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Introduction

Focal nodular hyperplasia (FNH) is a benign
lesion of the liver, usually asymptomatic and with
indolent course, that rarely is involved in complica-
tions as rupture and hemorrhage. The malignant
potential is still not known. It seems to grow up
from a preexisting arterial malformation and usual-
ly it is found occasionally as an incidental finding
because of the large use of imaging. Management
options are evolving because of the recent develop-
ments in the understanding of molecular processes
and subtypes of FNH. After haemangiomas, FNH is
the most common benign liver cancer. Actually, in a
large autopsy study, the incidence is of 0.31%(1).
Even if it can affect both male and female of all
ages, its incidence in females is reported to be eight

times higher than in males and is weakly associated
with reproductive age and use of oral contracep-
tives(2,3). Rarely it’s a pediatric diagnosis(4). 

Materials and methods

Literature search strategy
This is a narrative review.
An electronic search of the literature was

made using cancer literature, the PubMed, Scopus
and Web of Science (WOS) database for the follow-
ing keywords: “focal nodular hyperplasia, “hepatic
benign tumors”, vascular malformation”, “oral con-
traceptives”. The search was performed for the peri-
od 1997 to 2014 inclusive using and was limited to
English-language publications. All titles and
abstracts were reviewed and appropriate papers
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ABSTRACT

Aim: Focal nodular hyperplasia is the second common benign tumor of the liver after hemangioma The aim of the present
review is to point out the current approach for the differential diagnosis especially with fibrolamellar hepatocellular carcinoma, with
a further look to the changes in therapeutic approach, from the surgery to the follow-up.

Materials and methods: An electronic search of the literature was made using cancer literature, the PubMed, Scopus and Web
of Science database.

Results: We included studies published from 1997 to 2014 inclusive, these were excluded case reports, abstracts, non-english
and not relevant studies. Were included fifty-six studies.

Conclusion: Although Focal Nodular Hyperplasia is managed conservatively in the majority of cases, it can albeit pose a dif-
ficult diagnostic dilemma. This tumour was once often resected because it was difficult to distinguish from hepatic adenoma, but with
modern multiphase imaging it is now diagnosed strictly by imaging criteria and not resected.

Key words: hepatic benign tumors, focal nodular hyperplasia, vascular malformation, oral contraceptives.
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assessed for inclusion. The reference sections of all
papers initially included were also assessed to
ensure the identification of all relevant studies.

Exclusion and inclusion criteria
Case reports, editorials, unpublished data from

conference abstracts, non-english and not relevant
studies were excluded. Studies were included if
they described pathogenesis, clinical manifesta-
tions, diagnostic methods used, imaging and thera-
peutic management of FNH.  

Characteristics of included studies
Prospective, controlled studies, reviews or

meta-analisis studies with a relevant number of
patients, all series satisfying these criteria were
included regardless. 

Results

We included studies published from 1997 to
2014 inclusive, these were excluded case reports (n
= 203), abstracts (n = 409), non-english studies (n =
138) and not relevant studies (n = 313). In the
review were included fifty-six studies. The charac-
teristics of excluded and included studies are shown
in Fig. 1.

Clinical manifestations
Rarely FNH causes symptoms. In fact(3), it

may lead to vague abdominal pain if the lesion is
responsible of a stretching of Glisson’s capsule or
of the displacement of other organs(5). It is neces-
sary, for first, to exclude other causes of pain.

Focal nodular hyperplasia may become very
large and present with hepatomegaly or as an
abdominal mass(2,3). Usually serological parameters
of liver function are normal but a mildly elevated
serum gamma-glutamyl transferase can occur if the
mass is large enough to cause extrinsic intrahepatic

biliary duct compression. In order to differentiate
those cases of atypical FNH from Hepatocellullar
Carcinoma (HCC), the determination of serum α-
fetoprotein (AFP) levels may be useful to detect
HCC at an earlier stage. AFP, however, is a marker
characterized by poor sensitivity and specifici-
ty(6,7,8,9,10,11,12).

A rare complication is represented by intratu-
moral hemorrhage and subsequent haemoperi-
toneum(13,14). Patients that are more often involved
are those with multiple FNH masses or with exo-
phytic tumors(15).

Histopathology and pathogenesis 
Focal nodular hyperplasia lesions are usually

solitary. In 20 % of cases they can be multiple(1,2).
Focal nodular hyperplasia is subdivided into two
types: classic (80%) and non-classic (20%)(2).

FNH is typically void of any formal portal tri-
ads(1). It’s a non-encapsulated nodule with a central
fibrous body and with septa radiating from the cen-
ter that divides nodules of hyperplastic hepatocytes.
The central region contain abnormal vessels, as
well as proliferating bile ductules. 

Nguyen et al. describe three “non classical”
histological subtypes: the telangiectatic FNH
(tFNH) characterized by dilated sinusoids similar to
adenoma, the mixed hyperplastic and adenomatous
forms that are formed by separate regions similar to
tFNH or adenoma but with some parts that are the
result of morphological features between the two
and the FNH with cytological atypia. This group is
marked by atypical hepatocytes with irregular con-
tours and enlarged hyperchromatic nuclei(2) (Fig.
2,3).
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Fig. 2: Focal nodular hyperplasia histological  ”classic”
lesions.



Etiology is still not known but it seems that
the trigger event is usually a vascular malformation.
Due to an arterial hyperperfusion, an hiperoxic con-
dition can activate hepatic stellate cells and VEGF,
activated by increate oxygen tension, may influence
the proliferation of abnormal vessels(16). 

Numerous reports suggest that oral contracep-
tives are involved in the development of FNH,
especially in the long-term use(17,18) even if the
debate about the hormone role in the growth of
FNH is still ongoing. In the past oral contraceptives
formulations contained much higher doses of estro-
gen that at present and radiological diagnosis was
not accurate as today, so more prospective studies
with histopathological confirmation should be
undertaken. Most of the recent literature seems to
refute the argument for an association(19,20,21).

Just few cases are described about the effect of
pregnancy, usually with no complications(19,22).

Now attention is focused on the molecular
pathogenesis of FNH, with a particular attention on
clonal analysis. Recent literature deal with the poly-
clonal origin of the lesion(23,24), according to the most
accepted theory that is an hyperplastic lesion.
Others studies have described a lack of somatic
genes mutations supporting the theory that it is a
non-neoplastic lesion(24,25,26). However monoclonal
FNH are described, suggesting a partial neoplastic
transformation(27,28).    

Bioulac-Sage at al. compared several cases of
tFNH to classical FNH and to adenomas showing
that hepatic adenoma was the most similar to
tFNH(25). 100 % of tFNH was monoclonal.

The natural history of FNH
Nowadays a conservative approach is recom-

mended because of the stability of most FNH
lesions, the lack of potential for malignant transfor-
mation and the very low risk of hemorrhage and
rupture. Moreover a regression of the lesion with
the age is possible, also as a result of thrombosis of
the feeding artery(1).

A study of 54 FNH, followed for 32 months,
demonstrated that a minority of lesions can increase
in size(29). Many studies describe long-term follow
up imaging of FNH, proving no malignant transfor-
mation(29,30).

Imaging of FNH
Differentiate FNH from other hepatic lesions

that may require surgery or systemic therapies(31)

like HCC or hepatic adenoma can be difficult
because of the similarity on imaging and if FNH
shows atypical characteristics it might be necessary
additional invasive diagnostic measures. 

Ultrasound
In cases of FNH, Ultrasound findings are vari-

able. The lesion may appear as a homogeneous
mass that is isoechoic, hypoechoic, or hyperechoic.
FNH has a mass effect that may displace intrahepat-
ic blood vessels. In only 18% of cases is a central
scar present(32,33,34).

Doppler sonograms demonstrate an enlarged
afferent blood vessel with central arterial hypervas-
cularity and centrifugal filling to the periphery in a
spoke-like manner. Large draining veins may be
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Fig. 3: Focal nodular hyperplasia histological subtypes
”non-classic” lesions.

Fig. 4: Focal nodular hyperplasia,  Ultrasound Imaging
(A), Doppler sonograms (B), Dynamic contrast-enhan-
ced (C) - (arrows).
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seen at the periphery of the mass. High-velocity
Doppler signals with arterial pulsatility may be
recorded from arteriovenous shunts. Echo-enhanced
Doppler US has a high sensitivity for detection of
the feeding artery and for depiction of the radial
vascular architecture in FNH lesions, especially for
the ones located in the liver’s left lobe. Power
Doppler US has increased sensitivity for FNH and
may help distinguish FNH from hepatocellular car-
cinoma. 

Dynamic contrast-enhanced US is increasingly
being used to diagnose FNH. According to
Ungermann et al, contrast-enhanced US may be the
final diagnostic method for lesions that are larger
than 3 cm and have a typical spoke-wheel structure;
however, they concluded that if the spoke-wheel pat-
tern is not present and if there is no central scar, the
diagnosis of FNH cannot be made specifically on the
basis of contrast-enhanced US alone(25) (Fig. 4).

Computed Tomography (CT)
Sensitivity and specificity of this kind of

imaging are respectively 75% and 92%(35,36). The
typical finding is a well-circumscribed lesion
appearing iso- or hypodense on the non-contrast
studies (37). A hypodense scar is visible in a minor-
ity of cases. In the arterial phase there is a rapid
homogenous intense enhancement due to the feed-
ing arteries. During the portal venous phase the
lesion becomes iso-hypodense because of the pres-
ence of large sinusoids and draining veins while the
central scar gradually acquires enhancement as the
contrast diffuses into the fibrous tissue, especially
in the larger lesions. In the 40% of cases it’s possi-
ble to recognize a discontinuous peripheral vascular
rim(24).

Teleangiectatic Focal Nodular Hyperplasia
(tFNH) has different characteristics. Usually it is
multiple, heterogeneous, without a central scar and
with a persisting enhancement on delayed phase
imaging(38,39,40). In consideration of new evidence
that make this lesion closer to hepatic adenoma
instead of classic FNH, CT masses with these char-
acteristic should be approached with suspicion.

Other hepatic lesions as fibrolamellar subtype
of HCC and hepatocellular adenoma need to be
considered in differential diagnosis as they share
some similar aspects to FNH, especially in the atyp-
ical forms, at the CT scan(41,42,43). 

Nonetheless, the fact that FNH and
Fibrolamellar hepatocelllular carcinoma (FL HCC)
occur in the same age groups and in those patients

with no underlying liver disease may lead to confu-
sion if the lesions have atypical appearance(44) (Fig. 5).

Magnetic Resonance Imaging
Magnetic Resonance Imaging (MRI) is both

sensitive (70%) and specific (98%). At the MRI the
FNH appears as an homogenous lesion, isointense
or lightly hypointense on T1-weightened images
and isointense of lightly hyperintense on T2-
weighted images. The scar is hypointense on T1
and hyperintense on T2. 

In contrasted MRI, Gadolinium enhancement
is similar to CT contrast medium. During arterial
phase a typical FNH appears homogenous hyperin-
tense, during the portal phase it returns to isointen-
sity. On delayed phase images FNH is either isoin-
tense or lightly hyperintense. The central scar is
hypointense during the arterial phase and retains
contrast on delayed scans(45,46). 

tFNH has different features on the MRI com-
pared to the classical FNH. It is usually heteroge-
neous, hyperintense on T1, strongly hyperintense
on T2 and with no central scar(40).

If atypical features appear on MRI, diagnosis
may be difficult and it can require biopsy, resection
or a period of observation to exclude other hepatic
lesions as fibrolamellar HCC and hepatic adenoma
(Fig. 6).
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Fig. 5: Focal nodular hyperplasia, Computed
Tomography Imaging (arrows).

Fig. 6: Focal nodular hyperplasia, Magnetic Resonance
Imaging (arrows).



Nuclear Medicine
The presence of Kupffer cells in FNH allows

these lesions to take up technetium (Tc) 99m sul-
phur colloid. P\A positive scans is seen in 80% of
lesions, and is helpful in distinguishing them from
hepatic adenomas, HCC and hepatic metastases
which do not contain Kupffer cells(47) (Fig. 7).

Biopsy
Biopsy may be appropriate in those cases with

an unclear imaging(48). It is important to evaluate
risks and benefits of this procedure, including
bleeding or seeding of malignant cells if the lesion
is not benign. Literature data suggest that there is
still a need for consensus about diagnostic criteria
regarding needle biopsy features of FNH. An alter-
native management of patients with atypical lesions
is observation for a period of 3-4 months. After that
it is necessary to repeat CT or MRI to exclude
changes in size or other characteristics of the suspi-
cious lesion.

Management
A conservative approach is to prefer for that

patients with asymptomatic FNH, due to the no
potential for malignant changes and to the rare
acute complications.

Over 40 years of age benign lesions can pre-
sent atypical features on imaging and this may

reflect hormonal fluctuations in women when
menopause occurs. In patients with atypical charac-
teristics, but with benign features, observation for
3-4 months  is a reasonable opportunity, if other
worrying characteristics are no present. If the lesion
changes, enlarges significantly or become sympto-
matic surgery should be considered both to treat
and to diagnose(49).  

Patients that usually require surgery have large
and subcapsular lesions.

Indications for resection include: persistent
symptoms, atypical features in lesions that have
increased in size or changed and symptoms onset
after an observation period. If a malignant lesion is
suspected, an immediate resection should be per-
formed.

Pregnant women or women that are trying to
be pregnant don't need any resection. Observation
is sufficient. Oral contraceptives should be stopped
in patients under observation even if only limited
data are available supporting an association
between low-dose oral contraceptives and FNH.

No randomized controlled trials studying the
befit of elective surgery for any benign liver tumor
versus conservative management are available(50).

Laparoscopic resection may have more bene-
fits in term of post-operative hospital stay and
return to normal activities compared to open
surgery(51). 

Angiographic embolization has tried sporadi-
cally in those cases where resection was contraindi-
cated but no controlled studies comparing the two
procedures are available(30,52).

Conclusions

Although different pathological subtypes that
may explain the heterogeneous presentation of
FNH are now described, frequently requiring a dif-
ferential diagnosis(53,54,55) FNH history is still not
completely understood. Modern imaging is very
useful in characterizing most of the suspicious
lesions, avoiding the need of needle biopsy and sur-
gical intervention.

The role of hormonal milieu is still strongly
supported in influencing the development of FNH,
confirmed by the fact that the diagnosis is extreme-
ly rare in postmenopausal women(56). 
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Fig. 7: Focal nodular hyperplasia, liver scan with techne-
tium (TC) 99m sulphur colloid.
a)Focal nodular hyperplasia: “hot spot” liver scan
(arrows); b) Focal nodular hyperplasia: “multiple
defects” (arrows)
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