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Abstract

Background Focal nodular hyperplasia (FNH) in children is a rare but benign tumour, which must be differentiated from
malignant entities to avoid unnecessary treatment, leading to potential morbidity.

Objectives To provide data on imaging findings of these lesions with a suggested algorithm for diagnosis, sampling and
follow-up.

Materials and methods This retrospective review evaluated imaging of all patients diagnosed with FNH in two tertiary
referral centres in Europe between 1975 and 2018.

Results One hundred and four patients with 137 tumours were reviewed. The mean age at presentation was 8.2 years. The
median tumour size was 5 cm (range: 0.3-29 cm). Multiple lesions were seen in 16.3% of patients. The male-to-female ratio
was 1:2.

Conclusion FNH with typical features on imaging can be safely followed up once the diagnosis has been established. The
use of contrast-enhanced ultrasound and magnetic resonance imaging allows accurate characterisation in most cases. Histo-
logical sampling is only advised when there is diagnostic doubt. Atypical arterial enhancement of FNH should prompt the
search for a congenital portosystemic shunt.
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Introduction not been fully elucidated, nodules of hyperplastic hepato-

cytes are thought to form in response to an imbalance in
Focal nodular hyperplasia (FNH) is a rare hepatic tumour  loco-regional arterial and portal blood flow [3]. Whether
with a reported prevalence of 0.4—2% in the paediatric popu-  this imbalance is congenital or acquired is debated, as is the
lation [1, 2]. Although the exact underlying pathogenesis has  event that causes the initial microvascular insult [4]. This has

been hypothesised to be from a number of potential causes,
5X Greg Chambers including vasculitis, thrombosis, portosystemic shunts,

g.chambers @nhs.net chemotherapy and radiotherapy [3, 5-9].

In children, as in adults, FNH discovery is often inciden-
tal during imaging examinations for other reasons, although
a proportion of patients present with abdominal pain, a
palpable abdominal mass or deranged liver function tests
[10]. However, in contrast to adults, where they are almost
Residency School of Pediatric Surgery, Via University universally considered “do not touch” lesions [11], FNH in
of Rome Tor Vergata, Cracovia, 50, Rome, Italy . . . L.

children continue to be a source of anxiety for clinicians,
patients and their parents, owing to the fact that histori-
cally it has been reported that two-thirds of liver tumours in
children are malignant in origin [12]. This anxiety is com-
pounded by the fact that FNH in children can often be atypi-
cal in radiologic appearance, larger on initial presentation,
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increase in size and occur in patients who are followed up
long term for previous malignancy [8, 13].

Reassuringly, the malignant transformation of FNH has
never been documented. Recurrence, intratumoral haem-
orrhage and rupture are recognised complications, but are
rare and have not been reported in the paediatric population
[14—17]. Therefore, establishing the diagnosis is paramount
in allaying fears and modifying management.

However, even if a confident diagnosis of FNH can be
made on imaging or histologically, there is little high-quality
evidence to guide clinicians about definitive management,
as robust randomised-controlled trials are difficult given
the rarity of this tumour in children [18]. Surgical resection
technically remains the gold standard treatment and manner
in which to obtain a pathological specimen, but given the
morbidity and mortality risk associated with such proce-
dures, coupled with the fact that FNH is a benign indolent
lesion, the risk-benefit of this approach has been called into
question recently [13, 19, 20].

Today’s imagers have a large array of diagnostic modali-
ties from which to choose, including ultrasound (US), mag-
netic resonance imaging (MRI) and computed tomography
(CT). These can be further augmented with various intra-
venous contrast agents to give vital supplementary infor-
mation. The role of contrast-enhanced studies is pivotal
in the diagnosis of focal liver lesions, and typical tumour
and scar enhancement patterns are well established in con-
trast-enhanced CT and contrast-enhanced MRI [2, 21-23].
Typical enhancement patterns are well-described in con-
trast-enhanced US [24, 25], but this is still not a routine
examination at nonspecialist (and even many specialist)
centres.

Five typical features of FNH have been described [26]:
similar attenuation/echogenicity/signal to background liver;
homogeneity; strong arterial phase enhancement with no
washout, a central scar and the absence of a capsule. These
findings alone are nonspecific, but if all are present pro-
vides up to 98% specificity [14]. Where these are not dem-
onstrated, tissue biopsy (percutaneous or surgical) may be
required.

Management of these lesions should be dealt with ini-
tially in specialist tertiary hepatobiliary centres, although
most of these tumours may be referred in from smaller local
centres. Once a diagnosis has been established, patients may
be discharged to their local centre for monitoring, so the
need for general radiologists and sonographers to recognise
these lesions and patterns of evolution is important.

In this paper, we present the imaging findings of FNH
lesions in paediatric patients from two European tertiary
hepatobiliary referral centres, combining data spanning
almost 50 years and based on our findings we suggest
an approach to imaging these children. This paper will
focus more heavily on radiologic aspects of FNH, but the

interested reader can find the clinical and management
aspects in a subcohort of these patients already published
in the literature [27].

Materials and methods

A retrospective analysis was undertaken of the imaging in
all patients < 18 years old referred to our centres’ paediat-
ric radiology departments from 1975 to 2018 with a liver
tumour suspicious for FNH. These were comprised of local
and nationally and internationally referred patients on a pro-
spectively held database and from searches on the local radi-
ology information systems and Picture Archive and Commu-
nication Systems (PACS). T.A., a radiologist with 5 years’
experience, reviewed imaging from their own institute. G.C.,
aradiologist with 5 years’ experience, reviewed all imaging
from both institutes. S.F.-A., a radiologist with 20 years’
experience, and H.W., a radiologist with 19 years’ experi-
ence, provided a final consensus opinion, where required,
for their respective institutes.

Formal ethics committee approval was waived for this
study in both centres, which was considered by the institu-
tional review board to represent evaluation of a routine clini-
cal service. Inclusion criteria were final histological diagno-
sis of FNH made by an expert pathologist in paediatric liver
disease, or where histology was not available/required due
to typical imaging features and no clinical or biological red
flags, radiologic diagnostic features of FNH confirmed by a
radiologist with expertise in paediatric liver disease.

All available cross-sectional modalities were included:
MRI, CT and US with or without contrast enhancement.
The type of contrast material used was dependent on the
licensed use in the respective countries at the time of the
image acquisition.

Contrast-enhanced US performed in our institutions used
sulfur heaxafluoride suspension in one or more doses up
to a maximum of 2.4 ml (SonoVue; Bracco UK Ltd., High
Wycombe, UK). Contrast-enhanced MRI was performed in
our institutions using various extracellular contrast agents.
When hepatobiliary-specific agents were used, this was rou-
tinely gadoxetic acid (Primovist; Bayer Plc, Reading, UK) at
0.1ml/kg. Contrast-enhanced CT was performed with vari-
ous water-soluble intravenous iodinated contrast agents.

Patients with follow-up studies using the same modal-
ity had only their baseline studies analysed. Where multiple
modalities were used in baseline diagnosis, all modalities
were analysed.

Tumour characteristics recorded included factors such
as maximum diameter, number, border definition and pres-
ence/absence of a scar. Modality-specific features were
recorded for each tumour, respectively: US — echogenicity
and enhancement pattern when contrast-enhanced US was
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performed; CT — density of tumour and scar, and enhance-
ment pattern of tumour/scar; MRI — intensity (T1-W/T2-W)
of tumour/scar, diffusion-weighted imaging characteristics,
enhancement pattern of tumour/scar and type of contrast
used. Tumours were assessed for typical enhancement pat-
tern, which on cross-sectional imaging was defined as arte-
rial phase hyperenhancement above that of the background
liver, enhancement equal or just greater than the background
liver on portal venous phase, with no washout on delayed
imaging (Fig. 1). In addition, retention of hepatobiliary
specific contrast agents on delayed-phase MR imaging was
documented where used (Fig. 2). On contrast-enhanced US,
this was defined as seeing a central arterial feeding vessel,
spoke-wheel pattern of enhancement followed by homogene-
ous centrifugal in-filling with no washout (Fig. 3).
Categorical variables are reported as absolute and relative
frequencies (%). Continuous variables are reported as mean
(95% confidence intervals [CI]) or median (range). Where
data were unavailable from the retrospective data collection
measure, these points were omitted in the final data analysis.

Results
Overview

One hundred and four patients (median age: 8§ years, range:
0.5-15 years) with imaging were included for analy-
sis, yielding 137 tumours. Thirty-five patients were male
(33.7%) with a male-to-female ratio of 1:2 (Table 1). The
mean tumour diameter was 5.6 cm (95% CI 4.9 to 6.3) and
the median diameter was 5.0 cm (range: 0.3 to 29.0 cm).

Fig. 1 Multiphase axial
magnetic resonance imaging
using gadoterate meglumine
(Dotarem; Guerbet LLC,
Villepinte, France) shows
typical enhancement of a focal
nodule hyperplasia lesion in a
13-year-old girl presenting with
nonspecific abdominal pain. a
Pre-contrast T1-W axial image
shows a large isointense lesion
within the right lobe of liver,
demonstrating a hypointense
central scar (arrow). b Intense
enhancement of the tumour

is seen in the arterial phase.
The scar remains hypointense.
¢ In the portal venous phase,
the lesion becomes isointense
to the background liver. d In
the delayed phase, there is no
lesion washout and the scar is
hyperintense

@ Springer

Lesions were solitary in 87 patients (83.7%) and 17 patients
(16.3%) had multiple lesions accounting for 47/137 lesions
(34.3%). Patients with multiple lesions had a median of 2
tumours (range: 2—6 tumours).

Thirty-three patients (31.7%) had significant comor-
bidities: congenital portosystemic shunt= 13, portal vein
cavernoma =4, previous malignancy treated with chemo-
therapy = 6, sickle cell disease =4. Other isolated comor-
bidities were biliary atresia, mesenchymal hamartoma, type
1 diabetes, Hashimoto thyroiditis, polycystic ovary disease,
complex cardiac malformations, von Willebrand disease,
membranoproliferative glomerulonephritis, oesophageal
atresia and gallstone pancreatitis. One hundred and eighty-
three examinations were performed and analysed: 89 US,
43 CT and 51 MRI. Twenty-one patients (20.2%) underwent
US only, 6 patients (5.8%) underwent CT only and 7 patients
(6.7%) underwent MR only. A combination of US and CT
was used in 26 patients (25.0%), US and MR in 33 patients
(31.7%) and MR and CT in 2 patients (1.9%). Nine patients
(8.7%) underwent US, CT and MR.

Ultrasound

Eighty-nine patients (85.6%) had US and of these 10/89
(11.2%) received intravenous contrast material (microbub-
bles). In total, 106/137 total lesions (77.4%) were observed
by US. The US imaging findings are summarised in Table 2.
Of 16 lesions with both US (all non-contrast enhanced)
and CT examinations available, the visible scar on US was
also visible on CT in 6. CT depicted the central scar in the
remaining 10 lesions, which were not appreciated on US.




Pediatric Radiology (2023) 53:46-56

49

Fig.2 Multiphase axial magnetic resonance imaging using gadoxetic
acid (Primovist; Bayer Plc, Reading, UK) shows typical enhance-
ment of a focal nodular hyperplasia lesion in a 6-year-old girl pre-
senting with abdominal pain and constipation. a Pre-contrast T1-W
axial image shows a large lobulated isointense lesion within the left
lobe of liver, demonstrating a hypointense central scar (arrow). b

Of 29 lesions with both US (5/29 [17.2%] received US con-
trast) and MRI, an US visible scar was also seen on MR in 4.
Only one lesion showed a scar on contrast-enhanced US, the
remainder were seen on B-mode US. A scar was seen on MR
in 25 lesions on pre-contrast T1 or T2, which were not visible
on US.

Magnetic resonance imaging

Fifty-one patients (49.0%) underwent MR, providing imaging
data on 78/137 of the lesions (56.9%) in the data set. Sev-
enty-two of these lesions (92.3%) had pre- and post-contrast
imaging, of which 24/72 (33.3%) received hepatobiliary-spe-
cific contrast agent. MR imaging features are summarised in
Table 3.

Of 11 lesions with both MR and CT, the scar was seen on
both modalities in 5/11 (45.5%). A scar was seen on CT but

Intense enhancement of the tumour is seen in the arterial phase. The
scar remains hypointense. ¢ In the portal venous phase, the lesion is
slightly hyperintense to the background liver. d In the hepatobiliary
phase, there is retention of Primovist in the tumour and normal liver,
indicating a hepatocellular tumour. The scar remains hypointense

not MR in 1/11 lesions (9.1%) and a visible scar was seen on
MR but not on CT in 2/11 lesions (18.2%).

Contrast agents

Of the 45 patients (with 72 lesions) who received intravenous
contrast, 14 patients (31.1%) with 25 lesions received Primov-
ist. The remainder (31 patients with 47 tumours) received
varying extracellular contrast agents.

With Primovist, atypical tumour enhancement was seen in
2/25 lesions (8%); both in the same patient who was found to
have a congenital portosystemic shunt. With extracellular con-
trast agents, atypical tumour enhancement was seen in 16/47
lesions (34%) in 7 patients. The reason for atypical enhance-
ment in one of these studies (1 lesion) was due to a poor-qual-
ity study, the remaining 6 studies (15 lesions) demonstrated
poor arterial enhancement of the tumour.
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Fig.3 Select images from
contrast-enhanced ultrasound in
transverse section show typical
enhancement of an incidental
3-cm focal nodule hyperplasia
in a 5-year-old boy. a Radial
arterial hyperenhancement with
spoke-wheel appearance seen
at 8 s. b Rapid in-filling in the
arterial phase at 10 s. ¢ and d
The lesion becomes isoechoic
to background liver (20-28 s)
with no washout seen later in
the study

Table 1 Patient cohort demographics

n %
Male 35 33.7
Female 69 66.3
Mean age (years) 8.2
Median age (years) 8
Age range (years) 0.5-15
Single lesion (patients) 87 83.7
Multiple lesions (patients) 17 16.3
Mean lesion size [95%CI] (cm) 5.6 [4.9-6.3]
Median lesion size (cm) 5
Lesion size range (cm) 0.3-29

95%CI 95% confidence interval

Computed tomography

Forty-three patients (41.3%) underwent CT providing
information on 50/137 lesions (36.5%). Forty-seven of
these lesions (94.0%) had post-contrast imaging avail-
able. CT imaging findings are summarised in Table 4. No
patients had dedicated delayed-phase imaging. Typical
lesion enhancement was seen in 32/46 lesions (69.6%). In

@ Springer

all lesions with atypical enhancement, this was due to poor
arterial enhancement.

Discussion

Although paediatric focal liver lesions are rare, the rel-
atively high concern for excluding malignant hepatic
masses in this age group makes accurate and timely diag-
nosis important for prognosis, management and allaying
of clinician and patient/family anxiety. FNH has been
reported to have typical imaging appearances, which if all
are present in a normal liver are highly specific [14, 26].
However, when these features are absent, or appearances
are atypical, further investigation is required. Further com-
plicating the diagnosis is the propensity of these lesions to
grow (sometimes rapidly) over time whether due to their
natural course, via hormonal stimulation or just in propor-
tion to the growing liver. In the face of a rapidly enlarging
tumour, routine follow-up is required to reassure, but also
to exclude impending compression of important vascular
and parenchymal structures within the liver and surround-
ing organs.
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Table 2 Focal nodular hyperplasia characteristics on ultrasound (US)

n %
US performed 89 85.6
Lesions evaluated 106 774
Echogenicity (lesions)
Hyperechoic 35 33.7
Hypoechoic 23 22.1
Isoechoic 46 44.2
Homogeneity (lesions)
Homogeneous 74 69.8
Heterogeneous 32 30.2
Borders (lesions)
Well-defined 79 88.8
Tl1-defined 10 11.2
Scars (lesions)
Present 13 12.4
Lesion<3 cm 0 0
Lesion>3 cm 13 100
Absent 92 87.6
Hypoechoic 5 38.5
Hyperechoic 8 61.5
Doppler performed
No 54 51.4
Yes 51 48.6
Arterial traces obtained 37 72.5
Contrast administration (lesions)
Yes 10 9.6
No 94 90.4
Typical enhancement
Yes 9 90
No 1 10
Demographic data

The data show that the clear female predominance in adults
is not as large in children (1:2 in children in our study com-
pared to 1:8 —1:12 in adults) [10]. Typically, the main malig-
nant differential for FNH is fibrolamellar hepatocellular car-
cinoma (HCC), which shows a slight male preponderance in
children [28]. Therefore, it is important to bear in mind that
being female is a much weaker predictor of FNH in children
than in adults, although both these pathologies remain rare
in this population overall.

Our series confirms FNH are often solitary, but can be
multiple in 16% of patients, and have a mean diameter of
5.6 cm at diagnosis but can grow to extremely large sizes
(up to 29 cm in our cohort). Large lesions are also seen
in similar frequency in adults [29]. However, in children,
the tumour:liver or tumour:abdomen ratios are much
larger, leading to concerns of vascular, digestive and solid
organ compromise. Paediatric FNH are almost always

Table 3 Focal nodular hyperplasia characteristics on magnetic reso-
nance imaging (MRI)

n %
MR performed 51 49
Lesions evaluated 78 56.9
T1-W (lesions)
Hyperintense 16 20.8
Hypointense 21 27.3
Isointense 40 519
T2-W (lesions)*
Hyperintense 33 429
Hypointense 14 18.2
Isointense 30 39.0
Diffusion (lesions)
Hyperintense 29 54.7
Hypointense 0 0
Isointense 24 45.3
ADC (lesions)
Hyperintense 7 14
Hypointense 0 0
Isointense 43 86
Homogeneity (lesions)
Homogeneous 62 84.9
Heterogeneous 11 15.1
Borders (lesions)
Well-defined 71 93.4
Tll-defined 5 6.6
Scars (lesions)
Present 36 474
Lesion<3 cm 8 222
Lesion>3 cm 28 77.8
Absent 40 52.6
Hypointense (T1-W) 36 100
Hyperintense (T2-W) 36 100
Contrast administration (lesions)
Yes 72 92.3
No 6 7.7
Non-hepatobiliary specific contrast agent 48 66.7
Hepatobiliary-specific contrast agent 24 333
Typical lesion enhancement 55 76.4
Atypical lesion enhancement 17 23.6

ADC apparent diffusion coefficient, T/-W T1-weighted sequence, 72-
W T2-weighted sequence *Sum greater than 100% due to rounding

well-defined, homogeneous lesions that are iso-/slightly
hyperechoic to the background liver on US, iso/hyperintense
on T2-W MR and iso/hypodense on pre-contrast CT.

On post-contrast MR and CT, there is homogeneous
intense arterial enhancement with lesions becoming iso/
slightly hyperintense/dense in the portal venous phase com-
pared to background liver. The features of contrast-enhanced
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Table4 Focal nodular hyperplasia characteristics on computed
tomography (CT)

n %
CT performed 43 41.3
Lesions evaluated 50 36.5
Density (lesions)*
Hyperdense 2 5.1
Hypodense 21 53.8
Isodense 16 41
Homogeneity (lesions)
Homogeneous 30 75
Heterogeneous 10 25
Borders (lesions)
Well-defined 38 77.6
[ll-defined 11 224
Scars (pre-contrast)
Present 21 553
Lesion<3 cm 2 9.5
Lesion>3 cm 19 90.5
Absent 17 44.7
Hypodense scar 12 100
Hyperdense scar 0 0
Contrast administration
Yes 47 94
No 3 6
Typical lesion enhancement 32 68.1

*Sum less than 100% due to rounding

US enhancement are discussed below. No washout is
observed. When these typical features are all present, diag-
nosis is almost certain, but diagnostic difficulty arises when
the above features are not all present. In our series, typi-
cal FNH appearances were only seen in 35% of cases. This
means that in the remaining 65%, there is diagnostic uncer-
tainty between FNH and other entities, requiring further
imaging tests or histological sampling.

Presence of a central scar

The most common absent feature was the central scar. A scar
is only appreciable in approximately 10% of lesions on US,
therefore this is not a reliable sign. However, approximately
50% of lesions on CT or MR demonstrated a scar. Absence
of a scar should be considered atypical, especially in larger
lesions with our series demonstrating a scar in 90.5% of
tumours on CT and 77.8% on MR in lesions >3 cm.

Scar characteristics are important when trying to differ-
entiate between FNH and fibrolamellar HCC and FNH clas-
sically demonstrates a high T2 signal scar, whereas fibrola-
mellar HCC will demonstrate a low T2 signal stellate scar
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due to its fibrotic nature [30, 31]. All FNH in this cohort
demonstrated T2 hyperintensity of the scar when present.

Delayed-phase enhancement of the central scar on CT
and MR is typical in FNH and less common in fibrolamel-
lar HCC when using extracellular contrast agents. However,
some reports of delayed scar enhancement in fibrolamellar
HCC exist [30]. A pitfall to avoid with Primovist is that the
central stellate scar does not enhance due to the absence
of functioning hepatocytes expressing the OATPS receptor.
Therefore, non-enhancement in this setting is not indicative
of fibrolamellar HCC. Finally, in practice these two enti-
ties can often be distinguished by ancillary factors such as
local lymphadenopathy, satellite nodules and constitutional
symptoms in fibrolamellar HCC (the latter can sometimes
be seen in very large FNH).

Enhancement pattern

Contrast-enhanced US appears to be reliable in demonstrat-
ing typical FNH enhancement pattern (9/10 patients in this
series), whereas MR and CT show this in just over two-
thirds of patients [22, 24, 25]. In lesions where this was
not the case, the most common reason was poor arterial
enhancement.

FNH tend to have a large arterial feeding vessel from
the main hepatic artery. Poor arterial enhancement in a
hepatic lesion can be due to a number of causes, such as
non-arterialised lesion (i.e. metastasis), compromised blood
supply (i.e. twisted pedunculated lesion) or decreased rela-
tive enhancement compared to the background liver. This
last point is important as in patients with a congenital por-
tosystemic shunt, the reduced portal flow in the liver leads
to increased arterialisation of the background parenchyma.
This, in turn, makes it difficult to differentiate an arterialised
focal lesion within a background liver that itself is also arte-
rialised. Hence, if poor arterial enhancement of a tumour is
described, a concerted effort to find and exclude a congenital
portosystemic shunt is strongly recommended.

Contrast-enhanced US benefits from an extremely high
temporal resolution in the arterial phase compared to cross-
sectional imaging, which can be advantageous compared
to CT and MR. This allows exquisite detail of the classi-
cal central spoke-wheel enhancement pattern, representing
the central arterial feeder radiating out through the septa
to perfuse the lesion, which rapidly fills centrifugally. This
is then followed by sustained enhancement in the portal
venous phase with the lesion becoming isoechoic to back-
ground liver, demonstrating no washout. This arterial filling
pattern is highly specific for FNH and the lack of washout
is very reassuring. Larger lesions can have multiple feed-
ing vessels and may lack the typical enhancement pattern
described above. It should be noted that US microbubble
contrast media is being used “off-label” in our institutes and
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others. Because of this, there are few large studies to estab-
lish the sensitivity and specificity of contrast-enhanced US
for characterising FNH. However, large adult studies and
smaller paediatric series are encouraging [32, 33].

MR has dose-saving advantages compared to CT, but
has longer examination times, possibly requiring sedation
or general anaesthetic and considerations about gadolinium
deposition. However, to diagnose FNH, its use is extremely
helpful. MR can provide more detailed tumour and scar
characterisation, demonstrate other smaller lesions, as well
as allow repeated delayed-phase imaging (for quality or reas-
surance) in a single examination. One disadvantage is its
lower sensitivity in depicting tumoral calcification, which
is associated with fibrolamellar HCC.

The utility of hepatobiliary specific contrast agents is a
further advantage of MR. Hepatobiliary-specific contrast
agent (e.g., Primovist) imaging is useful in determining the
presence of hepatocytes (expressing the OATPS receptor)
in lesions and is used to distinguish with accuracy between
FNH and adenoma [34, 35]. Although there is some overlap,
generally, hepatocellular adenomas (and other non-hepato-
cyte-containing lesions) will not retain hepatobiliary-spe-
cific contrast agents to the same degree as FNH. If contrast
retention is seen in the hepatobiliary phase, then this is a
reassuring indicator of the lesion being FNH.

In our daily practice, we acquire delayed-phase imaging
at 5, 10 and 20 min when using Primovist.

It is important to remember that not all hepatobiliary-spe-
cific contrast agents are licenced in every country. Indeed,
in this study, all Primovist studies were carried out in one
institution where it is used “off-label” but in line with local
guidance. In the other, only Multihance (gadobenate dime-
glumine Bracco Diagnostics Inc., Monroe Township, NJ)
is available, which is not always conducive to paediatric
imaging for several logistical reasons. The main issue is that
the optimum time for delayed-phase acquisition with this
contrast medium is 90-120 min following administration.
For patients under general anaesthetic, this is impractical
and for non-anaesthetised patients, it may be less efficient to
have patients returning for MRI later in the day, especially
in the paediatric patient population. Therefore, extracellular
contrast agents are used as routine. This may lead to higher
biopsy rates, especially in equivocal cases.

When there is a reasonable suspicion of FNH on US,
contrast-enhanced US (if solitary) or MRI with hepatobil-
iary-specific contrast agents can be obtained immediately. If
there is doubt, or other differentials including malignancy
are present, then MRI with extracellular contrast agents
should be the next test. The role for CT is ever diminishing
and is limited to patients who cannot tolerate MR imaging or
have specific need for vascular/surgical planning. The rou-
tine use of CT in our series has gradually decreased over the

study period, and the most recent cases represent incidental
findings on CT scans performed for other indications.

Lesions that are either nonspecific or have concerning
features such as being ill-defined, invasive and heterogene-
ous and contain fat, haemorrhage or calcification are not
typical for FNH and should be further imaged/biopsied. Fur-
thermore, lesions that show the typical features described
above but in the presence of a raised alpha-fetoprotein
(AFP), deranged liver function tests, lymphadenopathy,
contrast washout or satellite lesions should also be further
investigated to exclude fibrolamellar HCC.

Lesion growth

In adults, FNH are stable long term and will usually decrease
in size later in life (i.e. after menopause) [36], although some
appear to grow under the hormonal influence of pregnancy
[37]. In a subgroup of 50 patients of whom we published
surgical outcomes [27], we documented that approximately
35% of patients had a 50% increase in the diameter of their
lesion over a median follow-up of 4.7 years. This increased
to 67.5% for 20% increase in diameter. These patients did not
show any increased risk of symptoms or complications and
therefore we do not recommend extra surveillance if clinical
and biochemical parameters are reassuring. However, it is
understandable that closer surveillance of these lesions may
reassure clinicians and patients.

Central image review

A central review of all focal liver lesions within a special-
ist paediatric hepatobiliary centre should be performed to
determine the likely pathology. If imaging is from an outside
institution, the decision of the specialist centre should be
based on the confidence of diagnosis from supplied imag-
ing. Where the diagnosis is uncertain, repeat baseline imag-
ing should be performed (usually at, but not limited to, the
specialist centre). This will usually take the form of stand-
ard US. If the lesion is solitary, easily visualised and the
patient is otherwise asymptomatic, then contrast-enhanced
US should be attempted.

If this option is not viable or there is persisting doubt,
then MR with contrast (hepatobiliary-specific contrast
agents if available) is advised. If the diagnosis still cannot
be established, tissue biopsy is advised. If percutaneous
tissue biopsy is not feasible due to lesion size or location,
and there are no red flag features (malignant imaging fea-
tures, rapid growth, raised AFP, lymphadenopathy, concern
for relapsed previous malignancy), then consider imaging
follow-up at intervals using the most appropriate baseline
modality (US or MR). Otherwise, a more invasive approach
may be required, i.e. open biopsy.
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An important point to note is that our data show that
in 11 patients who underwent both CT and MR, similar
morphological characteristics and enhancement patterns
of the lesions (arterial, portal venous) were seen. None of
the patients received hepatobiliary-specific contrast agents
for their MR. Therefore, if a patient has had good qual-
ity CT imaging and there is little diagnostic uncertainty,
there is likely little value in simply confirming with MR.
If a CT has been performed and diagnostic uncertainty
persists, an MR with hepatobiliary-specific contrast agent
(where available) is recommended, as this will add valu-
able information about the hepatocellular nature of the
lesion. We do not advocate the routine use of CT for the
characterisation of FNH due to the associated dose factors
and the lack of information provided in the delayed phases
compared to MR.

Outside
imaging
review

Diagnosis Diagnosis

certain uncertain |~~~ T7 |
~ 1
~ 1
~
~ 1
~
~ 1
S
1
Baseline US 1
+/- CEUS :
i 1
$ H v
Diagnosis Diagnosis Baseline MR
certain uncertain

+/- HBSCA

Diagnosis
uncertain

Diagnosis
certain

Tissue biopsy

Follow-up
imagingt
3 and 12 months then 12-
24 months*

Fig.4 Proposed algorithm for diagnosis and follow-up of focal nod-
ule hyperplasia in children. Solid line =suggested pathway, dashed
line = consider pathway if appropriate, or suggested pathway not prac-
ticable. { Ultrasound (US) (non-contrast) advised if feasible, oth-
erwise, magnetic resonance imaging (MRI). *Can be undertaken in
patient’s local centre with central review of images. CEUS contrast-
enhanced ultrasound, HBSCA hepatobiliary specific contrast agent
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Imaging strategy

Given the experience and imaging findings gathered in this
cohort of patients, we propose the following imaging strat-
egy (Fig. 4) for initial diagnosis, confirmation and follow-up:

1) Central review of outside imaging from referring cen-
tres.

2) If a good quality contrast-enhanced US, CT or MRI has
been performed in an outside institute, and the lesion is
incidental, asymptomatic and not associated with any
concerning clinical or radiologic features, a confident
diagnosis can be made and routine follow-up can occur.
You may wish to consider performing an US even if
the diagnosis is certain to provide a baseline for future
follow-up. This is helpful in incidental lesions found on
cross-sectional imaging.

3) Otherwise, a baseline US should be performed at the
specialist centre and consideration given to contempora-
neous contrast-enhanced US (if solitary and accessible).

4) If the lesion(s) is not well appreciated on baseline US
or is atypical/multiple, then MRI is advised. If hepato-
biliary-specific contrast agents are available, their use is
recommended.

5) If after MR the diagnosis is still in doubt, tissue biopsy
should be considered. If this is not feasible, then imag-
ing follow-up with the best baseline modality is advised
(US or MRI). Follow-up contrast-enhanced US is not
routinely recommended.

6) The frequency of clinical and imaging follow-up will
vary depending on the level of clinical suspicion, diag-
nostic doubt, the age of the patient, the clinical context
and the size of the lesion. We would advocate an initial
clinico-radiologic follow-up at 3 and 12 months, then at
12- to 24-month intervals if stable. As a minimum, the
imaging at 3 and 12 months should take place at the
specialist centre. Greater frequency of scanning can be
used if there is diagnostic uncertainty.

7) The radiologic follow-up after the initial year can take
place in the patient’s local institute if this is feasible.
This is to reduce patient travel time and decrease imag-
ing waiting times at specialist centres. The follow-up
imaging should still be reviewed centrally and we advo-
cate follow-up until the patient is 16 years old, at which
point the child transitions to adult services.

Limitations

Our data are limited but reflect evolving real-world prac-
tice over this time period, with a trend of moving to non-
ionising radiation modalities and the incremental improve-
ment of US and MR image quality. For many lesions,
especially in recent years, there is no histological correlate
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as practice has changed to a more conservative approach.
Therefore, the smaller lesions are presumptive diagnoses
in the clinical context of the patient and imaging findings.
In the absence of histological confirmation, we cannot be
certain that some lesions are not in fact other entities such
as mono- or mulitacinar regenerative nodules or adeno-
mas, for example.

Furthermore, applicability of the imaging algorithm is
not universal depending on which modalities, expertise
and access are available at a single or network of institu-
tions, instead reflecting a best-practice approach. The algo-
rithm is not specifically designed for oncology patients
who may have multiple FNH-like lesions, as their follow-
up is tailored by oncology input, and lesions tend to be
smaller, multiple and therefore lack central scars. We have
not performed a cost-analysis of this approach to imaging
FNH in children.

Take-home points

1. Only 35% of lesions show all the “typical” features of
focal nodule hyperplasia.

2. Atypical features include lack of a central scar, poor
arterial enhancement, washout.

3. Contrast-enhanced US and/or MRI with hepatobiliary
agents should be first-line modalities for diagnosis.

4. Poor arterial enhancement should prompt a search for a
congenital portosystemic shunt.

5. Specialist centre expertise should be sought at diagnosis
and for guiding management and follow-up due to the
rarity of these lesions.

Conclusion

FNH in children generate apprehension due to diagnostic
uncertainty, atypical imaging appearances compared to
the classically described adult lesions and propensity to
grow. Predisposing factors for FNH development should
be sought in every case. Specifically, in tumours with poor
arterial enhancement, a concerted effort to find and exclude
a congenital portosystemic shunt is strongly recommended.
Given the higher anxiety surrounding focal liver lesions in
young children, a robust imaging strategy is required to give
confidence to patients, families and clinicians alike when
following up this entity. This can be achieved broadly by
being aware of the differences between adult and paediat-
ric FNH imaging appearances, biological behaviour and by
using a stepwise multi-modality approach, which allows for
personalisation of care for individual patients.
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