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ference in FNH incidence between adults and children. 
A pediatric liver is still developing and hence might be 
less susceptible to hormonal or vascular changes which 
are key in the pathogenesis of FNH. These lesions tend 
to be asymptomatic, and children usually undergo less 
transabdominal imaging than adults, thus leading to 
underdiagnosis [3].

In both adults and pediatric patients, there is a female 
preponderance, with a female to male ratio of 9:1 being 
reached in adults [1].

Although FNH is most commonly found as one le-
sion, around 20-30% of cases involve multiple lesions 
(usually up to 5). The latter can occur in patients with 
vascular liver disorders such as hereditary hemorrhagic 
telangiectasia and Budd Chiari syndrome [4]. It is very 
rare for FNH to present with more than 5 separate le-
sions in the same individual [5]. In the pediatric setting, 
it has been reported in long term malignancy survivors 
raising the suspicion that bone marrow transplant and 
chemotherapeutic agents (including high dose alkylat-
ing agents) increase the risk of FNH development in 
this population [6].

The size of FNH can vary. The vast majority are less 
than 5 cm and near the liver surface.  Cases of FNH 
larger than 10cm have been reported and these are 
usually resected [7]. 

EtIology
The exact etiology and pathogenesis of FNH are 

not yet fully understood. A characteristic feature of 
FNH when compared to other benign liver lesions is 
its origin. It arises from polyclonal cells resulting in a 
number of modifications including angiopoietin vascular 
remodeling [8,9].

FNH is therefore thought to occur following a hy-
perplastic reaction in the liver in response to a vascular 

malformation. Change in the oxygenation of liver paren-
chyma is the initial focus of FNH. Continued ischemia 
leads to the proliferation of bile ducts [10]. Both increase 
and decrease in blood flow have been found to have 
the potential to cause a hyperplastic reaction in the liver 
[8]. In fact, an increased incidence of FNH in conditions 
with vascular malformations has been reported such as 
in patients with hereditary hemorrhagic telangiectasia 
and hemangiomas [11,12]. Up to 20% of FNH lesions 
can be associated with hemangiomas [9].

While the exact etiology remains elusive, several stud-
ies have identified certain molecular patterns for FNH. 
Of these, increased expression of extracellular matrix 
genes leading to activation of transforming growth fac-
tor beta (TGF-b) is prominent [13]. Increased production 
of glutamine synthase through overexpression of the 
Wnt/ B-catenin target gene is also observed [14]. The 
latter leads to map-like pattern expression of glutamine 
synthase at the edges of the lesion, a feature unique to 
FNH [14].

FNH has also been described in response to blunt 
abdominal trauma and exposure to certain chemothera-
peutic agents, particularly alkylating agents, and drugs 
such as azathioprine [15]. Smoking seems to increase 
the risk of FNH. A diet high in vegetables and whole 
grains may decrease the risk of FNH [16]. In animal 
models, a high-cholesterol diet has been associated 
with an increased risk of FNH. The relationship between 
these diets and FNH could be explained by an increase 
in TGF-B1 protein expression [17].

rElAtIonShIP wIth PrEgnAnCy  
And orAl ContrACEPtIvE uSE

There is a controversy about the relationship be-
tween FNH and hormones. The increased incidence in 
females suggests a correlation with estrogen. Moreover, 
females on oral contraceptives tend to have larger 
nodules than their male counterparts and females not 
on oral contraceptive medications [8].

Several cases have been described showing a re-
duction in FNH size following the withdrawal of the 
oral contraceptive pill (OCP). Other cases highlight size 
progression in pregnancy and regression following 
delivery [4]. Nevertheless, the European Association 
for the Study of the Liver (EASL) guidelines states that 
studies have not yet established the role of pregnancy 
and OCP in the development of FNH [9]. Furthermore, 
FNH runs a benign course in pregnancy [4] (Figure 1). 
Vaginal delivery is not associated with an increased risk 

Table 1. Solid Benign liver lesions [1].

Liver Lesion
Incidence in the adult 

population (%)

Hemangiomas 3-20%

Focal nodular hyperplasia 0.3-3%

Hepatic Lipoma 1%

Hepatocellular adenomas 0.007-0.0012%

Biliary Duct Hamartoma 0.6 – 5.6%

Nodular regenerative hyperplasia 0.72%-2.6%




