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Abstract 

Background Focal nodular hyperplasia is a common nonmalignant liver mass. This nonvascular lesion is an uncom-
mon mass in children, especially those with no predisposing factors, namely radiation, chemotherapy, and hemat-
opoietic stem cell therapy. Exophytic growth of the lesion further than the liver margins is not common and can 
complicate the diagnosis of the lesion. This report observes a focal nodular hyperplasia as a pedunculated lesion 
in a healthy child.

Case presentation We describe a 9-year-old healthy Persian child who was born following in vitro fertilization com-
plaining of abdominal pain lasting for months and palpitation. Employing ultrasound and computed tomography, 
a mass was detected in the right upper quadrant compatible with focal nodular hyperplasia imaging features. The 
child underwent surgery and the mass was resected.

Conclusion Diagnosing focal nodular hyperplasia, especially pedunculated form can be challenging, although mag-
netic resonance imaging with scintigraphy is nearly 100% sensitive and specific. Thus, a biopsy may be needed 
to rule out malignancies in some cases. Deterministic treatment in patients with suspicious mass, remarkable 
growth of lesion in serial examination, and persistent symptoms, such as pain, is resection, which can be done open 
or laparoscopic.

Keywords Focal nodular hyperplasia, Pedunculated, Exophytic, Projected, In vitro fertilization, Child

Background
Focal nodular hyperplasia (FNH) appears in 3% of the 
population and is usually observed in women aged 20–50 
years. However, it can also affect males and individuals of 
other ages. The benign mass regularly appears solitary in 
the right lobe of the liver. Changes in sinusoidal pressure 
and perfusion can induce reactive hyperplasia in the liver 
parenchyma, leading to FNH formation. Therefore, stud-
ies have shown a greater incidence of FNH in patients 
with vascular malformations; however, it is also seen in 
healthy patients without any predisposing factors [1, 2, 
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4]. Among previously reported cases, some mentioned a 
chronic usage of oral contraceptives in patients.

These patients are mostly asymptomatic, and the 
lesions are detected incidentally. Occurrence of FNH 
in children is rare; however, case reports show possible 
connections between the lesion and celiac disease, anti-
cardiolipin or antiphospholipid antibodies, and hemato-
logic malignancies [3]. Pedunculated FNH, accounting 
for 9% of all FNH cases, is a rare manifestation that pre-
sents with an exophytic growth attached to the liver by a 
pedicle and makes it challenging to diagnose the lesion. 
While FNHs constitute only 2–7% of all hepatic tumors 
in children, we experienced an extensive pedunculated 
focal nodular hyperplasia in a healthy 9-year-old girl 
[4]. This article intends to emphasize the occurrence of 
FNH in healthy children and discuss the possible role of 
in vitro fertilization (IVF).

Case presentation
A 9-year-old Persian girl complaining of burning pain in 
the epigastrium, palpitations, and no other symptoms 
presented to our department. The nonpositional pain 
started 6  months before our visit and was not related 
to feeding or transit. She was referred to us by a cardi-
ologist after a palpable mass in the right upper quad-
rant (RUQ) was detected. She did not mention any drug 
usage, allergies, or past medical or family history except 
the fact that she was born as a result of in  vitro fertili-
zation (IVF). On the physical examination and routine 
laboratory tests, which are reported below in the box, the 
only noticeable finding was a mild bulging in the RUQ. 
We performed an ultrasonography (US), demonstrating a 
large echogenic mass with moderate vascularity adjacent 
to the segment VI of the liver. A few days later, on the 
computed tomography (CT), a large, well-circumscribed 
mass (92  mm × 70  mm) without hemorrhage, hypervas-
cular in portal phase with a central nonenhanced scar 
was present and seemed to emanate from the right liver 
lobe (Fig.  1). The lesion was hypodense in the precon-
trast phase and isoattenuated to the liver parenchyma in 
the equilibrium phase. The fibrotic scar demonstrated 
enhancement on the delayed scan. Based on the CT 
findings, pedunculated liver focal nodular hyperpla-
sia and hepatocellular adenoma were considered. We 
checked for alpha fetoprotein and antihydatid antibody 
levels, which were both normal. For a decisive diagnosis 
and histopathological examination, the patient under-
went surgery. Opening the abdomen, a large lesion was 
observed below the right lobe of the liver (Fig.  2). The 
lesion was resected, and macroscopic evaluation of the 
liver mass revealed a well-demarcated, solitary brown‒
orange lesion with a central scar (Fig. 3A). No evidence 
of recurrence was detected on examination and US at the 

Fig. 1 Computed tomography images. The red circles represent 
the FNH, which is demonstrated as a well-circumscribed mass 
emanating from the right lobe of the liver on axial (A) and coronal (B) 
planes

Fig. 2 Intraoperative images. A Intraoperative picture of a large 
pedunculated mass originating from the right lobe of the liver. B 
Mass resection
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1 month follow-up. Microscopic sections revealed a well-
differentiated hepatocellular lesion with fibrous septa 
containing artery branches, a ductular reaction, and 
mixed inflammation. Nuclear pleomorphism, prominent 
nucleoli, and mitotic figures were absent (Fig. 3B–D). The 
above-mentioned morphologic features suggested FNH.

Discussion
FNH is a benign lesion accounting for 8% of all nonhe-
mangiomatous liver masses. The exact etiology of the 
lesion is still under debate, but it seems that hypoperfu-
sion or hyperperfusion in the liver due to arterial malfor-
mation and changes in perfusion can cause a regenerative 
hyperplastic response in normal hepatocytes, leading to 
FNH [1]. FNH is often asymptomatic but can present as 

abdominal pain or a tender abdominal mass, especially 
when the lesion is larger than 10 cm [1, 5]. Same as our 
study, a few cases reported an uncommon peduncu-
lated lesion of the liver, which is susceptible to torsion or 
becoming symptomatic and causing intraperitoneal hem-
orrhage. Navarini et  al. reported a 26-year-old female 
presenting with an acute abdomen caused by pedicle tor-
sion of a pedunculated FNH [6]. FNH is mainly reported 
in children with certain risk factors, such as chemo-
therapy, hematologic cancers, underlying liver disease, 
and history of radiotherapy; however, a previous case 
reported a healthy child with no medical history but 
who was born prematurely [7]. We experienced FNH in 
a child who was born following IVF, and we assume that 
there might be a correlation between IVF and FNH in a 

Fig. 3 Macroscopic and microscopic view of the mass. Macroscopic and microscopic view of the mass. A A well-demarcated, solitary brown–
orange lesion with a central scar. B Focal nodular hyperplasia is composed of bland hepatocytes surrounded by fibrous septa, pointed by arrows, 
containing artery branches. C A med large-sized, thick walled muscular vessel with hyperplastic changes is demonstrated by the arrow. D The arrow 
points to ductular reaction that is a characteristic feature of focal nodular hyperplasia
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healthy child. Identical to the controversial effect of oral 
contraceptives on FNH, which is still not definite, more 
investigation is needed to find the possible connection 
between IVF and FNH [8–10].

Most often, laboratory data do not provide a conclusive 
diagnosis of FNH. However, there might be a slight rise in 
gamma-glutamyl transferase levels in some cases [4]. US 
is usually the initial imaging method with low sensitiv-
ity, performed when doubting FNH. However, a previous 
study showed a 96% success rate for contrast-enhancing 
US in ruling out hepatic adenoma. The US demonstrates 
an isoechoic or hypoechoic mass with a hyperechoic cen-
tral scar relative to the liver parenchyma. Another widely 
used modality is triphasic helical CT with and without 
contrast agent, in which lesions appear hypodense or 
isodense before contrast agent administration, hyper-
dense during the arterial phase, and hypodense during 
the venous phase. The magnetic resonance imaging with 
hepatocyte scintigraphy with a sensitivity and specificity 
of 99% and 100% is the most accurate imaging modality 
for diagnosing the FNH. Using hepatocyte specific con-
trast agents, such as gadobenate dimeglumine, makes the 
lesion hyperintense relative to the normal liver paren-
chyma, which is particularly common in FNH [1, 7, 11]. 
Even using the imaging modalities, due to challenges 
in diagnosing FNH, especially the pedunculated form, 
sometimes biopsy may be needed. For instance, in a 
35-year-old female, fine needle aspiration ruled out a gas-
trointestinal stromal tumor for a suspicious perigastric 
mass detected by CT [12–14].

At the time of presentation, our patient had an US 
revealing a hepatic mass. Due to the normal laboratory 
tests, tumor markers, the patient’s age, and imaging fea-
tures of the lesion described earlier, malignant lesions 
were ruled out, and the mass was highly suspected to 
be FNH or hepatocellular adenoma, which the biopsy 
defined the mass to be FNH.

In asymptomatic, incidentally detected patients with 
FNH, only serial imaging is enough. In contrast, in 
pedunculated lesions at risk of rupture, torsion, intra-
peritoneal hemorrhage, continuous growth of the lesion, 
and becoming symptomatic, the patient should undergo 
surgery or biopsy [1, 3, 5]. Among the cases, one sug-
gested a conservative management of an exophytic FNH 
[15], while another one described a rupture of projected 
FNH 3 years after the initial diagnosis, leading to resec-
tion of segment IV/V of the liver [16]. Before surgery, 
hepatic angiography may be conducted to reduce the vas-
cularity of the tumor, as was done in the case reported by 
Khan et al. [17].

In a macroscopic view, the central scar is remarkable 
in FNHs and consists of mature collagen surrounded 

by vessels and fibrous septa; however, it may be absent 
in some cases. In microscopic view, multiple nodules 
of hepatocytes with granular cytoplasm between the 
fibrous septa can be seen. Bile ducts and Kupffer cells 
may also be present. Both hematoxylin and eosineosin 
(H&E) and reticulin stains can be helpful in diagnos-
ing the tissue accurately [1–3, 7, 12]. A summary of the 
previously reported cases of the pedunculated FNH is 
presented in Table 1.

Conclusion
FNH, a common mass that appears in the liver in adult-
hood, can present as an exophytic pedunculated mass 
that increases the risk of intraperitoneal hemorrhage 
and rupture and can lead to misdiagnosis of the lesion as 
an extrahepatic mass, such as a gastrointestinal stromal 
tumor. Thus, surgical resection of the tumor is the treat-
ment of the choice. Moreover, although rare, peduncu-
lated FNH is a considerable differential diagnosis even in 
healthy children without any past medical history, pre-
senting with epigastric or RUQ pain or tenderness.

Abbreviations
FNH  Focal nodular hyperplasia
IVF  In vitro fertilization
RUQ  Right upper quadrant
US  Ultrasonography
CT  Computed tomography
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