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Abstract
Objectives To investigate and compare contrast-enhanced
ultrasound (CEUS) in the characterisation of histologically
proven focal nodular hyperplasia (FNH) with contrast-
enhanced computed tomography (CECT).
Methods CEUS was performed in 85 patients with 85 his-
tologically proven FNHs. Enhancement, centrifugal filling,
spoke-wheel arteries, feeding artery and central scarring
were reviewed and correlated with lesion size or liver back-
ground. Independent factors for predicting FNH from other
focal liver lesions (FLLs) were evaluated. Forty-seven FLLs
with CECT were randomly selected for comparison of diag-
nostic performance with CEUS.
Results Centrifugal filling was more common (P=0.002)
and the significant predictor (P=0.003) in FNHs ≤3 cm.
Lesion size or liver background has no significant influence
on the detection rate of the spoke-wheel arteries and
feeding artery (P>0.05). Central scarring was found in
42.6 % of FNHs ≥3 cm (P=0.000). The area under the

ROC curve, sensitivity and specificity showed no sig-
nificant differences between CEUS and CECT (P>0.05),
except that the sensitivity of CEUS was better for reader 1
(P=0.041).
Conclusion CEUS is valuable in characterising centrifugal
filling signs or spoke wheels in small FNHs and should be
employed as the first-line imaging technique for diagnosis
of FNH.
Key Points
• The confident diagnosis of focal nodular hyperplasia is
important in liver imaging.

• The centrifugal filling sign is useful for diagnosis of FNHs
≤3 cm.

• Contrast-enhanced ultrasound and contrast-enhanced CT
have similar diagnostic performance for FNH.

• CEUS should be the first-line imaging technique for the
diagnosis of FNH.
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FLLs Focal liver lesions
CECT Contrast-enhanced computed tomography
CEMRI Contrast-enhanced magnetic resonance imaging
CEUS Contrast-enhanced ultrasound
HCC Hepatocellular carcinoma
ROC Receiver-operating characteristic
Az Area under the ROC curve
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PPV Positive predictive value
NPV Negative predictive value

Introduction

Focal nodular hyperplasia (FNH) is the second most common
benign tumour of the liver, and the differentiation from other
focal liver lesions (FLLs) is of great significance because of
different managements and outcomes of the patients [1, 2].
Clinical diagnosis of FNH is often based on typical imaging
findings on contrast-enhanced computed tomography (CECT)
or magnetic resonance imaging (CEMRI); thus, histopatho-
logical confirmation is usually unnecessary [3, 4].

Contrast-enhanced ultrasound (CEUS) has been increas-
ingly accepted as a technique comparable to CECT and
CEMRI in the characterisation of FLLs [2, 3, 5–8]. Typical
findings of FNH on CEUS include arterial hypervascularity,
centrifugal filling, spoke-wheel arteries, feeding artery and
hypoenhanced central scarring [5]. However, these findings
are still not well documented owing to the small sample size
and may not be easily identified in small FNHs according to
the literature [7, 9–11]. For instance, the “spoke-wheel sign”
is defined as spoke-wheel arteries with centrifugal filling,
which follows the definition on colour Doppler ultrasound
or angiography [12, 13]. This ambiguous definition would
lead to misinterpretation of images and result in a variable
detection rate of this typical finding from 27.3 % to 97.1 %
[9–11, 14, 15].

Most previous studies concerning the CEUS findings of
FNH have taken CECT and CEMRI to be the gold standard
[4, 9, 14, 16–20]. It has been reported that early arterial
phase (additional arterial phase) at CECT improves the
differentiation of FNH from other FLLs [21], which is not
essential in the standard imaging protocol because of the
radiation hazard or acquisition time. Therefore, we presume
that CEUS has the potential to provide more diagnostic
information because of the advantage of high spatial and
temporal resolution. In addition, although all three tech-
niques are reported to be reliable for the diagnosis of
FNH, none of these studies compared the diagnostic perfor-
mance of CEUS and CECT [4, 6, 7, 20, 22].

The purpose of our study was to investigate the CEUS
features of histologically proven FNH and compare the
diagnostic performance of CEUS and CECT.

Materials and methods

Patient population

This retrospective study was approved by the institutional
ethics committee, and informed consent was waived.

Patients with FLLs were included in this study if they: (1)
had undergone liver CEUS examination between March
2004 and June 2012 and (2) had histologically proven
FNHs. The exclusion criteria were patients with (1) more
than one type of disease, (2) cardiac insufficiency, (3) severe
renal dysfunction and (4) pregnant women. Eighty-five pa-
tients (42 men and 43 women; mean age, 35 years±9 SD;
range, 20–64 years) were included in this study, and a single
lesion was selected in each patient. The pathological diag-
nosis was obtained by specimens from ultrasound-guided
percutaneous biopsy (n=64) or surgical resection (n=21).
Thirty-two (37.6 %), 50 (58.8 %) and 3 (3.5 %) lesions were
located in the left, right and both lobes of the liver, respec-
tively. Sixty-four (75.3 %) and 21 (24.7 %) lesions were
located in normal and fatty liver, respectively. The size of
lesions was 4.2 cm±2.7 SD (range, 1.1–15.3 cm), and the
depth was 7.3 cm±2.7 SD (range, 3.0–16.0 cm).

CEUS techniques

Ultrasound examinations were performed using Acuson Se-
quoia 512 (Siemens Medical Solutions, Mountain View,
CA, USA) equipped with a 4 V1 vector transducer (frequen-
cy range of 1.0 to 4.0 MHz) (n=45) or Aplio XV (Toshiba
Medical Systems, Tokyo, Japan) equipped with a 375BT
convex transducer (frequency range of 1.9 to 6.0 MHz) (n=
40). Contrast-specific imaging (CSI) modes used in the
present study were contrast pulse sequencing (mechanical
index, MI, 0.15–0.21) and contrast harmonic imaging (MI,
0.05–0.08), respectively. After activation of the CSI mode,
2.4 ml of SonoVue (Bracco, Milan, Italy) was adminis-
tered intravenously in a bolus fashion and flushed by
5 ml of 0.9 % saline solution. The target lesion was
observed continuously for 6 min, and the entire arterial
and portal phases and several repetitions of the late
phase were stored on the hard disk. The arterial, portal
and late phases were defined as 0–30 s, 31–120 s and
121–360 s after the injection, respectively. All the
CEUS examinations were performed by three experi-
enced radiologists (X.Z.F, L.G.J and X.X.Y., each with
more than 8 years of experience in liver CEUS).

Image analysis

Two experienced radiologists (C.L.D and Z.L.Y with
5 years’ experience in liver CEUS) randomly reviewed
all the cine loops off-line on screen in consensus. Both
readers had not been involved in the original examinations
and were blinded to the final diagnosis, as well as to the
clinical histories and other imaging findings of the patients.
For each lesion, both readers were asked to document the
following characteristic signs of FNH according to previous
reports:
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1. Enhancement: hyper-, iso- or hypo-enhancing, relative
to the adjacent normal liver parenchyma [5, 19]

2. Centrifugal filling: initial central enhancement that
progressed to the periphery of the lesion during the
arterial phase [23]

3. Spoke-wheel arteries: arteries with a spoke-wheel or
star-like morphology in the centre of the lesion during
the arterial phase [9, 10, 19]

4. Feeding artery: hypertrophic artery directed towards the
lesion and larger than the branches at the same depth
during the arterial phase [9]

5. Central scar: stellate hypoenhanced linear or plicated area in
the centre of the lesion during the portal or late phase [9, 19]

Both readers also evaluated and recorded the size, shape
and echogenicity of lesions on baseline ultrasound and
categorised the liver background as normal or fatty liver.

To determine whether centrifugal filling, spoke-wheel
arteries, feeding artery and central scarring were important
predictors for the characterisation of FNH, a multiple binary
logistic regression model was used. In this model, in 85
historically proven FLLs (not FNH) with CEUS, which
were randomly selected by using the sequence numbers,
the above signs were also documented.

Comparison of the diagnostic performance of CEUS
and CECT

Among 85 FNHs, 47 were analysed with CECT to compare
the diagnostic performance of CEUS and CECT. During the
same period (between March 2004 and June 2012), patients
with proven pathological diagnosis of FLLs (not FNH) who
underwent both CEUS and CECT served as a control group.
In this group of patients, there were 26 hepatocellular car-
cinomas (HCC), 3 intrahepatic cholangiocarcinomas, 7 met-
astatic liver cancers, 1 combined hepatocellular carcinoma
and cholangiocarcinoma, 3 haemangiomas, 2 focal fatty
livers, 1 hepatic abscess, 1 infected granuloma, 2 cases of
focal fibrosis after surgery and 1 atypical hyperplasia.

The CECTs in all patients were performed using 64-slice
multidetector CT (Aquilion 64, Toshiba Medical System,
Tokyo, Japan) within 1 month before or after CEUS exami-
nation. The standard dynamic contrast-enhanced scan proce-
dure of our hospital is as follows: After an unenhanced helical
sequence scan through the liver, 50–100 ml (1.5 ml/kg) of
contrast agent (Ultravist 300, Schering, Berlin, Germany) was
administered via antecubital vein at a rate of 3–4 ml/s. The
arterial phase sequence was initiated 27 s after starting the
injection, followed by a portal venous phase sequence
beginning at 60 s. The following CT acquisition parameters
were used: 120 kV, 200–250 mAs, collimation: 64 mm×
0.5 mm, slice thickness: 0.5 mm, slice increments: 0.5 mm
and pitch: 0.9.

The CEUS digital images of FNHs and FLLs were ran-
domly stored on a computer for analysis, and any identify-
ing information (name, sex, and age) was concealed.
Review was performed by two independent readers (X.Z.F
and L.G.J). Both readers were blinded to patient identifica-
tion, clinical history, other imaging results and pathological
results. The diagnostic criteria for FNH at CEUS used in the
present study were hyper-enhancement in the arterial phase
without contrast washout in the portal or late phase, and
with one or more typical features of centrifugal filling,
spoke-wheel arteries, feeding artery and central scar-
ring. Each reader used a subjective five-point scale to
grade diagnostic confidence (grade 1=definitely FNH,
grade 2=probably FNH, grade 3=indeterminate, grade
4=probably not FNH, grade 5=definitely not FNH).

All the CECT images were reviewed independently and
retrospectively from a picture-archiving and communication
system by two independent readers (X.Z.F and L.G.J, with
more than 5 years of experience in CECT of the liver). Both
readers were blinded to patient identification, clinical histo-
ry, other imaging results and pathological results. The diag-
nostic criteria for FNH were determined according to
previous literature [1, 4]. The same five-point scale for
FNH diagnosis was used to grade diagnostic confidence.

For FNH diagnostic accuracy analysis of each technique,
grades 1 and 2 were defined as positive results, and grades
3, 4 and 5 were defined as negative results.

Statistical analysis

All statistical analysis and the random sequence num-
bers were performed by using SPSS 16.0 software
(SPSS Inc, Chicago, IL, USA). Data were presented as
mean±standard deviation (SD) and percentage (%). P
<0.05 was considered to indicate statistical significance.
The association between lesion size or liver background
and CEUS features of FNH was assessed using χ2 or
Fisher’s exact test. Student’s t test was used to compare
lesion size within the same characteristic imaging find-
ings. To investigate whether typical features were inde-
pendent factors for predicting FNH, multiple binary
logistic regression analysis was used. Weighted κ statis-
tics were used to evaluate interreader agreement. The
agreement was graded as follows: poor (κ<0.20), mod-
erate (κ: 0.20 to<0.40), fair (κ: 0.40 to<0.60), good (κ:
0.60 to<0.80) or very good (κ: 0.80 - 1.00). Receiver-
operating characteristic (ROC) curves of two imaging
techniques were plotted and compared for evaluating the
diagnostic performance of discrimination between FNHs
and other FLLs using software (MedCalc version 9.0;
MedCalc Software, Mariakerke, Belgium). The diagnos-
tic performance was expressed as the area under the
ROC curve (Az). Sensitivity, specificity, accuracy, positive
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predictive value (PPV) and negative predictive value (NPV)
were calculated. Differences in sensitivity and specificity were
tested using the McNemar test.

Results

Enhancement in different vascular phases

The most common enhancement levels of FNH in the arterial,
portal and late phases were hyper-enhancing (79/85, 92.4 %),
iso-enhancing (43/85, 50.6 %) and iso-enhancing (35/85,
41.2 %), respectively (Fig. 1). The most common four enhance-
ment patterns were “hyper-iso-iso” (34/85, 40.0 %), “hyper-
hyper-hyper” (24/85, 28.2 %), “hyper-hypo-hypo” (15/85,
17.7 %) and “hyper-iso-hypo” (6/85, 7.1 %) (Fig. 1). No statis-
tically significant differences were observed between lesion size
or liver background and enhancement patterns (all P>0.05).

Typical features

For the 85 FNHs, centrifugal filling, spoke-wheel arteries, the
feeding artery and central scarring were detected in 40

(47.1 %), 20 (23.5 %), 57 (67.1 %) and 20 (23.5 %), respec-
tively (Table 1; Figs. 2, 3). Centrifugal filling was detected in
65.8 % of FNHs (25/38) measuring 3 cm or less in size and
31.9 % of FNHs larger than 3 cm (15/47; P=0.002). Central
scarring was only found in 42.6 % of FNHs larger than 3 cm
(20/47; P=0.000). No statistically significant differences were
observed between the lesion size and detection rate of the
spoke-wheel artery (P=0.776) or feeding artery signs (P=
0.621). No statistically significant differences were observed
between liver background and the detection rate of these
typical features (all P>0.05; Table 1).

FNHs with signs of centrifugal filling were smaller than
those without the sign (mean size: 3.1±1.5 cm vs. 5.2±
3.2 cm, P=0.000; Fig. 4). However, FNHs with central
scarring were larger than those without (mean size: 6.6±
3.0 cm vs. 3.4±2.2 cm, P=0.000; Fig. 4). No significant
difference was observed in the mean size of FNHs with and
without spoke-wheel arteries (P=0.574) and the feeding
artery (P=0.965; Fig. 4).

Analysis of independent factors for predicting FNH

All the typical features were found to be the indepen-
dent factors for predicting FNHs at multiple logistic
regression analysis. However, for lesions measuring
3 cm or less, only centrifugal filling was an independent
feature for predicting FNH (Table 2), while for those
larger than 3 cm, the feeding artery was not an inde-
pendent factor (Table 2).

Comparison of the diagnostic performance of CEUS
and CECT

The interreader agreement for the diagnosis of FNH
based on a five-point scale was very good for CEUS
and CECT (0.860±0.077 and 0.851±0.079, respective-
ly). The diagnostic performance of the two techniques
on FLLs in terms of Az, sensitivity, specificity, PPV,
NPV and accuracy is shown in Table 3, and ROC
curves are plotted in Fig. 5. For both readers, the Az,
sensitivity and specificity of CEUS and CECT showed

Fig. 1 Bar graph shows numbers of focal nodular hyperplasias
(FNHs; on top of bars) with different enhancement levels in the
arterial, portal and late phases (colour bars) and enhancement patterns
(greyscale bars)

Table 1 Typical features of focal nodular hyperplasias (FNHs) at contrast-enhanced ultrasound (CEUS): correlation with size and liver background

Total Lesion size (cm) Liver background

Typical CEUS features (n=85) ≤2.0 2.1-3.0 3.1-5.0 >5.0 P Value Normal Fatty P value
(n=13) (n=25) (n=23) (n=24) (n=64) (n=21)

Centrifugal filling 40 (47.1) 9 (69.2) 16 (64.0) 11 (47.8) 4 (16.7) 0.002 29 (45.3) 11 (52.4) 0.621

Spoke-wheel arteries 20 (23.5) 2 (15.4) 6 (24.0) 7 (30.4) 5 (20.8) 0.776 16 (25.0) 4 (19.0) 0.769

Feeding artery 57 (67.1) 9 (69.2) 19 (76.0) 15 (65.2) 14 (58.3) 0.621 42 (65.6) 15 (7.4) 0.790

Central scarring 20 (23.5) 0 (0.0) 0 (0.0) 9 (39.1) 11 (45.8) 0.000 17 (26.6) 3 (14.3) 0.376

Data are numbers of lesions, with percentages in parentheses
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no statistically significant differences (all P>0.05; Table 3),
except for sensitivity for reader 1, which was 80.9 % (38/47)
at CEUS versus 68.1 % (32/47) at CECT (P=0.041).

Diagnosis discordance between CEUS and CECT

Eight (nos. 01– 08) false-negative lesions were observed
with no typical signs at CECT. However, these eight lesions
presented centrifugal filling (n=8), spoke-wheel arteries
(n=3) and the feeding artery (n=7) at CEUS (Table 4).

The size of those lesions was 2.5±1.6 cm. One (no. 09)
false-negative diagnosis was made by CEUS, which was
shown as central scarring on CECT. There were five (nos.
10–14) false-positive diagnoses made by CEUS, with HCC
in three, metastatic liver cancer in one and focal fibrosis
after surgery in one. Among these lesions, centrifugal filling
was detected (HCC, metastatic liver and focal fibrosis after
surgery) in three, spoke-wheel arteries were detected (HCC
and metastatic liver cancer) in two and the feeding artery
was detected (HCC) in one.

Fig. 2 Subcostal contrast-enhanced ultrasound (CEUS) images in a 24-year-old man with FNH (size=3.0 cm). Example shows that centrifugal
filling with the spoke-wheel artery (arrows) sign is detected 13–16 s and 13–14 s after injection, respectively

Fig. 3 Intercostal CEUS images in a 32-year-old woman with FNH (size=1.1 cm). Example shows that centrifugal filling without the spoke-wheel
artery sign is detected 11–13 s after injection, and the feeding artery (arrows) is evident 11–12 s after injection
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Discussion

The typical enhancement pattern of FNHs at CEUS is gen-
erally accepted as hyper-enhancement in the arterial phase
and hyper-/iso-enhancement in the portal and late phases [2,
5]. Contrast medium washout during the portal or late phase
was reported at a rate of 3.3 % to 23.1 % [14, 17, 18]. In this
group of FNHs with pathological confirmation, 68.2 %
(58/85) of FNHs showed the typical enhancement pattern,
but hypo-enhancement in the portal and late phase was
detected in 21.2 % (18/85) and 30.6 % (26/85), respectively.
In addition, 17.6 % (15/85) of FNHs even showed a typical

malignant enhancement pattern of “hyper-hypo-hypo”,
which challenged the correct diagnosis [5]. Therefore, typ-
ical features are of great importance in the differentiation of
FNH from other FLLs.

The “spoke-wheel sign” has been well documented in pre-
vious studies. Bartolotta et al. and Xu et al. reported a detection
rate of 27.3–30.4% [9, 11], whereas it dramatically increased to
92.3–97.1 % in other studies [10, 14]. Limitations of these
studies are the small sample size and/or the lack of comparison
with the histological diagnosis. Furthermore, the “spoke-wheel
sign” referred to by these studies was defined as radial arterial
centrifugal vascularity and enhancement at CEUS [9, 10, 17].
In our opinion, this ambiguous definition, including both the
centrifugal filling and the spoke-wheel artery signs, would lead
to misinterpretation of the images. In addition, micro-arteries of
the “spoke-wheel sign” are difficult to detect in small lesions at
CEUS (Fig. 3), owing to the relatively decreased spatial reso-
lution on the contrast mode. Ungermann et al. reported the
“spoke-wheel sign” to be detected in 30 % of lesions less than
3 cm and 17 % of those smaller than 2 cm [17].

To our knowledge, we investigated centrifugal filling
and spoke-wheel arteries, which were shown in 47.1 %
and 23.5 % of 85 FNHs, separately for the first time.
Notably, the centrifugal filling sign was more common
in FNHs measuring 3 cm or less, whereas there was no
statistically significant difference observed between the
lesion size and detection rate of the spoke-wheel arter-
ies. Our findings were different from previous results
that reported that the “spoke-wheel sign” has always
been detected in larger FNHs [9, 10, 17]. The possible
reasons could be because: (1) we emphasised the inter-
pretation of the centrifugal filling sign instead of mixed
findings of both centrifugal filling and spoke-wheel

Fig. 4 Box plots of the size of FNHs with four additional signs. Boxes=
range between 25th and 75th percentiles. Horizontal line in the box=
median of size. = mean size. Whiskers=range between 10th and
90th percentiles. *Significant difference between lesions with positive
and negative signs

Table 2 Multiple logistic re-
gression analysis for indepen-
dent factors for predicting FNH

NA=data not available

*Values are means± standard
errors

Features β Coefficient* Odds ratio 95 % Confidence interval P value

All (n=170)

Centrifugal filling 2.093±0.450 9.905 4.097, 23.948 0.000

Spoke-wheel arteries 2.129±0.641 8.410 2.394, 29.543 0.001

Feeding artery 0.971±0.318 2.641 1.416, 4.925 0.002

Central scarring 1.829±0.572 6.231 2.029, 19.135 0.001

≤3 cm (n=64)

Centrifugal filling 1.732±0.575 5.655 1.832, 17.455 0.003

Spoke-wheel arteries 1.088±0.837 2.968 0.575, 15.310 0.194

Feeding artery 1.014±0.536 2.758 0.965, 7.878 0.058

Central scarring NA NA NA NA

>3 cm (n=106)

Centrifugal filling 3.114±1.055 22.500 2.846, 177.900 0.003

Spoke-wheel arteries 2.810±1.062 16.615 2.073, 133.151 0.008

Feeding artery 0.459±0.391 1.582 0.734, 3.407 0.241

Central scarring 2.107±0.593 8.226 2.572, 26.309 0.000
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arteries; (2) the gold standard of our study was histopa-
thology. As FNHs with centrifugal filling were smaller than
those without the finding, it consequently might be ignored if
no spoke-wheel vascularity were detected in the lesion (Fig. 3)
[10]. In previous studies [9, 16–18], the final diagnosis con-
firmed by CECT depends on static signs, such as enhanced
intensity and central scarring. As central scarring could only
be detected in relatively large FNHs, there must be many
small FNHs that are excluded by the “gold standard”. There-
fore, the dynamic centrifugal filling and spoke wheel artery
signs were inevitably missed. We found that the centrifugal
filling sign was the only independent factor for predicting
FNH measuring 3 cm or less, which is important for the
differentiation of small FNHs from other FLLs.

Although the feeding artery sign was the most common
sign of FNHs at CEUS, it showed the lowest odds ratio for
characterisation of FNH, which indicates that it was also
regularly observed in other FLLs. As for central scarring, a
detection rate of 31.6 % to 63.3 % [3, 11, 17, 18] was
reported, while our study demonstrated a lower rate of
23.5 % (Table 1). None of the FNHs smaller than 3 cm
presented central scarring, which might explain the lower
detection rate compared with other studies [18].

The diagnostic performance of CEUS on FLLswas reported
to be equal to that of CECT [4, 6, 7, 20]. In two prospective
multicentre studies, Seitz et al. evaluated the diagnostic perfor-
mance of CEUS for the characterisation of FLLs compared
with CECTor CEMRI [6, 7]. In the subgroup taking CECT as
the reference standard, there were one and two discordance
diagnoses for FNH, respectively. However, in the other histo-
logically proven FNH group, they found sensitivity of CEUS
and CECT reduced to 57.1 % and 42.9 %, respectively, and
more discordance with CEUS [6, 7]. Until now, most studies of
FNH at CEUS were based on CECT or CEMRI, and none of
these studies was able to compare the diagnostic performance
of CEUS and CECT [9, 14, 16–19, 24].

In our study, a very good interreader agreement was
obtained for CEUS, which revealed good reproducibility of
the diagnostic performance. The ROC analysis of our study
confirmed that compared with CECT, CEUS showed equal
diagnostic performance for both readers. Although the Az and
specificity of CEUS and CECT showed no statistically signif-
icant difference, the sensitivity of CEUS (80.9 %) was better
than that of CECT (68.1%) for reader 1. Thus, considering the
advantages of flexibility, availability, cost effectiveness and
absence of radiation, characterisation of FNHs using
CEUS would be of great clinical value.

Table 3 Diagnostic performance of CEUS and CECT for both readers

Reader Imaging
technique

Az* Sensitivity
(%)†

Specificity
(%)†

Positive predictive values
(%)†

Negative predictive values
(%)†

Accuracy
(%)†

Total (n=94)

Reader
1

CEUS 0.917 (0.842,
0.964)

80.9 (38/47) 95.7 (45/47) 95.0 (38/40) 83.3 (45/54) 88.3 (83/94)

CECT 0.905 (0.827,
0.956)

68.1 (32/47) 95.7 (45/47) 94.1 (32/34) 75.0 (45/60) 81.9 (77/94)

P Value 0.688 0.041 0.617 NA NA NA

Reader
2

CEUS 0.927 (0.854,
0.970)

78.7 (37/47) 93.6 (44/47) 92.5 (37/40) 81.5 (44/54) 86.2 (81/94)

CECT 0.927 (0.854,
0.970)

70.2 (33/47) 97.9 (46/47) 97.1 (33/34) 76.7 (46/60) 84.0 (79/94)

P Value 1.000 0.221 0.617 NA NA NA

*Data in parentheses are 95 % confidence intervals

†Data in parentheses are those used to calculate the percentages

Fig. 5 Receiver-operating characteristic (ROC) curves show the diag-
nostic performance of CEUS compared with CECT in differentiating
FNH from other focal liver lesions (FLLs). There was no statistically
significant difference between CEUS and CECT for both readers
(all P>0.05), and the dashed line represents reference values
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Eight false-negative lesions (nos. 01–08) at CECT by
both readers presented no diagnostic signs with a mean size
of 2.5 cm, whereas in all lesions the centrifugal filling sign
was detected at CEUS. We presume that CEUS might be
better in the characterisation of small FNHs because dynam-
ic signs may be missed at CECT. On the other hand, cen-
trifugal filling and the spoke-wheel sign could also lead to
misinterpretation in four false-positive lesions at CEUS
(nos. 10–13). The other discrepancies between CEUS
and CECT are probably due to: (1) better spatial
resolution of CECT for the detection of central scar-
ring and (2) personal experience, which cannot be
excluded for the two imaging techniques.

Our study had some limitations. First, FNHs with
obviously benign findings at imaging did not undergo
biopsy or surgery, which may have resulted in a de-
tection rate of CEUS features that is discordant with
factual incidence. Second, the centrifugal filling sign

has also been reported to be detected in hepatic ade-
noma [19], and it was detected in HCC, metastatic
liver cancer and focal fibrosis after surgery in our
study. Therefore, a more specific control group should be
selected to verify the importance of this sign in the character-
isation of small FNHs. Third, the cases in the diagnostic test of
CEUS and CECT were limited, which may have influenced
the accuracy of the two techniques.

In conclusion, CEUS is superior to CECT for
characterising dynamic centrifugal filling or the spoke-
wheel sign in small lesions. With similar diagnostic
performance to CECT, CEUS should be employed as
the first-line imaging technique for the diagnosis of
FNH, taking into consideration radiation exposure and
cost effectiveness.
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Table 4 Discordant diagnosis of CEUS vs. CECT

Lesions Reader Diagnosis Lesion size
(cm)

Enhancement
pattern

Typical features* Histopathological
diagnosis

CEUS CECT Centrifugal
filling

Spoke-wheel
arteries

Feeding
artery

Central
scarring

No. 01 Both FNH Not
FNH

2.5 Hyper-iso-iso + - + - FNH

No. 02 Both FNH Not
FNH

1.7 Hyper-hypo-
hypo

+ - + - FNH

No. 03 Both FNH Not
FNH

1.4 Hyper-iso-iso + + + - FNH

No. 04 Both FNH Not
FNH

5.9 Hyper-hypo-
hypo

+ + - - FNH

No. 05 Reader
1

FNH Not
FNH

2.2 Hyper-iso-iso + - + - FNH

No. 06 Reader
1

FNH Not
FNH

4.0 Hyper-iso-iso + + + - FNH

No. 07 Reader
2

FNH Not
FNH

1.1 Hyper-iso-iso + - + - FNH

No. 08 Reader
2

FNH Not
FNH

1.1 Hyper-iso-iso + - + - FNH

No. 09 Reader
2

Not
FNH

FNH 4.5 Hyper-iso-iso - + - - FNH

No. 10 Reader
1

FNH Not
FNH

2.2 Hyper-hypo-
hypo

+ - + - HCC

No. 11 Reader
1

FNH Not
FNH

2.4 Hyper-hypo-
hypo

+ - + - Focal fibrosis after
surgery

No. 12 Reader
2

FNH Not
FNH

2.7 Hyper-hypo-
hypo

- + + - HCC

No. 13 Reader
2

FNH Not
FNH

2.6 Hyper-hypo-
hypo

+ + + - Metastatic liver
cancer

No. 14 Reader
2

FNH Not
FNH

2.5 Hyper-iso-iso - - + - HCC

No. 15 Both Not
FNH

FNH 5.8 Hyper-hypo-
hypo

- - + - HCC

No. 16 Reader
1

Not
FNH

FNH 8.7 Hyper-hypo-
hypo

- - + - HCC

*The symbolS “+” and ”-” stand for positive and negative, respectively
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