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Abstract
Objectives To determine risk factors for transient severe motion (TSM) artifact on arterial phase of gadoxetic acid–enhanced
MRI using a large cohort.
Methods A total of 2230 patients who underwent gadoxetic acid–enhanced MRI was consecutively included. Two readers
evaluated respiratory motion artifact on arterial phase images using a 5-point grading scale. Clinical factors including demo-
graphic data, underlying disease, laboratory data, presence of ascites and pleural effusion, and previous experience of gadoxetic
acid–enhanced MRI were investigated. Univariable and multivariable logistic regression analyses were performed to determine
significant risk factors for TSM. Predictive value of TSM was calculated according to the number of significant risk factors.
Results Overall incidence of TSM was 5.0% (111/2230). In the multivariable analysis, old age (≥ 65 years; odds ratio [OR] =
2.01 [95% CI, 1.31–3.07]), high body mass index (≥ 25 kg/m2; OR = 1.76 [1.18–2.63]), chronic obstructive pulmonary disease
(OR = 6.11 [2.32–16.04]), and moderate to severe pleural effusion (OR = 3.55 [1.65–7.65]) were independent significant risk
factors for TSM. Presence of hepatitis B (OR = 0.66 [0.43–0.99]) and previous experience of gadoxetic acid–enhanced
MRI (OR = 0.52 [0.33–0.83]) were negative risk factors for TSM. When at least one of the significant factors was
present, the predictive risk was 5.7% (109/1916), whereas it was 16.3% (17/104) when at least four factors were present.
Conclusion Knowing risk factors for transient severemotion artifact on gadoxetic acid–enhancedMRI can be clinically useful for
providing diagnostic strategies more tailored to individual patients.
Key Points
• Old age, high body mass index, chronic obstructive pulmonary disease, and moderate to severe pleural effusion were inde-
pendent risk factors for transient severe motion artifact on gadoxetic acid–enhanced MRI.

• Patients with hepatitis B or previous experience of gadoxetic acid–enhanced MRI were less likely to show transient severe
motion artifact.

• As the number of risk factors for transient severe motion artifact increased, the predicted risk for it also showed a tendency to
increase.
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Abbreviations
BMI Body mass index
CI Confidence interval
COPD Chronic obstructive pulmonary disease
OR Odds ratio
TSM Transient severe motion

Introduction

Gadoxetic acid (Eovist/Primovist; Bayer Healthcare) is a
hepatocyte-specific MRI contrast agent. Because it enables
both dynamic contrast-enhanced T1-weighted imaging and
hepatobiliary phase imaging that provides improved lesion
conspicuity and lesion-to-liver contrast, it is useful for the
detection and characterization of focal hepatic lesions [1–4].
Given these advantages of gadoxetic acid over other extracel-
lular contrast agents, the use of gadoxetic acid in liver MRI
has been increasing in clinical practice.

Despite the clinical usefulness of gadoxetic acid, several
studies have reported that transient severe motion (TSM) arti-
fact, caused by a sudden onset of severe motion due to breath-
hold failure during the arterial phase, occurs more frequently
on gadoxetic acid–enhanced MRI than on extracellular
contrast-enhanced MRI, i.e., 13–18% vs. 2–5% [5–8].
Because imaging characteristics of focal hepatic lesions on
arterial phase play an essential role, particularly in the diagno-
sis of hepatocellular carcinoma (HCC) [9], poor arterial phase
image quality caused by TSM can potentially mitigate the
advantages of hepatobiliary phase imaging with gadoxetic
acid–enhanced MRI. Although the exact cause of TSM re-
mains unclear, identifying the risk factors associated with
TSM is important for developing strategies to minimize its
occurrence and to determine which patients have an elevated
probability of TSM and should undergo alternative methods
(e.g., multiple arterial phase liver MRI using parallel imaging
and compressed sensing) [3, 10, 11].

Although several previous studies suggested potential risk
factors for TSM occurrence [10–19] from inherent individual
to technical factors, the reported results are inconsistent across
the studies. We believed that this was partly attributed to the
limited study population size. Therefore, we aimed to deter-
mine the risk factors for TSM occurrence using a large study
cohort.

Materials and methods

The Institutional Review Board of Asan Medical Center ap-
proved this retrospective study, and the need for informed
consent was waived.

Study participants

A total of 2602 patients who underwent a gadoxetic acid–
enhanced liver MRI examination between January 2017 and
June 2017 at a single tertiary institution were retrospectively
identified (Figure 1). All eligible adult patients (≥ 18 years
old) were consecutively enrolled without any further restric-
tions for study inclusion (i.e., eligible patients, regardless of
the reason for the MRI examination, were included). Of the
2594 eligible patients, 364 patients were excluded because of
a lack of laboratory or anthropometric data within 1 month of
MRI examination to reflect immediate status of the patients at
MRI examination. For patients with multiple MRI examina-
tions during the study period, the earliest MRI examination
was selected for the analysis. Finally, 2230 patients with 2230
MRI examinations were included in our study. To validate the
study result, 456 patients who underwent gadoxetic acid–
enhanced liver MRI between January 2016 and June 2016 at
another tertiary institution, whose data served as the test data,
were enrolled.

MRI acquisition protocols

MRIwas acquired using a 1.5-T (MagnetomAvanto, Siemens
Healthineers, n = 1169) or 3.0-T (Magnetom Skyra, Siemens
Healthineers, n = 774; or Ingenia, Philips Healthcare, n = 287)
MRI scanner with a phased-array torso coil. Unenhanced and
contrast-enhanced three-dimensional gradient-echo T1-
weighted images were obtained after administration of
gadoxetic acid (0.1 mL/kg) at a rate of 1 mL/s followed by a
20-mL saline flush. Contrast-enhanced images were acquired
in the arterial phase (5 s after peak enhancement of the aorta
determined by a test-bolus method), portal phase (50 s after
contrast agent injection), transitional phase (3 min after con-
trast agent injection), and hepatobiliary phase (20 min after
contrast agent injection). The breath-hold time for arterial
phase image acquisition was 14 s.

Review of clinical data

The following clinical factors potentially associatedwith TSM
were obtained from the electronic database at our institution:
(a) age; (b) morphometric data (sex, height, body weight, and
body mass index); (c) etiology of liver disease (hepatitis B,
hepatitis C, alcoholic liver disease, nonalcoholic fatty liver
disease, or autoimmune hepatitis); (d) presence of liver cirrho-
sis; (e) presence of other chronic disease (hypertension, dia-
betes mellitus, asthma, or chronic obstructive pulmonary dis-
ease [COPD]); (f) laboratory data (albumin, total bilirubin,
prothrombin time, creatinine, and the Model for End-stage
Liver Disease [MELD] score in patients with liver cirrhosis
[20]); and (g) previous treatment of hepatic malignancy (sur-
gery, radiofrequency ablation, transcatheter arterial therapy, or
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radiation therapy). Previous experience of gadoxetic acid–
enhanced MRI and history of MRI contrast allergy were also
analyzed. The presence and degree of ascites and pleural ef-
fusion were analyzed in the MRI examination. Ascites were
classified as none to minimal (thickness less than 5 mm), mild
(asymmetric distribution without abdominal distension), or
moderate–severe (symmetric distribution with abdominal dis-
tension) [21]. Pleural effusion was classified as none to min-
imal (thickness less than 5 mm), mild (thickness of 5–10mm),
or moderate–severe (thickness greater than 10 mm) [10, 22].

Evaluation and grading of respiratorymotion artifacts

Two board-certified radiologists (D.W.K. and S.H.C. with 7
and 10 years of experience in liver MRI) who were blinded to
the clinical data independently analyzed the arterial phase
gadoxetic acid–enhanced MRI. If there was any discrepancy,
the discordant cases were re-evaluated until a consensus was
reached. The following 5-point grading scale systemwas used
to evaluate respiratory motion artifacts on arterial phase imag-
ing [8]: grade 1, no artifact; grade 2, minimal artifact with no
effect on diagnostic quality; grade 3, moderate artifact with
some but not severe effect on diagnostic quality; grade 4,

severe artifact with effect on diagnostic quality but still inter-
pretable; and grade 5, extensive artifact with non-diagnostic
image (Figure 2). Consistent with previous studies [10, 22,
23], no particular level of images was designated for the eval-
uation, and the degree of respiratory motion artifacts was de-
termined after reviewing all the MRI images of the liver. TSM
was defined as grade 4 or 5 respiratory motion artifact on
arterial phase image and grade 2 or less motion artifact on
the unenhanced images and other contrast-enhanced images
including portal phase, transitional phase, and hepatobiliary
phase.

Statistical analysis

We calculated the incidence of TSM using gadoxetic acid–
enhanced MRI in total eligible patients. Subgroup analysis in
patients who underwent MRI examinations with extracellular
contrast agents within 1 year was performed, and the TSM
incidence using the MRI findings with gadoxetic acid and that
using the MRI findings with extracellular contrast agent was
compared using the McNemar test.

The study subjects were divided into two groups: a TSM
group (respiratory motion artifact grade of 4 or 5) and a non-

Fig. 1 Flow diagram of patient selection
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TSM group (respiratory motion artifact grade of 0 to 3).
Univariable and multivariable logistic regression analyses
were performed to determine the independent significant risk
factors for TSM. Variables with p < .05 in the univariable
analysis were included in the multivariable analysis. Odds
ratios (OR) with 95% confidence intervals (CI) were calculat-
ed for each variable. p < .05 was considered statistically sig-
nificant. The predicted risk of TSM occurrence was calculated
for combinations of the significant risk factors using the num-
ber of significant risk factors as cutoff points. To validate our
study result, we evaluated whether the significant factors in
our study were also significant in the test cohort and calculated
the predictive risk of the TSM occurrence according to the
number of these significant factors.

Inter-reader reliability for the grading of respiratory motion
artifact was evaluated using the overall percentage of agree-
ment and weighted kappa (κ) statistics. All statistical analysis
was performed using R version 4.0.3 (R Foundation for
Statistical Computing).

Results

Patient characteristics

Table 1 summarizes the clinical characteristics of the patients.
The mean age of the 2230 patients was 60.5 years and 1686

were men. Hepatitis B was the most common etiology of liver
disease (n = 1419 [63.6%]), followed by alcoholic liver dis-
ease (n = 278 [12.5%]) and hepatitis C (n = 199 [8.9%]). Liver
cirrhosis was present in 1461 patients (65.5%). A total of 1314
patients (58.9%) had a history of previous treatment for he-
patic malignancies, with these including surgery (n = 498
[22.3%]), radiofrequency ablation (n = 307 [13.8%]), trans-
catheter arterial therapy (n = 328 [14.7%]), and radiation ther-
apy (n = 181 [8.1%]). One thousand and eighty-eight (48.8%)
patients had previous experience of gadoxetic acid–enhanced
MRI examination, and 35 (1.6%) had a history of MRI con-
trast allergy. Moderate–severe ascites and pleural effusion
were found in 94 (4.2%) and 16 (0.7%) patients, respectively.

Evaluation of respiratory motion artifacts

Table 2 summarizes MRI techniques of contrast-enhanced
T1-weighted images. Using 2230 MRI examinations with
gadoxetic acid, on the basis of the 5-point grading system,
866 (38.8%), 1022 (45.8%), 231 (10.4%), 102 (4.6%), and 9
(0.4%) patients were considered to have respiratory motion
artifact of grade 1, grade 2, grade 3, grade 4, or grade 5,
respectively. Therefore, there was no respiratory motion arti-
fact (grade 1) in 38.8% of MRI examinations, whereas TSM
(grade 4 or 5) was detected in 5.0% of MRI examinations. Of
these 2230 patients, 138 underwent MRI examinations with
an extracellular contrast agent within 1 year. The incidence of

Fig. 2 Scoring system for respiratory motion artifacts on arterial phase
imaging. (a) Grade 1, no artifact; (b) grade 2, minimal artifacts with no
effect on diagnostic quality; (c) grade 3, moderate artifacts with some

non-severe effects on diagnostic quality; (d) grade 4, severe artifacts
affecting diagnostic quality but image still interpretable; and (e) grade
5, extensive artifacts with a non-diagnostic image
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TSM was found to be significantly lower using MRI with an
extracellular contrast agent than that using MRI with
gadoxetic acid (2.2% vs. 9.5%, p = .006).

The overall percentage of agreement and weighted κ for
the grading of respiratory motion artifacts between the two
readers were 79.9% and 0.78, respectively.

Risk factors for TSM

The results of the univariable and multivariable logistic re-
gression analyses are summarized in Table 3. In the
univariable analysis, age (≥ 65 years; OR = 2.53, p < .001),
BMI (≥ 25 kg/m2; OR = 1.74, p = .005), hepatitis B (OR =
0.43, p < .001), hypertension (OR = 1.88, p = .001), COPD
(OR = 7.06, p < .001), albumin (OR = 1.87, p = .001), history
of surgery (OR = 0.57, p = .042), previous experience of
gadoxetic acid–enhanced MRI examination (OR = 0.55, p =
.004), and moderate to severe pleural effusion (OR = 4.27, p <
.001) were significantly associated with TSM occurrence.

Multivariable analysis revealed that old age (≥ 65 years;
OR = 2.01, p = .001), high BMI (≥ 25 kg/m2; OR = 1.76, p =
.005), COPD (OR = 6.11, p <. 001), and moderate to severe
pleural effusion (OR = 3.55, p = .001) were independent risk
factors for TSM occurrence (Table 3). By contrast, previous
experience of gadoxetic acid–enhanced MRI (OR = 0.52, p =
.006) was an independent negative risk factor for TSM occur-
rence. Hepatitis B was also found to be a negative risk factor
for TSM occurrence with borderline statistical significance
(OR = 0.66, p = .048). Of note, the proportion of patients
who had experience of gadoxetic acid–enhanced MRI before
the study period was significantly higher in those patients with
hepatitis B than in those without hepatitis B (57.9% [821/
1419] vs. 32.9% [267/811]; p < .01).

When at least one of the six significant risk factors (age ≥
65 years, BMI ≥ 25 kg/m2, COPD, moderate to severe pleural
effusion, no hepatitis B, and no previous experience of
gadoxetic acid–enhanced MRI) was present, the predictive
risk for TSM was 5.7% (109/1916; Table 4). When at least
two, three, or four of these six risk factors were present, the
predictive risks of TSM were 7.3% (87/1191), 12.1% (59/
486), and 16.3% (17/104), respectively.

In the test cohort, the incidence of TSM was 6.6% (30/
456). Five of these six significant risk factors, including
age ≥ 65 years, BMI ≥ 25 kg/m2, COPD, moderate to
severe pleural effusion, and the absence of hepatitis B,
were also found significant in the test cohort (p ≤ .038)
(Supplementary Table S1). Previous experience using
gadoxetic acid–enhanced MRI showed a borderline statis-
tical significance in the test cohort (p = .057). The predic-
tive risk for the TSM occurrence according to the number
of significant risk factors in the test cohort is summarized
in Supplementary Table S2.

Table 1 Patient characteristics

Characteristics Total (n = 2230)

Age (year) 60.5 ± 10.6

Sex (male [%]) 1686 (75.6)

Height (cm) 165.0 ± 8.0

Weight (kg) 66.5 ± 10.9

Body mass index (kg/m2) 24.4 ± 3.3

Etiology of liver disease

Hepatitis B 1419 (63.6)

Hepatitis C 199 (8.9)

Alcoholic liver disease 278 (12.5)

Nonalcoholic fatty liver disease 143 (6.4)

Autoimmune hepatitis 9 (0.4)

None 182 (8.2)

Liver cirrhosis (any cause) 1461 (65.5)

Hypertension 747 (33.5)

Diabetes mellitus 571 (25.6)

Asthma 15 (0.7)

COPD 27 (1.2)

Laboratory results

Albumin 3.7 (3.3, 4.0)*

Total bilirubin 0.7 (0.5, 1.0)*

Prothrombin time (INR) 1.1 (1.0, 1.2)*

Creatinine 0.8 (0.7, 1.0)*

MELD score† 8.3 (7.4, 10.5)*

Previous treatment of liver malignancy

Surgery 498 (22.3)

Radiofrequency ablation 307 (13.8)

Transcatheter arterial therapy 328 (14.7)

Radiation therapy 181 (8.1)

Previous gadoxetic acid–enhanced MRI examination 1088 (48.8)

Previous allergic reaction to MRI contrast 35 (1.6)

Ascites

None 2007 (90.0)

Mild 129 (5.8)

Moderate–severe 94 (4.2)

Pleural effusion

None 2172 (97.4)

Mild 42 (1.9)

Moderate–severe 16 (0.7)

Unless otherwise indicated, data are mean ± standard deviation for con-
tinuous variables and the number and percentages in parentheses for
categorical variables
* Data are median value and data in parenthesis are interquartile range
†Data are for patients with liver cirrhosis

COPD, chronic obstructive pulmonary disease; INR, international nor-
malized ratio; IQR, interquartile range; MELD, the Model for End-stage
Liver Disease
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Discussion

In our study, transient severe motion artifact occurred in 5.0%
of 2230 gadoxetic acid–enhanced MRI examinations. Our
study found that old age (≥ 65 years), high body mass index
(≥ 25 kg/m2), chronic obstructive pulmonary disease, and
moderate to severe pleural effusion were significant indepen-
dent risk factors for occurrence of transient severe motion
artifact, whereas the presence of hepatitis B and previous ex-
perience of gadoxetic acid–enhanced MRI were significant
negative risk factors. As the number of risk factors for tran-
sient severe motion artifact increased, the predictive risk of
transient severe motion artifact also increased. In addition,
because these factors were also significant for the TSM occur-
rence in the test cohort, our study result might be useful for
general application in clinical practice.

Although previous studies have investigated the risk fac-
tors associated with TSM (Table 5), the results were inconsis-
tent across the studies. For example, some studies [10–12, 15,
17, 19] have revealed a significant association of the risk fac-
tors with TSM, whereas other studies have not identified any
risk factors [13, 14, 16, 18]. Furthermore, most studies have
reported risk factors of TSM using univariable analysis, and
only a few studies [12, 15] have reported contrast dose,
COPD, breath-hold failure, male, and high BMI, as indepen-
dent risk factors of TSM using multivariable analysis.
However, the reported risk factors were variable across the
studies. Such inconsistency may be in part attributed to the
relatively small study population. Recently, a meta-analysis
has reported a higher TSM incidence in studies with a
Western population or those using a 5-point scale for the
TSM determination; however, these studies are limited be-
cause of substantial study heterogeneity. Moreover, the inves-
tigation was performed on a per-study basis without obtaining
individual patient data of eligible studies [8]. In this regard,
our study has strength as it comprehensively evaluated the

TSM-related risk factors using individual patient data of a
large study population (> 2000), and had sufficient statistical
power.

Consistent with previous studies [11, 12, 15, 18, 24], pre-
disposing factors, including old age (OR = 2.01), high BMI
(OR = 1.76), COPD (OR = 6.11), and moderate to severe
pleural effusion (OR = 3.55), for diminished general breath-
hold capacity might have contributed to TSM. In COPD pa-
tients in particular, the response to tachypnea induced by
gadoxetic acid during the arterial phase (i.e., dynamic hyper-
inflation) may exacerbate motion artifact [12, 25].
Furthermore, in patients with a high BMI, the higher weight-
adjusted contrast dose (0.1 mL/kg) administered may also
contribute to a higher likelihood of TSM [12]. Considering
that previously reported risk factors are inconsistent and not
unanimously validated (e.g., Kim et al and Bashir et al sug-
gested previous TSM as a risk factor for TSM occurrence,
whereas Hayashi et al suggested high BMI and gadolinium
exposure [10, 11, 19]), our study results should be clinically
useful for improving the understanding of TSM, because we
comprehensively analyzed the potential risk factors for
TSM occurrence. In addition, because we found that the
predicted risk of TSM increased as the number of risk
factors for TSM increased, and that the incidence of TSM
was significantly lower using MRI with an extracellular
contrast agent than that using MRI with gadoxetic acid
(2.2% vs. 9.5%), our study could be helpful to select pa-
tients who need other diagnostic tools such as extracellular
contrast-enhanced MRI or multiple arterial-phase liver
MRI.

Our study also found that hepatitis B and previous experi-
ence of gadoxetic acid–enhanced MRI were significant nega-
tive risk factors for TSM occurrence. In respect to these, it
seems logical to focus on previous experience of gadoxetic
acid–enhanced MRI as a negative risk factor for TSM, rather
than hepatitis B. As hepatitis B virus infection is associated

Table 2 MRI parameters of the
contrast-enhanced three-dimen-
sional gradient-echo T1-weighted
images

Magnetom Avanto

(n = 1169)

Magnetom Skyra

(n = 774)

Ingenia

(n = 287)

Magnetic field (T) 1.5 3 3

Repetition time (ms) 4.1 3.4 3.8

Echo time (ms) 1.5 1.3 1.39

Flip angle (°) 10 10 10

Matrix 320 × 224 384 × 250 320 × 220

Field of view 380 × 260 380 × 380 350 × 300

Echo train length NA NA NA

Section thickness 4 3 3

Gap 0.8 0 0

Number of signal acquisitions 1 1 1

Acceleration factor for parallel imaging 2 4 2

NA not available
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with development of HCC, even in the absence of liver cir-
rhosis due to DNA integration of the hepatitis B virus [9],
repetitive imaging evaluation including MRI is often under-
way in hepatitis B virus carriers (to detect HCC before pro-
gression to advanced disease), whereas in other chronic liver
diseases, the presence of liver cirrhosis is a prerequisite for
surveillance for HCC [26]. Therefore, although the exact
mechanism for the reduced risk of TSM in patients with hep-
atitis B is not fully understood, it may be associated with the
more frequent experience of MRI compared with patients
without hepatitis B (57.9% [821/1419] vs. 32.9% [267/811];
p < .01). Although there were conflicting results about

whether previous exposure of gadoxetic acid was significantly
associated with TSM occurrence or not, our results imply that
the experience of gadoxetic acid–enhanced MRI may de-
crease the TSM occurrence, which was in line with previous
studies reporting the usefulness of pre-scan breath-hold train-
ing [10, 11, 18, 19, 27]. However, our result should be cau-
tiously interpreted because the lower risk of TSM in the ex-
perienced patients may be partially attributed to a selection
bias, with patients who have shown previous substantial mo-
tion artifact being selected to undergo alternative imaging mo-
dalities such as computed tomography or extracellular
contrast-enhanced MRI.

Table 3 Univariable and multivariable logistic regression analyses of risk factors for transient severe motion artifact

Parameter Univariable analysis Multivariable analysis

Unadjusted odds ratio
(95% CI)

p value Adjusted odds ratio
(95% CI)

p value

Age (≥ 65 years) 2.53 (1.72–3.72) < .001 2.01 (1.31–3.07) .001

Sex (male) 1.00 (0.64–1.57) .986

Body mass index (≥ 25 kg/m2) 1.74 (1.19–2.55) .005 1.76 (1.18–2.63) .005

Etiology of liver disease

Hepatitis B 0.43 (0.29–0.64) < .001 0.66 (0.43–0.996) .048

Hepatitis C 1.01 (0.52–1.97) .974

Alcoholic liver disease 1.59 (0.96–2.62) .071

Nonalcoholic fatty liver disease 1.31 (0.65–2.64) .456

Autoimmune hepatitis 2.40 (0.30–19.35) .411

Liver cirrhosis (any cause) 0.82 (0.56–1.22) .334

Hypertension 1.88 (1.28–2.75) .001 1.51 (0.99–2.30) .056

Diabetes mellitus 1.48 (0.99–2.23) .057

Asthma 2.97 (0.66–13.34) .155

COPD 7.06 (2.92–17.08) < .001 6.11 (2.32–16.04) < .001

Laboratory results

Albumin 1.87 (1.28–2.75) .001 1.30 (0.86–1.98) .220

Total bilirubin 1.16 (0.73–1.85) .522

INR 1.23 (0.69–2.20) .477

Creatinine 1.27 (0.67–2.41) .467

MELD score† 1.04 (0.98–1.09) .194

Previous treatment of liver malignancy

Surgery 0.57 (0.33–0.98) .042 0.80 (0.44–1.48) .478

Radiofrequency ablation 0.82 (0.46–1.49) .520

Transcatheter arterial therapy 0.69 (0.38–1.27) .237

Radiation therapy 0.87 (0.42–1.82) .719

Previous gadoxetic acid–enhanced MRI examination 0.55 (0.37–0.82) .004 0.52 (0.33–0.83) .006

Previous allergic reaction to MRI contrast 1.16 (0.27–4.90) .840

Magnetic field

3 T (vs. 1.5 T) 1.26 (0.86–1.86) .225

Moderate to severe ascites 1.32 (0.56–3.09) .523

Moderate to severe pleural effusion 4.27 (2.10–8.69) < .001 3.55 (1.65–7.65) .001

†The result was calculated in patients with liver cirrhosis

COPD, chronic obstructive pulmonary disease; INR, international normalized ratio; MELD, the Model for End-stage Liver Disease
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Our study has several limitations. First, selection bias due
to the retrospective study design may be an inevitable limita-
tion. However, we tried to minimize this limitation by includ-
ing a large number of patients (more than 2000) to evaluate the
various factors associated with TSM. Second, we obtained
MRI examinations performed in institutions of Korea, a coun-
try in which hepatitis B virus is endemic. The effects of eth-
nicity and the etiology of chronic liver disease on TSM need
to be further evaluated in multinational multicenter studies.

Third, the incidence (5.0%) of TSM was relatively low com-
pared with previous meta-analysis-reported incidence (pooled
incidence, 13.0%) [8]. Considering that a substantial portion
(63.6%) of the study population consisted of patients with
hepatitis B or who (48.8%) underwent gadoxetic acid–
enhanced MRI, which were significant negative risk factors
of TSM in our study, these factors might have attributed to a
relatively low incidence of TSM. Furthermore, when we com-
pared it with Asian studies using a 5-point grading system, the
incidence of TSM in our study was similar to previously re-
ported values (4.8–8.2%) [14, 19, 28, 29] and also comparable
to a previous study using similar MRI techniques [30]. Last,
the number of positive cases was inherently small for some of
the potential risk factors (e.g., asthma, COPD, and pleural
effusion).

In conclusion, old age, high BMI, COPD, and pleural ef-
fusion were independently associated with the high risk of
TSM occurrence, whereas hepatitis B and previous experience
of gadoxetic acid–enhanced MRI were associated with a low-
er risk of TSM occurrence. As the number of these significant
risk factors increased, the predictive risk of transient severe
motion artifact also increased (5.7% in the presence of ≥ one
significant factor and 16.3% in the presence of ≥ four signif-
icant factors). Therefore, knowing such risk factors for TSM

Table 4 Predictive risk of TSM according to the number of significant
risk factors

Number of risk factors Predictive risk (%; number of TSM/total)

0 0.6 (2/314)

≥ 1 5.7 (109/1916)

≥ 2 7.3 (87/1191)

≥ 3 12.1 (59/486)

≥ 4 16.3 (17/104)

Risk factors refers to age > 65 years, body mass index > 25 kg/m2 ,
chronic obstructive pulmonary disease, moderate to severe pleural effu-
sion, no hepatitis B, and no previous experience of gadoxetic acid–
enhanced MRI

Table 5 The reported risk factors of TSM from previous literature

Study Number of subjects Reported risk factors for TSM

Bashir et al [11] 170 Univariable History of TSM p < 0.001; RR = 13 (95% CI, 6–27)

Davenport et al [12] 559 Univariable Contrast dose (20 mL vs. 10 mL)
COPD
Male
Higher body surface area

p = 0.006
p < 0.0001
p = 0.03
p = 0.03

Multivariable Contrast dose (20 mL vs. 10 mL)
COPD

p = 0.01; OR = 2.1 (95% CI, 1.2–3.7)
p < 0.0001; OR = 5.1 (95% CI, 2.5–11.5)

Furlan et al [13] 95 None

Hayashi et al [19] 458 Univariable Heavier body weight p = 0.03

No history of MRI examination p = 0.009

Kanki et al [14] 61 None

Kim et al [10] 357 Univariable History of TSM p = 0.04; OR = 3.31 (95% CI, 1.03–10.64)

Allergy to iodinated contrast agent p = 0.01; OR = 3.03 (95% CI, 1.25–7.32)

Multivariable None

Motosugi et al [15] 284 Multivariable Breath-hold failure
Male
Higher BMI

p < 0.001
p = 0.023
p = 0.021

Ringe et al [16] 200 None

Vietti Violi et al [17] 851 Univariable Older age p = 0.001

Chronic liver disease p = 0.042

No history of non-HCC cancer p = 0.019

Multivariable None

Well et al [18] 89 None

TSM, transient severe motion artifact; 95% CI, 95% confidence intervals; OR, odds ratio; RR, relative risk; COPD, chronic obstructive pulmonary
disease; BMI, body mass index; HCC, hepatocellular carcinoma

8636 European Radiology (2022) 32:8629–8638



can be clinically useful as it allows for the provision of more
patient-tailored diagnostic strategies aiming at qualified diag-
nostic imaging.
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