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Purpose: Acquisition time reduction in diffusion-weighted imaging (DWI) can be achieved
by the combining multiband and variable-rate selective excitation (MB-VERSE). This study
attempted to evaluate and compare the image quality (IQ) and focal lesion detectability of
the respiratory-triggered MB-VERSE DWI with conventional DWI for liver magnetic reso-
nance imaging.

Materials and Methods: The acquisition time, IQ, and focal lesion detectability of MB-
VERSE DWI and conventional DWI were compared in 144 patients. Qualitative (overall 1Q,
1Q at the liver dome, sharpness of the liver margin, and degree of artifacts) and quantitative
(signal-to-noise ratio [SNR], contrast-to-noise ratio [CNR], and apparent diffusion co-
efficient) 1Q parameters were compared with the Wilcoxon signed-rank test. The diagnostic
accuracy for focal lesion detectability was estimated with the mean figure of merit (FOM)
from the area under the jackknife alternative free-response receiver operating character-
istic curve.

Results: The MB-VERSE DWI exhibited significantly shorter scan time (153.1 + 34.5 s vs.
225.1 + 33.0 s, p < 0.001), poorer qualitative 1Q (3.4 vs. 3.9, p < 0.001), lower SNR (34.4 vs.
50.0, p < 0.001), but comparable CNR (57.5 + 49.0 vs. 78.9 + 75.6, p = 0.070) compared
to those of the conventional DWI. The MB-VERSE DWI exhibited similar per-lesion sensitivi-
ties (85.1%-88.1% vs. 88.1%-92.5%) and specificities (99.7%-99.8% vs. 99.5%-99.8%) of
focal lesion detectability (p > 0.050) and similar diagnostic accuracy (FOM, 0.958 vs.
0.957, p = 0.583) compared to those of the conventional DWI.

Conclusion: MB-VERSE DWI exhibited a significantly shorter acquisition time than con-
ventional DWI, with compromised overall 1Q and lower SNR but preserved CNR and focal
liver lesion detectability. MB-VERSE DWI may be a useful alternative for patients requir-
ing a short acquisition time.

Keywords: Magnetic resonance imaging; Diffusion magnetic resonance imaging; Liver;
Signal-to-noise ratio
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INTRODUCTION

Diffusion-weighted imaging (DWI) is a useful technique for
detecting and characterizing focal lesions in the liver and pre-
dicting the treatment response of hepatic tumors [1-3]. How-
ever, the long acquisition time of DWI is a drawback in the
clinical setting. Multiband (MB) or simultaneous multislice
(SMS) DWI offers reduced acquisition time via simultaneous
excitation of multiple slices utilizing an MB pulse [4-6]. Indeed,
the benefit of MB DWI in reducing the acquisition time with-
out a significant compromise in image quality (1Q) was initially
demonstrated in brain imaging [7]. Similar promising results have
also been observed in hepatic and cardiac DWI [8,9]. However,
the increase in MB acceleration factor is limited by the associated
increase in noise, artifacts, and specific absorption rates [5,6].

The addition of a variable-rate selective excitation (VERSE)
has been suggested to circumvent this problem. The VERSE pulse
has been suggested for rapid magnetic resonance imaging (MRI)
acquisition utilizing a time-varying gradient to optimize the ra-
diofrequency pulse for a given peak B1 and excitation profile
[4,10]. The resulting improvement in thick-slab profiles allows for
more rapid imaging of limited volumes [10-13]. Recently, a
combination of MB and VERSE (also known as multiband vari-
able-rate selective excitation [MB-VERSE]) was hypothesized to
decrease acquisition time with an acceptable overall 1Q in body
MRI [5,9]. However, the feasibility of MB-VERSE sequences in
detecting focal lesions in the liver is yet to be elucidated.

Therefore, this study attempted to evaluate the qualitative
and quantitative 1Q and focal lesion detectability of the liver
with respiratory-triggered MB-VERSE DWI compared to con-
ventional DWI.
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MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Severance Hospital (4-2021-0861). The requirement for writ-
ten informed consent was waived owing to the retrospective
nature of the study. All work was conducted according to the
1964 Declaration of Helsinki.

Study Population

This retrospective study enrolled 152 patients who under-
went liver or pancreaticobiliary MRI at our institution between
October and December 2020. Excluding eight patients without
MB-VERSE DWI, 144 patients with who underwent both MB-
VERSE DWI and conventional DWI of the liver were eligible for
final analysis (Fig. 1). Clinical data on patient age, sex, weight,
height, and diagnosis were collected from electronic medical
records.

MRI Acquisition

All examinations were performed utilizing a 3.0-T MRI unit
(Ingenia CX; Philips Healthcare, Best, The Netherlands) equipped
with a multichannel phased-array body coil. The MRI protocols
differed according to the study; however, scanning parameters
for conventional DWI and MB-VERSE DWI did not vary signifi-
cantly (Supplementary Table 1). The conventional DWI was per-
formed with the shortest repetition time (TR) (range, 2753.0-
3890.4 ms), shortest echo time (TE) (range, 59.5-69.5 ms), three
b-values (0, 50, and 800 s/mm? with number of excitation
(NEX) of 4, and a sensitivity encoding (SENSE) factor of 2. The
MB-VERSE DWI was performed with the shortest TR (range,

Patients who underwent liver MR or pancreaticobiliary MR
between October and December 2020 (n = 152)

—

Excluded

MB-VERSE DWI not performed (n = 8)

A4

Patients with both conventional DWI and MB-VERSE
DWI of the liver (n = 144)

\ 4

Excluded

« More than five focal lesions (n = 12)
Included

* Focal lesion diameter > 1 cm

Quantitative and
qualitative image analysis
(n = 144)

Focal lesion analysis (n = 132)
67 focal lesions from 49 patients
83 patients without focal lesions

Fig. 1. Flowchart of study population and focal lesion analysis. MR, magnetic resonance; MB-VERSE, multiband variable-rate selective excita-

tion; DWI, diffusion-weighted imaging.
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1450.8-1837.7 ms), shortest TE (range, 61.7-79.6 ms), three b-
values (0, 100, and 800 s/mm?) and an MB factor of 2. The NEX
for b-factors of 0 and 100 s/mm? was 2, while that for the NEX
for b = 800 s/mm? was 8, to achieve a relative gain in SNR. Other
scanning parameters were identical for both DWI scans: field of
view, 40 x 40 cm; matrix size, 128 x 128; slice thickness, 5 mm;
interslice gap, 1 mm; in-plane resolution, 3.125 x 3.125 mm?>
Both DWI sequences were performed with respiratory trigger-
ing. The MB-VERSE DWI protocol was set up by a physicist from
the vendor, who was not directly involved in data manipulation
and analysis. Routine MRI examinations comprised pre-contrast
T2-weighted and dual-echo T1-weighted images, with or with-
out dynamic contrast-enhanced T1-weighted images. For dy-
namic contrast-enhanced T1-weighted images, the arterial
phase (30-35 s), portal phase (60 s), late phase (3 min), and
delayed or hepatobiliary phase (20 min) were obtained with a
fat-suppressed T1-weighted three-dimensional spoiled gradi-
ent echo sequence.

Quantitative Image Analysis

All scans were reviewed and analyzed by a baseline research-
er (JKY, with 2 years of experience in abdominal imaging). All
quantitative image analyses were performed on high b-value
images (b = 800 s/mm?) of both MB-VERSE DWI and conven-
tional DWI scans. The quantitative IQ parameters included the
signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and ap-
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parent diffusion coefficient (ADC) value of the background liver
parenchyma. Region of interest (ROI) with a mean size of 86.9
mm? (standard deviation [SD], 22.8 mm?) were drawn at the
corresponding area in the liver in both MB-VERSE DWI and
conventional DWI scans to obtain the signal intensity of the liv-
er (She), avoiding major vessels or artifacts. Identical ROIs were
drawn at the corresponding areas in the liver on the ADC images
of both sequences to obtain the ADC values of the background
liver parenchyma. The SD of the noise signal intensity (SDjis)
was obtained by drawing an ROl in the same area just outside
the body wall. The SNR was calculated by dividing the Sl by
SDroise (Sliver/SDnoise) [14]. The CNR was calculated by dividing
the difference between Sliesion and Sliver BY SDnoise ([Sliesion=Sliiver]/
SDroise), Where Sliesion Was obtained by drawing the largest pos-
sible ROI of the focal liver lesion [14].

Qualitative Image Analysis

Two readers (YEC and JS, with 15 and 2 years of experience
in abdominal imaging, respectively) independently reviewed
the high b-value images of conventional DWI and MB-VERSE
DWI in random order. The readers were blinded to the DWI se-
quences, patient histories, and clinical diagnoses. The 1Q pa-
rameters included overall I1Q, 1Q at the liver dome (both right
and left), sharpness of the liver margin, and degree of artifacts
(i.e., motion artifacts, susceptibility artifacts, and BO inhomo-
geneities). 1Q at the liver dome was evaluated separately to

5: Excellent overall IQ

2: Poor overall IQ

4: Good overall IQ

3: Moderate overall IQ

1: Nondiagnostic

Fig. 2. Scores for overall 1Q evaluation. Qualitative evaluation of overall 1Q was evaluated on a five-point scale, five being excellent overall 1Q
(sharp liver margin and none or minimal artifact) to non-diagnostic IQ (severe blurring of liver margin with severe artifact). 1Q, image quality.
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account for more severe susceptibility artifacts due to the lung-
liver border and pulsation artifacts [15,16]. The two readers
evaluated 1Q parameters on a five-point scale. The overall 1Q
and 1Q at the liver dome were scored as follows: 5, excellent
with sharp liver margin and minimal artifacts; 4, good; 3, mod-
erate; 2, poor; and 1, non-diagnostic with severely blurred liver
margin and severe artifacts (Fig. 2). The sharpness of the liver
margin was scored as follows: 5, sharp liver margin; 4, mild
blurring of the liver margin; 3, moderate blurring of the liver
margin; 2, severe blurring of the liver margin; and 1, non-diag-
nostic. The degree of artifacts was scored as follows: 5, no arti-
facts; 4, mild artifacts, without affecting interpretation; 3, mod-
erate artifacts, potentially affecting interpretation; 2, severe
artifacts, definitely affecting interpretation; and 1, extensive
artifacts yielding non-diagnostic images. The average score of
the readers was considered as the final score for each conven-
tional DWI and MB-VERSE DWI scan.

Focal Lesion Analysis

The baseline researcher identified focal liver lesions with high
signal intensity on the high b-value image (b = 800 s/mm?) on
conventional DWI with reference to other sequences, including
T2 and T1 dynamic contrast enhancement studies. The diagno-
sis of focal lesions was established based on typical imaging
findings (e.g., hepatocellular carcinoma [HCC] with typical im-
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aging features) [17], stability on imaging studies for at least
one year before or after the studied scans, or histopathology.
Studies with more than five focal lesions with positive diffusion
restriction (n = 12) were excluded because of the potential
confounding effects of multiple lesions [18]. Lesions smaller
than 1 ¢cm on the high b-value conventional DWI were ex-
cluded because of the low resolution of DWI [19]. Finally, 67
focal lesions 2 1 cm from 49 patients were identified. For the
free-response analysis, a total of 132 scans (49 scans with fo-
cal lesions and 83 scans without focal lesions) were included.
The two readers performed focal lesion detectability analy-
ses at least 2 weeks after qualitative image analysis. The 132
scans were reviewed randomly, with the readers unaware of
the presence or absence of focal lesions. The readers indepen-
dently identified up to five focal liver lesions (= 1 cm) each on
high b-value images of conventional DWI and MB-VERSE
DWI. Two readers recorded the size, segment location, and the
image number of the focal lesions. Lesion conspicuity and de-
tectability scores for each lesion on conventional DWI and
MB-VERSE DWI were also recorded. The conspicuity score was
assessed on a five-point scale as follows: 5, very well-delin-
eated and sharply defined; 4, well-delineated; 3, moderately
conspicuous; 2, fairly conspicuous; and 1, barely delineated
(Fig. 3). The focal lesion detectability score was assessed as fol-
lows: 5, definitely present focal liver lesion; 4, probably present

5: Very well-delineated
& sharply defined

2: Fairly conspicuous

4: Well-delineated

3: Moderately conspicuous

1: Barely delineated

Fig. 3. Scores for focal lesion conspicuity. Qualitative evaluation of focal lesion conspicuity was evaluated on a five-point scale.
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focal liver lesion; 3, equivocal focal liver lesion; 2, probably no
focal liver lesion; and 1, definitely no focal liver lesion. A lesion
was considered detected when the mean detectability scores
of the two readers were > 3 points, whereas lower mean scores
were considered not detected. For the per-patient analysis, the
readers attempted to correctly identify whether the patients
had focal liver lesions.

Statistical Analysis

Statistical analyses were performed using commercially
available software. Most analyses were performed with R ver-
sion 4.0.4 (The R Foundation for Statistical Computing, Vien-
na, Austria). The mean values of the quantitative 1Q parame-

Table 1. Baseline patient demographics and focal liver lesion char-
acteristics

Characteristics Values

Patient characteristics (n = 144)

Male 86 (59.7)
Age (yr) 60.4 + 12.5
BMI (kg/m?) 24.1 + 3.1
Background liver disease

None 66 (45.8)

Chronic hepatitis B 50 (34.7)

Chronic hepatitis C 4(2.8)

NAFLD 10 (41.7)

Alcoholic liver disease 4(16.7)

Chronic liver disease, unknown etiology 10 (41.7)
Reason for study

HCC surveillance or hepatic nodule 55 (38.2)

characterization

Follow-up of HCC or cholangiocarcinoma 35 (24.3)

Benign pancreaticobiliary disease 1 (7.6)

Metastasis evaluation 43 (29.9)

Focal lesion characteristics 67 lesions in
49 patients

Size (cm) 1.6 (1.1-12.2)
Number of patients with focal lesions (n = 49)

1 38 (26.4)

2 7 (4.9)

3 1(0.7)

4 3(2.1)

5 0 (0.0)
Diagnosis of focal lesions (n = 67)

HCC or cholangiocarcinoma 23 (34.3)

Metastasis from extrahepatic malignancy 19 (28.4)

Benign 25 (37.3)

Data are presented as numbers (%), mean + standard deviation, or the medi-
an (1st quartile, 3rd quartile).

BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; HCC, hepato-
cellular carcinoma.
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ters were compared with the Wilcoxon signed-rank test. The
mean scores of the qualitative 1Q parameters from the two
readers were also compared utilizing the Wilcoxon signed-
rank test.

For the focal lesion analysis, the focal lesion conspicuity
and detectability scores of the two readers were averaged and
compared utilizing the Wilcoxon signed-rank test. The perfor-
mances of conventional DWI and MB-VERSE DWI per-patient
and per-lesion detectability for each reader were analyzed with
SAS (version 9.4; SAS Inc., Cary, NC, USA). The jackknife alter-
native free-response receiver operating characteristic (JAFROC)
method was utilized to analyze and compare the performance
of conventional DWI and MB-VERSE DWI for focal lesion de-
tection. Mean diagnostic accuracy was calculated according
to the mean figure of merit (FOM, 0) from the area under the
JAFROC curve [20,21]. The JAFROC FOMs for comparing the
detectability of conventional DWI and MB-VERSE DWI were
evaluated using random readers and random cases method.

Inter-reader agreement on the scoring of the overall 1Q, 1Q at
the liver dome, sharpness of the liver margin, degree of arti-
facts, focal lesion conspicuity, and detectability was compared
using weighted kappa [22]. Kappa coefficients (k) indicated
the degree of agreement as follows: 0.81-1.00, excellent; 0.61-
0.80, substantial; 0.41-0.60, moderate; 0.21-0.40, fair; and
0.00-0.20, poor [23]. Results with p-values < 0.05 were consid-
ered statistically significant.

RESULTS

Baseline Patient Demographics

The baseline patient characteristics are presented in Table 1.
This study included 86 males and 58 females. The reasons for
undergoing MRI included surveillance for HCC or hepatic nod-
ule characterization (n = 55, 38.2%), follow-up for HCC (n =
35, 24.3%), evaluation of benign pancreaticobiliary disease (n =
11, 7.6%), and evaluation of metastasis of extrahepatic malig-
nancies (n = 43, 29.9%). Extrahepatic malignancies included
primary malignancies such as colorectal (n = 17), pancreatico-
biliary (n = 10), stomach (n = 4), breast (n = 4), choroidal mel-
anoma (n = 4), lung (n = 1), ovary (n = 1), kidney (n = 1), and
thyroid cancer (n = 1).

MRI Acquisition Time of Conventional DWI and
MB-VERSE DWI

The MB-VERSE DWI demonstrated a 32.0% reduction in mean
acquisition time compared with conventional DWI (mean + SD,
153.1 + 34.5 s vs. 225.1 + 33.0 5, p < 0.001). The mean TR of
MB-VERSE DWI was significantly lower than that of the con-
ventional DWI (1609.0 + 83.3 ms vs. 3226.4 + 200.1 ms, p <

www.i-mri.org



https://doi.org/10.13104/imri.2023.0027 i M R l

Table 2. Comparison of quantitative and qualitative 1Q parameters between conventional DWI and MB-VERSE DWI
Conventional DWI MB-VERSE DWI

Meam + SD Meam + SD
Quantitative parameters

SNR 50.0 + 34.2 - 34.4 + 30.1 - < 0.001
CNR 789 + 75.6 - 57.5+49.0 - 0.070
ADC value, x10™ s/mm? 12+ 0.2 = 1.0+ 0.3 - 0.012
Qualitative parameters
Overall 1Q 3.9+ 0.6 0.412 3.4+0.7 0.358 < 0.001
1Q at the liver dome 42+05 0.221 3.4+09 0.433 < 0.001
Sharpness of the liver margin 40+ 05 0.313 39+0.7 0.379 0.033
Degree of artifact 3.8+0.5 0.215 33+0.7 0.330 < 0.001

*Wilcoxon signed-rank test was utilized.
1Q, image quality; DWI, diffusion-weighted imaging; MB-VERSE, multiband variable-rate selective excitation; SNR, signal-to-noise ratio; CNR, contrast-to-noise ra-
tio; ADC, apparent diffusion coefficient; «, weighted kappa.

Fig. 4. Representative high b-value images (b = 800 s/mm?) of conventional DWI and MB-VERSE DWI. DWI scans of 80-year-old male patient
with history of HCC and underlying liver cirrhosis. Qualitative 1Q was good for MB-VERSE DWI (average score of 4) (A) and excellent for con-
ventional DWI (average score of 4.5) (B). MB-VERSE DWI exhibited lower SNR than the conventional DWI (25.4 vs. 102.5) but with shorter ac-
quisition time (125.1 s vs. 226.9 s). DWI, diffusion-weighted imaging; MB-VERSE, multiband variable-rate selective excitation; SD, standard
deviation; HCC, hepatocellular carcinoma; 1Q, image quality; SNR, signal-to-noise ratio.

Table 3. Focal lesion detectability on conventional DWI and MB-VERSE DWI

Conventional DWI MB-VERSE DWI p

Reader 1

Sensitivity per lesion 88.1 (80.3, 95.8) 85.1 (76.5, 93.6) 0.151

Specificity per lesion 99.8 (99.5, 100.0) 99.8 (99.5, 100.0) > 0.999

Sensitivity per patient 93.6 (86.6, 100.0) 91.5 (83.5, 99.5) 0.312

Specificity per patient 97.7 (94.4, 100.0) 97.7 (94.4, 100.0) > 0.999
Reader 2

Sensitivity per lesion 92.5 (86.2, 98.8) 88.1 (80.3, 95.8) 0.076

Specificity per lesion 99.5 (98.9, 100.0) 99.7 (99.2, 100.0) 0.317

Sensitivity per patient 95.7 (90.0, 100.0) 93.6 (86.6, 100.0) 0.312

Specificity per patient 96.5 (92.6, 100.0) 97.7 (94.4, 100.0) 0.314

Data are presented as percentages (95% confidence intervals).
DWI, diffusion-weighted imaging; MB-VERSE, multiband variable-rate selective excitation.

www.i-mri.org 13
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Fig. 5. Focal lesions on high b-value images (b = 800 s/mm?’) of conventional DWI and MB-VERSE DWI. DWI scans of 59-year-old female pa-
tient with colon cancer patient. A focal liver lesion with moderately high signal intensity was noted on T2-weighted image (A) and convention-
al DWI (arrow) (C). This lesion was not visualized on the MB-VERSE DWI owing to poor 1Q and severe degree of artifacts. Both readers scored
the lesion as barely delineated on the MB-VERSE DWI (conspicuity score of 1) and moderately conspicuous on the conventional DWI (conspicu-
ity score of 3). The MB-VERSE DWI exhibited lower qualitative IQ and SNR (average scores of 4 and 47.5, respectively) than those of the con-
ventional DWI (average scores of 2 and 29.2, respectively). DWI, diffusion-weighted imaging; MB-VERSE, multiband variable-rate selective ex-
citation; 1Q, image quality; SNR, signal-to-noise ratio.

0.001). The mean TE of MB-VERSE DWI was significantly longer
than that of the conventional DWI (66.4 + 2.2 ms vs. 60.8 +
2.6 ms, p < 0.001).

Quantitative 1Q Analysis

A comparison of the quantitative 1Q parameters between
MB-VERSE DWI and conventional DWI is presented in Table 2.
MB-VERSE DWI exhibited a 15.6% decrease in SNR compared
with the conventional DWI (34.4 vs. 50.0, p < 0.001). However,
the CNRs of MB-VERSE DWI and conventional DWI were not
significantly different (57.5 vs. 78.9, p = 0.070). The ADC values
of the liver parenchyma were significantly lower on MB-VERSE
DWI than on conventional DWI (1.0 vs. 1.2, p = 0.012).

Qualitative 1Q Analysis

A comparison of the qualitative 1Q parameters between MB-
VERSE DWI and conventional DWI is presented in Table 2. The
MB-VERSE DWI exhibited significantly lower overall 1Q (3.4 vs.
3.9, p < 0.001), sharpness of the liver margin (3.9 vs. 4.0, p =
0.033), and 1Q at liver dome (3.4 vs. 4.2, p < 0.001) than con-
ventional DWI (Table 2, Fig. 4). The degree of artifacts was
significantly more prominent on MB-VERSE DWI than on the
conventional DWI (3.3 vs 3.8, p < 0.001). The inter-reader
agreements for the overall 1Q, sharpness of the liver margin,
1Q at the liver dome, and degree of artifacts on conventional
DWI and MB-VERSE DWI were fair to moderate.

Focal Lesion Analysis

The characteristics of the focal lesion are presented on Ta-
ble 1. Among the 67 focal lesions, 23 (34.3%) were HCCs or
cholangiocarcinomas, and 19 (28.4%) were metastases from
extrahepatic malignancies, including colorectal cancer (n =
12), pancreaticobiliary cancer (n = 4), lung cancer (n = 2), and
ovarian cancer (n = 1). The remaining 25 focal lesions were
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Table 4. The FOM of the JAFROC analysis of per-lesion focal lesion de-
tectability on conventional DWI and MB-VERSE DWI

Conventional DWI MB-VERSE DWI p

Reader 1 0.957 (0.918,0.997)  0.957 (0.917,0.997)  0.520
Reader 2 0.956 (0.916,0.996)  0.960 (0.921,0.999)  0.347
Average 0.957 (0.947,0.966)  0.958 (0.941,0.976)  0.583

Data are presented as FOMs (95% confidence intervals).

FOM, figure of merit; JAFROC, jackknife alternative free-response receiver op-
erating characteristic; DWI, diffusion-weighted imaging; MB-VERSE, multi-
band variable-rate selective excitation.

benign, including hepatic cysts (n = 13), hepatic hemangio-
mas (n = 8), inflammatory lesions (n = 3), and a hepatic ade-
noma (n = 1). Eight lesions (11.9%) were pathologically diag-
nosed, whereas 59 (88.1%) lesions were diagnosed based on
typical imaging features or stability for at least one year.

Focal lesions were significantly less conspicuous in the MB-
VERSE DWI than in the conventional DWI (3.6 + 1.4 vs. 3.6 +
1.1, p = 0.032). However, the per-lesion and per-patient sensi-
tivities and specificities of MB-VERSE DWI were not signifi-
cantly different from those of conventional DWI (p > 0.05)
(Table 3). Only two focal lesions were correctly detected on
conventional DWI but not visualized on the MB-VERSE DWI
because of poor 1Q and severe artifacts (Fig. 5). The per-lesion
FOMs from the JAFROC analysis of MB-VERSE DWI and con-
ventional DWI for each reader are presented in Table 4. The
reader-averaged FOMs determined with the mean value of the
JAFROC analysis were not significantly different between MB-
VERSE DWI and conventional DWI (0.958 vs. 0.957, p = 0.583).

Focal lesion conspicuity exhibited moderate (i = 0.413) and
fair (k = 0.319) inter-reader agreement on conventional DWI
and MB-VERSE DWI, respectively. Focal lesion detectability ex-
hibited fair (i = 0.401) and substantial (kx = 0.610) inter-reader
agreement on conventional DWI and MB-VERSE DWI, respec-
tively.

www.i-mri.org
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DISCUSSION

This study demonstrated that respiratory-triggered MB-
VERSE DWI significantly reduced the acquisition time by
32.0%, with an expected compromise in overall 1Q. Despite the
trade-off in 1Q, the CNR and lesion detectability of focal liver
lesions on MB-VERSE DWI were not significantly different
from those on conventional DWI.

MB-VERSE DWI significantly decreased the acquisition time
at the expense of qualitative and quantitative |Q parameters
compared with conventional DWI. This finding is comparable
to previous studies that demonstrated a decrease in signal in-
tensity or SNR in MB or SMS DWI compared with conven-
tional DWI [24,25]. However, the CNR was not significantly
compromised, possibly because the increase in contrast over-
rode the increase in noise [25]. Focal lesion detectability was
also comparable between MB-VERSE DWI and conventional
DWI which was similar to previous studies in which the detec-
tion rates of focal liver lesions and pelvic lymph nodes did not
significantly decrease with MB DWI [24,25]. Hence, MB-VERSE
DWI may be a useful alternative when a short acquisition time
is crucial (e.g., in patients with claustrophobia or back pain, or
in pediatric or elderly patients).

Consistent with previous reports, the ADC values of the liv-
er parenchyma on MB-VERSE DWI were significantly lower
than those on conventional DWI but within the range report-
ed in the literature [24,26,27]. Lower ADC values may be as-
sociated with shorter TR, consistent with previous reports on
MB DWI [24,28,29]. The shortened TR may result in incom-
plete recovery of the longitudinal magnetization and signal
saturation (or the T1 saturation effect), leading to signal satu-
ration in b = 0 s/mm? images. However, the T1 saturation ef-
fect was mitigated or negligible at b = 800 s/mm’ because
the longitudinal magnetization reached a steady state (owing
to a later scanning time point) [29]. This discrepancy in the T1
saturation effect may explain the significantly lower ADC val-
ues in the liver parenchyma on MB-VERSE DWI than on con-
ventional DWI. In addition, the lower SNR may be attributed
to the lower ADC values in MB-VERSE DWI [28].

This study had some limitations. First, the retrospective
study design has an inherent selection bias. Second, variations
in MRI parameters may have affected the 1Q, focal lesion con-
spicuity, and focal lesion detectability. Indeed, the b-values
for conventional DWI and MB-VERSE DWI differed, which
may have affected the ADC values of the liver parenchyma in
each sequence. Third, no further acceleration beyond an MB
factor of two was evaluated. However, we believe an MB ac-
celeration factor of two may produce a balance between ac-
quisition time reduction, SNR, and focal lesion detectability,
based on previous reports suggesting a compromise between
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IQ and diagnostic performance in MB factors greater than 2
[25,26,30,31]. Fourth, only a few focal lesions were pathologi-
cally diagnosed. With the aim of focal lesion detection rather
than diagnosis, a non-invasive diagnosis of focal lesions uti-
lizing typical imaging findings or stability for at least one
year seems sufficient. Finally, the inter-reader agreements for
1Q, focal lesion conspicuity, and focal lesion detectability were
fair to substantial, although within the range of kappa values
reported in previous studies on the 1Q of MB DWI [24,26,30,31].
In conclusion, MB-VERSE DWI significantly reduced the ac-
quisition time with compromised quantitative and qualitative
IQ but with comparable CNR and preserved focal lesion de-
tectability. Further optimization of the MB-VERSE DWI tech-
nique may help improve IQ with a shorter acquisition time.
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