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Background: Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)-enhanced
magnetic resonance imaging (MRI) can detect more lesions through the image contrast of hepatobiliary
phase. Body mass index (BMI) reflects the composition ratio of human tissue, which is an influencing factor
of magnetic resonance image contrast. Meanwhile, Gd-EOB-DTPA is recommended to use the minimum
dose when the diagnosis demands could be met. The aim of this paper was to investigate the effect of BMI
on hepatobiliary phase image contrast and explore the feasibility of using low-dose Gd-EOB-DTPA to
obtain good hepatobiliary phase image contrast in patients with normal and lean BML

Methods: Eighty-two patients who had previously undergone Gd-EOB-DTPA-enhanced MRI
(0.025 mmol/kg) were collected and divided into group A (BMI <24 kg/m’) and group B (BMI >24 kg/m’)
according to Chinese BMI standards. Liver-to-portal vein contrast ratio (LPC20) and liver-to-spleen
contrast ratio (LSC20) in hepatobiliary phase (20 min after injection) were calculated. Thirty patients with
a BMI <24 kg/m’ who were about to receive Gd-EOB-DTPA-enhanced MRI were randomly divided into
group C (0.0125 mmol/kg) and group D (0.025 mmol/kg). Image acquisition was performed at 10, 15, and
20 min after injection. LPC10, LPC15, LPC20 and LSC10, LSC15, LSC20 in corresponding phases were
calculated.

Results: In retrospective grouping study, compared with group B, group As LPC20 was significantly higher
[2.63 (2.42-3.00) vs. 2.22 (1.97-2.67); P<0.01]. In prospective grouping study, there were no differences in
LPC15, LSC15, LPC20 and LSC20 between group C and group D. Intragroup comparison in each group
showed that LPC15 (group C: 2.67+0.33; group D: 2.61+0.21) and LPC20 (group C: 2.74+0.37; group D:
2.72+0.27) were higher than LPC10 (group C: 2.19+0.18; group D: 1.94+0.17) (all P<0.01), while there were
no changes between LPC15 and LPC20.

Conclusions: Under conventional dose, hepatobiliary phase image contrast in patients with a BMI
<24 was higher, which was mainly manifested in the high LPC. For patients with a BMI <24 kg/m’, using a
half conventional dose (0.0125 mmol/kg), good hepatobiliary phase image contrast can still be obtained at
15-20 min after administration.
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Introduction

Gadolinium-ethoxybenzyl-diethylenetriamine-
pentaacetic acid (Gd-EOB-DTPA) is a hepatocyte-specific
gadolinium-based contrast agent (GBCA) that is widely
used in liver-enhanced magnetic resonance imaging (MRI).
Gd-EOB-DTPA-enhanced MRI can obtain both dynamic
enhancement and unique hepatobiliary images, the
hepatobiliary images could provide additional diagnostic
information for hepatic hemangioma, metastases,
hepatocellular carcinomas, focal nodular hyperplasia
(FNH) and other disease. So compared to other
extracellular contrast agent-enhanced MRI, Gd-EOB-
DTPA-enhanced MRI can detect more lesions and make
qualitative diagnoses for some of them (1-5). Therefore,
high-quality hepatobiliary images are key to the success
of Gd-EOB-DTPA-enhanced MRI. Image contrast, as an
important indicator of image quality in the hepatobiliary
phase, plays a crucial role in improving the detection
of lesions (6-8). Previous studies have shown that liver
function, contrast media dose, and scan parameters are
influencing factors of hepatobiliary phase image contrast
(9,10). However, most of these studies have ignored the
influence of human tissue composition ratio on the image
contrast of hepatobiliary phase and in terms of clinical
application of Gd-EOB-DTPA, it also has been noted that
even after controlling for the above influencing factors,
the image contrast of the hepatobiliary phase in patients
still lacks good consistency (11).

The composition ratio of human tissue is an important
influencing factor of all magnetic resonance image contrast
(12,13), and body mass index (BMI), as one of the commonly
used indices to measure the degree of fat and thinness of the
human body and whether it is healthy, reflects the composition
ratio of human tissue to a certain extent (14-16), However,
the effect of BMI on hepatobiliary phase image contrast in
Gd-EOB-DTPA-enhanced MRI has not been reported. At
the same time, studies have shown that GBCAs may induce
adverse reactions such as nephrogenic systemic fibrosis NSF
when injected intravenously (17-19). Some scholars have
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speculated that the excessive application of GBCAs may also be
a risk factor for the above adverse reactions (20). And GBCAs
including Gd-EOB-DTPA are recommended to use the
minimum dose when the diagnostic demands could be met (21).
But in the clinical applications, a dosage of 0.025 mmol/kg
body weight Gd-EOB-DTPA is used in all patients for
hepatobiliary phase imaging, regardless of whether the image
contrast of hepatobiliary phase were way above diagnostic
requirements.

Therefore, the present study retrospectively analyzed
the hepatobiliary phase image contrast in Gd-EOB-
DTP-enhanced MRI in patients with different BMIs and
explored the feasibility of using low-dose (0.0125 mmol/kg)
Gd-EOB-DTPA to obtain good image contrast in the
hepatobiliary phase in patients with normal and lean BMIs.
We present this article in accordance with the GRRAS
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-653/rc).

Methods
Study design

This study was conducted in two parts: a retrospective
grouping study and a prospective grouping study. The
retrospective grouping study analyzed historical data, while
the prospective grouping study focused on collecting new
data over a specified period.

Participants

Retrospective grouping study of regular doses

In this part, patients who had previously undergone Gd-
EOB-DTPA-enhanced MRI scans from January 2019 to
January 2021 at The First Affiliated Hospital of Chongqing
Medical University were collected. The exclusion criteria
were as follows: (I) cases in which there were no reports
of biochemical indices of liver and kidney function within
3 days before the examination or the test indicator value
was not within the normal value range of the laboratory
that issued the report [Child-Pugh score and glomerular
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Gd-EOB-DTPA-enhanced MRI from January 2019 to January 2021
N=1,538

Biochemical reports showed that liver and kidney function
were abnormal (Child-Pugh score more than 5 or GFR less

Without biochemical reports of liver and kidney function
within 3 days before the examination [Child-Pugh score and
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Figure 1 Flow chart of the selection process for narrowing down the target patients in retrospective grouping study of regular doses. Gd-

EOB-DTPA, gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid; MRI, magnetic resonance imaging; BMI, body mass index.

filtration rate (GFR) were unknown, Child-Pugh score
more than 5 or GFR less than 90 mL/min] were excluded
to rule out the impact of different liver and kidney function
on study results; (II) plain scan or hepatobiliary phase
images had obvious respiratory motion or other artifacts,
which were not conducive to observation and measurement;
(III) patients were diagnosed with abnormal liver iron
deposition, cirrhosis, liver fibrosis and diffuse hepatic
space occupying lesions according to the Gd-EOB-DTPA-
enhanced-MRI and medical history; and (IV) patients who
had undergone chemo-radiotherapy and transcatheter
arterial chemoembolization, partial hepatic, splenectomy,
or transjugular intrahepatic portal vena cava shunting, or
other surgeries that change the routine hemodynamics of
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the liver. Eighty-two patients were included and divided
into two groups: group A (normal and lean group: BMI
<24 kg/m’, n=48) and group B (overweight and obese
group: BMI >24 kg/m’, n=34) according to the Chinese
BMI standard (22) in this part (Figure 1). The patients’
corresponding BMI values were calculated from the
recorded heights and weights.

Prospective grouping study of different dose

In this part, Patients with a BMI <24 kg/m’ who were
about to undergo Gd-EOB-DTPA-enhanced MRI from
December 2021 to April 2022 at The First Affiliated
Hospital of Chongqing Medical University were collected.
The inclusion criteria were as follows: (I) patients
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Figure 2 Flow chart of the selection process for narrowing down the target patients in prospective grouping study of different dose. Group C:

low-dose group; Group D: conventional-dose group. BMI, body mass index; MRI, magnetic resonance imaging.

who could cooperate with the examination and had no
contraindications related to MRI examination and a
single breath-holding time of more than 20 s; (II) the
biochemical index report of liver and kidney function in
the 3 days before the examination showed that the liver
and kidney function were normal (Child-Pugh score was
5 and GFR more than 90 mL/min); (III) patients who
had undergone chemo-radiotherapy and transcatheter
arterial chemoembolization, partial hepatic, splenectomy,
or transjugular intrahepatic portal vena cava shunting, or
other surgeries that change the routine hemodynamics of
the liver; and (IV) patients were diagnosed with abnormal
liver iron deposition, cirrhosis, liver fibrosis and diffuse
hepatic space occupying lesions according to medical
history. Thirty-three patients who met the inclusion
criteria were collected and randomly divided into two
groups: group C (low-dose group, n=16) and group D
(conventional-dose group, n=17) for MRI scan. The
exclusion criteria were as follows: (I) failure to complete
the examination on time due to unexpected circumstances
(such as equipment failure, intolerance to the inspection
process, etc.); (II) Gd-EOB-DTPA-enhanced MRI image
artifacts were serious; and (III) patients were diagnosed
with abnormal liver iron deposition, cirrhosis, liver fibrosis
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and diffuse hepatic space occupying lesions according to
Gd-EOB-DTPA-enhanced MRI. One case in group C
was excluded due to sudden equipment failure during the
scanning process, two cases in group D were excluded due
to severe respiratory motion artifacts, and the remaining
30 patients were included in this part. Each group included
15 cases, respectively (Figure 2).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of The First Affiliated
Hospital of Chongqing Medical University and informed
consent was taken from all the patients.

MR examination and contrast medium injection protocols

Both retrospective and prospective studies utilized the same
MRI scanners and imaging parameters. All patients were
scanned in the feet first-supine position, the Signa HDxt
3.0 Tesla MRI system (GE Medical Systems, Waukesha,
WI, United States) and 8-channel phased array abdominal
coil (GE Medical Systems, Waukesha, WI, United States)
were utilized. Unenhanced and hepatobiliary phase
imaging were all performed at the identical scan range by
using fat-suppressed three-dimensional (3D) T1-weighted
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Phase Plain scan Contrast 10 min after injection 15 min after injection 20 min after injection
Retrospective grouping Group A 0.025 mmol/kg - - Group A
study of regular doses Group B 0.025 mmol/kg - - Group B
Prospective grouping Group C 0.0125 mmol/kg Group C Group C Group C
study of different dose Group D 0.025 mmol/kg Group D Group D Group D

Group A: normal and lean group (BMI <24 kg/m?); Group B: overweight and obese group (BMI =24 kg/m?); Group C: low-dose group;

Group D: conventional-dose group. BMI, body mass index.

Figure 3 Flow-related enhancement effect at the hepatic vein into
the inferior vena cava, which made the signal measurement error

large.

gradient echo pulse sequence (liver acquisition with volume
acceleration, lava) sequence. Lava imaging parameters were
as follows: repetition time (TR) 3.2 ms, echo time (TE)
1.4 ms, field of view (FOV) 38 cm, flip angle 15°, matrix size
288x224, layer thickness 4 mm, frequency direction LR,
zero-fill interpolation processing (ZIP) 512, ZIP2 and array
coil spatial sensitivity encoding (ASSET) were turned on,
the acceleration factor selection was 2. Upon completion of
the plain scan, in the retrospective grouping study of regular
doses, a bolus of Gd-EOB-DTPA was administered at a
dosage of 0.025 mmol/kg body weight through the dorsal
hand vein or median cubital vein for all patients (both group
A and B), followed by a 20 mL physiological saline solution
flushing tube. The hepatobiliary phase was only scanned
at 20 min after the injection. In the prospective grouping
study of different dose, A bolus of Gd-EOB-DTPA was

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

administered at a dosage of 0.0125 mmol/kg body weight
in group C and 0.025 mmol/kg body weight in group D, all
followed by a 20 mL physiological saline solution flushing
tube. Both groups were image-acquired at 10, 15, and
20 min after the injection of contrast medium (see Table I).

Iimage analysis

According to the requirements of the liver imaging
reporting and data system (LI-RADS) v2018 CT/MRI
Manual for the image contrast of Gd-EOB-DTPA-
enhanced MRI hepatobiliary phase (Hepatic parenchyma
is hyperintense to the hepatic blood vessels and spleen),
liver-to-portal vein contrast ratio (LPC) and liver-to-spleen
contrast ratio (LSC) were used to quantitatively assess the
image contrast of the hepatobiliary phase in this study. The
portal vein signal was taken as a reference for the hepatic
blood vessels owing to the follows: the trunk and branches
of hepatic arteries were too small and their signals decayed
rapidly after they reached the peak in the arterial phase,
which meant that their signals were difficult to observe and
measure in the hepatobiliary phase. The hepatic vein signal
was mainly affected by the contrast content in the hepatic
portal vein and flow-related enhancement effect could be
observed in it (Figure 3), which meant that a large signal
measurement error interfered with the study results. In
contrast, the hepatic portal vein continued to strengthen for
a long time after administration and decayed slowly, and its
trunk and branches were large; thus, the signal was easy to
perceive and measure.

For the measurement of the liver, spleen, portal vein
signals and noise, all images were transmitted to the GE
AW4.6 post-processing workstation and performed in each
phase (plain scan, 10 min, 15 min, 20 min) and each group
by drawing region of interest (ROI). For measurement of
hepatic parenchymal signal (SL, SL10, SL15, SL20), the
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Figure 4 The location of ROIs as measured in each organ. (A,B) The location of the ROIs as measured in the liver [circles 1-5 (A) and

circles 1-4 (B)]; (C) the location of the ROIs as measured in the portal vein (circle 1); (D) the location of the ROIs as measured in the spleen

(circle 1). ROIs, regions of interest.

Figure 5 The location of the ROIs as measured in the noise (circles

1-4). ROIs, regions of interest.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

ROIs were placed at the central region of the maximum
layer of each liver segment (according to the Couinaud
method) and then the average value of these segments
was calculated, ROI areas: 0.8-1.2 cm’; for measurement
of portal vein (SP, SP10, SP15 and SP20) and splenic
parenchymal signal (SS, SS10, SS15, SS20), the ROIs were
placed at the central region of the maximum layer of the
main portal vein and spleen, respectively, ROI areas: 0.3-
0.4 cm’ for the portal vein and 2.0-2.8 cm’ for the spleen
(Figure 4); for measurement of the background noise (SN,
SN10, SN15 and SN20), 4 ROIs were placed next to the
abdominal wall at the maximum layer of liver and then the
average value of standard deviation of the 4 regions was
calculated, ROI areas: 3—4 cm’ (Figure 5). When measuring,
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Table 2 Patient demographics table of retrospective grouping study of regular doses

Patient characteristic Group A

Group B

No. of participants (male/female) 48 (25/23)
Age (years), mean + SD [range]

BMI (kg/m?), mean + SD [range]

Hepatic hemangiomas, n 15
Hepatic cyst, n 8
Hepatic metastases, n 12
Fatty liver, n 3
Hepatocellular carcinoma, n 2
Focal nodular hyperplasia, n 2

50.40+12.54 [23-82]
21.44+1.74 [18.07-23.88]

34 (19/15)
50.24+12.42 [24-86]
26.84+1.78 [24.07-30.12]
12
7
10
12
3
2

Group A: normal and lean group (BMI <24 kg/m?®); Group B: overweight and obese group (BMI =24 kg/m?). BMI, body mass index; SD,

standard deviation.

ROIs must be placed in a uniform signal place by avoiding
other non-targeted tissues and must be measured at the
same size and in the same anatomical position when
measuring the same data on each phase image. Based on
the above conditions, the ROI areas would be as large as
possible. All data were measured once by two radiologists
independently, each with more than 5 years of experience
in liver MRI, and then the average value was calculated.
The following signal intensity ratios in each phases (plain
scan, 10 min, 15 min, 20 min) were calculated from the
measured data, LPC, LPC10, LPC15, LPC20 (ratio of
hepatic parenchymal signal to portal vein signal; LPCx
= SLx/SPx, where x was the delay time), LSC, LSC10,
LSC15, LSC20 (ratio of hepatic parenchymal signal to
splenic parenchymal signal: LSCx = SLx/SSx, where x was
the delay time), the following relative tissue enhancement
were also calculated, LE10, LE15, LE20 (ratio of hepatic
parenchymal signal in the corresponding phases to hepatic
parenchymal signal in the plain scan: Lex = SLx/SL, where
x was the delay time). PE10, PE15, PE20 (ratio of portal
vein signal in the corresponding phases to portal vein signal
in the plain scan: PEx = SPx/SP, where x was the delay
time), SE10, SE15, SE20 (ratio of splenic parenchymal
signal in the corresponding phases to splenic parenchymal
signal in the plain scan, SEx = SSx/SS, where x was the
delay time), the signal-to-noise ratio and contrast-to-noise
ratio were also calculated, SNRL,SNRL10, SNRL15,
SNR20 (hepatic parenchymal signal to noise ratio: SNRLx
= SLx/SNx, where x was the delay time), SNRP, SNRP10,
SNRP15, SNRP20 (portal vein signal to noise ratio:

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

SNRPx = SPx/SNx, where x was the delay time), SNRS,
SNRS10, SNRS15, SNRS20 (splenic parenchymal signal to
noise ratio: SNRSx = SSx/SNx, where x was the delay time),
CNRLP, CNRLP10, CNRLP15, CNRLP20 (absolute
value of the difference between hepatic parenchymal
signal and portal vein signal to noise ratio: CNRLPx =
ISLx - SPx|/SNx, where x was the delay time), CNRLS,
CNRLS10, CNRLS15, CNRLS20 (absolute value of the
difference between hepatic parenchymal signal and splenic
parenchymal signal to noise ratio: CNRLSx = |SLx - SSx|/
SNx, where x was the delay time).

Statistical analysis

Software of SPSS26 (Chicago, IL, United States) was used
to analyze the statistical data in the retrospective and the
prospective grouping study. Shapiro-Wilk test were used for
the normality of the indices, an independent sample #-test was
used to compare the indices between the groups when they
satisfied a normal distribution, while those with a non-normal
distribution were compared using the Mann-Whitney U test.
In the prospective grouping study of different dose, One-
way variance analysis was used for intragroup comparisons
of the indices when the variance was even, while the Welch
test was used when the variance was uneven. Moreover,
the Bonferroni method was used for intragroup pairwise
comparisons when the variances were even, and the Tamhane
T2 method was used when the variances were uneven. All
the statistical tests were used two-sided test, P<0.05 was
considered statistically significant.
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Figure 6 Retrospective grouping study of regular doses. (A,B) Hepatobiliary phase images of a patients with a BMI =20.54 kg/ m” in group A,
the LPC20 and the LSC20 were 2.84 and 1.21, respectively; (C,D) hepatobiliary phase images of a patients with a BMI =29.78 kg/lnz in
group B. The LPC20 and the LSC20 were 2.18 and 1.15, respectively. BMI, body mass index; LPC20, the contrast between liver and portal

vein, ratio of hepatic parenchymal signal to portal vein signal in 20 min after injection; LSC20, the contrast between liver and spleen, ratio

of hepatic parenchymal signal to splenic parenchymal signal in 20 min after injection.

Results
Results of the retrospective grouping study of regular doses

The demographics of the 82 patients in the retrospective
grouping study of regular doses were listed in Tuble 2.
Quantitative analysis showed that the liver-to-portal vein
contrast ratio of plain scan and 20 min after injection
(LPC and LPC20) in group A were significantly higher
than that in group B (P<0.01). But there were no statistical
differences in the liver-to-spleen contrast ratio (LSC and

LSC20) (P>0.05) (Figures 6,7, Tuble 3).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Results of the grouping study on different doses

administered

The demographics of the 30 patients in the prospective
grouping study of different dose were listed in 7izble 4. SNR
and CNR analyses showed that no significant difference
in the SNR of each tissue in plain scan and other phases
between group C and D. But the contrast-to-noise ratio of
liver-to-portal vein in 10 min after injection (CNRLP10) in
group C was higher than that in group D (P<0.05) (Figure 8,
Table 5).

Quantitative comparative analysis indicated that there

Quant Imaging Med Surg 2023;13(9):6176-6192 | https://dx.doi.org/10.21037/qims-23-653
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Figure 7 Retrospective grouping studies comparing data between
groups A and B. **, P<0.01. LPC and LPC20, the contrast between
liver and portal vein, ratio of hepatic parenchymal signal to portal
vein signal in the plain scan and 20 min after injection; LSC and
LSC20, the contrast between liver and spleen, ratio of hepatic
parenchymal signal to splenic parenchymal signal in the plain scan

and 20 min after injection; BMI, body mass index.
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was no significant difference in liver-to-portal vein contrast
ratio and liver-to-spleen contrast ratio (LPC and LSC)
between group C and D in the plain scan. But in the 10 min
phase after administration, the liver-to-portal vein contrast
ratio (LPC10) in group C was higher than that in group
D, while the relative tissue enhancement of liver, portal
vein and spleen (LE10, PE10, and SE10) of group D were
higher than those in group C (P<0.01). And there was no
statistically significant difference observed in liver-to-spleen
ration (LSC10) (P>0.05). At the 15 and 20 min phases after
administration, the relative tissue enhancement of each
organ (LE15, PE15, SE15, LE20, PE20, and SE20) in
group D were higher than those in group C (P<0.01), while
there were no significant changes in the liver-to-portal vein
contrast ratio and liver-to-spleen contrast ratio (LPC15,
LSC15, LPC20, and LSC20) between the two groups
(P>0.05) (see Figures 9,10, Table 6).

Intragroup comparative analysis showed that the

Table 3 Retrospective grouping studies comparing data between groups A and B

Index LPC LSC LPC20 LSC20
Group A (BMI <24 kg/m?) 1.76+0.31 0.96+0.10 2.63 (2.42-3.00)* 1.27+0.17
Group B (BMI 224 kg/m?) 1.58+0.24 0.94+0.13 2.22 (1.97-2.67)* 1.23+0.17
t/Z value 2.884 0.841 -3.370 1.272
P value <0.01 0.403 <0.01* 0.207

*, a significant difference at a P value <0.05 was observed using the Mann-Whitney U test. Indices were presented as mean + standard
deviation when the samples followed the normal distribution and median (lower quartile — upper quartile) when the samples did not follow
the normal distribution. LPC and LPC20, the contrast between liver and portal vein, ratio of hepatic parenchymal signal to portal vein
signal in the plain scan and 20 min after injection; LSC and LSC20, the contrast between liver and spleen, ratio of hepatic parenchymal
signal to splenic parenchymal signal in the plain scan and 20 min after injection; BMI, body mass index.

Table 4 Patient demographics table of prospective grouping study of different dose

Patient characteristic

Group C

Group D

No. of participants (male/female)
Age (years), mean + SD [range]

BMI (kg/m?), mean + SD [range]

Hepatic hemangiomas, n 4
Hepatic cyst, n 6
Hepatic metastases, n 3
Fatty liver, n 1
Hepatocellular carcinoma, n 1

15 (6/9)
48.27+11.93 [30-64]
21.36+1.40 [19.10-23.50]

15 (3/12)
57.53+13.22 [33-79)
22.18+1.29 [19.82-23.88]
2
10
3

Group C: low-dose group; Group D: conventional-dose group. BMI, body mass index; SD, standard deviation.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Figure 8 Intergroup comparison of SNR and CNR in different dose groups. *, P<0.05. Group C: low-dose group; Group D: conventional-dose
group. SNRL and SNRL 10/15/20, the signal to noise ratio of liver, hepatic parenchymal signal to noise ratio in plain scan and corresponding
phases; SNRP and SNRP 10/15/20, the signal to noise ratio of portal vein, portal vein signal to noise ratio in plain scan and corresponding
phases; SNRS and SNRS 10/15/20, the signal to noise ratio of spleen, splenic parenchymal signal to noise ratio in plain scan and corresponding
phases; CNRLP and CNRLP 10/15/20, the contrast to noise ratio of liver-portal vein, absolute value of the difference between hepatic
parenchymal signal and portal vein signal to noise ratio in plain scan and corresponding phases; CNRLS and CNRLS 10/15/20, the contrast to
noise ratio of liver-spleen, absolute value of the difference between hepatic parenchymal signal and splenic parenchymal signal to noise ratio in

plain scan and corresponding phases; SNR, signal to noise ratio; CNR, contrast to noise ratio.

Table 5 Intergroup comparison of SNR and CNR in different dose Table § (continued)

groups
Index Group C Group D t/Z value P value Index Group C Group D tZ value P value
SNRL 30.07+8.82 27.71+531  1.713 0.098 CNRLP20  30.72+5.32  29.11z5.24  0.834 0411
SNRL10  44.20:7.89 43.69:526  0.211 0.835 CNRLS 3.03+140  3.30£230  -0.389 0.7
SNRL15  45.44:049 46.55:7.74 -0351  0.728 CNRLS10  6.44:3.52 514344 1.019 0.317
SNRL20  48.77:9.49 46.21+7.74  1.003 0.325 CNRLS15  7.99+4.85  811+3.75  -0.08 0.937
SNRP 8774505 16112346 1675 0104 CNRLS20  9.12:4.32 853357  0.401 0.691
Indices were presented as mean * standard deviation when
SNRP10  20.40:4.63 22.72+3.38  1.563 0.129

the samples followed the normal distribution. Group C: low-
SNRP15 17.28+4.25 17.83+2.65 -0.429 0.671 dose group; Group D: conventional-dose group. SNR, signal
to noise ratio; CNR, contrast to noise ratio; SNRL, the signal to
noise ratio of liver, hepatic parenchymal signal to noise ratio in
SNRS 33.98+7.12 30.00+5.23 1.744 0.092 plain scan and corresponding phases; SNRP, the signal to noise
ratio of portal vein, portal vein signal to noise ratio in plain scan
and corresponding phases; SNRS, the signal to noise ratio of
SNRS15 37.46+7.61 38.79+8.12 0.463 0.647 spleen, splenic parenchymal signal to noise ratio in plain scan
and corresponding phases; CNRLP, the contrast to noise ratio
of liver-portal vein, absolute value of the difference between
CNRLP 13.50+4.64 11.60+2.76 1.365 0.183 hepatic parenchymal signal and portal vein signal to noise ratio
in plain scan and corresponding phases; CNRLS, the contrast
to noise ratio of liver-spleen, absolute value of the difference
CNRLP15 28.17+6.25 28.72+5.51 ~0.257 0.799 between hepatic parenchymal signal and splenic parenchymal
signal to noise ratio in plain scan and corresponding phases.

SNRP20 18.05+3.04  17.10+2.87 0.882 0.385

SNRS10 37.76+£6.28  39.67+5.99 -0.852 0.401

SNRS20 39.66+5.83  38.01+7.12 0.693 0.494

CNRLP10  23.80+3.85 20.97+3.21 2.186 0.037

Table 5 (continued)
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Figure 9 Intergroup comparison of the indices in different dose groups. *, P<0.05; **, P<0.01. Group C: low-dose group; Group D:

conventional-dose group. LSC and LSC10/15/20, the contrast between liver and spleen, ratio of hepatic parenchymal signal to splenic

parenchymal signal in the plain scan and corresponding phases; LPC and LPC10/15/20, the contrast between liver and portal vein, rato of

hepatic parenchymal signal to portal vein signal in the plain scan and corresponding phases; LE10/15/20, the relative tissue enhancement

of liver, ratio of hepatic parenchymal signal in the corresponding phases to hepatic parenchymal signal in the plain scan; PE10/15/20,

the relative tissue enhancement of portal vein, ratio of portal vein signal in the corresponding phases to portal vein signal in the plain

scan; SE10/15/20, the relative tissue enhancement of spleen, ratio of splenic parenchymal signal in the corresponding phases to splenic

parenchymal signal in the plain scan.

differences between the liver-to-portal vein contrast
ration of each phase (LPC10, LPCI15 and LPC20) were
statistically significant in the two groups (P<0.01), and the
pairwise comparison showed that the LPC15 and LPC20
were higher than the LPC10 (P<0.01), but the difference
between the LPC15 and LPC20 was not significant
(P>0.05). There were no significant differences between
the liver-to-spleen contrast ratio (LSC10, LSCI15 and
LSC20) in group C (P>0.05), and differences between
LSC10 and LSC15, LSCI10 and LSC20, and LSC15 and
LSC20 were also not statistically significant (P>0.05).
The differences between the liver-to-spleen contrast ratio
(LSC10, LSC15, and LSC20) in group D were statistically
significant (P=0.034), but the pairwise comparison showed
no significant differences between LSC10 and LSCI15,
LSC10 and LSC20, and LSC15 and LSC20 (P>0.05) (see
Figures 10,11, Table 7).

Discussion

Gd-EOB-DTPA-enhanced MRI can increase the minute
lesion detection rate compared with extracellular contrast
agent-enhanced MRI and multi-slice spiral CT, which
is mainly achieved by increasing the contrast of images
in the hepatobiliary phase (23-26). The present study
showed that all cases had improved in contrast evaluation
indices after contrast agent injection compared with the
plain scan, which is consistent with previously reported
findings. Previous studies have also shown that the liver

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

parenchyma would have better enhancement when the dose
of Gd-EOB-DTPA have been increased (27-29). These
findings are consistent with the result that the relative tissue
enhancement of the hepatic parenchyma in each phase
(LE10, 15 and 20) of the conventional-dose group (group D)
was higher than that in the low-dose group (group C) in the
prospective grouping study of different dose. At the same
time, the relative tissue enhancement of the portal vein
and splenic parenchyma in each phase (PE10, 15 and 20;
SE10, 15 and 20) in the conventional-dose group were also
higher than those in the low-dose group, which were also
consistent with the previous studies (30,31) and this may be
due to higher doses of Gd-EOB-DTPA in group D, with
higher levels of residual contrast medium in the portal vein
and splenic parenchyma at each point in time.

Besides these findings which were consistent with the
previous studies, In the retrospective grouping study based
on BMI values, the liver-to-portal vein contrast ratio of
plain scan and hepatobiliary phase (LPC and LPC20) in
group A were significantly higher than those in group
B, but there was no obvious difference between the two
groups in terms of the liver-to-spleen contrast ratio
(LSC and LSC20). This may be related to the fact that
the lava sequence used in this study was a fat suppression
sequence and that the fat fraction of the liver and spleen
was positively correlated with BMI (32-34). In the ratio of
hepatic parenchymal signal to splenic parenchymal signal,
BMI exerted a similar effect on the liver and spleen, i.e.,
the higher the BMI, the higher the liver and spleen fat

Quant Imaging Med Surg 2023;13(9):6176-6192 | https://dx.doi.org/10.21037/qims-23-653
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Figure 10 Prospective grouping study on different doses. (A,B,C,G,H,]) Different phase images of a patients with a BMI =20.32 kg/m’ in

group C, the liver-to-portal vein contrast ratio (LPC10, 15 and 20) and the liver-to-spleen contrast ratio (LSC10, 15 and 20) were 2.54, 2.79,
2.89, 1.17, 1.14 and 1.13, respectively. (D,E,FJ,K,L) Different phase images of a patients with a BMI =21.21 kg/m’ in group D, the liver-
to-portal vein contrast ratio (LPC10, 15 and 20) and the liver-to-spleen contrast ratio (LSC10, 15 and 20) were 2.09, 2.77, 2.81 1.07, 1.19,
1.20, respectively. BMI, body mass index; LSC10/15/20, ratio of hepatic parenchymal signal to splenic parenchymal signal in corresponding

phases; LPC10/15/20, ratio of hepatic parenchymal signal to portal vein signal in corresponding phases.

fraction, which was manifested by both the liver and spleen
producing more signal loss on the lava sequence, their ratio
might be relatively constant, and there was no change in
the two groups of patients with different BMIs. In terms of
the ratio of hepatic parenchymal signal to portal vein signal,
the effect of BMI on the liver and portal vein was different.
For the portal vein signal, since the main component of the
portal vein was flowing blood and was not affected by BMI,
which was manifested by the portal vein signal remaining
relatively stable on the lava sequence. However, for the
hepatic parenchymal signal, group A with a lower BMI
had lower liver fat content than the group B with a higher

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

BMI, which was manifested by less hepatic parenchymal
signal loss on the lava sequence in group A compared
to group B (35). As a result, their ratio was significantly
different between the two groups, and group A was higher
than group B. In summary, the hepatobiliary phase image
contrast in patients with a BMI <24 kg/m’ was significantly
higher than that in patients with a BMI >24 kg/m’ using
Gd-EOB-DTPA under the usual dose of administration,
which was mainly manifested as a higher contrast between
the hepatic parenchymal and hepatic blood vessels signals.
Considering that patients with a BMI <24 kg/m’ had
higher image contrast in the hepatobiliary phase in the
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Table 6 Intergroup comparison of the indices in different dose

groups

Index Group C Group D t/Z value P value
LE10 1.78+0.16 2.07+0.22 —-4.201 <0.01
PE10 1.40+0.13 1.85+0.25 -6.226  <0.01
SE10 1.42+0.11 1.71£0.13 -6.614  <0.01

LE15  1.81(1.78-1.97) 2.15(2.06-2.44) -3.754' <0.01’

PE15 1.24+0.18 1.51+0.19 -3.955  <0.01
SE15 1.46+0.14 1.72+0.14 -5.182  <0.01
LE20 1.94+0.20 2.27+0.29 -3.655  <0.01
PE20 1.25+0.24 1.46+0.20 -2.539  0.017
SE20 1.48+0.14 1.71£0.15 -4.330 <0.01
LPC 1.73+0.16 1.73+0.18 -0.058  0.954
LSC 0.94+0.09 0.93+0.12 0.423 0.676
LPC10 2.19+0.18 1.94+0.17 4.001 <0.01
LSC10 1.17+0.09 1.11£0.12 1.627 0.138
LPC15 2.67+0.33 2.61+0.21 0.507 0.616
LSC15 1.22+0.13 1.22+0.13 0.099 0.922
LPC20 2.74+0.37 2.72+0.27 0.158 0.875
LSC20 1.24+0.12 1.23+0.13 0.213 0.833

', a significant difference at a P value <0.05 was observed using
the Mann-Whitney U test. Indices were presented as mean
+ standard deviation when the samples followed the normal
distribution and median (lower quartile — upper quartile) when
the samples did not follow the normal distribution. Group C: low-
dose group; Group D: conventional-dose group. LE10/15/20, the
relative tissue enhancement of liver, ratio of hepatic parenchymal
signal in the corresponding phases to hepatic parenchymal signal
in the plain scan; PE10/15/20, the relative tissue enhancement of
portal vein, ratio of portal vein signal in the corresponding phases
to portal vein signal in the plain scan; SE10/15/20, the relative
tissue enhancement of spleen, ratio of splenic parenchymal
signal in the corresponding phases to splenic parenchymal signal
in the plain scan; LPC and LPC10/15/20, the contrast between
liver and portal vein, ratio of hepatic parenchymal signal to portal
vein signal in the plain scan and corresponding phases; LSC
and LSC10/15/20, the contrast between liver and spleen, ratio of
hepatic parenchymal signal to splenic parenchymal signal in the
plain scan and corresponding phases.

retrospective grouping studies, this study further explored
the feasibility of reducing the contrast medium doses in
these patients (BMI <24 kg/m’), while still obtaining good
image contrast in the hepatobiliary phase. The results
showed that the images of the low-dose group did not

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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affect the issuance of diagnostic reports and the following
phenomena were also observed between C and D groups in
the image contrast comparison. Firstly, at the 10 min after
administration phase, the liver-to-portal vein contrast ratio
(LPC10) of group C was higher than that of group D, the
difference in liver-to-spleen contrast ratio (LSC10) was
not statistically significant, i.e., in this phase, group C was
closer to the requirements of the 2018 LI-RADS CT/MRI
manual for the contrast of hepatobiliary phase images and
the high-contrast hepatobiliary phase of patients in group
C had an earlier trend relative to that of group D. This may
be due to the lower dose of contrast medium in group C.
Meanwhile, the patients in both groups had no abnormalities
in their liver and kidney functions, and the absorption
and metabolism rates of the contrast agent were similar.
At the same time point (10 min), patients in group C had
less residual contrast medium in the hepatic blood vessels,
including the portal vein, which made the relative tissue
enhancement of portal vein in group C lower than group D,
and then the liver-to-portal vein contrast ration (LPC10)
was higher than that in group D. Secondly, in the 15 and
20 min after administration phases, there were no significant
changes in the LPC15, LSC15, LPC20, and LSC20 in
groups C and D. This showed that although the contrast
medium dose used in group C was lower, there were no
differences between the two groups in the image contrast of
the 15 and 20 min phases after contrast injection. This result
may be due to the lower contrast medium dose in group C
decreasing the liver enhancement as well as reducing the
residue of the contrast media in the portal vein and splenic
parenchyma and then decreasing their intensification too,
which might eventually keep these indices relatively stable.
Thirdly. In the intragroup comparison of groups C and D,
the LPC15 and LPC20 were higher than LPC10, indicating
that the images contrast acquired by each group at 10 min
were lower than that at 15 and 20 min after the injection,
while the high-contrast hepatobiliary phase images still
needed to wait for a longer time (15-20 min) even the half
dose of Gd-EOB-DTPA were utilized. This result may be
related to the fact that there was still more residue of the
contrast agent in the hepatic blood vessels with such a short
delay time (10 min). In summary, low-dose Gd-EOB-DTPA
in patients with a BMI <24 kg/m’ also yielded well-contrasted
hepatobiliary phase images compared with the conventional
doses, and the image contrast was even better than that in the
conventional-dose group at 10 min after administration.

This study has limitations that should be noted. Firstly,
bias was inevitable in the retrospective study section and
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Figure 11 Intragroup comparison of the indices in different dose groups. **, P<0.01. Group C: low-dose group; Group D: conventional-
dose group. LSC10/15/20, ratio of hepatic parenchymal signal to splenic parenchymal signal in corresponding phases; LPC10/15/20, ratio

of hepatic parenchymal signal to portal vein signal in corresponding phases.

Table 7 Intragroup comparison of the indices in different dose groups

Group C Group D

Delay time

LPC LSC LPC LSC
10 min 2.19+0.18 1.17+0.09 1.94+0.17 1.11+0.12
15 min 2.67+0.33 1.22+0.13 2.61+0.21 1.22+0.13
20 min 2.74+0.37 1.24+0.12 2.72+0.27 1.23+0.13
F value - 1.282 55.714 3.661
P value <0.01" 0.288 <0.01 0.034

LPC15 > LPC10%
LPC20 > LPC10?

Multiple mean comparison

- LPC15 > LPC10; -
LPC20 > LPC10

', the variance was uneven, so the Welch test was used; 2, the variance was uneven, so the Tamhane T2 method was used. Indices were
presented as mean + standard deviation. Group C: low-dose group; Group D: conventional-dose group. LPC, liver-to-portal vein contrast
ratio; LSC, liver-to-spleen contrast ratio; LPC10/15/20, the contrast between liver and portal vein, ratio of hepatic parenchymal signal to

portal vein signal in corresponding phases.

cases of liver function impairment were not included in both
retrospective and prospective studies. Furthermore, the
assessment of the hepatobiliary phase image contrast in this
study was only based on the requirements of the 2018 LI-
RADS CT/MRI manual and did not include specific lesion
signal performance. In the future, further optimization of the
dose of contrast medium for specific lesions and patients with

liver function impairment according to the BMI is needed.
Conclusions

The hepatobiliary phase image contrast in patients with
a BMI <24 kg/m’ was higher than that in patients with a

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

BMI >24 kg/m’ at the conventional dose (0.025 mmol/kg),
which was mainly manifested by a higher contrast between
the hepatic parenchymal and portal vein signals. The
application of low-dose (0.0125 mmol/kg) Gd-EOB-DTPA
in patients with normal hepatic and renal function and a
BMI <24 kg/m’ can also produce good image contrast in the
hepatobiliary phase at 15-20 min after contrast injection.
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