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Abstract
Background: To explore the signals and diagnostic value of hepatic focal nodular hyperplasia (FNH) in
the hepatobiliary phase of gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA)
enhanced MRI.
Methods: Imaging data of 43 pathologically proven FNH lesions from 39 patients who underwent GdEOB-DTPA enhanced MRI scanning at our hospital between January 2016 and June 2019 were
retrospectively analyzed. The signal characteristics in the hepatobiliary phase were analyzed and
compared with the pathologic findings.
Results: According to the characteristics of signals in the hepatobiliary phase, the signals were classified
as follows: homogenous iso-high intensity signals in 20.93% (9/43) lesions, heterogeneous iso-high
intensity signals in 67.44% (29/43) lesions, homogenous low-intensity signals in 4.65% (2/43) lesions,
and heterogeneous low-intensity signals in 6.98% (3/43) lesions. Two patients were with multiple lesions,
where one was with 2 lesions of heterogeneous high-intensity signals, and the other with 3 lesions of
heterogeneous low-intensity signals. Pathologic findings were as follows: the slices of the 38 lesions with
high-intensity signals in a hepatobiliary phase were with hyperplasic hepatocytes, inflammatory cell
infiltration, and malformed blood vessels. Twenty-nine of the lesions were with fiber tissues of different
degrees and were classified as classic type. The remaining 9 lesions were without fibrous scars and were
classified as non-classic type. The other 5 of the 43 lesions were non-classic FNH with no evident fibrous
tissues, while 4 of them were with >40% steatosis in the hyperplasic hepatocytes; the
immunohistochemistry showed CK7(-)/CK19(-) in 1 lesion and β-catenin (nucleus +) in another lesion.
Comparisons of pathologic with imaging findings were as follows: twenty-nine lesions were with
heterogeneous iso-high intensity signals, of which the slices showed evident fibrous tissues of different
degrees, and the slices of 9 lesions with homogenous iso-high intensity signals in the hepatobiliary phase
showed no fibrous tissues. Three lesions with heterogeneous low-intensity signals in the hepatobiliary
phase showed about 80% mixed steatosis in hyperplasic hepatocytes. The other two lesions both showed
homogeneous low-intensity signals in the hepatobiliary phase, where 1 lesion was with >40%
macrovesicular steatosis and CK7/CK19 (-), while the other only showed β-catenin (nucleus +) by
immunohistochemistry.
Conclusions: The signals of FNH in the hepatobiliary phase showed various characteristics, where the
signal differences were mainly associated with the number of hyperplastic hepatocytes in lesions,
presence of steatosis, fibrous scars, and conditions of small bile ducts, and potentially associated with βcatenin (nucleus+). Low-intensity signals were relatively rare for FNH, thus representing a relatively major
challenge for diagnosing this type FNH.

Background
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Hepatic focal nodular hyperplasia (FNH), which accounts for about 8% of all primary liver tumors, is a
lesion composed of benign hepatocyte hyperplasia, with normal or almost normal tissue structures [1–6].
Most researchers suggest that FNH is secondary to congenital hepatic vascular malformation or caused
by adaptive vascular injuries [7–10]. A clear diagnosis of FNH could help to avoid unnecessary invasive
examinations or surgery. Gadolinium-ethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA;
trade name: primovist) is a hepatocyte-specific contrast agent that normal hepatocytes can uptake [11].
FNH is characterized by iso- or high-intensity signals in the hepatobiliary phase, which has relatively
important value in the diagnosis and differential diagnosis of this disease [12–14]. However, with the
wide application of Gd-EOB-DTPA in clinical practice, several researchers have found that in addition to
iso- and high-intensity signals, FNH can also show low-intensity signals in a hepatobiliary phase when
the tissues in lesions changes [15–16]. Such non-classic manifestations have been identified as a
substantial challenge for pre-operative diagnosis. In this study, 43 FNH lesions were retrospectively
analyzed, and the signals in a hepatobiliary phase were classified and compared with pathologic
findings. The goal of this study was to further investigate the association of FNH signal characteristics in
the hepatobiliary phase with pathologic changes and provide additional evidence to help clinical
diagnosis.

Methods

General characteristics
This retrospective study was approved by the Ethics Committee of the Shulan (Hangzhou) hospital.
Clinical data of the 39 patients with pathologically proven FNH who received Gd-EOB-DTPA enhanced
MRI at our hospital between January 2016, and June 2019 were collected.
The inclusion criteria were the following: patients with FNH proven by pathological examinations
following surgery or biopsy. The exclusion criteria were: 1) patients who could not receive pathological
examination due to severe cardiac diseases, pulmonary diseases, cerebral diseases, or tumors; 2)
patients who were diagnosed with FNH only by imaging follow-up but whose condition was not proven by
pathological examination.
Finally, 39 patients with 43 FNH, 31 males and 8 females were included in this study. The male-to-female
ratio of the patients was 3.9:1. The age of the patients ranged from 33 to 72 years (50.7 ± 11.3 years).

Parameters and methods of MRI examination
MRI examination methods
End-expiratory hold or respiratory gating method was used for the MRI scanning, and patients did not
ingest any water for 4 h before MRI scanning. Gd-EOB-DTPA (Primovist, Bayer Schering Pharma, Berlin,
Germany) was used as the contrast agent. The dose of Gd-EOB-DTPA was 0.025 mmol/kg, and the
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injection velocity was 2 ml/s; afterwards, 20 ml 0.9% NaCl solution was used to rinse the catheter with the
velocity of 2 ml/s. After the intravenous injection of contrast agent, MRI scanning was performed at 18–
23 s, 45–50 s, 90–120 s, and 15–20 min to acquire the images in arterial phase, portal venous phase,
equilibrium phase, and hepatobiliary phase. The patients were required to hold their breath during the
scanning.

Parameters for MRI scanning
GE Signa HDxt 1.5T MR apparatus (GE, Medical System; Milwaukee, USA) with abdominal 8-channel
phased-array coil was used for scanning. The scanning sequences were as follows: 1) Cor FIESTA, TR
3.5ms, TE 1.5ms, slice thickness 7.0 mm, slice gap 9.0 mm, matrix 224×224, 1 excitation, and acquisition
time 17 s; 2) Ax T2FRFSE RTrFatSAT, TE 90.2 ms, slice thickness 6.0 mm, slice gap 8.0 mm, matrix
320×196, 3 excitations, and acquisition time 2 min29s; 3) Ax DWI, b value = 800 mm/s, TR 10588.2 ms,
TE 70 ms, slice thickness 6.0 mm, slice gap 8.0 mm, matrix 128×128, and acquisition time 1min 34s; 4)
Ax LAVA + C (including masking plain scanning), TR 4.2 ms, TE 2.0 ms, slice thickness 5.0mm, slice gap
2.5 mm, matrix 320×224, and acquisition time 14 s; 5) Cor LAVA + C, TR 3.5 ms, TE1.7 ms, slice thickness
5.0 mm, slice gap 2.5 mm, matrix 320×224, and acquisition time 16 s; 6) BHAx3DDualEcho
(positive/negative phase), TR 6.1 ms, TE 2.1 ms, slice thickness 5.2 mm, slice gap 2.6 mm, matrix
256x160, and acquisition time 15 s. Parameters for the scanning in a hepatobiliary phase were following:
1) parameters for Ax LAVA + C1 were identical to Ax LAVA + C; and 2) parameters for Cor LAVA + C1 were
identical to Cor LAVA.

Methods of imaging examination and pathological
diagnosis
The MRI images of all the patients were input to PACS, which were independently reviewed in a doubleblind manner by two radiologists with the professional title of associate chief or higher and with more
than ten years of experience in MRI diagnosis of liver diseases. Any disagreements were solved by
discussion. The manifestations of FNH signals in the hepatobiliary phase (contrast to liver tissue
background) were investigated, and after the reports of previous literatures were also considered, these
signals in a hepatobiliary phase were classified into four types: 1) homogenous iso-high intensity signal;
2) heterogeneous iso-high intensity signal, 3) homogenous low-intensity signal, and 4) heterogeneous
low-intensity signal.
According to the EASL Clinical Practice Guidelines that were issued in 2016 and the histological
classification criteria developed by Nguyen et al. in 1999 [6, 17], two pathologists with the professional
title of associate chief or higher analyzed the FNH specimens obtained by surgery or biopsy and then
classified them into classic or non-classic FNH. Any disagreements were solved by discussion.

Statistical analysis
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SPSS 25.0 software was used for the statistical analysis of data. Quantitative data in normal distribution
were analyzed by t-test, and qualitative data were analyzed by χ2 test. A P value < 0.05 was considered to
be statistically significant.

Results
Characteristics and types of FNH signals in the hepatobiliary phase
The signals of the 43 FNH in hepatobiliary phase were as follows: 1) homogenous iso-high intensity
signals in 9 FNH (20.93%); 2) heterogeneous iso-high intensity signals in 29 FNH (67.44%); 3)
homogenous low-intensity signals in 2 FNH (4.65%); 4) heterogeneous low-intensity signals in 3 FNH
(6.98%)(Table 1).
Table 1
Signals of FNH in the hepatobiliary phase
n

Percentage

Homogenous iso-high intensity signal

9(9)

20.93%

Heterogeneous iso-high intensity signal

29(27)

67.44%

Homogeneous low-intensity signal

2(2)

4.65%

Heterogeneous low-intensity signal

3(1)

6.98%

Manifestations of plain and enhanced MRI images of FNH with signals in hepatobiliary phase of 4
different characteristics
Thirty-eight FNH were with iso-intensity signals in hepatobiliary phase, of which the T1WI showed 37 with
iso-low intensity (Fig. 1a), and 1 with the high-intensity signal; T2WI showed 37 FNH were with iso- or
slightly high-intensity signals (Fig. 1b), 1 with the high-intensity signal; DWI showed 36 FNH were with isoor slightly high- intensity signals (Fig. 1c), and 2 with high-intensity signals. No evident attenuation was
found on the in/out phases (Fig. 1d-e). These FNH showed high-intensity signals in the arterial phase and
portal venous phase and iso-high intensity signals in the equilibrium phase (Fig. 1f-h). Twenty-nine of the
lesions were with scars. Five FNH were with low-intensity signals in the hepatobiliary phase, among
which the multiple lesions in 1 patient revealed evident signal attenuation on the in/out phase (Fig. 2d-e),
slightly high-intensity signals on T2WI images (Fig. 2b), slightly high-intensity signals on DWI images
(Fig. 2c), no evident envelop or scar, slightly low-intensity signals on T1WI (fat-saturated) images (Fig.
2a), and heterogeneous slightly low-intensity signals in the three phases during enhancement (Fig. 2f-h).
One single FNH showed slightly high-intensity signal on T1WI image (Fig. 3a), high-intensity signal on
T2WI image (Fig. 3b), high-intensity signal on DWI image (Fig. 3c), slight signal attenuation on in/out
phase, and evident heterogeneous enhancements in the three phases (Fig. 3f-h). The other single FNH
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showed slightly low-intensity signal on T1WI image (Fig. 4a), high-intensity on T2WI image (Fig. 4b), the
high-intensity signal on DWI image (Fig. 4c), no signal attenuation on in/out phase (Fig. 4d-e), and
slightly heterogeneous enhancements in the three phases (Fig. 4f-h). Slight signal reduction in the
equilibrium phase was found, while no scar or envelope was observed. The lesion was with a lowintensity signal in the hepatobiliary phase and was misdiagnosed as hepatocellular carcinoma.
Pathological features of FNH with signals of different characteristics in the hepatobiliary phase
Among all the 43 lesions that were proven by pathological examinations of specimens from surgery or
biopsy, 38 lesions showed iso-high intensity signals in the hepatobiliary phase, 29 lesions (76.32%;
29/38) were classic pathologic type, and 9 lesions (23.68%; 9/38) were with non-classic type. Five lesions
showed low-intensity signals in the hepatobiliary phase, while the pathologic examinations revealed that
all of these lesions were non-classic type. Statistical analysis showed that the pathologic types of FNH
with iso-high and low-intensity signals in the hepatobiliary phase significantly differed (P < 0.05). All the
FNH with low-intensity signals in a hepatobiliary phase were non-classic types (Table 3), among which
the gross observations showed a gray-yellow mass with a clear boundary and different sizes, with the
color that was similar to adjacent liver tissues, moderate texture, and nodular shapes. The smaller the
lesions were, the more unclear the scars and nodular shapes were. Microscopic exanimation (Table 2)
showed that 29 (29/43; 67.44%) FNH were non-classic types, for which the examinations of slices
showed hepatocyte hyperplasia, fibrous tissues, infiltration of inflammatory cells, and malformed blood
vessels (Fig. 1j). Fourteen (14/43; 32.56%) FNH were non-classic types, among which 9 were with no
fibrous scars; 3 FNH were with no fibrous scares but with 80% mixed steatosis and slight hepatocyte
atypia (Fig. 2j); 1 FNH was without fibrous scars but with 40% macrovesicular steatosis, while
immunohistochemistry showed CK7(-)CK19(-)(Fig. 3j, Table 2). The other FNH was misdiagnosed as
hepatocellular carcinoma according to imaging frozen section examination results, for which the regular
pathologic examination showed non-classic type, immunohistochemistry showed Glypican-3 (-), AFP (-),
β-catenin (nucleus +), CD10 (-), Hepatocyte (+), CD34 (-), CK7 (focal +), CK19 (focal +), KI67 (+ 3%), P53 (-),
HMB45 (-), MelanA (-), and S100 (-)(Fig. 4j).
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Table 2
Pathologic characteristics of the 39 FNH*
n

Total number
(percentage)

29

29(67.44%)

CK7(-)CK19(-)

1

14 (32.56%)

Steatosis (> 40%) (low-intensity signal in hepatobiliary
phase)

4

No scar

9

β-catenin (nucleus +)

1

With hepatocyte atypia (low-intensity signal in
hepatobiliary phase)

1

Classic FNH
Non-classic
FNH

*

One non-classic FNH can show two different non-classic pathologic manifestations

Table 3
Pathologic types of FNH with iso-high intensity or low-intensity signals in the hepatobiliary
phase
FNH of iso-high intensity signals

FNH of low-intensity signals

P value

Classic

29(76.32%)

0

0.003

Non-classic

9(23.68%)

5(100%)

In this study, immune labeling of β-catenin was performed in 21 lesions (Table 4). Fourteen FNH
(including 11 with iso-high intensity signals and 3 with low-intensity signals in hepatobiliary phase) were
β-catenin (-), 6 FNH (including 5 with iso-high intensity signals and 1 with low-intensity signals in
hepatobiliary phase) were β-catenin (membrane +), and 1 (with low-intensity signals in a hepatobiliary
phase that was misdiagnosed as HCC) was β-catenin (nucleus +).
Table 4
βcatenin expression in FNH with different intensities of signals in hepatobiliary phase by
immunohistochemistry
β-catenin(-)

β-catenin (membrane +)

β-catenin (nucleus +)

Iso-high intensity signal

11

5

0

Low-intensity signal

3

1

1
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Discussion
FNH is the benign hyperplasic lesion of the liver. Numerous studies have demonstrated that the
diagnostic accuracy of Gd-EOB-DTPA enhanced MRI is higher than 90% [18–22], where the characteristic
manifestation is the iso-intensity signal in the hepatobiliary phase. Still, with the wide application of GdEOB-DTPA, we found that some FNH can also show low-intensity signal in the hepatobiliary phase [15–
16], which may cause difficulties for radiologists when making the diagnosis.

Mechanisms underlying the effects of Gd-EOB-DTPA on
FNH
Gd-EOB-DTPA possesses the characteristic of both non-specific extracellular and hepatocyte-specific
contrast agents. On the one hand, Gd-EOB-DTPA can be used as the non-specific extracellular contrast
agent to attain the regular enhancement similar to Gd-DTPA enhanced scanning; on the other hand, GdEOB-DTPA can also be used as the hepatocyte-specific contrast agent in the scanning. When delayed for
about 15–20 min after venous injection, about 50% Gd-EOB-DTPA could be transferred into hepatocytes
from extracellular space through the ATP-dependent organic anion transporting polypeptide 8 (OATP8) on
the sinus wall of the hepatocyte, which is then excreted into cholangiole by the multidrug-resistant protein
carriers on the surface of cholangiole [23–24]. The uptake of Gd-EOB-DTPA by hepatocytes is dependent
on the expression level of OATP8 [24–25]. The other 50% Gd-EOB-DTPA are excreted by the kidney [23].
As FNH also contains hepatocytes of normal functions and thus can uptake the contrast agent, the FNH
lesion can show iso- or high-intensity signals in the hepatobiliary phase, compared with the surrounding
liver parenchyma.

Manifestations of FNH signals in hepatobiliary phase and
the corresponding pathologic fundament
FNH with iso-high intensity signal in hepatobiliary phase and
the pathologic fundament
In this study, 38 FNH with iso-high intensity signals in the hepatobiliary phase from 36 patients were
analyzed, which accounted for 88.37% (38/43) of all the FNH. Among these lesions, 67.44% were with
heterogeneous iso-high intensity signal, and 20.93% were with homogeneous iso-high intensity signal.
The pathologic examination of the 38 FNH showed that all lesions contained normally hyperplasic
hepatocyte nodules, inflammatory cells, and angiogenesis. Immunohistochemistry showed that all the
lesions were hepatocyte (+), AFP (-), CD4 (lymphocyte +), CD8 (lymphocyte +), CD34 (capillary
proliferation), CK7 (+), and CK19 (+). Twenty-nine of the lesions contained different degrees of fibrous
tissues, the manifestations in the hepatobiliary phase showed heterogeneous thin-ring or thick ringshaped iso-high intensity signals, and the pathologic examinations showed classic type. The other nine
lesions were non-classic types without fibrous scars and showed nodular homogeneous high-intensity
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signals in the hepatobiliary phase. In this study, the pathologic difference between the lesions with
homogeneous or heterogeneous iso-high intensity signals in the hepatobiliary phase was the presence of
central or eccentric fibrous septum, as the fibrous septal scars are similar to the portal area, in which
OATP8 is not expressed by hepatocytes [26]. Since the peripheral hepatocyte nodules can normally
express OATP8 or even over it, FNH can be manifested as low-intensity signals surrounded by peripheral
iso- or high-intensity signals in the hepatobiliary phase, thus showing the overall heterogeneous or isohigh intensity signals. In FNH lesions for which the pathologic examinations showed no fibrous scars,
homogeneous iso- or high-intensity signals could be detected in the hepatobiliary phase. The comparison
of the signal characteristics of FNH in the hepatobiliary phase with pathologic examination results
showed that the signals of FNH in the hepatobiliary phase were closely associated with the histological
features of lesions. Specifically, the signals were associated with the number of normally hyperplasic
hepatocytes and fibrous scars.

FNH with low-intensity signal in hepatobiliary phase and the
pathologic fundament
In this study, 5 FNH from 3 patients were with low-intensity signals in the hepatobiliary phase, of which
some 4.65% were with homogeneous low-intensity signal and 6.98% with heterogeneous low-intensity
signal in the hepatobiliary phase. This was generally consistent with previous studies reporting 3–8%
incidence for FNH with low-intensity signals in the hepatobiliary phase [15]. Kessel et al. [16] and
Cannella et al. [27] have already reported on the case of FNH with low-intensity signal in the hepatobiliary
phase, where the case reported by Kessel et al. showed the pathologic findings of fibrous tissues
throughout the lesion, while the case reported by Van et al. showed evident attenuation in in/out phase,
which indicated the existence of steatosis, and the lesion showed low-intensity signal in hepatobiliary
phase. In this study, 5 FNH were found with low-intensity signal in the hepatobiliary phase, of which four
lesions showed different degrees of steatosis in in/out phase. One patient (3 lesions) was with 80%
mixed steatosis in the multiple lesions; one patient was with a single lesion and mixed steatosis that was
dominant by ≥ 40% macrovesicular steatosis. Ding et al. [28] reported that steatosis of hepatocytes could
reduce the functions of hepatocytes, thus speculating that steatosis of hepatocytes in FNH could lead to
the reduced uptake of Gd-EOB-DTPA, eventually resulting in the low-intensity signal. One patient (3
lesions) with multiple lesions showed slight atypia of part of hepatocytes in addition to 80% mixed
steatosis. Although it is believed that FNH usually does not undergo malignant transformation, several
researchers have already reported cases with malignant transformation of FNH [29]. The reduced
hepatocytes could also reduce the uptake of hepatocyte-specific contrast agents by lesions. Our results
showed that atypia of hepatocytes could also be one of the causes influencing the changes of signals of
FNH in the hepatobiliary phase. The pathologic examination of the patient with a single lesion showed
the FNH was with 40% mixed steatosis, and the immunohistochemistry showed CK7/CK19(-). Cannella et

al. [27] analyzed the effects of CK7 and CK19 on the changes of FNH signals in hepatobiliary phase,
reporting that the number, types, and distribution of bile ducts all influenced the signal changes of FNH in
hepatobiliary phase. Therefore, we speculated that the low-intensity signal of FNH in the hepatobiliary
could be caused by steatosis of hepatocytes and negativity of CK7 and CK19. The other patient with a
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single lesion was misdiagnosed with HCC based on imaging and frozen pathologic examinations.
Nevertheless, this patient was finally diagnosed as non-classic FNH by routine pathologic examination.
No evident fibrous tissues were found in the slice of the lesion, and only 5% steatosis was found.
Immunohistochemistry showed β-catenin (nucleus +) in the lesion; however, the causes of low-intensity
signal in the hepatobiliary phase have still not been clarified. Previous studies have not reported on the
activation mutation of b-catenin in FNH. β-catenin mainly shows strip-shaped expression in FNH, which is
different from catenin-activated HCA or diffused cytoplasmic GS staining and nuclearβ-catenin staining
in liver cancer [30]. In this study, one patient with the hepatobiliary phase was misdiagnosed with liver
cancer, which showedβ-catenin (nucleus +). We speculated this could be associated with gene mutation,
inhibition of the Wnt/β-catenin pathway, and low expression of OATP1B3.
After analyzing the low-intensity signals of FNH in the hepatobiliary phase and the pathology, we
speculated that the pathologic fundaments could be as follows: 1) Steatosis: when there is steatosis in a
certain proportion of hyperplasic hepatocytes in FNH lesion, functions of hepatocytes are reduced. In
such cases, the expression of OATP8 could also be reduced, thus causing FNH to show homogeneous or
heterogeneous low-intensity signals in the hepatobiliary phase; 2) formation of fibrous scars: if the
fibrous tissues were throughout the lesion, the FNH does not uptake the specific contrast agent, thus
showing low-intensity signal in hepatobiliary phase; 3) atypia of hepatocytes: the reduction of normal
hepatocytes in FNH lesion can lead to the reduced uptake of specific contrast agent, thus showing lowintensity signal in hepatobiliary phase; 4) types of bile ducts: previous studies [27, 31] have shown that
there are three types of bile ducts in FNH, namely the bile ducts similar to surrounding liver tissues,
hyperplasic bile ducts, and metaplastic bile ducts. The former two types, which are with relatively high
differentiation levels, can uptake and excrete Gd-EOB-DTPA and can explain the high-intensity signals in
hepatocytes, while the latter type is with relatively poor function and can poorly communicate to small
bile ducts, thus explaining the low-intensity signal in hepatobiliary phase; 5) β-catenin mutation: we
speculated that very few lesions are with β-catenin (nucleus +) mutation, the suppression of Wnt/Bcatenin pathway and low expression of OATP1B3 could lead to low-intensity signal in hepatobiliary
phase.
The present study has the following limitations. First, the number of FNH with low-intensity signals in the
hepatobiliary phase was small, and more multi-center studies with a larger sample are needed to further
investigate the reasons and underlying mechanisms of low-intensity signals of FNH in the hepatocellular
phase. In addition, this was a retrospective study, and selection bias could not be avoided.

Conclusions
In summary, FNH shows various manifestations in the hepatobiliary phase, where imaging
manifestations vary according to the number and function of hyperplasic hepatocytes and are
associated with the degree and type of steatosis of hepatocytes, number of fibrous scars, hepatocyte
atypia, number and types of bile ducts, and mutation of a β-catenin gene by immunohistochemistry.
There are great challenges in the pre-operative diagnosis of FNH with low-intensity signals in the
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hepatobiliary phase. Comprehensive analysis of the clinical and imaging data and follow-up analysis or
biopsy could help to reduce the number of unnecessary surgeries.
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Figures

Figure 1
A 28-year-old male patient with a space-occupying lesion in the liver for 1 d. (a) T1WI image showed an
iso-intensity signal of the lesion, and the central scar showed a low-intensity signal. (b) T2WI image
showed a slightly high-intensity signal of the lesion, and the central scar showed a high-intensity signal.
(c) DWI image showed a high-intensity signal of the lesion. (d, e) In/out phase showed no attenuation. (f)
The image in the arterial phase showed a high-intensity signal of the lesion, and the central scar showed
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a low-intensity signal. (g, h) Images in the portal venous phase and delayed phase showed slightly highintensity signals of the lesion, and the central scar showed delayed enhancement. (i) Image in
hepatobiliary phase showed petal-like high-intensity signals with uneven thickness, and the central scar
showed a low-intensity signal. (j) Microscopy (×100) showed hyperplasia of fibrous tissue and infiltration
of lymphocytes and plasmocytes in the fibrous septum, which separated the hepatocytes and formed
nodules; hyperplasia of small bile ducts was also found.

Figure 2
A 26-year-old female patient with abnormal glutamyl transpeptidase level for 4 years. (a) T1WI image
showed a slightly low-intensity signal of the lesion. (b) T2WI image showed a slightly high-intensity
signal of the lesion. (c) DWI image showed a slightly high-intensity signal of the lesion. (d, e) In/out
phase showed evident attenuation. (f) Image in the arterial phase showed that the enhancement was not
substantial, and the lesion showed a slightly low-intensity signal. (g, h) Images in the portal venous phase
and delayed phase showed slightly low-intensity signals of the lesion. (i) Image in hepatobiliary phase
showed heterogeneous low-intensity signal. (j) Microscopy (×100): 3 stripes of liver tissues were obtained
by biopsy of right liver, of which 5 portal areas were found, part of the liver lobule structures disappeared
and were replaced by about 80% steatosis. Swelling of the residual hepatocytes, slight atypia of some
hepatocytes that were accompanied by the thickening of hepatic trabecula, few capillaries with thick
walls, and cholestasis were found. A low number of portal areas was found, and no abnormal changes
were noticed.
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Figure 3
A 31-year-old male patient with irregular liver morphology for over 1 month. (a) T1WI image showed a
slightly low-intensity signal of the lesion. (b) T2WI image showed a slightly high-intensity signal of the
lesion. (c) DWI image showed a slightly high-intensity signal of the lesion. (d, e) In/out phase showed
evident attenuation. (f) Image in the arterial phase showed that the enhancement was not substantial,
and the lesion showed a slightly low-intensity signal. (g, h) Images in the portal venous phase and
delayed phase showed slightly low-intensity signals of the lesion. (i) Image in hepatobiliary phase
showed heterogeneous low-intensity signal. (j) Microscopy (×100)(of liver tissues from the left lateral
lobe of liver) showed non-classic focal nodular hyperplasia with the size of 9 cm*6 cm*5 cm. The
examination of other liver tissues showed a small amount of inflammatory cell infiltration in the portal
area and 40% steatosis (mainly macrovesicular steatosis).
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Figure 4
A 61-year-old male patient hospitalized for liver mass for 6 d. (a) T1WI image showed a slightly lowintensity signal of the lesion. (b) T2WI image showed a slightly high-intensity signal of the lesion. (c) DWI
image showed a slightly high-intensity signal of the lesion. (d, e) in/out phase showed evident
attenuation. (f) Image in the arterial phase showed that the enhancement was not substantial, and the
lesion showed a slightly low-intensity signal. (g, h) images in the portal venous phase and delayed phase
showed slightly low-intensity signals of the lesion. (i) Image in hepatobiliary phase showed
heterogeneous low-intensity signal. (j) Microscopy (×100)(of liver tissues from the left half liver) showed
focal nodular hyperplasia with a diameter of 5 cm. The examination of the surrounding liver tissues
showed a small amount of inflammatory cell infiltration in the portal area and focal steatosis (about 5%).
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