score interrater agreement was slightly lower be-
tween reader 1 and 2 (weighted kappa = 0.815, ‘very good’),
between reader 1 and 3 (weighted kappa = 0.774, ‘good’) and
between reader 2 and 3 (weighted kappa = 0.780, ‘good’).

Arterial phase timing and motion scores

Ideal arterial timing, i.e. late arterial, was achieved in 56.7%
with VIBE, in 66.7% with CAIPI-VIBE and in 84.4% with
CDT-VIBE (P < 0.0001, Fig. 3a). While 18.9% of imaging
studies were either non-diagnostic (grade 5) or severely affect-
ed bymotion artefacts (grade 4) with VIBE, this rate was 7.8%
for CAIPI-VIBE and 6.7% for CDT-VIBE (Fig. 3b).

Accordingly, the rate of excellent (grade 1) or good imaging
studies (grade 2) was 56.7% for VIBE, 66.7% for CAIPI-
VIBE and 73.3% for CDT-VIBE (P = 0.0298).

Regarding consensus values of all three readers, relative
arterial phase timings (aortic/early arterial/late arterial/venous)
were 0%/28.9%/56.7%/14.4% for VIBE, 0%/30.0%/66.7%/
3.3% for CAIPI-VIBE and 0%/13.3%/84.4%/2.2% for CDT-
VIBE (P < 0.0001, Fig. 3a).

There was a significant difference regarding motion scores:
Average quality values were 2.70 ± 1.10 for VIBE, 2.39 ±
0.70 for CAIPI-VIBE (P = 0.034 vs. VIBE) and 2.29 ± 0.75
for CDT-VIBE (P = 0.012) when calculating mean values for
all three readers (lower is better). This also applied to consen-
sus values with 2.71 ± 1.11 for VIBE, 2.37 ± 0.73 for CAIPI-
VIBE (P = 0.026) and 2.26 ± 0.78 for CDT-VIBE (P = 0.007).

Ordinal regression analysis with image quality as the out-
come revealed there was a non-significant trend toward lower
image quality grades in the presence of liver cirrhosis (B =
0.388, 95% CI -0.215–0.991, P = 0.207) and pleural effusion
(B = 0.784, 95% CI -0.147–1.714, P = 0.099), yet no influ-
ence of moderate (B = 0.623, 95% CI -0.331–1.578, P =
0.200) or severe ascites (B = 0.070, 95% CI -0.832–0.973, P
= 0.878) or age (B = 0.07, 95% CI -0.008–0.022, P = 0.329).
Male sex on the other hand was associated with significantly

Table 2 Group characteristics between patients imaged with VIBE,
CAIPIRINHA VIBE and CAIPIRINHA-Dixon-TWIST VIBE (CDT
VIBE). P values are given where appropriate and refer to differences

among the VIBE, CAIPI-VIBE and CDT-VIBE groups. (aOne-way
ANOVAwith multiple testing corrections, bχ2 test)

Overall VIBE CAIPI-VIBE CDT P value

Cases (n) 270 90 90 90 -

Age [years] (range in parentheses) 56.3 ± 16.3
(11-90)

55.0 ± 16.6
(14-85)

58.2 ± 15.0
(11-83)

57.2 ± 15.5
(17-90)

0.30/0.53a

Male gender [%] (n in parentheses) 52.2 (141/270) 52.2 (47/90) 54.4 (49/90) 50.0 (45/90) 0.84b

Cause of referral (cirrhosis/liver
metastasis/other/unknown) [%]

14.1/40.0/45.2/0.7 12.2/42.2/43.3/2.2 14.4/34.4/51.1/0.0 15.6/43.3/41.1/0.0 0.37b

Imaging suggestive of cirrhotic liver [%] 71.1 64.4 75.6 73.3 0.22b

No/mild/severe ascites [%] 84.1/6.7/9.3 78.9/8.9/12.2 91.1/2.2/6.7 82.2/8.9/8.9 0.17b

No/mild/severe pleural effusion [%] 93.3/6.7/0.0 90.0/10.0/0.0 98.9/1.1/0.0 91.1/8.9/0.0 0.03b

Table 3 Group characteristics of patients with liver cirrhosis imaged
with VIBE, CAIPIRINHA VIBE and CAIPIRINHA-Dixon-TWIST
VIBE (CDT VIBE). P values are given where appropriate and refer to

differences among the VIBE, CAIPI-VIBE and CDT-VIBE groups.
(aOne-way ANOVAwith multiple testing corrections, bχ2 test)

Overall VIBE CAIPI-VIBE CDT P value

Cases (n) 78 32 22 24 -

Age [years] 60.4 ± 14.4 60.8 ± 15.4 59.0 ± 12.6 61.1 ± 14.9 0.89/0.99a

Male gender [%] 69.2 71.9 77.3 58.3 0.35b

Cause of referral (cirrhosis/liver
metastasis/other/unknown) [%]

2.6/79.5/16.7/1.3 0.0/78.1/18.8/3.1 4.6/77.3/18.2/0.0 4.2/83.3/12.5/0.0 0.78b

No/mild/severe ascites [%] 53.8/16.7/29.5 53.1/18.8/28.1 63.6/9.1/27.3 45.8/20.8/33.3 0.75b

No/mild/severe pleural effusion [%] 87.2/12.8/0.0 81.3/18.7/0.0 95.5/4.5/0.0 87.5/12.5/0.0 0.31b
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decreased image quality grades (B = 0.532, 95% CI 1.012–
0.051, P = 0.03).

While CAIPI-VIBE (B = -0.279, 95% CI -0.849–0.290, P
= 0.336) did not increase image quality grades compared with
VIBE, CDT-VIBE was associated with improved motion
scores (B = -0.674, 95% CI -1.241–-0.108, P = 0.02).

Subgroup analysis in cirrhotic patients

There was a significant increase of successful late arterial
phase visualisation rates (Fig. 4a) from 37.5% (VIBE) to
54.5% (CAIPI-VIBE) and 79.2% (CDT-VIBE) in patients
with a cirrhotic liver (P < 0.0001). This effect was even more
pronounced than for the overall population because of the
comparably low rate of late arterial phases successfully im-
aged with VIBE in the cirrhotic population (37.5% vs.
56.7%). Relative arterial phase timings (aortic/early arterial/
late arterial/venous) were 0%/40.7%/37.5%/21.9% for VIBE,
0%/36.4%/54.5%/9.1% for CAIPI-VIBE and 0%/20.8%/
79.2%/0% for CDT-VIBE (P < 0.0001, Fig. 4a).

The overall consensus quality was improved from 2.91 ±
1.09 for VIBE to 2.50 ± 0.80 for CAIPI-VIBE (P = 0.14) and
2.33 ± 0.96 (P = 0.06; both compared with VIBE). The rate of
excellent and good studies was 40.7% (VIBE) compared with
68.2% (CAIPI-VIBE) and 58.3% (CDT-VIBE), while the

corresponding rate of non-diagnostic or barely usable studies
was 28.1%, 18.2% and 12.5% (VIBE, CAIPI-VIBE and CDT-
VIBE, respectively) (Fig. 4b).

Discussion

Our results demonstrate that CDT-VIBE, a sequence primarily
aimed at optimising phase timing with the ability to capture
multiple (arterial) phases during one breath-hold [20], can
reduce the impact of transient respiratory motion artefacts on
arterial phase image quality compared with other evaluated
sequences. As assessed by three independent readers, an in-
crease in image quality and optimal timing rate of the late
arterial phase was observed. Further, more imaging studies
were rated as good or excellent in respect to readability.

In recent years, research into transient arterial phase dys-
pnoea after administration of gadoxetate disodium has in-
creased. The most frequent cause of image degradation has
been attributed to breath-hold failure after a feeling of dys-
pnoea [10] with some authors suggesting to focus on
informing patients before the examination [9]. This may not
be successful in all patients, though, especially if pre-existing
conditions with dyspnoea or reduced compliance are present.
Another successful approach encompassed the pre-dilution of

Fig. 3 Distribution of enhancement phases (a) and consensus image quality (b) in VIBE, CAIPIRINHA-VIBE (CAIPI) and CAIPIRINHA-Dixon-
TWIST (CDT)

Fig. 4 Distribution of enhancement phases (a) and consensus image quality (b) in VIBE, CAIPIRINHA-VIBE (CAIPI) and CAIPIRINHA-Dixon-
TWIST (CDT) in patients with imaging findings of liver cirrhosis
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gadoxetate disodium [23, 24]. By acquiring multiple closely
timed images through reducing breath-hold times [25] and a
rapid (abdominal) imaging sequence such as CAIPIRINHA-
VIBE or CDT-VIBE (see also exemplary Fig. 5), on the other
hand, the chance to acquire at least one usable arterial phase
sequence should also increase [24, 26].

Comparable to previous studies, a significant rate of series
ranking high regarding motion artefact image degradation
using a single-phase VIBE imaging protocol was observed:
Roughly 19% of scans were affected severely (grade 4) or
were unusable (grade 5). This is in accordance with
Davenport et al., who reported 17 out of 99 scans (18%) se-
verely affected after administration of gadoxetate disodium
when not using an optimised sequence [1, 9]. Similar results
were reported by Haradome et al. even after employing a
triggered imaging protocol (18.5%) [27]. Motosugi et al. re-
ported a lower rate of image degradation by motion artefacts
of 7.7% [10], while another study found 40.9% of studies
affected to some degree by motion artefacts [28]. Especially
patients suffering from liver cirrhosis may have a lower rate of
successful late arterial phase imaging, as was seen in our study
at 37.5% (compared with 56.7% for the overall study
population).

A recent retrospective study by Li et al. in 28 patients with
focal liver lesions imaged using a five-arterial phase TWIST-
VIBE protocol after administration of gadoxetic acid demon-
strated a degradation of motion scores over increasing phases
with a ‘late middle arterial phase’ (21.8 s after administration)
being affected the most [29]. This effect was significantly less
pronounced—yet still existent—in unenhanced scans or pa-
tients who received gadopentetic acid.

Obviously, some means to counter gadoxetate disodium-
associated image degradation would be of benefit. Pietryga
et al. reported that by using triple-phase arterial CAIPIRINHA-
accelerated imaging at least one arterial phase acquisition was

usable in 30 out 37 cases (81%) [28]. Our results seem to confirm
the idea that an increase in temporal resolution using multiple
acquisitions can yield optimal phase timing [26], even when
using a fixed delay. The increase of imaging studies scored as
excellent or good acquired with CAIPI-VIBE or CDT-VIBEwas
substantial compared with a single-phase VIBE protocol.

This has clear clinical implications, as sufficient arterial
phase imaging is of utmost importance to characterise liver
lesions, especially in cirrhotic patients [4, 30]. Our results
substantiate the potential benefit of using multiple-
acquisition sequences in a cirrhotic subpopulation, as the av-
erage quality score was higher with CAIPI-VIBE and CDT-
VIBE and the rate of non-diagnostic or barely usable scans
was substantially reduced. As computed tomography (CT)
and MRI suffer from a reduction in sensitivity in HCCs small-
er than 2 cm [31], any further reduction of imaging reliability
such as motion-related image degradation should be avoided.
Arterial hyperenhancement is considered a hallmark in the
diagnosis of hepatocellular carcinoma [32–35] and reliable
detection of contrast enhancement dynamics is of utmost im-
portance especially in small lesions.

Every patient in our study underwent a standardised imag-
ing protocol and received the same dose of 10 ml gadoxetate
disodiumwith the injection start beginning 15 s before the first
arterial phase acquisition, similar to Pietryga et al. [28].
Previous studies have not always used a standardised dose
and applied up to 20 ml of gadoxetate disodium—through
either fixed or body weight adaptation [9, 36]. On this basis,
the claim was made that there was no relevant influence of the
dosing regimen on the artefact rate [9], although more thor-
ough pharmacokinetic modelling would probably be required
to assess the effects of the applied dose and application rate.

Our study did not focus on the diagnostic performance of
the CDT sequence. We are aware that there may be disadvan-
tages of the CDT-VIBE concerning the image quality and

Fig. 5 Five-phase single breath-
hold CAIPIRINHA Dixon-
TWIST VIBE acquisitions (a–e)
in a 70-year-old male patient re-
ferred for a follow-up examina-
tion after liver transplantation to
illustrate temporal resolution.
Ideal late arterial-phase depiction
(black arrowhead: hepatic artery;
white arrowhead: portal vein) is
achieved in (b) with no noticeable
respiratory-associated motion ar-
tefacts (grade 1). Magnification is
provided in image (c). The diffuse
left liver border is due to partial
volume effects and peristaltic
movement of the adjacent
stomach
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therefore on lesion conspicuity. Furthermore, we used differ-
ent fat-saturation techniques for our sequences. VIBE and
CAIPI-VIBE were acquired with chemical shift selective
(CHESS) fat-suppression and CDT with the Dixon method.
Our study did not consider the quality of fat saturation, al-
though suppression of the fat signal is more uniform and less
affected by artefacts when using the Dixon method with only
slightly longer acquisition times [37]. Nevertheless, the ad-
vantages of CDT-VIBE have already been addressed in other
studies and an evaluation of its diagnostic performance would
go beyond the goal of this study [20].

Limitations

This studywas retrospective without any randomisation. As our
department’s routine protocols for liver imaging were changed
from VIBE to CAIPI-VIBE and then to CDT-VIBE over time,
technicians might have developed an increased awareness of
the occurrence of artefacts even though patients were not rou-
tinely instructed on the potential feeling of dyspnoea. The se-
lection bias should be low among all groups as all patients were
specifically referred for liver imaging and subgroup analysis
revealed no significant differences. In some instances, due to
potential overlap between ring and motion artefacts, motion
artefact scores might have been overestimated. Unfortunately,
data on some pre-existing conditions such as pulmonary dis-
eases were not collected. Interestingly, there was no correlation
(as assessed by multicollinearity) between predictors such as
ascites and cirrhosis in our population, probably due to hetero-
geneous underlying causes.

In contrast to other studies, which mostly used power in-
jectors [1, 9, 28], contrast injection was performed manually,
with a fixed off-label dose of 10 ml, as the gadoxetate
disodium injection syringes do not fit our institution’s injector
system and contrast agent exchange might be problematic in
regard to hygiene and time efficiency. Potentially, a variability
of injection rates might have been introduced. To counter this,
technicians are routinely instructed on the exact injection
rates. Furthermore, manual injection may differ from power
injection regarding the immediacy of the saline flush, yet all
patients underwent the same injection procedure, thus
guaranteeing comparability between cohorts. The fixed off-
label dose was used bymany other groups as also mentioned
above [9, 12].We did not use bolus tracking, which might
further improve late arterial timing yield, especially in se-
quences with lower temporal resolution such as VIBE.
Additionally, further measures to prevent breath-hold failure
in the first place such as contrast agent dilution [23, 38]—
which we have since incorporated into our institution’s
standardised protocol— are certainly of importance, yet not
within the focus of this manuscript.

In conclusion, the use of a multiple arterial phase imaging
technique such as CDT-VIBE increases the likelihood to

acquire satisfactory late arterial imaging studies and reduces
the impact of transient arterial phase respiratory motion-
related artefact on imaging quality. This can consequently
increase the diagnostic utility of MRI in patients undergoing
liver MRI with gadoxetate disodium.
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