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Abstract
Purpose The purpose of this study was to assess the
diagnostic performance of contrast-enhanced sonography
(CEUS) for the differentiation of focal nodular hyper-
plasia (FNH) from hepatocellular adenoma (HCA) ac-
cording to lesion size.
Materials and methods Forty patients with a definite diagno-
sis of FNH or HCA who underwent CEUS were included in
this institutional review board (IRB)-approved study. A total
of 43 FNHs and 20 HCAs, including 15 inflammatory HCAs
and five unclassified HCAs, were analysed. Two radiologists

reviewed the diagnostic CEUS parameters separately and in
consensus, including the presence or absence of centrifugal
filling and central vessels. The sensitivity (Se), specificity
(Sp), and inter-observer confidence (Kappa) of CEUS diag-
nostic parameters were assessed.
Results Inter-observer agreement of CEUS for FNH diagnosis
was high (kappa=0.81) with an overall Se of 67.4 % [29/43
(CI 95%: 51.4–80.1%)] and an Sp of 100% [20/20 (CI 95%:
81–100 %)]. Significantly higher Se figures were found for
lesions ≤ 35 mm than for lesions > 35 mm [respectively, 93 %
(28/30) (CI 95 %: 77.6–99.2) vs. 7.7 % (1/13) (CI 95 %: 0.2–
36 %), p=0.002] with unchanged specificity.
Conclusion CEUS is highly specific for the diagnosis of
FNH, with very good inter-observer agreement, whatever
the size, but its sensitivity is significantly reduced in diagnos-
ing lesions larger than 35 mm.
Key Points
•CEUS is highly specific for the diagnosis of FNH, regardless
of lesion size

• CEUS shows reduced sensitivity in diagnosing FNH lesions
larger than 35 mm

• The filling patterns of hepatocellular adenomas are not
affected by lesion size

Keywords Contrast-enhanced sonography . Focal nodular
hyperplasia . Hepatic adenoma . Hepatocellular benign
tumours . Gadobenate dimeglumine

Abbreviations
FNH Focal nodular hyperplasia
HCA Hepatocellular adenoma
CEUS Contrast-enhanced ultrasound
Gd-BOPTA Gadobenate dimeglumine

V. Roche : F. Pigneur : L. Tselikas :M. Roux : L. Baranes :
M. Djabbari :A. Rahmouni :A. Luciani (*)
Imagerie Medicale, AP-HP, Groupe Henri Mondor Albert Chenevier,
Creteil 94010, France
e-mail: alain.luciani@hmn.aphp.fr

L. Tselikas :M. Roux : J. Calderaro :A. Laurent :A. Rahmouni :
A. Luciani
Faculté de Médecine Creteil, Universite Paris Est, Creteil 94010,
France

C. Costentin
Hépato-Gasto-entérologie, AP-HP, Groupe Henri Mondor Albert
Chenevier, Creteil 94010, France

J. Calderaro
Anatomopathologie, AP-HP, Groupe Henri Mondor Albert
Chenevier, Creteil 94010, France

A. Laurent
Chirurgie Viscérale, AP-HP, Groupe Henri Mondor Albert
Chenevier, Creteil 94010, France

A. Luciani
INSERM, U 955, Equipe 18, Creteil 94010, France

Eur Radiol (2015) 25:186–195
DOI 10.1007/s00330-014-3363-y



Introduction

The differentiation of focal nodular hyperplasia (FNH) from
hepatocellular adenomas (HCA) is an important challenge
because the management of these two benign hepatocellular
tumours differs drastically: FNHs are treated conservatively,
while HCAs may need to be surgically removed because of
their potential risk of malignant transformation and bleeding
[1–5].

Two distinct, typical vascular profiles have been described
with contrast-enhanced sonography (CEUS) for the differen-
tial diagnosis of FNH and HCA, including distinct arterial
filling direction and vessel distribution. FNH is predicted on
the basis of stellate vascularity, centrifugal filling, and
sustained enhancement on the portal phase, whereas HCA is
associated with a mixed or centripetal filling without stellate
vascularity, and washout on the portal venous phase [6–11].

However, and despite these two distinct patterns, the accu-
rate distinction of FNH from HCA on CEUS suffers from
several limitations: Inflammatory HCA, the most frequent
subtype of the HCA tumour, is known to mimic FNH on
CEUS [12–14]. In addition, different CEUS features of FNH
have been reported in relation to their size [11, 15, 16]. Wang
et al. [11] recently examined computed tomography (CT) and
CEUS for the diagnosis of FNH, and suggested that centrifu-
gal filling was more common in small FNHs than in larger
lesions. To the contrary, Bartolotta et al. reported in a study on
92 FNH lesions that the typical presentation on CEUS, in-
cluding spoke-wheel morphology, was more frequent in large
lesions [15]. Interestingly, in both of these studies, only FNHs
were included, and the CEUS presentations of FNH and HCA
were not compared.

The purpose of our study was therefore to assess the
diagnostic performance of CEUS for the differentiation of
FNH from HCA according to lesion size.

Materials and methods

Patient population

Our institutional review board approved this monocentric,
retrospective study, and the requirement for informed consent
was waived.

Patient population

Between January 2009 andMarch 2013, we reviewed the files
of all patients with a definite diagnosis of either FNH or HCA.
Patients with cystic lesions, malignant lesions and hemangi-
omas, and chronic liver disease were not included. A total of
40 patients—31 patients with only FNHs, seven patients with
only HCAs, and two patients with both FNHs and HCAs—

were included, with a total of 63 lesions (43 FNHs and 20
HCAs). The mean age was 41.6 years (range 20–76 years).
There were 32 female patients and eight male patients. The
mean size of all lesions was 33 mm (range 10–183 mm).
There were no significant differences between the group of
patients with FNHs and HCAs in terms of age (42.9 years +/-
14.1 vs 36.4 years +/- 10.1, respectively; p=0.25) or the mean
size of lesions (31.1 +/- 20.4 mm vs 37.1 +/- 35.9 mm,
respectively, p=0.73). The size distribution of all included
lesions was as follows: 22 lesions ≤ 19 mm (15 FNHs and
seven HCAs); 22 lesions ≥ 20 mm and ≤ 39 mm (15 FNHs
and seven HCAs); 19 lesions ≥ 40 mm (13 FNHs and six
HCAs). The main radiological and pathologic data of the
study population are summarised in Table 1.

Diagnosis confirmation

– HCA: Overall, 20/20 HCAs (100 %) were diagnosed
based on pathology, including immunohistochemistry
data. There were 15 inflammatory HCAs and five
HCAs of the unclassified form [17].

– FNH: In total, 8/43 FNHs (18.6 %) were diagnosed based
on pathology. Pathologic confirmation was recommend-
ed by a multidisciplinary staff decision because of the
absence of any visible central scar for seven FNH lesions,
and the presence of intra-lesional fat and concomitant
absence of a central scar for one FNH lesion. The size
of the eight FNHs that were confirmed on pathology
ranged from 12 mm to 57 mm (mean 32.7 mm +/-
17 mm). The diagnosis of the remaining 35 FNH lesions
was confirmed on typical gadobenate dimeglumine (Gd-
BOPTA) magnetic resonance imaging (MRI) presenta-
tion and a follow-up for at least six months demonstrating
no change on imaging examinations (mean follow-up:
10.5 months +/- 6.8). FNHs were characterised based on
both typical presentation on T1-WI, T2-WI, dynamic Gd-
enhanced MRI, and hepatobiliary phase MRI [18].

Sonography technique

All CEUS examinations were performed on Aplio (Toshiba
Medical Systems), by two radiologistswith seven and 10 years
of experience in liver CEUS. CEUS was performed with
Sonovue® (Bracco, Milan, Italy), injected via the peripheral
venous route. The image frame rate was 11 Hz.

First, baseline gray-scale sonography and color Doppler
were performed to identify each hepatic lesion. Then, low-
mechanical-index (<0.1) contrast-enhanced ultrasound was
performed after the bolus injection of 2.4 mL Sonovue®
(Bracco, Milan, Italy) followed by a 20-ml saline flush.
Multiple cineloops and still frames were recorded to show
gray-scale sonography and enhancement kinetics after the
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injection of microbubbles until five minutes had passed. The
arterial phase was defined as the 0–35-s interval after the flush
was completed, the portal phase was 35–120 s, and the late
phase began after 120 s. All imaging data were archived on the
institution PACS system for further analyses.

Sonography analysis

Two radiologists with 10 (reader 1) and five (reader 2) years of
experience in liver imaging, blinded to clinical, other imaging,
and pathology findings, independently assessed the following
CEUS parameters on the archived cine-loops: arterial phase
enhancement (hypervascular, isovascular, or hypovascular),
portal venous phase enhancement (iso-, hyper-, or hypoechoic
relative to the adjacent normal liver parenchyma), filling
direction (centrifugal, centripetal, or mixed), presence of a
central artery, transient peripheral unenhanced zone, central
scar, and central necrosis.

The following previously published criteria were used for
CEUS analysis [7]: centrifugal filling was defined as initial
central enhancement that progressed toward the periphery of
the lesion over time. The initial presence of microbubbles
elsewhere than in the centre of the lesion was not considered
centrifugal (i.e., mixed or centripetal). Centripetal filling was
defined as initial peripheral enhancement that progressed to-
ward the centre of the lesion over time. The arterial phase
filling pattern was considered mixed if the enhancement oc-
curred throughout the lesion and did not show either a cen-
trifugal or a centripetal filling direction. A transient peripheral
unenhanced zone was defined as a non-enhancing rim-like
area in the periphery of the lesion in the arterial phase that
gradually disappeared over time. Central arteries were defined
by the presence of enhancing central arteries with either linear
or star-like or spoke-wheel morphology. A central scar was
defined as a central stellate hypoechoic linear without contrast
enhancement in the portal venous phase. Central necrosis was
defined as an irregular area without contrast enhancement on
all phases.

According to these established literature criteria, each read-
er was asked to grade each lesion as follows: score 1, defi-
nitely FNH; score 2, probably an FNH; score 3, possibly an
FNH; score 4, probably an HCA; score 5, definitely an HCA
[6–11, 19, 20]. An FNH with a score of 1 showed both
centrifugal filling and at least two other criteria among the
following, while an FNH with a score of 2 showed both
centrifugal filling and one other criteria among the following:
central artery, central scar, transient peripheral unenhanced
zone, and absence of hypoechoicity in the portal venous
phase. Lesions with mixed or centripetal filling were graded
with scores of 3, 4, or 5.

A consensus analysis of each lesion was performed by the
two readers in a distinct reading session performed 12 weeks
after the first one, all cases being reviewed in a random order.
In the case of a disagreement between the two readers, a third
reader with 15 years of experience in liver imaging decided
the final score.

Statistical analysis

Patient and lesion characteristics are presented as the number
and percentage for qualitative variables, and as the mean with
standard deviation for quantitative variables. Comparisons
between groups were performed with Fisher’s exact test and
the Mann–Whitney U test, and McNemar’s test was used to
compare sensitivities. Sensitivity, specificity, positive predic-
tive value, and accuracy in differentiating FNH from HCA
were calculated for each diagnostic sign—arterial filling, cen-
tral artery and scar, transient unenhanced zones, central ne-
crosis, enhancement in the portal venous phase—and for the
overall classification.

A diagnosis of FNH was considered positive for lesions
graded with a score of 1 or 2.

Consensus analysis of diagnostic performance according to
lesion size was performed using a receiver operating charac-
teristic (ROC) curve, and the size cut-off value providing the
highest Youden index was noted. The comparison of CEUS

Table 1 Population and lesion features of the study’s 40 patients: 31 patients with only FNH, seven patients with only HCA, and two patients with both
FNH and HCA, with a total of 63 lesions (43 FNHs and 20 HCAs)

Patients with FNH (n=33) Patients with HCA (n=9) p*

Age (mean +/- SD) of patients 42.9 +/- 14.1 36.4 +/- 10.1 0.25

Female / male ratio 25 / 7 7 / 1

Lesion size (mean +/- SD) 31.1 +/- 20.4 37.1 +/- 35.9 0.73

Underlying liver steatosis 9 4

Number of lesions 43 FNHs (23 solitary FNHs, 18 multiple
FNHs in eight patients, two FNHs in
association with HCAs in two patients)

20 HCAs (one solitary HCA, 16 multiple
HCAs in six patients, three HCAs in
association with FNHs in two patients)

FNH focal nodular hyperplasia; HCA hepatocellular adenoma;
*Mann–Whitney U test
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features and CEUS diagnostic performance between the two
groups using this cut-off value was carried out based on
consensus analysis.

Weighted Kappa statistics were calculated to assess inter-
observer agreement. Agreement was graded as k<0.20, poor;
0.20–0.39, fair; 0.40–0.59, moderate; 0.60–0.79, substantial;
or 0.80–1.00, almost perfect [21].

For all analyses, a two-sided p-value of ≤ 0.05 was consid-
ered statistically significant. Statistical analysis was performed
with Graphpad Prism software, version 5.0 (LA Jolla, CA).

Results

CEUS presentation of all lesions

The CEUS features based on consensus and individual anal-
ysis are summarised in Table 2. All 63 lesions were
hypervascular on the arterial phase.

Centrifugal filling was significantly more commonly ob-
served in FNHs than in HCAs (p<0.001 for both readers)
(Fig. 1). On the other hand, centripetal filling was significantly
more frequent in HCAs (p<0.001 for reader 1 and p<0.0001
for reader 2). There was no significant difference regarding the
mixed filling between FNHs and HCAs (p=0.055 for reader 1
and p=0.27 for reader 2). The analysis of the filling pattern
between readers showed an almost perfect inter-observer
agreement (Kappa=0.81).

Table 2 Main features of 43 FNHs and 20 HCAs on contrast-enhanced sonography, based on individual and consensus analysis

Reader 1 (senior) pa Reader 2 (junior) pa Kappa Consensus
analysis

pa

FNH n=43 HA
n=20

FNH n=43 HA
n=20

FNH
n=43

HA
n=20

Arterial phase filling pattern Centrifugal
n (%)

29 (67) 1 (5) <0.001 27 (63) 1 (5) <0.001 0.81 29 (67) 0 (0) <0.001

Mixed
n (%)

14 (33) 12 (60) 0.055 16 (37) 11 (55) 0.27 14 (33) 13 (65) 0.027

Centripetal
n (%)

0 (0) 7 (35) <0.001 0 (0) 8 (40) <0.0001 0 (0) 7 (35) <0.001

Transient unenhanced zone
n (%)

20 (47) 1 (5) 0.001 19 (44) 2 (10) 0.009 0.71 22 (51) 1 (5) <0.001

Central arteries n (%) 15 (35) 0 (0) 0.001 7 (16) 2 (10) 0.71 0.29 19 (44) 0 (0) <0.001

Central scar n (%) 5 (12) 0 (0) 0.17 5 (12) 0 (0) 0.17 1 6 (14) 0 (0) 0.16

Central necrosis n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Enhancement in portal
venous phase

Hyper or Isoechoic
n (%)

39 (91) 11 (55) 0.002 39 (91) 13 (65) 0.03 0.9 39 (91) 11 (55) 0.002

Hypoechoic
n (%)

4 (9) 9 (45) 4 (9) 7 (35) 4 (9) 9 (45)

a Fischer’s exact test

Note – Numbers in parentheses are percentages

Fig. 1 Image from a 31-year-old female patient with a 34-mm large focal
nodular hyperplasia; contrast-enhanced sonogram after microbubbles
injection shows a lesion with central artery (arrowhead), centrifugal
filling, and transient peripheral unenhanced zone (arrows)
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The presence of a transient peripheral unenhanced zone
was significantly more common in FNHs than in HCAs (p<
0.001 for reader 1 and p<0.009 for reader 2), with substantial
inter-observer agreement (Kappa=0.71).

Central arteries were more commonly observed in FNHs
than in HCAs, and were significantly more frequent for reader
1 (p<0.001), with a fair inter-observer agreement (Kappa=
0.29) (Fig. 1).

Sustained portal venous phase enhancement was more
commonly observed in FNHs and hypoechoicity in the portal
venous phase was more commonly observed in HCAs (p=
0.002 for reader 1 and p=0.03 for reader 2), with almost
perfect inter-observer agreement (Kappa=0.9).

There was no significant difference regarding the presence
or absence of a central scar between FNHs and HCAs (p=0.2
for reader 1 and p=1 for reader 2).

Central necrosis was never observed in either FNH or
HCA.

Overall CEUS diagnostic performance, whatever lesion size

The grading of all lesions based on consensus analysis is
summarised on Table 3. Overall, 29/43 FNHs (67.4 %) were
gradedwith a score of 1 and 2, while 15/20 HCAs (75%)were
graded 4 and 5.

For the diagnosis of all FNHs, whatever the size, the
sensitivity, specificity and positive predictive value of CEUS
were, respectively, 67 % (CI 95 %: 51.4–89.9 %), 100 %, and
100 % for reader 1 and 56 % (CI 95 %: 41.1–69.6 %), 95 %
(CI 95 %: 74.6–100 %), and 96 % (CI 95 %: 78.9–100 %) for
reader 2.

Overall, the inter-observer agreement for the diagnosis of
FNH was almost perfect (kappa=0.81).

On consensus analysis, the sensitivity and specificity of
CEUS for the diagnosis of FNH were 67.4 % (CI 95 %: 51.4–
80.1 %) and 100 % (CI 95 %: 81–100 %), respectively.

Consensus analysis of the impact of lesion size on CEUS
diagnostic confidence

Based on ROC curve analysis, the highest diagnostic accuracy
was provided using a 35-mm lesion size cut-off value (AUC:
0.88 [CI 95 %: 0.79–0.97], p<0.0001), as shown in Fig. 2.

For the diagnosis of an FNH≤35 mm, the sensitivity, speci-
ficity, and positive predictive value of CEUS were, respectively,
93 % (CI 95 %: 77.6–99.2 %), 100 %, and 100 % for reader 1
and 77% (CI 95%: 58.8–88.5%), 93% (CI 95%: 66.5–100%),
and 96 % (CI 95 %: 78.1–100 %) for reader 2. For the diagnosis
of an FNH>35 mm, the sensitivity, specificity, and positive
predictive value of CEUS were, respectively, 8 % (CI 95 %:
0.2–36 %), 100 % and 100 % for both readers.

Based on consensus analysis, the sensitivity for FNH diag-
nosis was significantly lower in FNH lesions > 35 mm com-
pared to FNHs≤35mm [7.7% (CI 95%: 0.2–36%) vs 93.3%
(CI 95 %: 77.6–99.2 %), p=0.002], as shown in Table 4.

The mean size of the 29 FNHs scored as 1 or 2, according
to the consensus analysis (Fig. 3), was significantly smaller
than that of the 14 FNHs scored as 3, 4, or 5 (20.2 mm +/-
8.2 mm and 53.5 mm +/- 19.5 mm, respectively, p<0.0001).

Impact of lesion size on CEUS features

& FNH lesions:

The CEUS features for FNHs≤35 mm and for FNHs>
35 mm are summarised in Table 5 and Fig. 4. Centrifugal
filling and transient peripheral unenhanced zones were signif-
icantly more commonly observed in FNHs≤35 mm (respec-
tive OR=124.7 [11.3; 6927.3], p<0.0001; and OR=25.8 [3;
1242.4], p=0.0002) (Fig. 4). Central arteries (OR=1.5 [0.3;
8.2], p=0.73), or central scar (OR=0.38 [0.04; 3.3], p=0.38)
were equally detected in FNHs, no matter the lesion size.

Hypoechoic FNHs during the portal venous phase were
detected in 3/30 (10 %) of the FNHs≤35 mm and in 1/13
(8 %) of the FNHs>35 mm. These four hypoechoic FNHs
were all associated with liver steatosis and were all
hypoechoic on baseline gray-scale sonography. There were
no statistically significant differences in terms of sustained
enhancement or hypoechoicity in the portal venous phase
between FNHs≤35 mm and FNHs>35 mm (OR=0.75
[0.001; 10.6], p=1.0).

& HCA lesions:

The CEUS features for HCAs≤35 mm and HCAs>35 mm
are summarised in Table 6.

Centrifugal filling, central arteries, or central scar were
never observed in any HCAs. The presence of centripetal,
mixed filling, or of a transient peripheral unenhanced zone

Table 3 Score distribution for all included lesions based on CEUS
consensus analysis: Overall, 29/43 FNH lesions (67.4 %) were given
scores of 1 and 2, while 15/20 HCAs (75%) were given scores of 4 and 5,
yielding respective sensitivity and specificity figures of CEUS for the
diagnosis of FNH of 67.4% (CI 95%: 51.4–80.1%) and 100% (CI 95%:
81–100 %)

FNH (n=43) HCA (n=20)

Score 1: definitely FNH 14 (32.6) 0

Score 2: probably a FNH 15 (34.9) 0

Score 3: possibly a FNH 5 (11.6) 5 (25)

Score 4: probably a HCA 9 (20.9) 13 (65)

Score 5: definitely HCA 0 2 (10)

Note – Numbers in parentheses are percentages
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(Figs. 5 and 6) was equally distributed between HCAs≤
35 mm or HCAs>35 mm (p=1).

Hypoechoic appearance in the portal venous phase was
more common in HCAs>35 mm than in HCAs≤35 mm
(p=0.05, OR=12.5 [1.4; 112.2]).

Discussion

Differentiating FNH from HCA remains challenging, as these
benign hepatocellular lesions share common clinical and

radiological features. Previous publications have suggested
that CEUS is efficient for differentiation between FNH and
HCA [7–10, 22]. This study first confirms the high specificity
of CEUS for the diagnosis of FNH, for any lesion size [11,
12]. In addition, this study suggests that the key diagnostic
features of FNH are less frequently recognised in FNH le-
sions>35 mm, thereby reducing the diagnostic performance
of CEUS.

In lesions smaller than 35 mm, the observed sensitivity and
specificity of CEUS for the diagnosis of FNH were 93.3 %
and 100 %, respectively. These results confirm that CEUS
could be complementary to MRI, which is known to be less

Fig. 2 Diagnostic performance
of contrast-enhanced ultrasound
(CEUS) in differentiating FNH
from HCA according to lesion
size, based on consensus analysis;
according to ROC curve analysis,
the highest diagnostic accuracy
was provided using a 35-mm
lesion size cut-off (red square).

Table 4 Impact of lesion size on the CEUS diagnostic confidence, based
on consensus analysis. Based on ROC curve analysis, the highest diag-
nostic accuracy was provided using a 35-mm cut-off value (AUC: 0.88
[CI 95 %: 0.79–0.97], p<0.0001). Based on consensus analysis, the

sensitivity for the diagnosis of FNH was significantly lower in FNH
lesions > 35 mm compared to FNH lesions ≤ 35 mm [7.7 % (CI 95 %:
0.2–36 %) vs 93.3 % (CI 95 %: 77.6–99.2 %), p=0.002]

Consensus analysis p value*

Sensitivity % (CI 95 %) For all lesions (n=43) 67.4 (51.4-80.1)

For lesions≤35 mm (n=30) 93.3 (77.6-99.2) 0.002
For lesions > 35 mm (n=13) 7.7 (0.2-36)

Specificity % (CI 95 %) For all lesions (n=20) 100 (81-100)

For lesions≤35 mm (n=14) 100 (74.9-100) NS
For lesions > 35 mm (n=6) 100 (55.7-100)

CI 95 %: confidence interval 95 %

NS not significant
*McNemar’s test
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accurate for small FNH analysis because of frequently absent
central stellate areas [3, 23].

Both the centrifugal filling pattern and the transient periph-
eral unenhanced zone were significantly less frequently en-
countered in FNHs larger than 35 mm. These results confirm
those of a recent study [11] in which a centrifugal filling was
more commonly associated with FNHs<3 cm. Larger lesions

are associated with an increased vascular supply and the
presence of several feeding arteries [24]. This probably alters
the early imaging presentation of FNH, and hence, the diag-
nostic performance of CEUS. As a result, we observed that the
mean size of typical FNH (score 1 or 2) was significantly
smaller than that of FNH lesions with scores of 3, 4 or 5.
Interestingly, there was no statistical difference between FNH
and HCA in terms of lesion size, suggesting that both large
FNH lesions and HCAs showed mixed or centripetal
enhancement.

In this study, of the 13 FNH lesions associated with liver
steatosis, four were hypoechoic in the portal venous phase
(31 %), all of which were already hypoechoic prior to contrast
injection. This result is in accordance with the study of
Bartolotta et al. [25], in which five out of 16 FNH lesions
(31 %) associated with liver steatosis were hypoechoic in the
portal venous phase on CEUS.

Regarding HCA feature presentation according to lesion
size, the results of this study show that the filling patterns of
HCAs were not affected by lesion size. However, large HCAs
were more commonly hypoechoic in the portal venous phase
than small lesions. In comparison to previous studies dealing
with FNH and HCA observed on CEUS, we report lower
sensitivity and higher specificity figures for FNH diagnosis.
Kim et al. reported sensitivity figures ranging from 86 to 95%
and specificity figures ranging from 74 to 79 % [7]. In the
present study, FNHs were considered typical only if they were
graded with scores 1 and 2, while scores of 1, 2, and 3 were
considered typical in the study of Kim et al. In addition,
centrifugal filling was strictly defined as initial central en-
hancement progressing over time toward the periphery of
the lesion. The initial presence of microbubbles anywhere
beyond the centre of the lesion was enough to consider the
filling as mixed or centripetal. Moreover, FNH lesions were
analysed together with a high proportion of inflammatory

Fig. 3 Size distribution of all FNH lesions according to the diagnostic
consensus score. Typical FNHs (score 1 and 2) were significantly smaller
than atypical FNHs (score 3, 4, and 5) on CEUS

Table 5 CEUS features of FNHs≤35 mm and FNHs>35 mm based on
consensus analysis Centrifugal filling and transient peripheral
unenhanced zone were significantly more commonly observed in FNH

lesions≤35 mm (respective OR=124.7 [11.3; 6927.3], p<0.0001; and
OR=25.8 [3; 1242.4], p=0.0002)

FNH (n=43) ≤ 35 mm
(n=30)

> 35 mm
(n=13)

OR
[CI 95 %]

p valuea

Arterial phase filling pattern Centrifugal 28 (93) 1 (8) 124.72
[11.3; 6927.3]

<0.0001
Mixed or centripetal 2 (7) 12 (92)

Transient unenhanced zone 21 (70) 1 (8) 25.8 [3; 1242.4] 0.0002

Central arteries 12 (40) 4 (31) 1.5 [0.3; 8.2] NS

Central scar 3 (10) 3 (23) 0.38 [0.04; 3.3] NS

Enhancement in portal venous phase Hyper or Isoechoic 27 (90) 12 (92) 0.75 [0.001; 10.6] 1
Hypoechoic 3* (10) 1* (8)

Note - Numbers in parentheses are percentages
a Fischer’s exact test

*Lesions associated with liver steatosis

NS not significant
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adenomas, which share with FNH an early and intense en-
hancement on arterial phase imaging.

Interestingly, the overall inter-observer agreement regard-
ing the CEUS-based diagnosis of FNH (lesion score 1 or 2)
was almost perfect (kappa=0.81). Moreover, no matter the
lesion size, the inter-observer agreement on CEUS features in
individual analysis was excellent for all criteria except the
identification of a central artery, a point which has already
been reported in the literature [7], suggesting that this

parameter is the least reproducible. In addition, the ambiguous
definition of spoke-wheel artery, spoke-wheel sign, and feed-
ing artery could explain the variable detection rate of these
signs in the literature [7, 11, 15, 16]. This could also explain
why central arteries as defined here were not more frequently
observed in larger FNH lesions, conversely to the study of
Wang et al [11].

This study bears several limitations. First, only FNH and
HCA lesions were included, thereby excluding malignant

Fig. 4 Comparison of contrast-
enhanced ultrasound (CEUS)
features of FNH according to
lesion size, based on consensus
analysis

Table 6 CEUS features of HCAs≤35 mm and HCAs>35 mm based on consensus analysis

HCA (n=20) ≤ 35 mm
(n=14)

> 35 mm
(n=6)

OR
[CI 95 %]

p valuea

Arterial phase filling pattern Centrifugal 0 (0) 0 (0)

Mixed 9 (64) 4 (67) 0.9
[0.1; 7.1]

1
Centripetal 5 (36) 2 (33)

Transient unenhanced zone 1 (7) 0 (0) 1

Central arteries 0 (0) 0 (0)

Central scar 0 (0) 0 (0)

Enhancement in portal venous phase Hyper or Isoechoic 10 (71) 1 (17) 12.5
[1.4; 112.2]

0.05
Hypoechoic 4 (29) 5 (83)

a Fischer’s exact test

Note - Numbers in parentheses are percentages
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primary or metastatic lesions. Although HCAs are known
mimickers of FNHs, this selection bias probably improved
the overall accuracy. Second, the diagnostic performance of
CEUS for HCA diagnosis was not performed. Indeed, HCAs
are diagnosed based on pathology in order to exclude the
possibility of hepatocellular carcinoma. In addition, our aim
was rather to fully characterise FNHs and differentiate them
from HCAs. Third, ß-catenin-mutated and steatotic HCAs
were not present in this study. However, it is well-known that
the most troublesome situation is the differential diagnosis
between FNH and inflammatory HCA, as this subtype shares
common imaging features with FNH, especially regarding
early and intense enhancement, unlike the steatotic form,
which is hypovascular [14]. Fourth, although all HCA lesions
underwent percutaneous biopsy or surgical resection, a large

proportion of FNH lesions lacked pathological confirmation;
however, in all of these latter cases, the diagnosis was reached
with Gd-BOPTA MRI, a hepatobiliary contrast agent with
optimal sensitivity and specificity [18, 23, 26]. Moreover, it
is now well-accepted that FNH lesions should not be biopsied
when they show typical aspects on MRI [3, 18]. Lastly, our
aim was not to test the performance of CEUS as compared to
Gd-BOPTAMRI, but rather to determine the impact of lesion
size on diagnostic confidence with CEUS.

In conclusion, this study shows that CEUS is highly spe-
cific for the diagnosis of FNH for any lesion size, with very
good inter-observer agreement, but that its sensitivity is sig-
nificantly reduced in lesions larger than 35mm. Hence, CEUS
could be a useful adjunct tool in assessing smaller lesions,
whereas MRI should probably be used for larger lesions.

Fig. 5 Image from a 29-year-old
woman with both a large, 45-mm
focal nodular hyperplasia and a
10-mm large hepatocellular ade-
noma, each diagnosed based on
pathology. Contrast-enhanced
sonograms after injection show a
large lesion with mixed filling on
the arterial phase (arrow) corre-
sponding to the FNH lesion, and a
second small lesion with centrip-
etal filling (arrowhead) corre-
sponding to the hepatic adenoma.
The large mass was misdiagnosed
as hepatic adenoma on CEUS
because of mixed filling

Fig. 6 Image from a 51-year-old
woman with hepatocellular ade-
noma (30-mm) confirmed on pa-
thology. Contrast-enhanced sono-
grams after injection show the le-
sion with mixed filling
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