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Abstract
Background The degree of hepatic fibrosis in biliary atresia
(BA) correlates with the prognosis of the disease and thus,
early diagnosis of liver fibrosis is clinically important. Liver
biopsy is the gold standard for the evaluation of liver
fibrosis, but it is an invasive procedure requiring sedation in
children. Therefore, it is desirable to identify a noninvasive
method for diagnosis and follow-up of hepatic fibrosis.
Objective The purpose of this study is to evaluate the
possibility of quantifying liver fibrosis in infants by T2
relaxation time measurements.
Materials and methods The institutional review board
approved this prospective study and parental informed
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consent was obtained. During MR cholangiopancreatography
using a 1.5-T MR scanner in infants with neonatal cholestasis,
T2 relaxation time of the liver was calculated with the
mean signal intensities measured on images obtained
using spin-echo sequences (TR/TE, 2,000/20, 40, 60, 80,
100, 120, 140, 160 ms). A normal control study was
performed during spinal MRI in infants with anorectal
malformation and normal liver enzyme profiles. A liver
biopsy was obtained in the children with cholestasis. The
correlation between histopathological fibrosis stage and
T2 relaxation time was evaluated by Kendall’s Tau-b test.
Results Twenty-five infants (male: female, 12:13; age range
0–11 months, mean 3.2 months), 14 with neonatal
cholestasis (9 BA and 5 non-BA) and 11 normal controls
were included in this study. Relaxation times (mean±
standard deviation [SD]) for the liver were 57.8 ms±8.8 in
the normal control group (n=11) and 56.8 ms±9.6 in the
BA group (n=9) without statistically significant differences
(P=0.811). T2 relaxation times were not significantly
different between the low stage (≤F1) and high stage
(≥F2) fibrosis (mean 57.8 vs 56.8; P=0.934).
Conclusion T2 relaxation of a normal infant liver at 1.5-T
had a mean value of 57.8 ms, which is comparable with
adult data (46–57 ms). However, T2 relaxation time was
not different in patients with BA and did not correlate with
stage of fibrosis.
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Introduction
Liver fibrosis is due to excessive deposits of collagen,
proteoglycans and other macromolecules in the extracellular
matrix in response to repetitive liver injury from various
causes. This fibrotic response can cause all the complications
of end-stage liver disease, including portal hypertension,
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ascites, encephalopathy, synthetic dysfunction and impaired
metabolic capacity [1]. Originally considered irreversible, a
marker of injury and a component of the wound healing
mechanism, liver fibrosis is now regarded a dynamic process
with potential for regression [2]. Thus, the staging of liver
fibrosis is important for treatment planning and for prognosis. Biliary atresia (BA) is a progressive obliterative
cholangiopathy that occurs in neonates and is an significant
cause of chronic liver disease in children [3]. If untreated,
progressive liver fibrosis and cirrhosis lead to death by age 2
[4]. BA is the most common cause of liver transplantation in
children [5, 6]. Therefore, the staging of liver fibrosis in
infants with BA is as important as it is in adults.
A liver biopsy is the standard of reference for diagnosing
liver fibrosis. However, it is invasive and subject to
complications and sampling variability. These limitations
make it undesirable for diagnosis and monitoring. Thus, the
development of a noninvasive, accurate and reproducible
alternative would be of great value [7, 8].
There have been many reports on the measurement of liver
fibrosis by MRI including T2 relaxation time calculation [9–
12]. In patients with advanced cirrhosis, unenhanced MR
imaging may depict fibrotic septa and bridges as high signal
intensity reticulations on T2-weighted images [13]. These
signal intensity characteristics can be explained in part by the
high water content of advanced fibrosis, which gives it a
prolonged T2 relaxation time [7]. Thus, this study aimed to
evaluate the possibility of liver fibrosis quantification with
T2 relaxation time measurements in infant livers, by
comparing infants with BA and normal controls.

Materials and methods
Patients
The institutional review board at our hospital approved this
prospective study and informed consent was obtained from the
parents of each child. T2 relaxation time measurements were
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performed during MR cholangiopancreatography (MRCP) in
infants with neonatal cholestasis. A normal control study was
performed during spinal MRI in infants with anorectal
malformation and normal liver enzyme profiles. Included
liver enzymes were aspartate aminotransferase. (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) and total
bilirubin level. The normal limits of these enzymes were:
serum AST 13—34 units/l, serum ALT 5–46 units/l, serum
ALP 60–300 units/l and total bilirubin <1.2 mg/dl.
MR imaging
From May to October 2009, MRI was performed under
deep sedation with intravenous injection of propofol
(Diprivan; AstraZeneca, London, UK) at a dose of 2 mg/kg
by anaesthestists in a 1.5-T MR scanner (Intera Achieva,
Philips Medical Systems, Amsterdam, Netherlands) using a
cardiac coil. T2 relaxation time of the liver was calculated
after routine MRCP or spinal MRI with the mean signal
intensities measured on images obtained by using spin-echo
sequences (TR/TE, 2,000/20, 40, 60, 80, 100, 120, 140,
160 ms). The other imaging parameters were: 64×64 matrix,
20 cm field of view, slice thickness of 15 mm with 20-mm
slice spacing, flip angle of 70° and bandwidth of 133.2 Hz/
pixel. It took 2 min for each acquisition. The least square
fitting was used to calculate the relaxation times.
Analysis
During image analysis, an operator-defined region-ofinterest (ROI) measurement was performed in the right
lobe of the liver in three different slices by one radiologist
(Fig. 1). ROI was drawn as large as possible, but positioned
to avoid major vessels. The target ROI size was 100 mm2.
The mean signal intensities were obtained by the sum of the
value in three sites of the liver divided by three.
A liver biopsy was performed in the neonatal cholestasis
group during operation or by US-guided biopsy. The
pathological fibrosis staging was obtained with the META-

Fig. 1 Drawing ROIs in liver on MRI. Circular ROIs were drawn in three slices (a, b, c) within the right lobe of the liver, avoiding any major
vessels
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Table 1 Comparison between BA and normal control groups

Sex (M:F)
Age (months)
Fibrosis stage
T2 (ms)

Normal (n=11)

BA (n=9)

P-value

7:4
5.0±3.3

2:7
2.0±1.3
2.9±0.9
56.8±9.6

0.080*
0.031**

57.8±8.8

0.811**

* from Fisher exact test, ** from Mann–Whitney U test

VIR system [14]. In this, fibrosis is categorized into five
stages: no fibrosis (F0), portal fibrosis (F1), periportal
fibrosis (F2), septal fibrosis (F3) and cirrhosis (F4). A liver
biopsy was not performed in the normal control group.
The correlation between the fibrosis stage and T2
relaxation time was evaluated. Statistical analysis was
performed using statistical software (SPSS, version 17;
SPSS, Chicago, IL, USA). Differences in the sex of each
group were tested by using Fisher exact test. The KruskalWallis test was used to evaluate the difference between
patients and the control group and Kendall’s Tau-b test to
evaluate the correlation between METAVIR and T2. When
comparing the age and T2 relaxation time between two groups,
the Mann–Whitney U test was used. Statistically significant
differences were defined as those with P values <0.05.

Results
Twenty-five infants were included. There were 12 boys and
13 girls with a mean age of 3.2 months (range 0–11 months).
There were 14 infants with neonatal cholestasis and 11 normal
controls. Final diagnoses were BA in nine cases and non-BA
in five (including two neonatal hepatitis, one choledochal
cyst, one total parenteral nutrition-induced cholestasis
and one annular pancreas).
On histopathological staging, four non-BA cases showed
no fibrosis. The remaining case of the non-BA group was
one of a choledochal cyst and the fibrosis stage of this case
was F1. BA cases showed high stage (>2) fibrosis (F2 in
four cases, F3 in two cases and F4 in three cases).
Fig. 2 Comparison of T2
relaxation time in the liver. a T2
relaxation time (52.1 ms) of a
2-month-old normal control boy.
b T2 relaxation time (60.7 ms)
of a 2-month-old girl with BA
and secondary liver cirrhosis
(F4)

The comparison of the BA and normal control groups is
summarized in Table 1. The mean age was younger in the
BA group than in the normal group (P=0.031). The mean
fibrosis stage was 2.9 in the BA group. However, T2
relaxation times of the livers were not significantly different
between the BA group and the normal controls (P=0.811)
(Fig. 2). The mean T2 relaxation time of the normal infant
livers was 57.8 ms.
In considering liver fibrosis, the mean T2 relaxation time
of each fibrosis group is demonstrated in Table 2. The T2
relaxation times were not different between the different
fibrosis groups (P=0.163 from Kruskal-Wallis test) and did
not correlate with fibrosis stage (r=−0.034, P=0.87 from
Kendall’s Tau-b test) (Fig. 3). T2 relaxation times were not
significantly different between the low stage (F0 or F1) and
high stage (≥F2) fibrosis (mean: 57.8 vs 56.8; P=0.934)
(Table 3).

Discussion
BA is an obliterative cholangiopathy that involves all or
part of the biliary tree. Although selected patients benefit
from prompt diagnosis and Kasai portoenterostomy surgical
intervention within the first 60 days of life, many ultimately
require liver transplantation because of portal hypertension,
recurrent cholangitis and cirrhosis [3]. The degree of
fibrosis correlates with the prognosis of the disease and
thus, early diagnosis of liver fibrosis is clinically important
[3, 15].
Liver biopsy is the gold standard for the evaluation of
liver fibrosis, whilst imaging studies such as an MRI can
be more costly than US-guided liver biopsy. However,
liver biopsy is invasive and also requires deep sedation
in infants and young children and is therefore not
desirable for repeat follow-up. For these reasons, there
are many studies regarding noninvasive imaging evaluation of liver fibrosis; however, most studies have been
performed in adults. A recent review suggested several
elasticity imaging techniques in children, including
transient elastography, acoustic radiation force impulse
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Table 2 Mean T2 relaxation time of each fibrosis group

Table 3 Comparison between mild (≤F1) and severe (≥F2) fibrosis
groups

Fibrosis stage

Number of patients

Age (months)

T2 (ms)

F0
F1
F2
F3
F4
*P value

15
1
4
2
3

4.1±3.2
1
1.3±0.5
1.5±0.7
3.3±1.5
0.113

58.8±43.0
43.0
53.4±10.7
51.4±8.2
64.8±4.0
0.163

Fibrosis stage

≤F1 (n=16)

≥F2 (n=9)

P value

Sex (M:F)
Age (months)
Fibrosis stage
T2 (ms)

10:6
3.9±3.3
0.1±0.3
57.8±9.1

2:7
2.0±1.3
2.9±0.9
56.8±9.6

0.063*
0.169**
0.934**

* from Fisher exact test, ** from Mann–Whitney U test

* from Kruskal-Wallis test

imaging, supersonic shear imaging, MR elastography and
MR diffusion and perfusion imaging [16]. Menten et al.
[17] reported the usefulness of transient elastography for
the evaluation of hepatic fibrosis in patients with cystic
fibrosis. However, there was no report about T2 relaxation
time of the liver in infants.
The reported normal liver T2 relaxation time in adults on
a 1.5-T MR scanner is 46–57 ms [18–20]. Some reports
have shown an increase in T2 relaxation times in cases with
liver fibrosis [11, 12]. Aube et al. [10] presented a high
correlation between the area of fibrosis and T2 relaxation
time (r=0.78, P<0.01) with rats and showed that fibrosis
could be diagnosed with an accuracy of 100%. However,
some authors showed no remarkable correlation between
the relaxation times and the degree of tissue injury [21].
Our study also showed no significant correlation between
liver fibrosis and T2 relaxation time in infants.
It is known that different histopathological changes are
present in liver cirrhosis, including accumulation of
connective tissue, inflammatory changes, fatty infiltration
and iron accumulation. However, there are no reports

*Correlation
r=-0.034 (P value = 0.870)

*from Kendall's Tau-b test

Fig. 3 Scatter diagram of fibrosis stage and T2 relaxation time. T2
relaxation times did not correlate with fibrosis stage

discriminating the influence of these changes on relaxation
times and signal intensities on liver MR images. Kreft et al.
[9] also showed a good correlation between the liver T2
relaxation time and the amount of connective tissue in liver
fibrosis and said that this probably results from the
associated inflammatory changes rather than the increased
amount of connective tissue.
These different histopathological changes are also present
in BA with marked inflammatory progressive fibrosis.
Guibaud et al. [22] suggested that MR imaging is able to
show periportal fibrosis in BA, but with a lack of
pathological correlation in their study. Therefore, the signal
abnormality seen on MRI could be directly related to the
inflammation (including oedema and vascular proliferation)
rather than to the periportal fibrosis itself [23]. In our study,
there was also combined inflammation and fibrosis in infants
with neonatal cholestasis that might have influenced the T2
relaxation time of the liver. However, there was no
significant difference of T2 relaxation time between the BA
group and normal controls. We cannot explain this result
based on histopathological fibrosis score alone. Further
evaluation of liver T2 relaxation time measurement in the
BA model with histopathological correlation is needed.
There are some limitations of our study. Firstly, the
number of patients is small. There are a limited number of
patients in each liver fibrosis stage (only one patient in F1,
four in F2, two in F3 and three in F4). From this small
number of patients we could not evaluate the difference
between the T2 relaxation time of each liver fibrosis stage.
Our study shows no significant difference of T2 relaxation
time between the low-stage and high-stage liver fibrosis.
Nevertheless, further evaluation of more patients with
variable liver fibrosis stage is needed. The second limitation
is that we included infants with anorectal malformation as a
normal control group. Although the liver enzyme profiles
were normal in these patients, a normal liver was not proven
by pathology. In addition, we did not match age and gender
between the neonatal cholestasis group and normal
controls. The third limitation of this study is that we
did not include the whole liver for measurement of T2
relaxation time. Size and placement of ROI can influence
the signal measurements [24]. To reduce these influences,
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the ROI was drawn by one radiologist in a similar location
with a similar size in all patients in this study, so this
should not invalidate our findings.

Conclusion
T2 relaxation time for normal infant liver at 1.5-T had a
mean value of 57.8 ms, which is comparable with adult data
(46–57 ms). However, T2 relaxation time was not different
in patients with BA and did not correlate with hepatic
fibrosis stage. T2 measurements are therefore unlikely to
contribute to the clinical management of this patient group.

References
1. Friedman SL (2008) Hepatic fibrosis—overview. Toxicology
254:120–129
2. Wallace K, Burt AD, Wright MC (2008) Liver fibrosis. Biochem J
411:1–18
3. Lefkowitch JH (1998) Biliary atresia. Mayo Clin Proc 73:90–95
4. Hartley JL, Davenport M, Kelly DA (2009) Biliary atresia. Lancet
374:1704–1713
5. Haafiz AB (2010) Liver fibrosis in biliary atresia. Expert Rev
Gastroenterol Hepatol 4:335–343
6. Oh SH, Kim KM, Kim DY et al (2010) Long-term outcomes of
pediatric living donor liver transplantation at a single institution.
Pediatr Transplant Jul [Epub ahead of print]
7. Faria SC, Ganesan K, Mwangi I et al (2009) MR imaging of liver
fibrosis: current state of the art. Radiographics 29:1615–1635
8. Afdhal NH, Nunes D (2004) Evaluation of liver fibrosis: a concise
review. Am J Gastroenterol 99:1160–1174
9. Kreft B, Dombrowski F, Block W et al (1999) Evaluation of
different models of experimentally induced liver cirrhosis for MRI
research with correlation to histopathologic findings. Invest
Radiol 34:360–366
10. Aube C, Moal F, Oberti F et al (2007) Diagnosis and measurement
of liver fibrosis by MRI in bile duct ligated rats. Dig Dis Sci
52:2601–2609

Pediatr Radiol (2011) 41:350–354
11. Stark DD, Bass NM, Moss AA et al (1983) Nuclear magnetic
resonance imaging of experimentally induced liver disease.
Radiology 148:743–751
12. Stark DD, Goldberg HI, Moss AA et al (1984) Chronic liver
disease: evaluation by magnetic resonance. Radiology 150:149–
151
13. Ito K, Mitchell DG, Siegelman ES (2002) Cirrhosis: MR imaging
features. Magn Reson Imaging Clin N Am 10:75–92, vi
14. The French METAVIR Cooperative Study Group (1994) Intraobserver and interobserver variations in liver biopsy interpretation
in patients with chronic hepatitis C. Hepatology 20:15–20
15. Balistreri WF, Grand R, Hoofnagle JH et al (1996) Biliary atresia:
current concepts and research directions. Summary of a symposium.
Hepatology 23:1682–1692
16. Pariente D, Franchi-Abella S (2010) Paediatric chronic liver
diseases: how to investigate and follow up? Role of imaging in the
diagnosis of fibrosis. Pediatr Radiol 40:906–919
17. Menten R, Leonard A, Clapuyt P et al (2010) Transient
elastography in patients with cystic fibrosis. Pediatr Radiol
40:1231–1235
18. Abe Y, Yamashita Y, Tang Y et al (2000) Calculation of T2
relaxation time from ultrafast single shot sequences for differentiation of liver tumors: comparison of echo-planar, HASTE, and
spin-echo sequences. Radiat Med 18:7–14
19. Cieszanowski A, Szeszkowski W, Golebiowski M et al (2002)
Discrimination of benign from malignant hepatic lesions based on
their T2-relaxation times calculated from moderately T2-weighted
turbo SE sequence. Eur Radiol 12:2273–2279
20. de Bazelaire CM, Duhamel GD, Rofsky NM et al (2004) MR
imaging relaxation times of abdominal and pelvic tissues
measured in vivo at 3.0 T: preliminary results. Radiology
230:652–659
21. Aisen AM, Doi K, Swanson SD (1994) Detection of liver fibrosis
with magnetic cross-relaxation. Magn Reson Med 31:551–556
22. Guibaud L, Lachaud A, Touraine R et al (1998) MR cholangiography
in neonates and infants: feasibility and preliminary applications. AJR
170:27–31
23. Avni FE, Segers V, De Maertelaer V et al (2002) The evaluation
by magnetic resonance imaging of hepatic periportal fibrosis in
infants with neonatal cholestasis: preliminary report. J Pediatr
Surg 37:1128–1133
24. McCarville MB, Hillenbrand CM, Loeffler RB et al (2010)
Comparison of whole liver and small region-of-interest measurements
of MRI liver R2* in children with iron overload. Pediatr Radiol
40:1360–1367

