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Abstract

Focal nodular hyperplasia is a benign tumor of the liver that 
is often found incidentally with imaging. The purpose of this 
review is to discuss the pathophysiology, rare complications 
that can occur due to these lesions, and management op-
tions. A literature review was performed on clinical trials and 
case reports involving focal nodular hyperplasia complica-
tions and management of these, as well as the proposed 
pathogenesis underlying these tumors. Although exposure to 
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oral contraceptive pills and endogenous hormones have been 
thought to play a role in the development of these lesions, 
this has not been proven. Most recently, they are thought to 
arise as a consequence of a vascular anomaly causing altera-
tions in the expression of angiopoietin genes. Complications 
are rare, but previous cases have reported associated pain, 
rupture and compression of nearby structures (hepatic vein, 
stomach, biliary system). Resection of focal nodular hyper-
plasia is not usually recommended. However, if there is as-
sociated pain with no other identifiable cause or presence of 
a large or growing lesion with risk of causing a complication, 
then surgical resection, radiofrequency ablation or arterial 
embolization should be considered.
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Introduction
Focal nodular hyperplasia (FNH) is a benign tumor of the 
liver most commonly found in women of reproductive age.1 
It is a well-circumscribed lesion comprised of proliferating 
hepatocytes with a characteristic stellate central fibrous 
scar.2 Although not always present, it can be identified in 
around 70% of lesions measuring greater than 3 cm.1 It is 
also frequently characterized by a large artery in the central 

fibrous scar without portal vein. Occasionally, typical radio-
logical features are not present, which can make it challeng-
ing to differentiate these lesions from hepatocellular carci-
noma (HCC) or adenomas.3

Epidemiology
FNH accounts for 8% of all primary liver lesions and around 
25% of benign lesions of the liver. It is the second most fre-
quent benign liver lesion after hepatic hemangioma. Preva-
lence is estimated around 0.9–3%, but appears to be in-
creasing.1 Incidence is higher in females, with a ratio of 8:1, 
especially from ages between 20 to 50 years.1,4 They are 
solitary in most cases, but are reportedly multiple in 20–
30% of cases. FNH has been associated with hemangiomas 
in 23% of cases and less commonly associated with adeno-
mas (3.6%).

Pathogenesis

Oral contraceptive pills (OCPs)
The pathogenesis of FNH is not fully understood. It was pre-
viously thought that FHN occurred as a consequence of use 
of exogenous hormones given that prevalence was higher in 
women who were taking OCPs. Estrogens are known to play 
a role in physiologic and pathologic angiogenesis. Specifical-
ly, estradiol has a proangiogenic effect through estradiol-al-
pha activation. It prevents endothelial dysfunction, vascular 
inflammation and atherosclerosis while promoting collateral 
vessel formation in cases of ischemia. However, it is also in-
volved in pathologic endothelial proliferation in the setting 
of cancer. Estrogen stimulates vascular endothelial growth 
factor (VEGF) production in uterine and vascular tissues, and 
is thought to promote re-endothelization after vascular injury 
due to local VEGF from vascular smooth muscle.5,6

There have been many cases reporting association with 
use of OCPs and FNH as well as regression of FNH after dis-
continuation of these medications.7 Sarma et al.7 document-
ed two cases of FNH diagnosed based on imaging in women 
who had regression in size over a 4-year and 7-year course 
after stopping OCPs. Of note, one of the cases had Cowden 
syndrome, which is known to be associated with increased 
risk of many tumors. Similarly, other cases have been re-
ported with an increase in size during pregnancy accompa-
nied by regression after delivery, suggesting an association 
with endogenous hormonal exposure. Kim et al.8 described 
a case of a woman with FNH diagnosed based on magnetic 
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resonance imaging (MRI) and no prior use of OCPs. The le-
sion was monitored during pregnancy due to increasing size 
and was found to regress at 5 months post-partum. However, 
after her 1-year follow up there was a slight increase in size. 
It would have been helpful to know whether the patient was 
taking any new hormonal supplementation or OCPs at the 
time of progression to support an association. Furthermore, 
there were only small variations in size on ultrasound (US) 
which raises the possibility of operator-bias.

In contrast, cases with stable FNH followed throughout 
pregnancy and post-partum period have also been reported.9 
Weimann et al.9 described 82 women with diagnosis of FNH 
based on two different imaging modalities (US, computed 
tomography [CT] or cholescintigraphy), out of which 10 were 
monitored with US during pregnancy and post-partum period 
(median of 70 months). There were no increases in tumor 
sizes observed during pregnancy, and only two cases had 
regression in size during the postpartum period. The authors 
mentioned that the rest of the women were taking OCPs. 
However, there was no information on whether this group 
had their lesions monitored for growth or regression. Based 
on the opposing previous case reports, it would be difficult 
to draw conclusions on whether there is a direct associa-
tion between endogenous or exogenous hormonal exposure 
and FNH development and/or growth. It is likely that there 
are other underlying factors or mechanisms unaccounted for 
which are influencing whether the lesions grow or regress in 
size.

Scalori et al.10 performed a case-control study of 23 wom-
en with histologically proven-FNH compared to 94 matched 
controls, and found that long-term use of OCPs >3 years 
had a higher odds ratio (specifically, 4.5) of developing FNH. 
It was noted that there was no increased risk in patients 
with children as compared to nulliparous women. Although 
statistically these results are convincing, limitations included 
a small number of cases and possible selection bias since 
the control group were all women who were diagnosed with 
FNH after getting an abdominal US due to pain. Mathieu et 
al.11 conducted a 9-year study with 216 women with at least 
one FNH diagnosed either with imaging or histology and fol-
lowed up with MRI imaging to monitor growth. These women 
were divided into five groups depending on type of OCPs 
used (combined or progestins only) and dose (high or low). 
There were no differences in number of lesions or size across 
the five groups nor correlation between length of OCPs use 
and number/size of lesions. Only four women had a change 
in size during the follow-up period. Out of the women who 
stopped OCPs, two had regression and one had progression. 
One patient with two lesions continued low-dose OCP while 
one regressed and the other remained stable on subsequent 
imaging. Twelve women became pregnant, and all of them 
had no detected change in size during imaging performed 
after delivery. Overall, this study was well executed with the 
same MRI protocol performed for each patient for a period of 
around 2 years and read by two different radiologists. Based 
on the results, neither pregnancy nor OCP use seem to have 
a direct association with FNH growth. The authors did point 
out that age seemed to correlate with size and number of 
lesions.

A study by Nime et al.12 showed FNH cases with OCP 
use had a greater degree of vascular alteration and fibro-
sis. Pathology slides of primary liver tumors in OCP users 
were compared to those from non-users. These slides were 
evaluated by a pathologist who was unaware of the diagno-
sis or OCP usage. The diagnosis remained the same in 58% 
of cases overall, but from the FNH group the diagnosis was 
deemed accurate in 93% of cases. There was no statistical 

difference between OCP users and non-users with regard to 
fibrosis, hemorrhage, vascular change or thrombosis. There 
was, however, more peliosis hepatis and a greater degree 
in intimal fibrous proliferation and medial smooth muscle 
changes in vessels in the user group. Although the results of 
the study appear convincing in that use of OCPs was associ-
ated with vascular changes in FNH, the authors did disclose 
that the small sample size did not allow for obtainment of 
statistically significant calculations. In addition, they did not 
mention whether the lesions were studied in their entirety, 
as a sample of an area may not be representative of the le-
sion as a whole. They did mention that cases in which tissue 
samples were not sufficient were excluded from the study, 
but the specific criteria were not made clear. Based on this 
study it is difficult to determine whether the use of OCPs was 
associated with development of the lesions or simply caused 
further vascular changes that may or may not cause further 
growth. Some of these same vascular changes were found in 
the adenoma samples examined and in other neoplasms with 
stronger links to OCP use.

In summary, neither OCPs nor pregnancy have been 
clearly shown to play a role in development or progression 
of the disease.13 Based on these previous studies and case 
reports, a causal association between FNH and OCP cannot 
be proven. FNH is commonly confused with adenomas whose 
development has been clearly linked to OCPs. It is possible 
some of these cases may have had a misdiagnosed liver le-
sion. Furthermore, hormonal association would be difficult to 
explain in cases of men or children affected. Although estro-
gen does play a role in endometrial neovascularization and 
is known to regulate liver metabolism, there is no current 
evidence to suggest it plays a role in neovascularization, par-
ticularly in FNH.14

Vascular anomalies
Most recently, FNH formation has been proposed to occur 
as a result of a hyperplastic reaction to a vascular anomaly 
(e.g., dystrophic artery, arteriovenous shunt, congenital vas-
cular malformation, etc.). More specifically, hypoperfusion 
or hyperperfusion in local arteries cause altered oxygena-
tion and oxidative stress, triggering compensatory hepato-
cyte hypertrophy and stellate cells to produce a central scar.1 
Scar formation has been associated with activation of the 
transforming growth factor-beta pathway and glutamine 
synthetase overexpression.15 However, a central scar is not 
always present in FNH and these lesions rarely have activat-
ed stellate cells.16 Any comorbid condition that causes pre-
disposition to vascular malformations, such as Osler-Weber-
Rendu syndrome, Budd Chiari syndrome or hemangiomas, 
could theoretically increase the risk of developing FNH.1,17 
It has also been reported in the pediatric population with 
biliary atresia both before and after a successful Kasai pro-
cedure.18–20

Genetic mutations
FNH in identical twins has been reported in at least one case 
report,21 but there has been no evidence of genetic pre-
disposition. Genetic analyses of FNH showed alterations in 
expression levels of angiopoietin (ANGPT) genes (ANGPT1 
and ANGPT2) involved in vessel maturation in mRNA, with 
an increased ANGPT1/ANGPT2 ratio22 where ANGPT1 pro-
motes vessel formation and ANGPT2 is an antagonist of AN-
GPT1.15,23 VEGF is also thought to play a role in promoting 
proliferation of stellate cells and angiogenesis.16 ANGPTs act 
synergistically with VEGF, and it is thought that dysregulation 
of these play a role in the formation of the dystrophic vessels 
seen in FNH.23 However, it is unknown whether this role is 
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causal or reactive in nature.
In summary, it is thought that an initial vascular insult or 

anomaly causes an increased ANGPT1/ANGPT2 ratio which in 
turn stimulates the following: 1) vascular smooth muscles to 
create dystrophic vessels through VEGF; 2) stellate cells to 
form a central scar; and 3) a regenerative hyperplastic re-
sponse by the hepatocytes. These are all histologic features 
of an FNH lesion (Fig. 1).

Clinical presentation
FNHs are usually asymptomatic and found incidentally with 
imaging, elective surgery or on autopsy. They can cause 
vague abdominal pain, early satiety and dyspepsia, especial-
ly when large in size or when causing external compression 
to adjacent structures. Rarely, it can present as a palpable 
abdominal mass.

Diagnosis
Liver enzyme tests and alpha-fetoprotein levels are generally 
not helpful for diagnosis as they are usually normal. Diagno-
sis is usually made by imaging or biopsy.

Imaging
On US, FNH appears as an isoechoic or hypoechoic mass with 
a hyperechoic central scar, but this may not be visible due to 
low sensitivity. Hyperechogenicity can occur but is much less 
common.1 Use of contrast enhancement can be useful espe-
cially in conjunction with early arterial phase imaging which 
can reveal arterial morphology and direction of filling, and 
lack of venous washout.4 A spoke-wheel filling pattern dur-
ing arterial phase followed by persistent enhancement during 
the portal and venous phases is usually characteristic, and 
makes differentiation from malignant tumors easier.1,24 Lev-
ovist,1 sulfur hexafluoride or SonoVue,24 and Definity (per-
flutren lipid microspheres)25 contrast agents were utilized in 
prior studies to evaluate for this pattern.

On CT, with and without contrast, the lesions appear iso/

hypodense with central scar in around 33% of cases. During 
arterial phase, FNH appears hyperdense. Similarly, on MRI, 
FNH appears isointense or hypointense on T1-weighted im-
ages and isointense/hyperintense on T2. The lesion enhanc-
es on arterial phase and becomes isointense with venous and 
delayed phases.1,4 The central scar is usually relatively hy-
pointense during arterial phase but can become hyperintense 
in late phase due to persistence of contrast in the scar tissue. 
This pattern can also appear on CT. Use of gadoxetic acid will 
demonstrate an iso- or hyperintense lesion in the hepato-
biliary phase given its uptake in normal hepatocytes, which 
makes it useful in differentiating the lesion from HCC.26 The 
latter usually has decreased or absent uptake unless they 
have overexpression of organic anion-transporting polypep-
tide 1B3 which transports gadoxetic acid into hepatocytes.26 
During the portal venous phase, the lesions appear isodense 
without washout. The combination with hepatobiliary Tc99m 
sulfur colloid scintigraphy increases sensitivity and specific-
ity to 99% and 100% respectively. Although uptake can be 
variable, FNHs usually have increased uptake as they contain 
Kupffer cells which are usually absent in HCC and adeno-
mas.4,27

Hepatic angiography reveals a large tumor vessel enter-
ing the center of the lesion followed by radiation to the pe-
riphery in a spoke-wheel pattern.28 There is usually initial 
increased vascularity within the tumor followed by delayed 
homogeneous staining of the lesion.29 If present, vascularity 
appears decreased within the central scar and margins ap-
pear irregular.30

Positron emission tomography with 18F-fluorodeoxyglu-
cose usually shows normal or decreased accumulation, in 
contrast to malignant lesions which would normally have sig-
nificantly increased uptake.31,32 However, positron emission 
tomography with 11C-acetate shows intense uptake, which 
could make differentiation from HCC difficult.33,34

Histology
Biopsy may be necessary in the uncommon event when di-
agnosis is uncertain or there is concern for underlying ma-

Fig. 1.  Proposed mechanisms of pathogenesis of FNH. ANGPT, angiopoietin; FNH, focal nodular hyperplasia; TGF-β, transforming growth factor-beta; VEGF, 
vascular endothelial growth factor.
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lignancy. On macroscopic exam, a gray-white scar commonly 
located in the center of the lesion with fibrous septa radiating 
to the periphery is pathognomonic for FNH. However, it is 
present only 50% of the time. The lesion commonly has a 
yellowish hue, well-defined borders and generally lacks a cap-
sule. Calcification may be present, but is rare. Another com-
mon finding is the presence of multiple pseudo-lobules with 
fibrovascular and ductular areas that radiate from the perilob-
ular septa, producing a stellate appearance.1 Histologically, 
the central scar consists of collagen surrounded by aberrant 
arteries, draining veins and fibrous septae forming a pseu-
docapsule. This is a feature that distinguishes from HCC, fi-
brolamellar HCC and adenomas.4 Immunohistochemistry can 
be helpful as FNHs have increased expression of glutamine 
synthetase in the periphery of the nodules in a geographic-
like pattern.4 Even though there can be increased expression 
of glutamine synthetase in a small subset of adenomas, the 
pattern is different. A study by Joseph et al.35 compared im-
munohistochemistry between inflammatory adenomas, FNH 
and indeterminate lesions and identified five different pat-
terns. In resected FNH lesions the pattern was map-like as 
mentioned above. However, in biopsy samples, pseudo-map 
like patterns and focal patterns have been described. In con-
trast, in inflammatory adenoma samples, 74% had patchy 
staining, 8% were diffuse and 15% were pseudo-map-like. 
Based on this study, a geographic or map-like pattern points 
towards an FNH diagnosis. However, absence of this pattern 
does not exclude this lesion and use of other immunohisto-
chemical staining can likely help in identifying this lesion.35

Differential diagnosis
FNH can be commonly confused with adenoma, HCC and 
fibrolamellar-HCC. Adenomas are usually more heterogene-
ous and hypervascular on CT than FNH, and have contrast 
washout in portal and delayed phases. They usually have 
associated fat, calcification, intratumoral necrosis or hem-
orrhage.36 With angiography, large peripheral vessels with 
centrifugal flow is typical, and a central avascular scar may 
be present due to intratumoral hemorrhage.37 They do not 
retain gadoxetate on the delayed phase of MRI and have de-
creased uptake on Tc99m sulfur colloid scintigraphy (as do 
fibrolamellar-HCC).27,36 Herman et al.36 attempted to dif-
ferentiate adenomas and FNHs based on radiologic findings, 
and achieved an accurate diagnosis in 82.6% of cases after 
confirmation with histology. Another similar study by Kim et 
al.38 had a 92% diagnostic accuracy using imaging in pa-
tients with liver lesions and confirmed later by pathology.

HCC is usually hypointense on gadoxetic acid-enhanced 
MRI due to decreased or absent uptake. Occasionally, they 
can be iso- or hyperintense due to overexpression of organ-
ic anion-transporting polypeptide 1B3. However, the typical 
pattern of arterial enhancement and venous washout of HCC 
(present around 88–96% of the time)26 leads to the diagnosis.

Use of spectral CT can also distinguish HCC from FNH.39 
Indeed, one study compared morphologic and enhance-
ment patterns using spectral CT to differentiate HCC from 
hemangiomas and FNHs.40 The enhancement patterns were 
as described earlier for FNH while HCC showed rapid en-
hancement in the arterial phase and quick washout in the 
portal phase. However, the authors also described use of 
CT attenuation values and other quantifiable measurements 
(i.e. iodine density, water density, spectral curve) and their 
determination of a statistically significant difference in CT 
values amongst HCC and FNH (with FNH having the highest 
mean values in both arterial and portal phases). Specific 
cutoff measurements were not made clear but spectral CT 
might be useful in equivocal cases, particularly to increase 

diagnostic accuracy.
Fibrolamellar-HCC can have a central scar that makes dif-

ferentiation from FNH difficult. Some features that favor fi-
brolamellar-HCC include calcification, large size, and signs of 
invasion to vascular structures or lymph nodes (50–65% of 
cases).41 They have non-specific sonographic features with 
variable echogenicity. CT studies will most likely reveal a het-
erogeneous lesion, which is well-defined, hypodense, with 
calcification and a central stellate scar. With addition of con-
trast, they have hyperattenuation on arterial phase with vari-
able enhancement patterns on venous and delayed phases. 
With MRI, fibrolamellar-HCC is hypointense on T1-weighted 
images and hyperintense on T2-weighted images.41 The cen-
tral scar is typically hypointense, which helps distinguish this 
lesion from FNH itself which has a hyperintense central scar 
on T2.41 Tc99m sulfur colloid scintigraphy can also help differ-
entiate between the two.

Complications

Severe pain
FNHs are vascular tumors, and variations in blood flow within 
them are thought to cause pain due to the consequent cap-
sular distention. Hsee et al.42 studied FNH in eight patients, 
among which seven had right upper abdominal pain requiring 
work-up for pain. One patient had reported pain specifically 
with physical activity, while another was included in the study 
due to rapidly enlarging lesion seen on imaging. The work-up 
routines for pain included US, CT, MRI, esophagogastroduo-
denoscopy (EGD), colonoscopy and hepatobiliary iminodi-
acetic acid scan. These patients were followed for 1–7 years 
and all eventually had resections of the hepatic lesion due 
to persistent pain requiring analgesics. They were followed 
up for a median time of 2 years, and all seven patients with 
the right upper abdominal pain achieved resolution of pain 
without further need for pain medications. The single patient 
who experienced pain with exercise also achieved resolution 
of symptoms. Her lesion was closely related to the right and 
middle hepatic veins and it was thought that her lesion had 
caused pain due to hepatic venous outflow obstruction. Al-
though all eight of the patients appeared to have resolution of 
symptoms after surgery, the sizes of the lesions and segment 
location were variable, making it difficult to establish an asso-
ciation between certain characteristics and the cause of pain.

Another study by Bonney et al.43 followed 52 patients with 
FNH managed either surgically or conservatively. In the sur-
gery group (n=15), the most common indication for surgery 
was pain (13 patients), while the other indication was having 
a suspicious lesion on imaging. Gastritis and cholelithiasis 
were excluded as potential causes of pain. Overall, patients 
managed surgically had greater tumor size and/or greater 
number of lesions compared to the conservative group. The 
results support a positive association between size and pain. 
Only one patient managed with surgery experienced recur-
rence of pain, although there was recurrence of FNH. In the 
conservatively treated group, five patients had persistent 
pain and were being considered for surgical management. 
There were no details with regard to whether these patients 
had increased size of FNH, which would have supported the 
association between size and pain.

Broker et al.24 monitored 160 patients for interval growth 
of FNH after 6 or more months with repeat imaging. Of note, 
a second set of images were reviewed by a different radiolo-
gist and the diagnosis of FNH was evident from both images. 
Twenty-eight patients were found to have an increase in size, 
but an increase in size of at least 20% was found in nine-
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teen of those patients. Compared to the group that did not 
have any growth, there were no differences in gender, age, 
body mass index, use of OCPs or symptomatology (including 
pain). Five patients out of one hundred and sixty had the FNH 
resected due to their abdominal pain, but only one patient 
achieved resolution of the symptoms after surgery. It was 
not specified whether the patients with pain were subject to 
any other work-up. However, results indicated that a large 
size or growing FNH was not necessarily associated with pain 
and resection did not cause resolution of symptoms.

Cases of acute abdominal pain due to torsion of peduncu-
lated FNH lesions causing infarction of the mass and rupture 
with intra-abdominal hemorrhage have been reported.44

Rupture
Spontaneous rupture with hemorrhage is a rare complication 
that has been reported for a few cases. It has been proposed 
that bleeding could be due to intratumoral vascular malfor-
mations and pressure build-up.45 Histological components 
such as presence of telangiectasia, thickness of blood ves-
sels, dilatation of sinuses or sinus fibrosis might play a role in 
the risk of spontaneous bleeding. Abdominal trauma may be 
associated with rupture, although many cases did not men-
tion previous trauma but rather spontaneous rupture.

Kinoshita et al.46 described a case of a 32 year-old male 
with a known 8-cm FNH diagnosed by prior imaging and bi-
opsy, who presented to the hospital with sudden onset upper 
abdominal pain. CT imaging without contrast showed evi-
dence of ascites and high-density areas surrounding the tu-
mor. An angiogram was performed, which showed active ex-
travasation. Therefore, a transcatheter arterial embolization 
was performed. The patient ultimately had elective surgery 
with resection of the lesion, which was found to be composed 
of necrotic tissue and hematoma. Ultimately, the diagnosis of 
ruptured FNH was made.

FNH rupture with intraperitoneal hemorrhage is rare. 
Based on prior case reports, it appears the majority of rup-
tured FNHs had a size of 5 cm of greater, but some tumors 
were as small as 1 cm.47–49 This suggests that there might 
be other characteristics that increase risk of rupture, includ-
ing degree of vascular alteration. Location is less likely to be 
associated given there have been reports of ruptured FNHs 
in right, left and caudate lobes.

Compressive effects
Hepatic vein obstruction: Rangheard et al.50 retrospec-
tively studied 74 patients with FNH, 10 of which had evidence 
of hepatic vein obstruction (compressive group). Overall, the 
mean size of the lesion was bigger in the compressive group 
compared to the control group. Most of the lesions were also 
located centrally compared to the control group, in which 
they were mostly peripheral. In the compressive group, liver 
function test results showed greater elevation than in the 
control group. There was no mention as to whether the com-
pressive group had any type of signs or symptoms similar to 
Budd-Chiari syndrome. It is possible that with slower grow-
ing lesions, progressive vein compression could lead to for-
mation of collaterals, preventing clinical symptoms to arise 
as were seen in all patients in the compressive group through 
imaging with US, CT or MRI. Based on these cases it could be 
hypothesized that larger and centrally located FNH are more 
associated with hepatic vein compression or occlusion.

Similarly, Arrive et al.51 reported a case of a woman who 
underwent surgery for an ovarian cyst and was incidentally 
found to have an FNH causing a complete occlusion or ob-
struction of the right hepatic vein. However, it was also noted 
that an intrahepatic venous collateral pathway existed be-

tween the right hepatic vein and middle hepatic vein in the 
patient. It was reported that the woman had normal liver 
function tests and was asymptomatic.

Portal hypertension: A case was reported of a 61 year-
old woman with history of colon cancer treated with ileocecal 
resection and chemotherapy, and a live donor liver trans-
plant due to presumed decompensated liver cirrhosis from 
non-alcoholic steatohepatitis (NASH).52 She had a known 
liver mass measuring 20 mm × 14 mm in the right lobe and 
also had evidence of portal hypertension with esophageal 
varices requiring ligation. Imaging had also showed an at-
rophied liver and splenomegaly. On the explant, the lesion 
was determined to be an FNH with disappearance of periph-
eral portal vein and angiogenesis. Evaluation of the rest of 
the parenchyma showed no signs of fibrosis or NASH. She 
was ultimately diagnosed with idiopathic portal hypertension 
(IPH) secondary to obliterative portal venopathy. This case 
suggests that FNH formation can be a consequence of IPH, 
likely secondary to paraportal shunting and regeneration of 
arteries. Given the size and location of the lesion, it was con-
sidered unlikely that it was causing a portal vein obstruction.

Cases of FNH causing compressive portal hypertension are 
not found in the literature. Based on other cases with FNH 
found in patients with congenital or IPH, however, it seems 
that FNH might be a consequence of underlying vascular ab-
normalities rather than a cause of portal hypertension due to 
obstruction.

Biliary obstruction: Bente et al.53 reported a case of a 
29 year-old female with biliary colic who had a laparoscopic 
cholecystectomy and was found to have a liver lesion abutting 
the cystic duct. The lesion was biopsied and was determined 
to be most likely an FNH. Gallbladder pathology revealed 
chronic cholecystitis with two 3-mm stones and no sludge. 
The authors did not specify whether the patient’s symptoms 
improved post-cholecystectomy. However, because the pa-
tient reported mainly positional right upper quadrant pain, 
experienced mostly at night when reclining, they questioned 
whether the liver lesion was causing compression of the 
cystic duct and obstructive pain. There was no mention of 
whether results of liver function tests showed elevation on 
presentation, which could have supported this theory.

Another case was reported of a 10-year-old presenting 
with epigastric pain and found to have acute cholecystitis 
and a liver lesion on US. The liver lesion was later determined 
to be a 6-cm to 7-cm FNH based on MRI findings and biopsy 
results. She was managed conservatively with antibiotics.54 
The FNH was located in the right hepatic lobe, but there was 
no mention of whether there was compression of the biliary 
tract. Based on this case alone, it is difficult to determine 
whether the hepatic lesion was the cause of acute cholecys-
titis or simply an incidental finding.

Gastric outlet obstruction: A 23-year-old female who 
presented with nausea, vomiting and abdominal pain, was 
reported to have gastric outlet obstruction during EGD. Cross-
sectional imaging revealed a 7-cm exophytic lesion in the 
liver, compressing the stomach. MRI showed a hypointense 
lesion in T1 and slight hyperintensity on T2-weighted images. 
The patient underwent laparotomy, revealing a mass causing 
external compression of the stomach. This was resected com-
pletely and was determined to be a FNH upon histopathologi-
cal and immunohistochemical examinations.55 Unfortunately, 
there was no mention on whether this patient had any type of 
follow up or experienced resolution of symptoms.

FNH and concomitant HCC
FNH is not a premalignant lesion but has been reported to oc-
cur simultaneously with some malignant tumors. Saul et al.56 
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studied a 19 year-old woman with history of OCP use who 
was found to have an 11-cm, palpable liver mass. On CT 
scan this was hypodense with an enhancing central septate 
region. Arteriography showed a hypervascular mass with 
peripheral artery supply radially penetrating into the center, 
and in the parenchymal phase there was a dense capillary 
blush with stellate septate pattern and central lucency con-
sistent with a scar. Based on the radiologic evaluation this 
was consistent with an FNH. For unclear reasons, she even-
tually had the lesion excised, and pathology exam revealed 
a fibrolamellar-HCC with a region showing characteristic 
features of FNH. These were two macroscopically and mi-
croscopically distinct regions. This case, along with several 
others,57 showed histological similarity between FNH with 
fibrolamellar-HCC. However, there is no proof of transfor-
mation from one to another.

An association between FNH and HCC has also been stud-
ied in the past. Chen et al.58 described a FNH arising from 
the periphery of a HCC in a 65-year-old female patient with 
hepatomegaly and elevated liver function test results. A hy-
pervascular, hyperechoic and heterogeneous mass without 
evidence of cirrhosis was seen on multiple imaging modali-
ties and eventually resected. On macroscopic exam, it was 
evident the tumor was composed of two different parts based 
on pathology consistent with FNH and HCC. Clonal analy-
sis was conducted and it was determined both tumors were 
monoclonal. However, the inactivated alleles were not identi-
cal between the two, suggesting derivation from two differ-
ent clonal origins.

Coopersmith et al.59 described a case of a 43 year-old 
woman who had presented with right upper quadrant ab-
dominal pain radiating to her right shoulder. She was found 
to have two liver lesions on CT imaging. The lesions were 
biopsied and showed a right lobe mass consistent with HCC 
and a left lobe mass determined to be FNH. Eventually, she 
had a right hepatectomy and on macroscopic exam was 
found to have multiple liver nodules in the liver that were 
consistent with FNHs. At her 3-month follow up, a new 6-cm 
mass was discovered in the medial segment of the left lobe of 
the liver which was ultimately diagnosed by CT-guided biopsy 
to be recurrent HCC. This case once again showed HCC in a 
liver with concomitant FNH.

FNH and fatty liver
Hirohushi et al.60 studied patients with FNH diagnosed on 
MRI with gadolinium-diethylenetriamine-pentaacetic acid to 
determine the usefulness of using in-phase and opposed-
phase gradient echo in diagnosis of this lesion. They com-
pared in-phase and opposed-phase intensities and classified 
patients into non-fatty liver group, mild fatty liver group and 
severe fatty liver group. In 29 patients, opposed-phase im-
aging was able to detect more lesions compared to dynamic 
MRI in patients with fatty liver, and these were <1 cm. Op-
posed-phase imaging was also able to detect fatty changes 
within FNH in three patients, one of which had no steatosis in 
the rest of the liver. One patient with fatty liver had follow up 
at 6 months, and the steatosis within FNH was found to have 
disappeared along with improvement of the fatty changes in 
the rest of the liver. That study’s findings highlight the pos-
sible utility of opposed-phase imaging in detection of steato-
sis within FNH and also suggest that steatosis is reversible 
within the lesion as well. However, no causal association was 
proven between these two conditions.

Fatty infiltration is an atypical finding in FNH. Stanley et 
al.61 described a case of a 28 year-old woman with fatty liver 
seen on CT imaging as well as a large liver lesion in the 
right hepatic lobe and multiple smaller liver lesions ranging 

from 1–2 cm in size in both lobes. Due to her presentation 
with abdominal pain and interval growth of the lesion from 
4 cm to 11 cm, she had the largest lesion excised and its 
pathology was consistent with FNH with intratumoral fatty 
change. The authors emphasized that presence of steatosis 
may cause atypical radiologic findings (such as heterogene-
ity and hyperdensity), resulting in higher likelihood of mis-
diagnosis. The presence of steatosis within FNH might be a 
consequence of coexisting fatty liver disease.

Management
FNH is usually an incidental finding and patients are usually 
asymptomatic. Per the European Association for the Study of 
the Liver guidelines, follow-up imaging is not needed when 
diagnosis is established with imaging.13 However, close fol-
low up with serial imaging every 6–12 months can be con-
sidered, especially in women who continue to take OCPs or 
patients who are symptomatic.

Surgical resection is considered for progressive growth or 
large lesions >10 cm in size with symptoms of compression, 
increased risk of hemorrhage due to trauma (subcapsular 
location) or occurrence of a complication.1 Embolization of 
bleeding hepatic lesion can be successful in up to 99% of 
patients in the acute setting, followed by second-stage mass 
resection.30,45,46 Techniques including arterial embolization 
and radiofrequency ablation could also be considered as al-
ternatives to surgical resection.

Conclusions
FNHs are benign liver lesions that are thought to occur as a 
reaction to a vascular abnormality, whether related to either 
hyperperfusion or hypoperfusion. They have a distinct cen-
tral scar that can be useful for radiologic diagnosis, but this 
is not always present. Diagnosis can be made best with US 
or cross-sectional imaging. However, when typical radiologic 
findings are absent there may be diagnostic uncertainty and 
addition of hepatobiliary contrast agent and/or biopsy for 
histologic confirmation might be necessary. It is important 
to make the distinction from malignant lesions as well as ad-
enomas due to complications associated with these.

These lesions rarely cause symptoms and, therefore, 
are usually found incidentally on imaging. Nevertheless, 
larger lesions can be associated with symptoms and other 
rare complications. Size of the lesion might be related with 
greater risk of rupture and compressive effects upon adja-
cent structures (Table 1).24,42-47,49–51,53–55,62–76 Management 
with surgical resection, transarterial embolization or radiofre-
quency ablation should be considered in patients experienc-
ing severe pain with no other identifiable cause or large or 
rapidly growing lesions with risk of causing complications.
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Table 1.  Complications of FNH

Study Patient Complication Size of lesion cm Management

Hsee et al.42 1 RUQ pain 7×6 Resection

2 RUQ pain 5.5×4×5 Resection

3 RUQ pain 1.4×0.5×1 Resection

4 RUQ pain 8×8 Resection

5 RUQ + flank pain 4×4 Resection

6 RUQ pain 1×2 Resection

7 RUQ pain 7.5×6.5×5.5 Resection

Gómez García et al.62 1 Pain 4.8×4.1 Arterial embolization

2 Pain 5.8×3.6 Arterial embolization

Pain et al.63 1 Pain 9 Resection

2 Pain 9 Resection

3 Pain 8 Resection

4 Pain 7 Resection

5 Pain 11 Resection

6 Pain 8 Resection

7 Pain 8 Resection

8 Pain 4 Resection

9 Pain 5 Resection

10 Pain 8 Resection

Osinowo et al.64 1 Pain 13.9×8.3 Resection

Birn et al.65 n=12 Pain DNA Arterial embolization

Lee et al.44 1 Pain 4.8×3×3.6 Resection

2 Pain 3.1×4.1×5.5 Resection

Hau et al.66 n=46 Pain Mean 5.9 Resection

Bonney et al.43 n=13 Pain Mean 6.1 Resection

Broker et al.24 n=7 Pain DNA Resection (n=5) and embolization  
(n=2)

Yan et al.67 n=17 Pain Mean 10.5 Arterial embolization

Zhang et al.68 n=23 Pain Mean 5 Arterial embolization

Alaoui et al.69 1 Pain 7.2×6×6 Arterial embolization + resection

2 Pain 7.5×6.5×6.5

Hardwigsen et al.70 1 Rupture/hemorrhage 5 Arterial embolization + right  
hepatectomy

Kinoshita et al.46 1 Rupture 8 Arterial embolization + resection

Mays et al.71 1 Rupture/hemorrhage 10 Resection

Becker et al.72 1 Rupture/hemorrhage 4.5 Resection

Bathe et al.73 1 Rupture/hemorrhage 6 Resection

Rahili et al.74 1 Rupture/hemorrhage 9.8 Resection

Chang et al.75 1 Rupture/hemorrhage 10 Resection

Demarco et al.49 1 Rupture/hemorrhage 5.2 Resection

Li et al.76 1 Rupture/hemorrhage 15 Resection

Yajima et al.47 1 Rupture/hemorrhage 1 N/A (revealed at autopsy)

(continued)
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Si et al.45 1 Rupture/hemorrhage 8×8 Arterial embolization and 
right hepatectomy

Rangheard et al.50 n=10 Hepatic vein compression DNA DNA
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