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INTRODUCTION
Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) has

recently come into use in routine clinical practice as a magnetic resonance (MR) contrast agent
for T1-weighted images in many countries. Gd-EOB-DTPA is gradually taken up by hepatocytes
and eventually excreted via the biliary pathway without any change to the chemical structure.
Gd-EOB-DTPA is used to evaluate focal liver lesions, such as hepatocellular carcinoma or liver
metastasis on T1-weighted imaging. However, as signal intensity of the liver parenchyma after
Gd-EOB-DTPA administration depends on uptake by hepatocytes and bile excretion,
Gd-EOB-DTPA is expected to be useful in imaging to evaluate liver function, as well as to
evaluate focal liver lesions.

The purpose of this study was to investigate whether Gd-EOB-DTPA-enhanced MR
imaging can evaluate liver function using the T1 relaxation time of liver parenchyma.

MATERIALS AND METHODS
Patients with suspected focal liver lesions in normal liver parenchyma were classified into

a normal liver function (NLF) group (n = 16).Patients with chronic hepatitis (CH) were classified
into a CH group (n = 38). Patients with liver cirrhosis (n = 37) were classified into 2 groups
according to Child-Pugh classification: a liver cirrhosis with Child-Pugh A (LCA) group (n =
20); and a liver cirrhosis with Child-Pugh B (LCB) group (n = 17). No patients showed liver
cirrhosis with Child-Pugh C.

All study cases were performed on a clinically available 3-T system. For all patients,
Look-Locker sequences (single slice multiphase imaging using gradient-echo sequence with
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inversion recovery pulse: repetition time, 12 milliseconds; echo time, 1.7 milliseconds; flip angle,
7°; field of view, 420x285 mm; matrix, 112x66, 256 zip; thickness, 10 mm; acquisition time, 1
phase = 145 ms, 31 phases; acceleration factor, 2) were obtained before and at 3, 8, 13, and 18
minutes after Gd-EOB-DTPA administration. The sequence was obtained as only 1 axial slice at
the level of the porta hepatis.

All patients received 0.025 mmol/kg body weight of Gd-EOB-DTPA administered at 2
mL/s through an intravenous line.

The Philips Research Integrated Development Environment (PRIDE) T1 fitting tool was
employed for measurement of T1 relaxation time using data from the Look-Locker sequence.
PRIDE software can depict T1 relaxation time on a pixel-by-pixel basis in a color distribution
map (T1 mapping). For T1 relaxation time assessment of the liver, a region of interest (ROI) was
drawn manually in the liver on T1 mapping images obtained before and at 3, 8, 13, and 18
minutes after Gd-EOB-DTPA administration. Five ROIs were sparsely placed in both lobes of
liver parenchyma. Mean T1 relaxation time for the 5 ROIs were considered as the representative
T1 relaxation time for the liver. In addition, the reduction rate of T1 relaxation time between pre-
and postcontrast enhancement at each time was calculated using the following definition:
Reduction rate (%) = [(T1pre - T1post) / T1lpre] x 100
where T1pre is the T1 relaxation time before Gd-EOB-DTPA administration and T1post is the
T1 relaxation time after Gd-EOBDTPA administration.

The Bonferroni t test was used to compare the 4 groups for T1 relaxation time of the liver
before and after Gd-EOB-DTPA administration and reduction rate of T1 relaxation time in the
liver. We used an adjusted P value and an adjusted P value less than 0.05 was considered to
indicate a significant difference in all statistical tests.

RESULTS

Precontrast T1 relaxation time of the liver showed significant differences between NLF
and liver cirrhosis groups LCA and LCB (NLF-LCA, P = 0.023; NLF-LCB, P < 0.001), and
between CH and LCB (P = 0.001). T1 relaxation times of liver cirrhosis groups LCA and LCB
were significantly prolonged in comparison with that of NLF, and that of LCB was significantly
prolonged in comparison with that of CH. In terms of postcontrast T1 relaxation time, T1
relaxation times were significantly prolonged for LCB in comparison with other groups at 3, 8,
13, and 18 minutes (NLF-LCB, P < 0.001 at all time points; CH-LCB, P < 0.001 at all time
points; LCA-LCB, P = 0.004 at 3 minutes, P < 0.001 at =8 minutes), and T1 relaxation times
were significantly prolonged for LCA in comparison with those for NLF at 3, 8, 13, and 18
minutes (P = 0.043, 0.003, 0.003, and 0.006, respectively).

At 3 minutes after Gd-EOB-DTPA administration, reduction rates of T1 relaxation time
were significantly lower for LCB than for NLF or CH (NLF-LCB, P = 0.014; CH-LCB, P =



0.008), and at =8 minutes, rates were significantly lower for LCB than for all other groups
(NLF-LCB, P < 0.001 at =8 minutes; CH-LCB, P < 0.001 at =8 minutes; LCA-LCB, P =
0.001 at 8 minutes, P < 0.001 at =13 minutes). NLF, CH, and LCA showed no significant
differences.
DISCUSSION
Precontrast T1 relaxation times in liver cirrhosis groups LCA and LCB were prolonged

compared with NLF. Prolonged T1 relaxation time in liver cirrhosis has been reported previously,
and prolonged T1 relaxation time without contrast media may suggest liver cirrhosis. However,
no correlation was found between the degree of fibrosis and T1 relaxation time, and prolonged
T1 relaxation time is not specific to liver cirrhosis. Postcontrast T1 relaxation times were
significantly longer for LCB than for other groups at any time point. Also, times for LCA were
longer than those for NLF. Postcontrast T1 relaxation time may enable us to distinguish liver
cirrhosis from normal liver and to evaluate degree of liver cirrhosis, given the significant
difference between LCA and LCB. However, shortening of the postcontrast T1 relaxation time
for NLF and prolonged postcontrast T1 relaxation time in LCA and LCB liver cirrhosis may be
affected by precontrast T1 relaxation time. We therefore calculated the reduction rate of T1
relaxation time to evaluate the degree of Gd-EOB-DTPA uptake in liver parenchyma. Reduction
rate of T1 relaxation times were significantly lower in LCB than in other groups.

Child-Pugh classification has been reported as a significant prognostic factor after
therapies of partial hepatic resection, radiofrequency ablation, percutaneous ethanol injection
therapy and transarterial chemoembolization, and the survival rate after these therapies is shorter
for Child-Pugh B patients than for Child-Pugh A patients. Child-Pugh classification is one of the
most generally used parameters to evaluate reserve liver function. Evaluation of hepatic uptake
of Gd-EOB-DTPA, which showed a significant correlation to Child-Pugh classification, may be
applicable to estimate liver function. Imaging modalities such as T1 mapping used in this study
enable the evaluation of not only whole liver function, but also regional liver function, and may
be applied to estimate safe segmental hepatic resection volume and evaluate liver function before
and after focal radiofrequency ablation, percutaneous ethanol injection therapy, or transarterial
chemoembolization. When liver function is inhomogeneous, Child-Pugh classification or ICG
test may be occasionally inadequate for estimating residual liver function after a partial
hepatectomy. On the other hand, T1 mapping can be more accurate for estimation of residual
liver function, because the technigque can evaluate regional liver function.

CONCLUSION
T1 mapping calculated with the Look-Locker sequence appears very useful for measuring

signal intensity in liver parenchyma, and evaluation of hepatic uptake of Gd-EOB-DTPA using
T1 mapping can help estimate liver function.
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