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Abstract

Patients with decompensated cirrhosis complicated by hepatocellular carcinoma (HCC) or those who have undergone liver
transplantation following liver failure after HCC treatment should continue to receive post-transplant surveillance. Any new
liver tumor must be carefully evaluated to determine whether it is a recurrence of HCC. Focal nodular hyperplasia (FNH), the
second most common benign hepatic tumor, is believed to result from the hyperplastic response of hepatocytes to pre-existing
vascular malformation. Here, we report a case of hepatic FNH two years after living-donor liver transplantation in a patient
who experienced liver failure following treatment for HCC. Given the rarity of hepatic FNH after liver transplantation, we

present this case along with a review of the literature.
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Introduction

Focal nodular hyperplasia (FNH) is a hyperplastic hepato-
cellular lesion associated with vascular malformation [1].
According to the World Health Organization (WHO) classi-
fication, FNH is considered a tumor-forming non-neoplastic
lesion of hepatocellular origin, along with hepatocellular
adenoma (HCA) [2]. FNH is the second most frequent
benign hepatic tumor after hemangioma, with an incidence
of 0.3-3% and a frequency of 0.8% in autopsy cases. It is
more common in women aged 20-50 [3-5]. On contrast-
enhanced computed tomography (CECT), FNH is hyperat-
tenuating in the arterial phase and almost isoattenuating with
the surrounding liver in the portal venous and equilibrium
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phases. In gadoxetic acid-enhanced magnetic resonance
imaging (EOB-MRI), FNH shows hyperintensity in the
arterial phase and iso- to slight hyperintensity in the por-
tal venous and equilibrium phases [6—9]. Some FNHs also
exhibit ring-like enhancement in the hepatobiliary phase of
EOB-MRI, a characteristic finding of FNH [10]. Although
long-term observation reports of FNH are few, it rarely
increases in size [11], and follow-up is considered accept-
able once the diagnosis is confirmed [12, 13]. Treatment of
FNH is considered when symptoms such as abdominal pain
appear, the tumor increases in size, or it becomes difficult to
distinguish from a malignant tumor.

Radical treatment of FNH involves hepatic resection, but
transarterial chemoembolization (TACE) and percutaneous
radiofrequency ablation are also options [14]. We encoun-
tered a case of hepatic FNH two years after liver transplanta-
tion, a rare occurrence with few reported cases. Since FNH,
like HCC, appears as a hypervascular tumor on imaging,
distinguishing between the two is crucial. This differentia-
tion will be discussed in a literature review.
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Case presentation

A 72-year-old man was diagnosed with alcoholic cirrhosis
in 2012. He developed multiple HCCs in January 2018 and
underwent TACE, and proton beam therapy in April 2018.
The imaging studies showed no intrahepatic recurrence of
HCC; however, he developed liver failure and underwent
living-donor liver transplantation in February 2020. Four
nodules with well-to-moderately differentiated HCCs were
found in the excised liver. After the liver transplantation,
he was administered immunosuppressant, such as tacroli-
mus and mycophenolate. The patient was referred to our
hospital in March 2020 for post-transplant follow-up.

In April of the same year, the patient developed chol-
angitis due to stenosis of the bile duct anastomosis, and
transpapillary stent placement was performed. Subse-
quently, the stents were replaced routinely. One year after
the liver transplantation, CECT revealed three hyperat-
tenuating lesions (maximum diameter 10 mm) in the right
lobe of the liver that did not show wash-out in the portal
venous and equilibrium phases (Fig. 1). Since no obvi-
ous nodules were detected on ultrasonography (US), the
lesion was initially thought to be an arterioportal shunt
and was followed up. Two years after the liver transplan-
tation, CECT showed that these hyperattenuating lesions
had increased in size (Fig. 2). B-mode US revealed one

hypoechoic nodule, approximately 10 mm in diameter, in
the right lobe of the liver (Fig. 3A). We considered it to
be a nodule in S8. Contrast-enhanced US (CEUS) with
Sonazoid showed that the nodule was hyperattenuating
in the early vascular phase with no defect in the Kupffer
phase (Fig. 3B, C). CEUS did not show a spoke-wheel
pattern, which indicate blood flow from the center of the
lesion to the periphery. Since there was no increase in
tumor markers (AFP, PIVKA-II, CEA, and CA19-9), FNH
and HCA were suspected rather than HCC recurrence, and
the patient was followed up. EOB-MRI performed 3 years
after liver transplantation showed that these lesions ware
hyperintense in the arterial phase, with no wash-out in
the portal venous and equilibrium phases, similar to
CECT findings. However, the S8 lesion showed hypoin-
tensity inside and hyperintensity outside in the hepatobil-
iary phase (Fig. 4). No central scar was noted within the
lesion. Therefore, HCC could not be ruled out and a liver
tumor biopsy was performed in July 2023. Histopathology
showed areas with a slightly increased number of small
hepatocytes with a high nuclear-to-cytoplasmic ratio, an
increased number of bile ductules, small muscular ves-
sels, and dilated sinusoids, but no cell atypia. Although
the central scar was not evident, some areas showed mild
fibrosis with inflammatory cell infiltration and ductular
reaction (Fig. 5). No evident thrombi or necrotic areas
were observed. Immunostaining showed the tumor was

Fig.1 Contrast-enhanced computed tomography images of focal
nodular hyperplasia one year after liver transplantation. Three lesions
were hyperattenuating in the arterial phase (A: dome, yellow arrow,
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B: S8, dotted yellow arrow, C: S8/7, orange arrow). These lesions
remained hyperattenuating in the portal venous phase (D: dome, yel-
low arrow, E: S8, dotted yellow arrow, F: S8/7, orange arrow)
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Fig.2 Contrast-enhanced computed tomography images of focal nod- B: S8, dotted yellow arrow, C: S8/7, orange arrow). These lesions
ular hyperplasia two years after liver transplantation. Three lesions remained hyperattenuating in the portal venous phase (D: dome, yel-
were hyperattenuating in the arterial phase (A: dome, yellow arrow, low arrow, E: S8, dotted yellow arrow, F: S8/7, orange arrow)

Fig.3 Contrast-enhanced ultrasound images of focal nodular hyper- in B-mode. B The liver nodule was hyperattenuating in the arterial
plasia (S8) (dotted yellow arrows) two years after liver transplanta- phase. C There was no defect in the Kupffer phase
tion. A The liver nodule was depicted as a 13 mm hypoechoic area

positive for glutamine synthetase in a “map-like” pattern. Serum amyloid A was negative, whereas C-reactive protein

@ Springer



Clinical Journal of Gastroenterology

Fig.4 Gadoxetic acid-enhanced magnetic resonance imaging of
focal nodular hyperplasia three years after liver transplantation.
Three lesions were hyperintense in the arterial phase (A: dome, yel-
low arrow, B: S8, dotted yellow arrow, C: S8/7, orange arrow). These
lesions remained hyperintense in the portal venous phase (D: dome,

was detected in some areas. Based on these findings, the
hepatic tumor was diagnosed as an FNH (Fig. 6). As of
July 2024, the tumor size remained unchanged.

Discussion

There have been only five reports of hepatic FNH occur-
ring after liver transplantation [15, 16]. The age at FNH
occurrence ranged from 2 to 62 years, with four patients
being male and one female (Table 1). The time from liver
transplantation to FNH development ranged from 15 to
118 months, and the mass diameter at diagnosis ranged
from 1.3 to 6.7 cm. Two of the five cases had two FNHs
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yellow arrow, E: S8, dotted yellow arrow, F: S8/7, orange arrow).
Dome and S8/7 lesions were isointense, but S8 lesion showed hypoin-
tensity inside and hyperintensity outside in the hepatobiliary phase
(G: dome, yellow arrow, H: S8, dotted yellow arrow, I: S8/7, orange
arrow)

(Table 1). The causes of liver transplantation included bil-
iary atresia, hepatitis B, hepatitis C, and HCC. At diagno-
sis, the background liver fibrosis included cirrhosis in one
case and chronic hepatitis in three cases (one case not men-
tioned). Pathologically, this case showed a mild fatty liver
and mild inflammatory cell infiltration in the portal area,
but no fibrosis.

Transplant-induced vascular changes, such as intraoper-
ative vascular manipulation and vascular anastomosis, are
thought to cause hepatic FNH after liver transplantation [15,
16]. Wanless et al. reported that impaired liver perfusion
releases platelet-derived growth factors from hepatocytes,
which can cause hyperplasia of hepatocytes [3]. They also
noted that a major abnormality of FNH is an increase in
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A

Fig.5 H&E and Silver stain of focal nodular hyperplasia. A Most
of the tissue is nodule with a small amount of background liver vis-
ible to the left of the line. B Silver Stain; There is a small amount of
background liver, no fibrosis is observed there. Fibrosis is observed
in the tumor area enclosed by the square. C Enlarged image of Back-
ground area. D Enlarged image of Nodular area; increased hepatocyte

density, but no cellular atypia. E Silver Stain; Enlarged image of the
area enclosed by the square in B, fibrosis within the tumor, but no
central scar was observed. The tumor contains dilated sinusoids (F,
black arrow), abnormal muscular vessels (G, black arrow), and ductal
reactions (H, black arrow), which are characteristic findings of FNH

2 mm

Fig. 6 Immunostaining of focal nodular hyperplasia. A Glutamine synthetase, positive in a “map-like” pattern. This is a characteristic finding of
FNH. B Glutamine synthetase, enlarged image. C Glypican 3, a specific antigen for hepatocellular carcinoma, was negative

regional arterial blood flow [3]. Kumagai et al. concluded
that FNH begins with thrombosis of the hepatic artery or
portal vein, leading to local hepatic ischemia or necrosis,
followed by reopening of the hepatic artery and transient tis-
sue hyperperfusion, which results in nodule formation [17].

Three of the five previously reported cases of hepatic
FNH occurring after liver transplantation had a history of

portal vein thrombosis (PVT), which is considered a con-
tributing factor to FNH development [15, 16]. However,
there was no obvious history of PVT in this case. Ra et al.
noted that the occurrence of FNH after living donor liver
transplantation is plausible [15]. This is likely because
living-donor liver transplantation involves more extensive
manipulation of liver vessels than brain-dead donor liver
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transplantation, making it more susceptible to thrombosis
[18]. Additionally, post-liver transplant patients face an
increased risk of coagulation abnormalities, rejection, and
infection, which may further contribute to thrombosis [19].
In this case, the patient experienced recurrent cholangitis
associated with stenosis of the bile duct anastomosis. A nee-
dle biopsy was performed and no obvious thrombus was
found in the specimens. However, thrombus formation in the
small portal vein and hepatic artery may have contributed
to the development of FNH. Furthermore, CECT performed
one year after transplantation revealed a hyperattenuating
lesion in the liver, which was undetectable on B-mode US
but was identifiable as a tumor two years later. The liver
biopsy specimens did not have enough of the background
liver; therefore, it was difficult to state that immunosup-
pressant and rejection affected intrahepatic blood flow and
development of FNH in this case.

We believe that the increase in small muscular vessels
observed in this case reflects the developmental process
of FNH and provides valuable insights into its progression
through imaging. In this case, FNH exhibited hypointensity
in the hepatobiliary phase on EOB-MRI, which was atypical.
Consequently, HCA or recurrence of HCC was also consid-
ered; however, the liver biopsy results confirmed the diag-
nosis of FNH. There were three lesions present and only the
largest was diagnosed as FNH through liver biopsy. There-
fore, careful follow-up with imaging studies is necessary
for the other two smaller lesions. Since FNH, like HCC,
appears hypervascular on imaging, it should be considered
when new lesions are detected in the liver after transplanta-
tion. Furthermore, if imaging findings are atypical for FNH,
as in this case, a liver biopsy is essential to establish the
correct diagnosis. FNH is potentially more prevalent in liver
transplant recipients than in the general population. Due to
the lack of cases described, the diagnostic potential may
be overlooked by pathologists and clinicians. FNH has not
been acknowledged as a potential etiology of liver nodules
post-transplant and warrants consideration in the differential
diagnosis of hepatic nodules in transplanted livers.
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