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Assessing Liver Function by T1 Maps on Gd-EOB-DTPA-
Enhanced MRI for up to 50 Min in Rat Models of Liver
Fibrosis: A Longer Hepatobiliary Time Period may Help
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Objectives To investigate whether a longer time period of gadolinium ethoxybenzyl diethylenetriaminepen-
taacetic acid (Gd-EOB-DTPA)-enhanced T1 mapping scanning, as well as dynamic contrast-enhanced (DCE) and
multiple hepatobiliary phase magnetic resonance imaging (MRI) have the potential to provide information about
liver function in rats with liver fibrosis.

Methods Forty rats were divided into the carbon tetrachloride-induced hepatic injury groups [carbon
tetrachloride for four (n=14), eight (n=8), or twelve (n=8) weeks] and the control group (n=10). Gd-EOB-
DTPA-enhanced MRI was performed including T1-mapping (delayed to 50 min), DCE, and multiple hepatobiliary
phases. Indocyanine green retention rate at 15 min (ICG-R15) was determined. Parameters such as T1 reduction
rate (AT1), elimination half-life of AT1 (T, ,,,), relative enhancement (RE), time to maximum RE (T, ), and
perfusion parameters were calculated. Pearson correlation analysis was used for correlation analysis between
ICG-R15 and each MRI indices.

Results AT1 at 30, 40, and 50 min showed significant positive correlations with ICG-R15 (r=0.784, 0.653,
0.757, P=0.007, 0.041, 0.030). T, ,,, showed a significant positive correlation with ICG-R15 (r=0.685,
P=0.029).T,,, showed a significant positive correlation with ICG-R15 (+=0.532, P=0.019).

Conclusions AT1 in the late hepatobiliary phase and Ty, ,, exhibited moderate correlations with liver

max

function. The longer time period of Gd-EOB-DTPA-enhanced T1 mapping scanning, as well as DCE and multiple

hepatobiliary phases, may be of some value for estimating liver function in rats with liver fibrosis.

Received September 15, 2020. Published online December 1, 2020.

*The two authors contributed equally to this article.

*Corresponding author Xuan Wang, Tel: 86-10-69157438, Fax: 86-10-69155509, E-mail: dr_wangxuan@163.com; Zhengyu Jin, Tel: 86-
10-69155441, Fax: 86-10-69155442, E-mail: jinzy@ pumch.cn

The study was supported by the National Science Foundation of China (Grant No. 81501446).



Vol. 36, No. 2

IVER function assessment plays an essential

role in patients with chronic liver diseases and

is an integral part of therapy decision making

in patients who are candidates for surgical
management, especially in those with diffuse liver dis-
eases such as liver fibrosis.™! The liver performs a wide
variety of critical biochemical, synthetic, and excretory
functions. Most of the currently used methods for liv-
er function measurement such as serum biochemical
parameters are indirect methods, except for indocy-
anine green (ICG) clearance, which is considered as
the gold standard for estimating the true global liver
function.” * Nevertheless, biochemical parameters are
limited when the liver function is heterogeneously dis-
tributed in the organ.

Compared to serum parameters, image-based
liver function tests have the advantages of offering
liver spatial information.”™ Gadolinium ethoxybenzyl
diethylenetriaminepentaacetic acid (Gd-EOB-DTPA) is
a liver-specific MR contrast agent that first distributes
in the vessels and extracellular spaces during the arte-
rial and portal phases, and then is selectively taken up
and excreted by hepatic cell membrane transporters
such as OATPB1/B3 and MRP2, in a mechanism similar
to that of ICG.™ Therefore, Gd-EOB-DTPA has the po-
tential to provide information on hepatic function with
both dynamic contrast-enhanced (DCE) and hepatobili-
ary phase images.”™

Until now, various approaches have been used
for the assessment of hepatic function using Gd-EOB-
DTPA-enhanced liver MRI, including measurements of
signal intensity (SI) at hepatobiliary phase,’®® DCE
MRI,™**3) and T1 mapping."* ' Among these methods,
T1 mapping has been considered to be less affected
by MR parameters at the same magnetic field strength
than SI measurements.!** ! Many previous studies
used T1 mapping at 20 min for the evaluation of liver
function and showed that dysfunctional liver has less
uptake of Gd-EOB-DTPA.!” 2% 211 Nevertheless, limited
knowledge is available regarding the results of a longer
period of time. Since liver function involves not only
uptake but also excretion, we hypothesized that a lon-
ger period of time might provide additional information
about liver function. Thus, the assessment of the Gd-
EOB-DTPA excretion might provide useful information
for the quantification of liver function using MRI.

Therefore, the aim of this study was to use Gd-
EOB-DTPA-enhanced MRI to explore whether longer
time period T1 mapping scanning might yield addition-
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al information for liver function measurements, as well
as the potential of DCE perfusion parameters and mul-
tiple hepatobiliary phase parameters in liver function
assessment.

MATERIALS AND METHODS

Animal models
This study was approved by our Institutional Animal
Care and Use Committee and was performed in accor-
dance with the National Institutes of Health guidelines
for the care and use of laboratory animals.

Forty healthy male Sprague-Dawley rats (180-
220 g, 6-8 weeks old, obtained from Beijing Vital
River Lab Animal Technology Co., Ltd.), were used
in this study. The rats were maintained in the animal
experiment center under standard conditions and
controlled environment of 12-hour light/dark cycle at
room temperature (23°C). All rats were allowed free
access to standard laboratory food and water. After 1
week of adaptation, the rats were divided into the ex-
perimental (n=30) and control (n=10) groups. In the
experimental group, a mixture of carbon tetrachloride
(CCl,; Sinopharm Chemical Reagent Co., Ltd.) and ol-
ive oil (Sinopharm Chemical Reagent Co., Ltd.) [2:3
(v/v)] was injected intraperitoneally twice a week at
0.3 ml/100 g body weight for 4 (n=14), 8 (n=8), or 12
(n=8) weeks to induce different stages of liver fibrosis.
In the control group, normal saline was applied. At 4,
8, and 12 weeks, rats from both the control and ex-
perimental groups were randomly selected to undergo
MRI. Liver fibrosis in CCl,-treated rats was confirmed
by histopathological analysis. Histopathological analy-
sis was performed using hematoxylin and eosin (H&E)
and Masson trichrome staining.

Biochemistry

Blood samples were drawn from each rat via the tail
vein 1 day before MRI examination. The serum levels
of alanine transaminase (ALT), aspartate transaminase
(AST), alkaline phosphatase (ALP), total bilirubin (Thil),
and y-glutamyl transpeptidase (GGT) were measured
using an automatic biochemical analyzer (Beckman
Coulter, Brea, CA, USA).

MRI

MRI examinations were performed using a 3.0 T scan-
ner (MAGNETOM Skyra, Siemens Healthcare, Erlan-
gen, Germany) with a 16-channel wrist coil. The rats
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received an intraperitoneal injection of 60 mg/kg of
body weight of pentobarbital sodium (Sigma, St. Louis,
MI, USA) for anesthesia before MRI examinations. The
MRI protocol included a DCE sequence, multiple hepa-
tobiliary phase acquisitions, and T1 mapping series. A
volume interpolated breath-hold examination (VIBE)
sequence was used for DCE imaging and multiple hepa-
tobiliary phase acquisitions (TR=6.22 ms, TE=2.46 ms,
FOV=90 mmx200 mm, slice thickness=2 mm). For
DCE imaging, 60 consecutive measurements were ob-
tained (including three pre-contrast ones), for a total
scanning time of 3 min (time intervals of 3 s) after
the injection of the contrast agent. Subsequently, 10
datasets were acquired at 5, 10, 15, 20, 25, 30, 35,
40, 45, and 50 min after injection. Each rat received a
bolus injection of Gd-EOB-DTPA (Primovist, Bayer Sch-
ering Pharma AG, Berlin, Germany; 0.025 mmol Gd/kg
body weight, concentration of 0.025 mmol/ml) via the
tail vein within 3 s using the syringe manually. A du-
al-flip-angle T1 3D VIBE sequence™ " was used for T1
mapping imaging (TR=6.22 ms, TE=2.46 ms, FOV=90
mmx200 mm, slice thickness=2 mm, flip angle 1=3°,
flip angle 2=15°), obtaining six series including one
acquired before and five obtained after the administra-
tion of contrast (every 10 min from 10 to 50 min).

ICG clearance test

The ICG clearance test as an index of liver function
was performed in all rats after MRI examinations. A
single dose of ICG (0.5 mg/kg; Dandong Yichuang
pharmaceutical Co., Ltd., Liaoning, China) was freshly
prepared in saline and injected into the tail vein. Blood
samples (1.5 ml) were collected into tubes containing
heparin sodium before and 15 min after ICG admin-
istration. The samples were centrifuged at 3000 g for
4 min and the plasma was isolated. The plasma ICG
concentration (the ICG retention rate at 15 min after
intravenous injection of ICG, ICG R15) was determined
using a Varioskan Flash system (Thermo Fisher Scien-
tific, Waltham, MA, USA) at 805 nm.

Image analysis

A MMWP post-processing workstation (Siemens Health-
care) was used for image analysis. All MR images were
evaluated by one radiologist with 2 years of experi-
ence. In T1 mapping images, regions of interest (ROIs)
were drawn manually to cover the whole liver at the
level of the hepatic portal vein as large as possible
(3-4 cm?), avoiding imaging artifacts, major vascular

branches, and gallbladder, to obtain T1 values for he-
patic parenchyma. The reduction rate in T1 values at
different time point (from 10 to 50 min) between pre-
and post-Gd-EOB-DTPA enhancement was calculated
as follows: reduction rate of T1 values (AT1) = (Tlpre—
T1lpost)/T1prex100%, where Tlpre is the T1 relax-
ation time before Gd-EOB-DTPA administration and
Tlpost is the T1 relaxation time at different time points
(T1iomin to Tlsomin) after administration. The elimination
half-life of AT1 (T, 4,) Was calculated: first, the data
(AT1 values at different time points from 10 to 50 min)
were transformed to logarithm; then, the data (half of
AT1 at 10 min) was used to calculate Tary 1/5.

The DCE-MR data (3 min) were transferred to
the 4D Tissue software (Siemens Healthcare) to cal-
culate the perfusion parameters. ROIs were drawn
manually to cover the whole liver at the level of the
hepatic portal vein, as large as possible in the perfu-
sion maps, avoiding major branches of the portal and
hepatic veins and gallbladder. Perfusion parameters
including the extravascular volume transfer (Ktrans),
extravascular fluid volume (Ve), extravascular to plas-
ma volume transfer (Kep), and initial area under the
enhancement curve (iAUC) were measured.

DCE MR images (3 min) and multiple hepatobili-
ary phase acquisitions (between 5 and 50 min) were
transferred to the software to obtain the SI-time curve.
ROIs were drawn manually to cover the whole liver at
the level of the hepatic portal vein avoiding liver edge,
large blood vessels, and the gallbladder to obtain the
SI value. Relative enhancement (RE) at 3, 20, and 50
min was calculated from the SI measurements before
(SIpre) and after (SIpost) intravenous Gd-EOB-DTPA
administration: RE=(SIpost—SIpre)/SIprex100%. The
maximum relative enhancement (RE,.,) and the time
to maximum RE (T,..,) were obtained from the SI-time
curve. The elimination half-life of RE (Tgg /) Was calcu-
lated as above. The MR scanning protocol and image
analysis process are shown in Fig. 1.

For evaluation of inter-observer agreement, an-
other radiologist drew the ROI in the same manner.
After the MR examinations and ICG tests, each rat was
euthanized by intravenous injection of pentobarbital
sodium.

Statistical analysis

Statistical analysis was performed using SPSS 23.0
(IBM, Armonk, New York, USA). Categorical variables
were reported as counts. Continuous variables were
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Figure 1. Magnetic resonance imaging (MRI) protocol and image analysis. The MRI protocol included dynamic contrast
enhanced (DCE) sequence, multiple hepatobiliary phase acquisitions, and T1 mapping series. The regions of interest were
drawn and the MRI parameters were measured and calculated from different datasets include: 1) T1 relaxation time, T1
reduction rate (AT1) at different time points, and the elimination half-life of AT1 (T 4/,); 2) Relative enhancement (RE) at 3,
20, and 50 min, Tgeys, Tmaxe @nd REq.,; 3) extravascular volume transfer (Ktrans), extravascular fluid volume (Ve), extra-
vascular to plasma volume transfer (Kep), and initial area under the enhancement curve (iAUC).

expressed as means + standard deviation. The Pearson
correlation analysis was applied for correlation analysis
between ICG R15 value and each of the MR indices.
The interpretation of coefficients was as follows: weak,
0.2 to less than 0.5; moderate, 0.5 to less than 0.8;
and strong, 0.8 or greater. Inter-observer agreement
for the MRI parameters was analyzed by using in-
tra-class correlation coefficient (ICC). ICC values were
interpreted according to Kundel and Polansky:™ 0.81-
1.00, excellent; 0.61-0.80, good; 0.41-0.60, moder-
ate; 0.21-0.40, fair; 0.00-0.20, poor. A P-value <0.05
was considered statistically significant.

RESULTS

Animal model

Fig. 2 provides Masson trichrome slides of represen-
tative rats, showing the normal and liver fibrosis with
CCl, exposure. Eleven rats died from the intraperi-

toneal injection of CCl, or anesthesia before MRI ex-
aminations. Three died during MR examination after
contrast injection. Four rats failed to complete the ICG
clearance test due to intravenous catheter blockage.
Finally, 22 rats completed both the ICG test and DCE
and multiple hepatobiliary phase imaging (6 in the
control group and 13 in the experimental group), 10
rats completed both the ICG test and T1 mapping (4 in
the control group and 6 in the experimental group). T1
mapping was not successfully performed in 12 rats due
to the error of scanning sequence parameters which
failed to generate adequate images.

The mean values of ALT, AST, ALP, Tbil and GGT in
the control group were 39.7+11.7 U/L, 80.2+23.9 U/L,
178.7+58.7 U/L, 0.57+0.3 pmol/L and 1.2+£0.4 U/L,
respectively. The mean values of ALT, AST, ALP, Tbil, and
GGT in the experimental group were 76.6£47.5 U/L,
129.3+£75.9 U/L, 237.1£68.8 U/L, 1.3+£1.9 pmol/L,
and 2.3x1.2 U/L, respectively. The mean ICG R15
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values in the control and experimental groups were
6.2%%4.4% and 13.4%+12.4%, respectively. ALT,
AST, ALP, Tbil and GGT were significantly and posi-
tively correlated with ICG R15 (r=0.745, P=0.001;
r=0.636, P=0.011; r=0.699, P=0.004; r=0.787,
P<0.001 and r=0.710, P=0.003; respectively), indi-
cating that the animal models were consistent with
previous studies.® %

T1 mapping parameters

The mean T1 relaxation time of all rats at pre-con-
trast and 10, 20, 30, 40, and 50 min (T1lgmn tO
T1lsomin) Were 886.3+99.1 ms, 397.6+87.8 ms,
545.9+£116.1 ms, 629.1+123.1 ms, 723.1£158.1 ms,
and 764.2+162.5 ms, respectively. The mean T1
reduction rate at 10, 20, 30, 40, and 50 min were
54.9%*10.2%, 39.3%=*12.8%, 28.7%=*13.1%,
17.7%+15.8%, and 17.6%+14.6%, respectively. The
mean T, 1, was 36.7+£21.5 min. The inter-observer
agreement of the T1 relaxation time was excellent
(ICC: 0.973, 95%CI=0.955-0.984). Examples of the
T1 maps and T1 reduction rate-time curve of rats with
different ICG R15 are shown in Fig. 3.

T1 relaxation time at 50 min showed a significant
negative correlation with ICG R15 (r=-0.634, P=0.049,
Fig. 4A). No significant correlation was found be-
tween ICG R15 and Tlpre (r=-0.225, P=0.440), ICG
R15 and T1l,omn to Tl, min (r=-0.049, P=0.893; r=
-0.193, P=0.592; r=-0.481, P=0.159; and r=-0.532,
P=0.114, respectively). AT150min, AT 1s0mins AT 1lsomin
showed significant positive correlations with ICG R15
(r=0.784, P=0.007; r=0.653, P=0.041; and r=0.757,
P=0.030, respectively, Fig. 4B, 4C, 4D). T, 1,
showed a significant positive correlation with ICG R15
(r=0.685, P=0.029, Fig. 4E). No significant differenc-

es were found between ICG R15 and AT1,,,, (r=0.422,
P=0.225) or ICG R15 and AT1,5m, (r=0.527, P=0.117).

DCE and multiple hepatobiliary phase parameters
The mean RE,. and RE at 3, 20, and 50 min were
83.7%%21.3%, 82.1%%18.6%, 37.5%=%20.6%,
and 11.6%+x9.4% respectively. The mean T,,, was
2.9£0.7 min. The mean Tggy,, was 19.5£12.7 min. The
inter-observer agreement of the SI was excellent (ICC:
0.980, 95%CI=0.966-0.988). T.., showed a significant
positive correlation with ICG R15 (r=0.532, P=0.019,
Fig. 4G). Tge,, showed a significant positive correla-
tion with ICG R15 (r=0.535, P=0.018, Fig. 4F). RE, .,
showed no significant correlation with ICG R15 (r=
-0.416, P=0.077). RE at 3, 20, and 50 min showed
no significant correlation with ICG R15 (r=-0.058,
P=0.813; r=0.321, P=0.193; and r=0.233, P=0.338,
respectively).

The mean Ktrans, Kep, Ve, and iAUC were
0.44£0.12 min™®, 1.43£0.26 min™*, 0.34+0.08, and
11.49+3.45, respectively. The inter-observer agree-
ment of the parameters was excellent (ICC: 0.996,
95%CI=0.994-0.998). No significant correlations
were found between these perfusion parameters and
ICG R15 (r=-0.328, P=0.252; r=-0.461, P=0.097;
r=-0.157, P=0.592; and r=-0.161, P=0.583, respec-
tively).

DISCUSSION

The present study showed that AT1 at 30, 40,
and 50 min was increased and Ty 1, as well as Tgey),
and T,.. were prolonged in rats with impaired liver
function. This study added information to the present
knowledge by focusing on the excretion of Gd-EOB-

Figure 2. Pathological micrographs of rats in the control group and experimental group.
Histopathological analysis of liver sections stained with Masson trichrome (x100) showing normal (A) and liver fibrosis

with CCl, exposure (B).
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T1 relaxation time at 50 min showed a significant negative correlation with ICG R15 (A, r=-0.634, P=0.049). AT150min,
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DTPA by multiple time points from early to late hepa-
tobiliary phases to explore the relationship between T1
mapping with a longer period of time and liver func-
tion.

The potential of T1 mapping using Gd-EOB-DT-
PA in evaluating liver function has been examined in
many studies, especially the relationship between T1
relaxation time/AT1 of the liver parenchyma 20 min
after contrast injection and Child-Pugh classification,
ICG clearance, or the model for end-stage liver dis-
ease (MELD) score.!'*¢ 20 26] Gince Gd-EOB-DTPA has
a T1 shortening effect on the liver parenchyma and
can be specifically taken up by hepatic cells, and a
higher uptake of Gd-EOB-DTPA by hepatic cells leads
to shorter T1 relaxation time and larger AT1. Liver
dysfunction may lead to changes in transporter num-
ber or activity, resulting in lower uptake and smaller
AT1 compared with healthy controls. Katsube et a/.!*¥
compared the T1 relaxation time and AT1 at 3, 8,
13, and 18 min after Gd-EOB-DTPA administra-
tion between four groups of patients (normal liver
function, chronic hepatitis, liver cirrhosis with Child-
Pugh A, and liver cirrhosis with Child-Pugh B) and
their results showed that post-contrast T1 relaxation
times were significantly longer for the Child-Pugh B
group than for the other groups at all time points.
Similarly, previous studies also showed that T1 relax-
ation time/AT1 of the liver at 20 min after injection
has a strong correlation with the extent of liver dys-
function expressed by the MELD score and ICG.!® 2"
In this study, T1 in the late hepatobiliary phase and
Tar 1,2 €Xhibited moderate correlations with liver func-
tion, indicating the potential of T1 mapping in the late
hepatobiliary phase for the evaluation of liver function.
Importantly, the parameters mentioned above were
also consistent with the biochemistry results evaluat-
ing liver function by routine methods.

Different from the previous studies that showed
a decreased T1 reduction rate at 20 min in dysfunc-
tional liver,[*® 18 1927301 the present study used a longer
scanning time and the results showed that in rat mod-
els with impaired liver function the T1 reduction rate at
30, 40, and 50 min increased. The possible explana-
tion may be that liver dysfunction not only influences
the uptake of the contrast agent, as shown by previous
studies,*® *& % 273% hyt may also be accompanied by
diminished excretion.P"! Therefore, a slower excretion
of Gd-EOB-DTPA will lead to more accumulation of the
contrast agent in the hepatocytes in the late hepato-

biliary phase, resulting in a larger T1 reduction rate at
late hepatobiliary phase and a longer half elimination
time in a functionally impaired liver compared with
a normal functioning liver. A previous study done in
Mrp2-deficient rats using Gd-EOB-DTPA enhanced MRI
showed that the relative enhancement values at 10 to
40 min after contrast injection were significantly high-
er in the Mrp2-deficient group than those in the control
group,” supporting the present study. Nevertheless,
a study carried out in patients with primary sclerosing
cholangitis showed significant negative correlations of
AT1 at 16 and 132 min after contrast injection with
MELD score.”™ One possible explanation may be that
the circulation rate in the liver is different between rats
and humans. Besides, contrary to previous studies, we
did not observe a correlation between T1 relaxation
time/AT1 at 10 or 20 min and liver function; this may
also be due to a faster circulation rate in rats than in
humans. The liver parenchyma may reach the hepato-
biliary phase at a much earlier time point and the AT1
may be influenced by both the uptake and the excre-
tion of Gd-EOB-DTPA, with counter effects at this peri-
od of time.

We also compared the relative enhancement and
liver function. Similar to Ty 12, the Tgey, Was also pro-
longed in the dysfunctional liver. This is consistent with
previous studies that showed that prolongation of the
elimination half-life of RE on Gd-EOB-DTPA-enhanced
MRI correlated with the severity of fibrosis in nutri-
ent-deficient dietary NASH models."" 3! Nevertheless,
different from what we found in T1 maps, we found no
significant correlation between ICG R15 and RE at 20
min or later time points. SI measurement is influenced
by many technical parameters such as potency of the
radiofrequency amplifier, the receiver coil, and the
pulse sequence, while T1 relaxation time is not affect-
ed by those limitations.™™ A study reported that the T1
reduction rate of the liver at 20 min showed a higher
correlation coefficient with ICG clearance than RE.M"”]
Correlation analysis between each variable and patho-
logical variables, especially Mrp2 immunostaining, has
been conducted and the data are consistent with the
present study.

In addition, we found that the time to maximum
RE showed a positive correlation with ICG R15, indicat-
ing a slower liver enhancement in rats with impaired
liver function. Tsuda et al.*"! reported a significantly
prolonged time to maximum RE in NASH 10-week rats
compared to control and NASH 7-week rat models,
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which may support our result to some extent. Yama-
da et al.® also reported a correlation between time
to maximum RE with steatosis score and the severity
of fibrosis. Since Gd-EOB-DTPA may be distributed in
both the extravascular extracellular space and in he-
patocytes during this period of time (which is around
3 min), this delay of peak enhancement may be ei-
ther due to a diminished hepatic microcirculation or a
slower uptake of the contrast medium by hepatocytes
or both. We also compared the perfusion parameters
Ktrans, Kep, Ve, and iAUC with ICG R15, and no signif-
icant correlations were found. This may imply that the
impaired liver function may be reflected by a slower
uptake by hepatocytes more than the change in he-
patic microcirculation. Zhang et al.?* found that the
Ktrans, Kep, Ve, and iAUC were significantly different
between different fibrosis stages in rat models, but we
did not found significant relationships between these
parameters and liver function, probably because liver
fibrosis does not always correlate with liver dysfunc-
tion.

The present study has some limitations. First, the
number of rats was small and the number of rats with
ICG R15 >20% was limited, which may lead to sample
error. Secondly, this study was done in rat models and
what we discovered in rats may be different in humans.
Thirdly, the model we used to process DCE-MR images
was the Tofts model rather than a dual-input two-com-
partment model, the latter is considered more accu-
rate when investigating the hepatic blood supply.®!
However, previous research had used Tofts model to
evaluate liver fibrosis in rat models,** which is sim-
ilar in our study. Fourthly, the expressions of Oatpl
and Mrp2 were not obtained and further evaluation
of Oatpl and Mrp2 would be helpful in explaining the
results of this study. Fifthly, the exact longer scanning
time remains to be investigated in different animal
models and human subjects, which means that the
time points found in rat model with significant correla-
tion of imaging parameters and ICG-R15 cannot direct-
ly correspond to the same time points in humans, but
the results of the present study indicate the potential
of T1 mapping in the late hepatobiliary phase for the
evaluation of liver function. Whether the longer time
period of T1 mapping time points have practical appli-
cation value and operability in human remains to be
further confirmed.

In conclusion, AT1 reduction rate in the late
hepatobiliary phase and T, 4, exhibited significant

CHINESE MEDICAL SCIENCES JOURNAL 117

correlations with liver function, indicating the poten-
tial of late hepatobiliary phase for providing informa-
tion about liver function. The longer time period of
Gd-EOB-DTPA-enhanced T1 mapping scanning, DCE,
and multiple hepatobiliary phases may be of some
value for estimating liver function in rats with liver
fibrosis.
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