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Background: Inserting diffusion weighted imaging (DWI) into the time interval between post contrast and
hepatobiliary phase (HBP) is time saving and health economic friendly. However, whether DWI would be
affected before and after Gd-EOB-DTPA is still unknown. This study aims to validate whether the DWT at
both low and high b-values is affected before and after Gd-EOB-DTPA enhancement.

Methods: From July 2019 to November 2019, seventy-three patients who satisfied the inclusion criteria were
enrolled. Those patients were scanned with multiple b-value (b-value of 0, 50, 800, 1,000, and 1,200 s/mm”)
DWI using a 3.0 T magnetic resonance (MR) scanner before and after the injection of Gd-EOB-DTPA. The
final imaging diagnosis of the malignant liver lesions were made by histopathological analysis. The lesion-
liver contrast intensity ratio (CIR) and the apparent diffusion coefficients (ADCs) of hepatic parenchyma and
lesions at each b-value was evaluated. The Student’s #-test or Mann-Whitney U test was used to compare the
CIR and ADC between the MR images before and after contrast agent injection. In addition, the Student’s
t-test or Mann-Whitney U test was used to compare the ADC values between benign and malignant lesions.
Receiver operating characteristics (ROC) curves were used to assess the area under the curve (AUC) of the
ADC values in differentiating between benign and malignant lesions.

Results: For the CIRs comparison, the CIRs showed no statistical significance before and after Gd-EOB-
DTPA on b =0 (1.34=1.15 vs. 1.45£1.48, P=0.664), b=50 (1.23+1.13 vs. 1.35x1.34, P=0.982), b=800 (1.19+0.87
vs. 1.1920.94, P=0.946), b=1,000 (1.21x0.90 vs. 1.32+1.05, P=0.294) and b=1,200 (1.25+1.03 vs. 1.45+1.48,
P=0.165) s/mm’. For the ADC value comparison, the ADC also showed no statistical significance before and
after Gd-EOB-DTPA on b=50 (4.04+2.82 vs. 3.91£3.00, P=0.151), b=800 (1.68+0.71 vs.1.67+0.76, P=0.163),
b=1,000 (1.53+0.69 5.1.50+0.70, P=0.078) and b=1,200 (1.48=0.66 vs. 1.48+0.70, P=0.294) s/mm’.
Conclusions: DWI scanned between the interval of dynamic enhanced imaging and HBP imaging can
save overall scanning time without influencing the CIRs, ADCs, and diagnostic capabilities of hepatic lesions
at both low and high b-values.
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Introduction

Liver cancer is the fifth most common cancer and the
second most frequent cause of cancer-related deaths in
men worldwide (1,2). Accurate tumor detection and early
identification diagnosis is valuable in the treatment of
liver cancer patients (3). At present, Gd-EOB-DTPA has
been widely used in liver magnetic resonance imaging
(MRI) due to its characterization of intra and extracellular
ability, which enables not only traditional arterial phase
imaging of hepatic lesions but also further provides the
specific hepatobiliary phase (HBP). However, despite the
considerable advantages of Gd-EOB-DTPA MR, its major
problem is the fact that the HBP can only be obtained after
approximately a 20-minute delay following the contrast
agent injection, and if no sequences are scanned during
the interval between dynamic scans and HBP, the patient
throughput will be directly influenced.

Several strategies have been used to overcome this
problem, including shortening the delay time of the HBP (4)
and optimizing the scanning of the magnetic resonance (MR)
protocol (5-9). Of these, the adjustment of the diffusion
weighted imaging (DWI) sequence scanning order from
pre-contrast to post-contrast is feasible and crucial. As an
advanced MR technique, DWI can effectively detect and
differentiate liver lesions, and has been widely used in clinical
practice (10). However, it is often based on the single-shot-
fast-spin-echo with echo-planner-imaging (SSFSE-EPI)
sequence, which requires increasing the number of excitations
(NEX) to improve the signal-to-noise ratio (SNR), especially
in DWI with a high b-value. Meanwhile, the respiratory
trigger (RT) is often used in liver DWI to remove the
impact of respiratory motion, which will further extend the
acquisition time. Due to the above reasons, DWTI of the liver
typically takes around 5 minutes in a clinical scanning setting.
Some previous research has proposed that adjustment of the
DWI scanning order can both meet the clinical diagnosis
needs and save the overall acquisition time of liver MRI with
Gd-EOB-DTPA. Mubhi et 4l. (6) found that T2-weighted
imaging (T2WI) and DWI with Gd-EOB-DTPA are
feasible for diagnosis and do not compromise the apparent
diffusion coefficient (ADC) of focal hepatic lesions. Choi
et al. (7) also reported that the acquisition of DWI during the
interval between dynamic MRI and hepatobiliary imaging
can be effective and time-saving, without compromising
the contrast-to-noise ratio (CNR) and ADC values of focal
hepatic lesions. However, most of these reports only explored
the fitting ADC values of both low and high b-valve DWI,
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and few studies have investigated whether ADC values is
affected at both low and high b-values. To our knowledge,
no studies have been investigated to directly comparison the
DWTI at both low and high b-values would be affected before
and after Gd-EOB-DTPA enhancement about the image
quality and diagnostic performance.

Therefore, the purpose of this paper was to validate
whether DWI at both low and high b-values is affected
before and after Gd-EOB-DTPA enhancement. We
present the following article in accordance with the STARD
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-962/rc).

Methods
Patients

The protocol was registered at Chinese Clinical Trial
Registry (clinical trial registration No. ChiCTR1900026668).
The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This diagnostic and
observational study was approved by the institutional review
board of biomedical ethics branch of West China Hospital,
Sichuan University [No. 2016(297)], and written informed
consent was obtained from all patients. The sample size
was considered according to the clinical experience and the
inclusion of 60 patients may satisfy the requirements. From
July to November 2019, 87 consecutive patients (including
59 men and 28 women; age range, 21-82 years; mean age:
50.71 years) who were suspected of having focal hepatic
lesions underwent with gadoxetic acid-enhanced liver
MRI were prospectively included. The inclusion criteria
were as follows: (I) patients with no MR examination
contraindications; (II) those with no history of local liver
treatment; and (III) lesions with diameter >1 cm. Additionally,
patients were excluded for the following reasons: (I) lesions
located in the left lateral lobe below the heart (n=2) or at
the edge of the liver (n=3); (II) those with uneven breathing,
resulting in severe motion artifact interference (n=5); and
(III) patients that could not tolerant the MR examination
(n=4). Finally, 73 patients with 92 focal hepatic lesions were
included (Figure 1), and the final diagnosis of these lesions
were made by histopathological analysis (malignant lesions)
or long-time follow up (benign lesions).

MRI protocols

MRI was carried out by using a 3.0 T MR system (Discovery
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87 consecutive patients who were suspected of
having focal hepatic lesions were included
Excluded patients (n=14):
1. Lesions located in the left lobe (n=2)
> 2. Lesions located at the edge of the liver (n=3)
3. Severe motion artifact (n=5)
v 4. Patients cannot tolerant MR imaging (n=4)
73 patients with 92 focal hepatic lesions were
included
Y Y
Malignant lesions (n=68) Benign lesions (n=24)
® 47 HCCs ® 12 cysts
* 21 metastases ¢ 12 hemangiomas
Figure 1 Flow chart of the study population selection. MR, magnetic resonance; HCCs, hepatocellular carcinomas.
Table 1 MRI parameters of the routine MR sequences
Parameters Tra-T1WI IP/OP Dyn-T1WI Ax T2WI-FS DWI 3D T1WI in HBP
Repetition time (ms) 150 6 2-3 respiratory cycle 1-2 respiratory cycle 6.1
Echo time (ms) 2.3/5.8 1.4 69.4 70 1.4
Field of view (cm?) 40x40 38x30.4 40x40 40x40 38x30.4
Matrix 288x192 300x204 320x320 128x128 300x204
Slice thickness (mm) 6 4 6 6 3
Acceleration factor 2 2 2 2 2
Resolution (mm?) 1.39%x2.08 1.27x1.49 1.25%x1.25 3.125x3.125 1.27x1.49

MRI, magnetic resonance imaging; MR, magnetic resonance; Tra, transverse; T1WI, T1-weighted imaging; IP/OP, in-phase/out-phase;
Dyn, dynamic; Ax, axial; T2WI, T2-weighted imaging; FS, fat-suppressed; DWI, diffusion weighted imaging; 3D, three-dimensional; HBP,

hepatobiliary phase.

MR 750w, GE Healthcare, Milwaukee, USA). A 16-channel
phased-array torsor coil (GE Medical System) was used for
all examinations. Routine liver MRI protocols, including
T1-weighted imaging (T1WI) using in-phase and out-
of-phase spoiled gradient echo (SPGR), dynamic T1WI
using three-dimensional (3D) liver imaging with volume
acceleration-flexible (LAVA-FLEX), T2WTI using fast spin
echo (FSE) with PROPELLER technique and chemical-
shift fat saturation, SSFSE-EPI DWI with RT and multi-
b-value (b=0, 50, 800, 1,000, and 1,200 s/mm?’), and 3D
T1WI LAVA-FLEX in HBP, were performed before and
after injecting gadoxetic acid. The arterial phase images
were acquired in a 17 s long breath hold with a 20 s
delay following injection of the gadoxetate acid disodium
(Primovist, Bayer Pharma AG, Berlin, Germany) at an
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injection rate of 1 mL/s. The mean delay time for the portal
venous phase, delayed phase, and HBP were 60 s, 180 s,
and 20 min, respectively. Detailed information of the MR
parameters is listed in 7able 1.

Iinaging analysis

Two abdominal radiologists (with 30 and 9 years in the
interpretation of liver MRI, respectively) who were blinded
to all patient information reviewed the MR images. For
the signal intensity (SI) of normal liver parenchymal
measurement, the regions of interest (ROIs) were placed in
the posterior right hepatic lobe, specifically at the level of
the main portal vein and its right branches, while excluding
vessels and artifacts. In addition, for the SI of lesion
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Figure 2 The drawing methods of ROIs. (A) The circle indicates the ROI of normal hepatic parenchyma; (B) the oval circle indicates the

ROI of skeletal muscle; (C) the oval circle indicates the ROI of the lesion. ROIs, regions of interest.

measurement, the ROIs were positioned in the homogeneous
areas, while avoiding artifacts and major vascular structures,
as well as necrosis and hemorrhage of the lesions. The SI of
the skeletal muscle in the same section were also recorded
(Figure 2). The ROIs were manually and carefully positioned
to ensure identical location among different b-values of
the DW images (11). The contrast intensity ratio (CIR) of
lesions at each b-value image before and after contrast agent
injection was calculated using the following equation (6):

SI.. —SI,
CIR = |: (lesion) (tiv ):| [1]
S1

(muscle)

Furthermore, four different ADC values of the normal
liver parenchyma and lesions were also measured, including
ADCg, (calculated by b=0, 50 s/mm?), ADC gy, (calculated by
b=0, 800 s/mm’), ADC g, (calculated by b=0, 1,000 s/mm’),
and ADC (g, (calculated by b=0, 1,200 s/mm’).

Statistical analysis

Continuous variables were firstly checked for normality
using the Kolmogorov-Smirnov test, and the Student’s
t-test or Mann-Whitney U test were used to compare the
CIRs and ADCs between the MR images before and after
contrast agent injection. In addition, the Student’s #-test or
Mann-Whitney U test were also used to compare the ADC
values between benign and malignant lesions. Receiver
operating characteristics (ROC) curves were drawn to
assess the area under the curve (AUC) of the ADC values
to differentiate between benign and malignant lesions, as
well as their 95% confidence interval (CI). The diagnostic
sensitivity and specificity were also calculated. A P value less
than 0.05 was considered to be statistical significance. All
statistical analyses were performed by using the SPSS 23.0
statistical software package (SPSS Inc., Chicago, IL, USA).
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Results
Patients’ characteristics

In total, 73 patients (age: 51.64£10.59 years), including
50 males (age: 51.30+10.10 years) and 23 females (age:
52.39+11.55 years), with 92 focal hepatic lesions were
included. Of these, there were 68 malignant lesions [47
hepatocellular carcinomas (HCCs) in 44 patients and 21
metastases in 15 patients] and 24 benign lesions (12 cysts in
10 patients and 12 hemangiomas in 11 patients). Patients
with liver metastases were mainly caused by the following
primary tumors: breast cancer (n=3), colorectal carcinoma
(n=7), gastric carcinoma (n=1), renal cell carcinoma (n=1),
gallbladder carcinoma (n=1), esophageal carcinoma (n=1),
and melanoma (n=1).

Comparison of CIRs

For the CIRs measurement of all lesions, the CIRs value of
the b=0 (P=0.664; Z=-0.435), 50 (P=0.982; Z=-0.023), 800
(P=0.946; Z=-0.068), 1,000 (P=0.294; Z=-1.050), and 1,200
(P=0.165; Z=-1.389) s/mm’ on the unenhanced DW images
were not significantly compared with each b-value on the
enhanced MR images (Figure 3). In addition, for the CIRs
measurement of various lesions, no difference was observed
between the unenhanced and enhanced MR images (all
P>0.05). Detailed information about the CIRs of focal
hepatic lesions on unenhanced and enhanced DW images
are shown in 7able 2.

Comparison of ADCs

For the ADC measurement of all lesions, the ADC
values of the b=50 (P=0.151; Z=-1.431), 800 (P=0.163;
Z=-1.394), 1,000 (P=0.078; Z=-1.765), and 1,200 (P=0.294;
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Figure 3 Male, 24 years old, surgically confirmed HCC in the right liver lobe. (A-D) DWI pre-contrast; (E-H) DWI post-contrast. (A,E)
b-value =50 s/mm?; (B,F) b-value =800 s/mm’; (C,G) b-value =1,000 s/mm’; (D,H) b-value =1,200 s/mm’. The lesion displays in enhanced
DWTI were not different from those of unenhanced DWI. HCC, hepatocellular carcinoma; DWI, diffusion weighted imaging.

7Z=-1.049) s/mm’ on the unenhanced DW images were not
significantly different compared with each b-value on the
enhanced MR images (Figure 4). A decreasing tendency for
ADC:s with focal hepatic lesions on both pre-contrast and
post-contrast DWI images was observed with increased
b-values. Table 3 shows the analysis results of ADCs between
pre-contrast and post-contrast DW1s.

Diagnostic performance evaluation

When the b-value was 800, 1,000, and 1,200 s/mm’, the ADC
values of benign lesions were statistically higher than those
of malignant tumors on both unenhanced and enhanced
images (all P<0.01). However, for the b-value =50 s/mm’,
no statistical difference was observed between the ADCs in
malignant and benign tumors [P, =0.606; P, =0.637].
Additionally, for enhanced images, the b-value =1,200 s/mm”
had the largest AUC value of 0.889(95% CI: 0.807-
0.971), followed by b-value =1,000 (AUC =0.868 s/mm’;
95% CI: 0.784-0.952). For qualitative diagnosis, no
statistical difference was observed in these b-values in
differentiating between benign and malignant lesions, and
the diagnostic performance for both before and after Gd-
EOB-DTPA were 100% for sensitivity, and 100% for
specificity.
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Discussion

In the present study, we compared the CIRs and ADCs
of various types of hepatic lesions between before and
after Gd-EOB-DTPA injection on DWI with multiple
b-values (b=0, 50, 800, 1,000 and 1,200 s/mm’), and our
results showed that there were no statistically significant
differences in the CIRs and ADCs between the DW images
before and after contrast agent injection. Previous studies
have reported that when the b-value was less than 100-
150 s/mm’, the intra-hepatic vascular signal would be lost,
producing a so-called black blood image, which improved the
detection of focal liver lesions (12,13), and a higher b-value
(b-value =500 s/mm®) could provide diffusion information
that helps to characterize focal liver lesions (14). Thus, when
performing a DWI scan on the liver, using both lower and
higher b-values (e.g., b-value <100 s/mm’, and >500 s/mm®)
was recommended for imaging (15). In this study, the DWI
sequence included one low b-value (50 s/mm®) and three
high b-values (800, 1,000, 1,200 s/mm”), and the effect of the
Gd-EOB-DTPA on the DW images and ADC value of each
b-value was explored.

In the study of CIRs, we found that there was no
statistical difference in the CIRs of hepatic lesions before
and after enhancement on each of the b-value DW images.
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Table 2 CIRs of the focal hepatic lesions on DWI

Classification of lesions b-value (s/mm? Unenhanced Enhanced P value Z value
HCC [47] 0 0.86+0.58 0.86+0.66 0.21 -1.264
50 0.82+0.53 0.81+0.50 0.99 -0.017

800 1.05+0.69 1.06+0.69 0.79 -0.271

1,000 1.15+0.80 1.16+0.78 0.94 -0.07

1,200 1.21+0.90 1.18+0.87 0.75 -0.317

Metastases [21] 0 0.97+0.52 0.93+0.56 0.74 -0.330
50 0.81+0.58 0.94+0.58 0.39 -0.859

800 1.2+0.98 1.02+0.73 0.47 -0.730

1,000 1.24+0.87 1.41+0.90 0.07 -1.794

1,200 1.32+1.05 1.56+1.00 0.10 -1.643

Cysts [12] 0 3.44+1.36 3.88+1.98 0.754 -0.314
50 3.26+1.54 3.47+1.79 0.969 -0.039

800 1.80+1.19 1.53+1.15 0.480 -0.706

1,000 1.56+1.37 1.09+0.92 0.272 -1.099

1,200 1.33+1.51 0.89+0.93 0.239 -1.177

Hemangiomas [12] 0 1.77+£1.02 2.25+1.75 0.332 -0.971
50 1.52+0.84 2.06+1.67 0.432 -0.787

800 1.12+0.81 1.69+1.48 0.116 -1.573

1,000 1.08+0.83 1.60+1.46 0.116 -1.571

1,200 1.23+1.06 1.74+£1.57 0.135 -1.494

Malignant lesions 0 0.90+0.56 0.88+0.57 0.741 -0.330
50 0.82+0.54 0.86+0.54 0.664 -0.435

800 1.10+0.78 1.04+0.70 0.470 -0.730

1,000 1.18+0.81 1.23+0.83 0.159 -1.409

1,200 1.24+0.94 1.32+0.93 0.100 -1.643

Benign lesions 0 2.60+1.45 3.06+2.01 0.355 -0.926
50 2.39+1.50 2.76+1.84 0.637 -0.472

800 1.46+1.06 1.61£1.30 0.475 -0.715

1,000 1.32+1.13 1.35+1.22 0.742 -0.329

1,200 1.28+1.22 1.31+1.33 0.775 -0.286

All lesions 0 1.34+1.15 1.45+1.48 0.664 -0.435
50 1.23+1.13 1.35+1.34 0.982 -0.023

800 1.19+0.87 1.19+0.94 0.946 -0.068

1,000 1.21+0.90 1.32+1.05 0.294 -1.050

1,200 1.25+1.03 1.45+1.48 0.165 -1.389

CIR, contrast intensity ratio; DWI, diffusion weighted imaging; HCC, hepatocellular carcinoma.
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ADCH 000)

Figure 4 Male, 24 years old, HCC in right liver robe. (A-D) ADC map without Gd-EOB-DTPA; (E-H) ADC map with Gd-EOB-DTPA.
(A,E) ADCs5; (B,F) ADC g9y (C,G) ADC90); (D,H) ADCy30)- The lesion displays in enhanced ADC were not different from unenhanced
ADC. ADC, apparent diffusion coefficient; HCC, hepatocellular carcinoma.

A previous study conducted by Song et /. (11) also showed
similar results, which proved that the enhanced DWI
with Gd-EOB-DTPA would not result in a significant
impact on the CIRs. However, the DWI sequence they
used contained only one high b-value (800 s/mm’), and
thus, their conclusion was could not be applied different
high b-value DWIs. In this study, we evaluated three
high-b-value (800, 1,000, and 1,200 s/mm’) images of the
DWTI sequence and found that there was no statistical
differences in the pre- and post-contrast CIRs, further
indicating that Gd-EOB-DTPA injection has no influence
on the CIRs of high b-value DW images. Another study
conducted by Mubhi ez /. (6) also compared the difference
in CIRs before and after enhancement on two high b-values
(500 and 1,000 s/mm?), but their DWI sequences were
acquired 20 minutes after Gd-EOB-DTPA injection,
which was not the ideal delay time for enhanced DWI
scans. According to Choi et 4l. (7), in order to optimize the
process and reduce the scanning time, DWI scanning is
recommended between the end of the dynamic enhanced
image acquisition and the HBP. In our study, three phases
of dynamic imaging (including arterial phase, portal
phase, and equilibrium phase) were initially performed
after the injection of Gd-EOB-DTPA, followed by T2
FSE images with a RT (usually 3-5 minutes). We then
acquired the enhancement DW images at 10 minutes

© Annals of Translational Medicine. All rights reserved.

after injection, which maximally optimized the imaging
process. In addition, Muhi et 4l. (6) only collected images
of b-values =500 and 1,000 s/mm’, lacking the evaluation
of low b-values. DWI images with low b-values contain
more information about blood perfusion (16), but have
the limitation of reflecting the true diffusion. Our
research found that there were no significant differences
between the CIRs of low b-value images before and
after enhancement. This finding differs slightly from the
research of Choi er al. (7), which pointed out that the
CNRs of HCC, malignant lesions, and all focal lesions
were different before and after Gd-EOB-DTPA injection
at the b-value =200 s/mm’. This may be related to the
different calculation methods; Choi et /. compared the
CNR values, while we evaluated the CIR values.
Moreover, our results indicated that the ADC values of
focal hepatic lesions were comparable on unenhanced and
enhanced images at all b-values (P>0.05). This indicated
that Gd-EOB-DTPA injection had no effect on the ADC
values of focal hepatic lesions without uptake of contrast
agents, which was similar to previous reports (6,7,11,17).
Unlike previous reports that only discussed one single ADC
value, this study evaluated the ADCs at four b-values (50,
800, 1,000, and 1,200 s/mm?), and found no difference
between the ADCs before and after enhancement,
indicating that the ADC values of focal hepatic lesions
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Table 3 ADC values (x10~ mm?/s) of the liver and focal hepatic lesions

Classification of lesions ADCs Unenhanced (x10™ mm?/s) Enhanced (x107° mm?/s) P value Z value
HCC ADCs 4.24+3.40 3.95+2.88 0.352 -0.931
ADC g0, 1.430.59 1.42+0.61 0.322 -0.990
ADCi;500 1.29+0.44 1.26+0.41 0.533 ~0.623
ADCi1200 1.23+0.41 1.22+0.43 0.658 -0.443
Metastases ADCg 4.07+2.33 3.73+2.7 0.198 -1.286
ADC g0 1.41+0.24 1.37+0.30 0.126 ~1.530
ADCis500 1.190.23 1.17+0.26 0.305 -1.026
ADC, 1200 1.230.25 1.14+0.29 0.085 ~1.721
Cysts ADCg 4.29+2.10 5.72+4.27 0.239 -1.177
ADC o0, 2.73:0.76 2.80:0.78 0.530 ~0.628
ADC1000) 2.68+0.74 2.64+0.71 0.209 -1.255
ADC, ;200 2.55+0.76 2.56+0.69 0.814 ~0.236
Hemangiomas ADCg 2.81+1.13 2.71+1.13 0.099 -1.649
ADCgq 2.27+1.33 2.07+0.55 0.239 -1.177
ADCis000 2.04+0.67 1.93+0.62 0.285 ~1.069
ADC 1200 1.91:0.84 1.86+0.63 0.504 ~0.669
Malignant lesions ADCg 4.19+3.10 3.88+2.81 0.129 -1.518
ADC g, 1.43+0.51 1.40+0.53 0.115 -1.577
ADC 1000, 1.26+0.39 1.23+0.37 0.278 -1.084
ADCG1200) 1.23+0.36 1.20+0.39 0.085 -1.724
Benign lesions ADCg 3.55+1.82 3.99+3.56 0.864 -0.171
ADC g, 2.40+0.73 2.42+0.81 0.797 -0.257
ADC 1000, 2.30£0.77 2.27+0.85 0.088 ~1.704
ADCG1200) 2.20+0.85 2.27+0.77 0.448 -0.758
All lesions ADCys 4.04+2.82 3.91+3.00 0.151 -1.431
ADC gy, 1.68+0.71 1.67+0.76 0.163 -1.394
ADCyo00, 1.53+0.69 1.50+0.70 0.078 -1.765
ADC1200) 1.48+0.66 1.48+0.70 0.294 -1.049
Liver ADCys 8.61+10.21 7.86+2.88 0.005* -2.784
ADC gy, 1.46+0.27 1.39+0.25 0.015* -2.431
ADCiyo00, 1.38+0.25 1.33+0.27 0.028" ~2.199
ADC1200) 1.32+0.23 1.26+0.22 0.016* -2.400

*, b=50 (NEX =1), 800 (NEX =4), 1,000 (NEX =4), 1,200 (NEX =4) s/mm’. ADC, apparent diffusion coefficient; HCC, hepatocellular
carcinoma; NEX, number of excitations.
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would not be affected by Gd-EOB-DTPA, regardless
of whether this was a high b-value or low b-value DWI.
However, unlike hepatic lesions, the post-contrast ADC
values of normal hepatic parenchyma were significantly
lower than those pre-contrast, which was speculated to be
related to the uptake of Gd-EOB-DTPA by normal liver
tissue (5-7).

By evaluating the diagnostic ability to distinguish benign
from malignant lesions, we found that at high b-values (800,
1,000, and 1,200 s/mm?®), the ADC values of malignant
tumors (HCCs and metastases) were lower than those of
benign lesions (cysts and hemangiomas) in both pre- and
post-contrast images (all P<0.001). This result was similar
to the findings of Choi et 4l. (7), and showed that the DW
images with a high b-value acquired 10 minutes after the
injection of Gd-EOB-DTPA didn’t affect the identification
of benign and malignant hepatic lesions. However, previous
studies (6,7,17) only analyzed one ADC value, which could
not explain the fact that the enhanced ADCs at different
b-value DWI images had the ability to discriminate between
benign and malignant lesions. Besides high b-values, our
study also analyzed the diagnostic ability of ADCs at low
b-value (50 s/mm®) DW images, and found it that this could
not distinguish malignant from benign lesions. This was
related to the principle in which the ADC maps obtained
by low b-value DWIs reflected more blood perfusion
information than water molecule movement (16).

In addition, this study also compared the diagnostic ability
of ADC:s at different b-values and found that the area under
the ROC curve at b-values =800, 1,000, and 1,200 s/mm’
were significantly larger than that at b=50 s/ mm’. Also,
among the high b-value DWI images, ADC,q, had the
largest area under the ROC curve, although it was not
statistically different from ADC g4 and ADCgg). This may
be related to the principle in which the water molecular
diffusion weight is heavier at higher b-value DWIs (18).

This study had several limitations that should be
noted. Firstly, in this study, follow-up was used for the
determination of benign lesions, as opposed to pathological
analysis. Although the use of imaging follow-up is a
common practice in academic liver imaging research (19),
and is generally considered not to affect the determination
of result, pathological analysis should still be used as the
gold standard. Secondly, the sample size of this study is
small. Lastly, none of the hepatic lesions involved in this
study take up Gd-EOB-DTPA. Therefore, some other
types of hepatic lesions, especially those ingesting Gd-
EOB-DTPA, such as focal nodule hyperplasia (FNH),

© Annals of Translational Medicine. All rights reserved.

Page 9 of 10

regenerative nodule (RN), etc. should be analyzed in the
future studies.

In conclusion, our study demonstrated that DWI
acquisition could be performed between dynamic enhanced
scans and delayed hepatobiliary scans to save overall
scanning time. The ADC values of the lesion were not
affected by the injection of Gd-EOB-DTPA, regardless of
the high or low b-values of DWI.
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