
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i28.8541

World J Gastroenterol  2015 July 28; 21(28): 8541-8561
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

8541 July 28, 2015|Volume 21|Issue 28|WJG|www.wjgnet.com

REVIEW

Benign liver tumors in pediatric patients - Review with 
emphasis on imaging features

Liliana Chiorean, Xin-Wu Cui, Andrea Tannapfel, Doris Franke, Martin Stenzel, Wojciech Kosiak, 
Dagmar Schreiber-Dietrich, Jörg Jüngert, Jian-Min Chang, Christoph F Dietrich

Liliana Chiorean, Xin-Wu Cui, Dagmar Schreiber-Dietrich, 
Jian-Min Chang, Christoph F Dietrich, Sino-German Research 
Center of Ultrasound in Medicine, the First Affiliated Hospital 
of Zhengzhou University, Zhengzhou 450001, Henan Province, 
China 

Liliana Chiorean, Christoph F Dietrich, Medical Department 2, 
Caritas-Krankenhaus, Uhlandstr. 7, D-97980 Bad Mergentheim, 
Germany

Andrea Tannapfel, Institut für Pathologie, Ruhruniversität 
Bochum, Georgius Agricola Stiftung Ruhr, Bürkle-de-la-Camp-
Platz 1 44789 Bochum, Germany

Doris Franke, Department of Paediatric Kidney, Liver and 
Metabolic Diseases, Children's Hospital, Hannover Medical 
School, Carl-Neuberg-Str. 1, 30625 Hannover, Germany

Jörg Jüngert, Department of Pediatrics, University of Erlangen, 
Loschgestrasse 15, 91054 Erlangen, Germany

Martin Stenzel, Department of Pediatric Radiology, University 
of Freiburg, Friedrichstr. 39, 79098 Freiburg, Germany

Wojciech Kosiak, Department of Pediatric Hematology and 
Oncology, Medical University of Gdansk, 80-210 Gdańsk, 
Poland

Author contributions: Dietrich CF designed and conceived the 
paper; Chiorean L, Cui XW, Tannapfel A, Franke D, Stenzel M, 
Kosiak W, Schreiber-Dietrich D, Jüngert J, Chang JM and Dietrich 
CF analyzed the literature data; Chiorean L provided the first draft 
of the manuscript, which was discussed and revised critically for 
intellectual content by Cui XW, Tannapfel A, Franke D, Stenzel 
M, Kosiak W, Schreiber-Dietrich D, Jüngert J, Chang JM, and 
Dietrich CF; all authors discussed the statement and conclusions, 
and approved the final version to be published. 

Conflict-of-interest statement: None to declare. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 

which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Christoph F Dietrich, Professor of 
Medicine, Sino-German Research Center of Ultrasound in 
Medicine, The First Affiliated Hospital of Zhengzhou University, 
Jianshe east road No. 1, Zhengzhou 450052, 
China. christoph.dietrich@ckbm.de
Telephone: +86-371-66913150
Fax: +86-371-66913150

Received: January 19, 2015 
Peer-review started: January 20, 2015
First decision: March 26, 2015
Revised: April 16, 2015
Accepted: May 20, 2015
Article in press: May 21, 2015
Published online: July 28, 2015

Abstract
Benign hepatic tumors are commonly observed in 
adults, but rarely reported in children. The reasons for 
this remain speculative and the exact data concerning 
the incidence of these lesions are lacking. Benign 
hepatic tumors represent a diverse group of epithelial 
and mesenchymal tumors. In pediatric patients, most 
benign focal liver lesions are inborn and may grow 
like the rest of the body. Knowledge of pediatric liver 
diseases and their imaging appearances is essential 
in order to make an appropriate differential diagnosis. 
Selection of the appropriate imaging test is challenging, 
since it depends on a number of age-related factors. 
This paper will discuss the most frequently encountered 
benign liver tumors in children (infantile hepatic 
hemangioendothelioma, mesenchymal hamartoma, 
focal nodular hyperplasia, nodular regenerative 
hyperplasia, and hepatocellular adenoma), as well 



as a comparison to the current knowledge regarding 
such tumors in adult patients. The current emphasis 
is on imaging features, which are helpful not only 
for the initial diagnosis, but also for pre- and post-
treatment evaluation and follow-up. In addition, 
future perspectives of contrast-enhanced ultrasound 
(ceUS) in pediatric patients are highlighted, with 
descriptions of enhancement patterns for each lesion 
being discussed. The role of advanced imaging tests 
such as ceUS and magnetic resonance imaging, which 
allow for non-invasive assessment of liver tumors, is 
of utmost importance in pediatric patients, especially 
when repeated imaging tests are needed and radiation 
exposure should be avoided. 
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Core tip: Focal liver lesions (FLL) are commonly 
observed in adults, but rarely reported in children. The 
reasons for this remain speculative. Most benign focal 
liver lesions are inborn and may grow like the rest of 
the body. The current paper deals with FLLs in pediatric 
patients, as well as a comparison to the current 
knowledge regarding such tumors in adult patients. 
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INTRODUCTION
Primary hepatic tumors are rare in children, where 
they account for about 5%-6% of all intra-abdominal 
masses and represent between 0.5% and 2.0% 
of all pediatric neoplasms[1]. They are a diverse 
group of epithelial and mesenchymal tumors, which 
constitute the third most common group of childhood 
solid abdominal tumors. The incidence is 0.4 to 1.9 
per million children each year and can vary with 
patient age. Liver masses in children can be benign, 
malignant, or indeterminate. About one-third of 
pediatric primary liver masses are benign[2-11]. 

In the literature, the most frequently described 
benign liver tumors in the pediatric age group are: 
infantile hepatic hemangioendothelioma (IHH), 
mesenchymal hamartoma (MHL), focal nodular 
hyperplasia (FNH), nodular regenerative hyperplasia 
(NRH), and hepatic adenoma (HA)[12,13]. Other lesions 
are: hepatic cysts, hemangioma, benign lipomatous 
tumors (angiomyolipoma and lipoma), and benign 

biliary tumors (biliary cystadenoma, bile duct 
hamartoma or adenoma, and papillary adenoma). 
However, incidence data are derived from surgical 
studies, and so data concerning “true incidences” 
are lacking. So far, no data are available concerning 
the prevalence of hemangioma or cysts in screened, 
asymptomatic children.

The diagnosis of pediatric liver tumors is made on 
the basis of clinical features, serum α-fetoprotein (AFP) 
level, age of the child, and imaging characteristics. 
The role of imaging, like in adulthood, is to determine 
the organ of origin and the character and extent of 
the lesion[14,15]. Knowledge of pediatric liver diseases 
and their imaging appearances is essential in order 
to make an appropriate differential diagnosis[12]. 
Challenges exist for the non-invasive detection and 
characterization of focal liver lesions (FLLs) in the 
pediatric population. The selection of the appropriate 
imaging test depends on a number of factors, such 
as: (1) children require imaging strategies with a 
higher resolution due to smaller anatomic structures; 
(2) children may be unable to tolerate or hold still 
for an imaging test, so they may require sedation 
or anesthesia; and (3) the use of imaging tests with 
ionizing radiation should be minimized given that 
children are more sensitive to the long-term effects of 
radiation exposure than adults[16].

Differentiation of masses is still complex, and 
biopsy or resection for histological diagnosis sometimes 
becomes necessary[17-21]. The incidence of complications 
after percutaneous liver biopsy in pediatric patients was 
6.83%, of which 2.4% were major complications, as 
reported by Scheimann et al[22]. 

This paper will discuss benign liver tumors in 
children, with an emphasis on imaging features and 
future perspectives of contrast-enhanced ultrasound 
(ceUS) in pediatric patients (Table 1). 

IMAGING MODALITIES FOR PEDIATRIC 
LIVER TUMOR EVALUATION
US is the least costly and most widely used method 
for evaluating children with liver tumors. It can provide 
real-time assessment without ionizing radiation, and 
it is often the first imaging modality of choice because 
of its wide availability and because it offers quick, 
non-invasive evaluation of the liver parenchyma. US 
examination accurately excludes a mass when it is not 
present or, if the mass is present, it evaluates whether 
it is cystic or solid, as well as assessing the vascular 
flow through the use of Doppler technique. The 
size, number, and appearance of FLLs can be readily 
determined, narrowing the differential diagnosis. 
Moreover, it helps to evaluate hepatic and portal 
venous involvement[16,23-26]. US-guided liver biopsy 
in children is a procedure with a low rate of major 
complications and a high rate of minor bleeding that 
does not require intervention[27]. 

Chiorean L et al . Benign FLL in pediatric patients

8542 July 28, 2015|Volume 21|Issue 28|WJG|www.wjgnet.com



1Hommogeneous/inhomogeneous (inhomogeneity is most frequently encountered in larger lesions, possibly be due to calcifications, hemorrhage, necrosis, 
thrombosis, and/or fibrosis); 2Hemorrhage; 3Small lesions; 4Larger lesions; 5Solid component may be hyper-/isoechoic as reported to the surrounding 
liver parenchyma; 6According to the type of the lesion (cystic/mixed/solid form); 7Calcifications, necrosis, bleeding, and internal debris are rare features. 
When present, the imaging aspect of the lesion is inhomogeneous; 8Often not visible due to small size and isoechogenicity. In these cases, a diffusely 
heterogeneous echotexture associated with distortion of hepatic architecture can be the only sonographic feature. Also, in rare cases, nodules can be 
hyperechoic ± hypoechoic centers (hemorrhage); 9Usually; 10Occasionally; 11Hemorrhage; 12Intracellular fat; 13Preferentially in the portal venous phase; 
14High lipidic content/recent hemorrhage; 15In glycogen storage diseases due to diffuse fatty infiltration of the liver; 16Mimicking a cyst, in cases of old blood 
content; 17Due to fat, calcifications, necrosis, or recent hemorrhage (hyperattenuating); 18Small lesions; 19Larger lesions due to areas of fat, hemorrhage, 
necrosis, or calcifications; 20May also be due to hemorrhage; 21May present with late wash-out and a pseudocapsule may be visible on delayed acquisition. 
US: ultrasound; CEUS: contrast-enhanced ultrasound.

Table 1  Imaging features
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US Computed tomography Magnetic resonance imaging

Infantile hepatic hemangioendothelioma
2D Pre-contrast examination T1-weighted images
   Hypoechoic1 Hypodense1, well-defined    Hypointense1

Doppler US Post-contrast examination    ± hyperintense foci2

   Enlarged hepatic arteries and veins, shunts Intense, homogeneous enhancement3/peripheral 
enhancement4 with progressive centripetal filling-in 
pattern 

T2-weighted images
CEUS    Hyperintense
   Peripheral enhancement, with centripetal filling-in Enhancement pattern

   Centripetal filling-in 
Mesenchymal hamartoma  
2D Cystic components Cystic components
   Cystic and solid5 components in various amounts6    Water attenuation T1-weighted images
   Thin/thick and mobile septa    Non-enhancement    Variable signal intensity on (depending on the 

protein content)   Parietal nodules  
   Rare features7  T2-weighted images 
     High signal intensity
Doppler US Solid components Solid components
   Linear blood flow within solid portions and septa    Hypodense    Hypointense on both T1- and T2-weighted images 

(fibrosis)   Surrounding portal and hepatic veins may be displaced    Post-contrast enhancement 
CEUS    Post-contrast mild enhancement (and within the 

septa)   Solid component may present arterial and portal venous 
enhancement 
Focal nodular hyperplasia
2D Pre-contrast examination T1-weighted images
   Well-circumscribed    Isodense/slightly hypodense    Isointense/slightly hypointense to the liver
   Variable echogenicity    Hypoattenuating central scar    Hypointense central scar
   Stellate hyperechoic central scar Arterial and early portal phases T2-weighted images
Doppler US    Homogeneous enhancement, earlier and more 

intense than the surrounding liver parenchyma 
   Isointense/slightly hyperintense

   Spoke-wheel pattern    Hypoattenuating central scar    Hyperintense central scar 
CEUS Late portal and delayed phases    Arterial phase
   Arterial and portal venous enhancement    Isoattenuating to the liver    Hyperintense lesion

   Delayed enhancement of the central scar    Non-enhanced central scar
Portal venous phase
   Slightly hyperintense/isointense
Delayed phase
   Enhancement of the central scar

Nodular regenerative hyperplasia
2D Pre-contrast examination T1-weighted images
   Multiple, tiny, well-circumscribed, hypo-/isoechoic 
nodules8

   Hypo-9/isoattenuating to the liver    Slightly hyperintense

   ± sonolucent rim    Post-contrast images    ± foci of high signal intensity11 
CEUS Nodules do not enhance9    ± hyper-/hypointense rim
   Arterial and portal venous enhancement similar to the 
surrounding liver parenchyma

   Diffuse or peripheral rim-like enhancement10    Fat suppressed images decreased signal intensity12

T2-weighted images
   Iso-/hypointense
   ± hyperintense rim
Enhancement pattern
   Similar to normal liver parenchyma13

Hepatic adenoma
2D Pre-contrast examination T1- and T2-weighted images 
   Heterogeneous    Hypoattenuating, sharply delineated spherical 

mass ± pseudocapsule
   Heterogeneous, predominantly hyperintense20 

   Hyperechoic14/hypoechoic15/cyst-like16    Heterogeneous content17    In-phase and out-of-phase T1 sequence 
Doppler US Arterial phase    Signal loss (fatty components)
   Central vessels with a triphasic pattern/continuous 
venous waveform

   Homogeneous18/heterogeneous enhancement19 Enhancement pattern

CEUS Portal venous and delayed phases    Early arterial enhancement 
   Only arterial enhancement as the distinctive feature to 
FNH 

   Isoattenuating/rapid “wash-out”    Isointense during portal and venous phases21

Hepatocyte-specific contrast agents
   Hypointense on hepatocyte phase imaging 
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testing, and can be carried out in a variety of scenarios 
(e.g., bedside, operatory room, and CT suite). It 
can be applied independently of renal function and 
operates in real time, so that rapid changes can be 
captured without radiation exposure[37].

US Contrast Agents registered in Europe are licensed 
only for cardiac or, in the case of SonoVue®, liver and 
vascular applications. SonoVue® is safe and effective 
for the examination of almost all organs, and has 
published European guidelines[38-41]. Published clinical 
recommendations on the use of CEUS are based on 
comprehensive literature surveys, including results 
from prospective clinical trials. Despite this, many 
indications are still off-label[37-41]. 

The current legal requirements for registration of 
pharmaceutical products in Germany and the rest of 
Europe are strict. In order for a new indication to be 
registered, the manufacturer must provide data on 
its safety and efficacy, with a dedicated phase Ⅲ trial 
specifically designed to achieve registration approval. 
Diagnostic agents, including contrast microbubbles, 
are not exempt to this rule, which is designed to 
protect patients from the misuse of drugs or diagnostic 
agents, but, on some occasions, may limit the potential 
benefits to patients. In fact, applications for indications 
do not only follow clinical or scientific needs, but also 
the financial expectations of the producer (and health 
care funders)[37,42]. 

Off-label use is of utmost importance in pediatrics 
because many drugs are not tested by randomized 
trials in children, which also means that they are not 
specifically licensed for use in children. Licensed drugs 
are often prescribed outside the terms of the product 
license (off-label) in relation to age, indication, dose 
frequency, route of administration, or formulation. Over 
two thirds (67%) of 624 children admitted to wards 
in five European hospitals received drugs prescribed 
in an unlicensed or off-label manner and 39% of the 
2262 drug prescriptions given to children were off-
label. Thus, licensed drugs for adults may only be used 
in children after the parents (or legal representatives) 
have been adequately informed and specific consent 
has been obtained (except in cases of emergency). 
To be able to use any medication or agent routinely in 
children, a dedicated trial demonstrating its efficacy 
and safety has to be performed. Until this happens 
the agent will remain for off-label use only, with all the 
procedures this involves. Unfortunately, these rules, 
which are designed to protect patients, may on some 
occasions limit the potential benefit to patients if, for 
instance, an operator refuses to perform off-label 
indications. This may clash with clinical need[37,42].

Generally, drugs not licensed at all for the German 
pharmaceutical market or not licensed for the respective 
indication may not be prescribed by any physician 
except under clinical trial conditions or individual clinical 
advice. Sickness funds may not fund clinical research 
and basically may not cover prescriptions of unlicensed 
drugs or unlicensed indications. Only a time-consuming 

Although CEUS has higher diagnostic efficacy 
in FLLs than baseline US, its use is still off-label 
in children. Given that CEUS is a candidate for 
consideration as the primary imaging tool for FLLs 
assessment in adults (with documented safety 
issues)[28], it should therefore be considered as a 
primary modality of choice in children as well[28,29]. 
However, to date there is little data available 
concerning the use of CEUS in the pediatric age group. 
Although some magnetic resonance imaging (MRI) 
and computed-tomography (CT) contrast medias are 
available for children, the remainder are also off-label 
(e.g., liver specific MR contrast media)[24]. 

CT depicts liver lesions and their involvement with 
adjacent structures with excellent spatial resolution in 
adults and older children, giving improved anatomic 
location and FLL characterization[30]. Multiphase 
contrast-enhanced CT improves diagnostic specificity 
by further characterizing liver lesions, albeit at the 
expense of increased radiation exposure[16]. The 
potential risks of radiation exposure have to be 
especially considered in children[31-34]. The need 
for sedation is decreased due to shorter imaging 
times[35,36].

MRI contrast agents that preferentially target the 
liver may be helpful in characterizing liver masses in 
select children. The imaging approach is non-invasive, 
radiation free, relatively rapid to perform, and provides 
anatomical and functional information[16]. 

CEUS AND OFF-LABEL USE
Off-label use raises controversies about access to 
innovations, as well as pharmacovigilance and liability. 
The SHI Modernization Act internationally took a 
pioneering role by introducing an expert committee 
to clarify rules for off-label use in Germany. Two 
new instruments were introduced in 2006: Annex 
9 defines drugs eligible for off-label-use and Annex 
10 lists drugs with a prescription ability following the 
assessment of the IQWiG (Institut für Qualität und 
Wirtschaftlichkeit im Gesundheitswesen; Institute for 
Quality and Efficiency in Health Care). The judging 
committee is affiliated to the Federal Institute of 
Pharmaceuticals and Medical Devices and consists of 
nominated representatives from the Institute, from 
scientific medical societies, physicians’ associations, 
manufacturers, sickness funds, SHI medical review 
boards, representatives of pharmacists, and patient 
interest groups. Based on a jurisdiction from the 
Federal Social Court on the criteria for access to off-
label use drugs, the committee started with defining 
rules and conditions for the prescription and SHI-
financing of oncological medications that are not 
yet licensed for the required indication. Despite 
these efforts, there are still many problems not yet 
solved, such as CEUS. CEUS has a number of distinct 
advantages over CT and MRI. It can be performed 
immediately, without any preliminary laboratory 
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and individual clarification process with the sickness 
fund may offer a solution[37,42]. 

INFANTILE HEPATIC 
HEMANGIOENDOTHELIOMA 
Infantile hepatic hemangioendothelioma (IHH) 
represents a relatively common liver tumor in children, 
accounting for 12% of all pediatric liver tumors in 
surgical studies. About half of cases occur as solitary 
masses, with the other half being multifocal[7,12,43,44]. 
All races are affected, with an increased risk for fair-
skinned individuals. Female infants are three times 
more likely to develop IHH than male infants[45]. There 
is an increased prevalence in patients with hemi-
hypertrophy and Beckwith-Wiedemann syndrome[46]. 

Approximately one third of cases are detected in 
the first month of life, while less than 5% of cases are 
diagnosed beyond 1 year of age. They have a peak 
presentation at 6 months of age, with hepatomegaly 
or an abdominal mass[7,18,47-52]. The natural course 
is typical, with presentation shortly after birth, rapid 
proliferation in the first year of life, and spontaneous 
involution over a period of years[53].

AFP levels are usually within normal reference 
ranges for age. Some cases with increased serum 
levels have been reported, possibly due to the 
entrapping of hepatocytes within the IHH tumor[54-56]. 

IHH were subdivided into well-demarked and 
infiltrative growth patterns. Histologically, two types 
of IHH exist. Type Ⅰ IHH is composed of proliferating 
small capillary-like vessels (bloodless or dilated) 
lined by bland or plump endothelial cells[57]. Vascular 
channels are separated by variable connective tissue. 
In some cases, extramedullary hematopoiesis is 
present. Involution and regression with thrombosis 
and fibrosis with calcification are common features. 
The histopathological characteristics of type Ⅱ IHH 
are equivalent to those found in angiosarcomas with 
aggressive behavior.

Previously grouped together as infantile hepatic 
hemangioendothelioma, pediatric benign hepatic 
vascular tumors have recently been shown to be at 
least two different lesions: hepatic infantile hemangioma 
and congenital hepatic vascular malformation with 
associated capillary proliferation (HVMCP). The first type 
(infantile or juvenile hemangioma) often presents as 
multiple masses (then referred to as hemangiomatosis), 
and usually involutes and regresses. If the neonatal 
hemangiomatosis is diffuse, including skin and liver 
manifestations, the prognosis is seriously worse due to 
an increased risk of hemorrhage[58]. The other type has 
been called a vascular malformation. GLUT1 endothelial 
reactivity distinguishes the two entities histologically: 
hepatic infantile hemangiomas stain positively for 
GLUT1, whereas the hepatic vascular malformations 
do not exhibit GLUT1 immunoreactivity[59].

Imaging features
US: US examination has an important role in the 
detection and localization of liver masses, as well as in 
follow-up[57]. IHH, presenting as a hypoechoic liver 
mass, may be detected at prenatal US, along with 
polyhydramnios. Postnatal US appearance of solitary 
IHH is that of a predominantly round and hypoechoic 
mass, sometimes with an inhomogeneous structure 
due to tiny echogenic foci having posterior acoustic 
shadowing and representing calcifications (seen in up 
to 36% of cases). Inhomogeneity may also be due to 
hemorrhage, necrosis, or fibrosis, in cases of larger 
lesions. In cases of diffuse disease, an enlarged liver 
may be the only sonographic finding[12,51,60]. 

The color and spectral Doppler analysis of IHH 
demonstrates a variety of flow patterns, with enlarged 
intralesional arteries and veins, direct arteriovenous 
or portovenous shunts, and large feeding and draining 
vessels[57,60]. Kassarjian et al[60] showed abnormal 
color flow patterns of IHH in 60% of patients and the 
presence of shunting was confirmed in 44%. Paltiel 
et al[57] studied 13 children with IHH and revealed 
that the range of the peak Doppler shift overlapped 
with those previously reported in the literature for 
malignant liver tumors. Follow-up of the treated lesions 
demonstrated a decrease of flow velocity in the feeding 
arteries and resolution of arteriovenous shunts, which 
was also associated with a decrease in the size of the 
masses[57,61].

Apart from IHH, hypoechoic infantile hemangiomas 
are most commonly detected incidentally. They 
present as multiple masses throughout the liver 
(hemangiomatosis) and are often associated with 
multiple cutaneous hemangiomas (> 5). The hype
rechoic appearance of adult hemangioma is uncommon 
in young children[12] (Figure 1).

CEUS: Tumor-specific vascularization patterns such 
as a nodular peripheral enhancement and partial or 
complete centripetal fill-in pattern in hemangiomas 
could be assessed in the majority of lesions, but not 
all[62]. It is vital for diagnosis that the nodules are 
hyperenhanced during all phases and that bubble 
destruction is avoided[63].

CT: CT has been the main diagnostic tool in the past, 
but this is no longer true due partially to its diminished 
resolution in infants and small children, but mainly due 
to significant radiation exposure[31]. In patients with 
IHH, CT shows a well-defined hypodense liver mass on 
non-enhanced examination, sometimes with speckled 
calcifications (in up to 50% of cases). After contrast 
agent administration, IHH enhances in a similar way 
with adult hemangiomas: peripheral enhancement 
during arterial time, with progressive centripetal fill-
in demonstrated during portal and venous phases. On 
delayed enhanced images, IHH shows a characteristic 
persistent enhancement, which is a distinct feature 
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compared with other liver tumors. If the mass is 
large with central hemorrhage, necrosis, or fibrosis, 
enhancement will be inhomogeneous. Small multifocal 
lesions enhance intensely and homogeneously. The 
appearance may be mistaken for metastases. Diffuse 
involvement presents with innumerable lesions with 
centripetal enhancement[12,23,51,60,61,64-66]. 

MRI: IHH are generally hypointense on pre-contrast 
T1-weighted images, sometimes with hyperintense 
foci reflecting hemorrhage[51]. T2-weighted and 
gradient-echo sequences, as well as dynamic 
gadolinium-enhanced imaging, allow confident 
diagnosis[60,67,68]. On T2-weighted sequence, IHH has 
a similar appearance to that of adult hemangiomas, 
being markedly hyperintense due to its vascular 
nature. Larger lesions may be inhomogeneous due to 
hemorrhage, necrosis, central thrombosis, or fibrosis, 
while smaller lesions usually have homogeneous signal 
intensity. The enhancement pattern is similar to that 
seen on contrast-enhanced CT, with a centripetal fill-in 
pattern[51,60,61]. 

Other imaging techniques
Arteriography is currently reserved for patients with 
complications from arteriovenous shunts in whom the 
use of embolization is considered[12,51,67]. 

Scintigraphy, both with technetium 99m (99mTc)-
labeled sulfur colloid and 99mTc-tagged red blood 
cells, was previously considered but that is no longer 
the case, showing the lesion as a cold spot because of 
a lack of Kupffer cells within the tumor[12,51,69,70]. 

US, associated with share wave elastography, is 
an additive tool to characterize hemangiomas and 
differentiate liver hemangiomas from malignant liver 
tumors in the pediatric population[71].

Treatment and prognosis
The treatment algorithm is based on imaging features 
and on the presence or absence of complications[72]. 
The prognosis of lesions is dependent on size and the 

effect on heart function, and is usually good if heart 
failure is managed successfully in cases of lesions 
with a high shunt volume. Spontaneous regression is 
frequent, but death may still occur within the first 6 
mo of life because of cardiac failure or replacement of 
normal hepatic parenchyma[70,73,74].

Although IHH is usually a benign lesion, it may 
show malignant potential, with cases of malignant 
sarcomatous transformation being reported[6,64,68,75-78]. 
Histology was not proved to be predictive of malignant 
potential, although older children are usually 
considered to be at higher risk. This points to the need 
for regular evaluation of this tumor until complete 
regression[79]. 

Mesenchymal hamartoma
Mesenchymal hamartoma of the liver (MHL) is the 
second most common benign hepatic tumor in children 
according to surgical studies, accounting for 8% of all 
pediatric hepatic tumors[13,80,81]. The rate in imaging 
experience is much lower. The term ‘mesenchymal 
hamartoma’ was introduced by Edmondson in 1956, 
describing a cystic mesenchymal lesion, chiefly 
composed of connective tissue and containing much 
serous fluid[82]. Before, it had been described in the 
literature under various names, including pseudocystic 
mesenchymal tumor, giant cell lymphangioma, cystic 
hamartoma, bile cell fibroadenoma, hamartoma, and 
cavernous lymphangiomatoid tumor[19]. It is a rare 
benign tumor, usually presenting within the first 2 
years of life (80% of cases), with a median age at 
presentation of 10 mo. Nearly all lesions (95% of 
cases) are diagnosed by the age of 5 years[80,81]. Cases 
of MHL in fetus have been reported[83], with rare cases 
in adults also being reported[84,85]. The male to female 
ratio is 3:2[64,80,81]. The right lobe is affected more 
frequently than the left one (6:1). Sometimes it may 
be pedunculated, with a thin or thick pedicle[13,80,81]. 
The tumor is often large, with Kim et al finding tumors 
to be larger than 10 cm in 85% of patients[86]. 

The etiology is uncertain. Typically, MHL are not 
associated with other anomalies, but associations with 
congenital heart disease, gut malrotation, omphalocele, 
myelomeningocele, Beckwith-Wiedemann syndrome, 
biliary atresia, and abnormalities of chromosome 19 
have been reported[21,87,88]. A rare case of a giant MHL 
in a neonate, associated with malrotation of bowel, has 
recently been presented in the literature[89]. 

Abdominal swelling with or without a large, 
firm, and smooth abdominal mass is usually the 
predominant clinical feature. Abdominal pain, anorexia, 
vomiting, fever, constipation, diarrhea, and poor 
weight gain or weight loss have also been reported. 
Being a space occupying lesion, if the mass is very 
large it may compress adjacent organs, resulting 
in various complications, such as ascites, jaundice, 
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Figure 1  Infantile hemangioma with arterial hypervascularity shown by 
color doppler imaging. 
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or even congestive heart failure[10,21,44,81,82,90-101]. 
Visible engorged veins over the anterior abdominal 
wall and lower limb edema due to inferior vena 
cava compression may sometimes be noticed[19,21]. 
Respiratory distress may be caused by upward shift on 
the diaphragm[10,19]. 

No specific panel of laboratory tests is characteristic 
of MHL[102]. Although liver function tests usually 
remain within normal limits, liver enzymes may be 
moderately elevated[21,103]. AFP is usually within normal 
ranges[85,95,104,105], but may be also mildly elevated, 
presumably originating from the peripheral hepatocyte 
component of the lesion[56,95,105-109]. If serum AFP level 
is elevated at diagnosis, its level will decrease to 
normal after complete resection of the tumor[21,95,101]. 

Microscopically, MHL consists of spindle cells 
in a myxoid background, with occasional areas of 
extramedullary hematopoiesis, all in a disordered 
arrangement of mesenchyme, malformed bile ducts, 
and cords of normal-appearing hepatocytes. It has 
a porous nature which permits accumulation of fluid 
within cystic spaces, leading to tumor enlargement of 
up to 30 cm[21,81,84,99,110,111]. If this happens rapidly, it 
may cause respiratory distress[112-114]. Cytogenetically, 
these tumors are characterized by translocations 
involving 19q13.4.

Depending upon the amount and nature of the 
myxoid stroma, it may present as a cystic, mixed, or 
solid mass. 

Imaging features
The imaging appearance of MHL depends on its 
pathologic appearance and constitutes a wide 
spectrum, from a predominantly cystic, avascular 
mass with thin or thick septa, to a predominantly 
solid (stromal or mesenchymal), hypovascular mass 
containing only few small cysts[110]. 

US: Prenatal US usually detects MHL during the last 
trimester of pregnancy (mean gestational age: 35 
wk)[50]. It is associated with rising AFP or human 
chorionic gonadotropin levels in the maternal serum 
and polyhydramnios[21,50,83,115]. The most commonly 
described presentation was that of a fetal abdominal 
cystic mass, of which the organ of origin can be hard 
to determine[50,116].

On post-natal US, MHL has a wide spectrum of 
sonographic features depending on whether it is 
in its cystic, mixed, or solid form. The cystic form 
presents as a well-defined multicystic mass. The cysts 
are anechoic or nearly anechoic, and are variable in 
size, separated by thin or thick echogenic and mobile 
septa. Sometimes, internal debris with fluid-fluid 
level inside the cysts may be seen, as well as low-
level echoes within the fluid, presumably reflecting 
gelatinous contents. US findings of round hyperechoic 
parietal nodules within the cystic spaces are specific 
for MHL. In the mixed form, variable amounts of solid 

components are also noted, being usually isoechoic 
to the liver and minimally vascularized. The mixed 
tumors are formed by multiple tiny anechoic areas 
with posterior enhancement and intervening isoechoic 
to hyperechoic solid tissue, leading to a sieve-like 
appearance at high-resolution US. Portions with very 
small cysts may appear completely solid at US. When 
the solid component is much better represented, the 
septa between the cysts may be irregularly thickened, 
and the solid portion may present with heterogeneous 
hyperechogenicity. Few cases of MHL appearing as 
a well-defined homogeneous echogenic mass have 
been described. The surrounding liver parenchyma is 
normal, but the surrounding portal and hepatic veins 
may be displaced. Color and power Doppler may 
detect relatively little, with linear blood flow limited to 
the solid portions and septa. A true capsule is generally 
not present, and the tumor can grow to a large 
size[12,21,107,117-121]. Calcification, significant necrosis, and 
bleeding into the lesion are rare[21,64,86]. 

CEUS: CEUS shows isoenhancement in the non-cystic 
parts of the lesion in all phases[122]. The cystic parts are 
non-enhancing. 

CT: The CT appearance of MHL is that of a complex 
cystic mass, with cystic components of water 
attenuation being unenhanced after contrast agent 
administration. Stromal components hypoattenuate 
to the surrounding liver parenchyma, and, after 
administration of iodinated intravenous contrast 
material, the solid components and the septa present 
enhancement[12,64,110,123]. 

MRI: The amount of cystic versus stromal components 
and the protein content of the fluid cysts are factors 
that influence the MRI features of MHL. The cystic 
portions present high signal intensity on T2-weighted 
images, and variable signal intensity on T1-weighted 
images, depending on the protein content. Owing 
to fibrosis, solid portions may appear hypointense 
to the adjacent liver parenchyma on both T1- and 
T2-weighted images. After gadolinium injection, 
solid parts may show mild enhancement, as well as 
enhancement within the septa[15,44,64,110,123]. 

Differential diagnosis enrolls entities with varying 
amounts of solid and cystic components[124]. The 
cystic form of MHL must be distinguished from 
hydatid cyst, IHH, hepatoblastoma, and biliary 
rhabdomyosarcoma, which can all overlap considerably 
in their appearance[124,125]. Cases of cystic MHL 
mimicking a hydatid cyst have been described in the 
literature[103], with some children being inappropriately 
treated for presumed hydatid disease[94,124]. The 
differential diagnosis of the solid form of MHL includes 
various hepatic tumors, such as hepatoblastoma, 
hepatocellular carcinoma (HCC), IHH, HA, and FNH[86]. 

Some imaging features of MHL are useful elements 
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for differential diagnosis: the absence of a capsule, 
a multi-septated cystic appearance (rarely seen in 
other pediatric hepatic tumors, and the absence of 
intratumoral calcifications, which were very rarely 
reported in MHL, but can be frequently detected in 
hepatoblastomas (over 50%) or IHHs (up to 40%)[44]. 

Treatment and prognosis
Diagnosis is typically made during infancy, sometimes 
incidentally, and the prognosis is excellent. Complete 
resection, as an anatomic hepatic lobectomy or non-
anatomically with a rim of normal tissue, is curative in 
most cases, and long-term follow-up is satisfactory[10]. 
In cases considered unresectable, surgical options 
include enucleation and marsupialization[8,19,102,126]. 
Very rarely, liver transplantation may be needed[21]. 
Recently, laparoscopic liver resection for MHL has been 
reported with successful results[127]. Since recurrence 
and malignant transformation have been rarely 
observed, careful follow-up is warranted[128]. 

FOCAL NODULAR HYPERPLASIA 
Focal nodular hyperplasia (FNH) is defined as a 
nodule composed of benign-appearing hepatocytes 
(“focal liver cirrhosis”) with bile duct proliferations 
and vascular anomalies occurring in healthy liver 
parenchyma[129,130]. The term FNH was introduced by 
Edmondson in 1958[131]. In the general population, 
these types of ductal plate malformations are 
commonly observed and diagnosis is feasible using 
CEUS. However, surgery for FNH is rarely indicated. 

Pediatric cases of FNH are unusual, accounting for 
only 15% of all reported cases of FNH and representing 
2% to 7% of all pediatric hepatic tumors and 0.02% of 
all pediatric tumors[11,13,132-134]. FNH has been reported 
in all pediatric age groups, including early childhood, 
prenatal, and neonatal periods, but there is an age 
prevalence in 7-8 year-old children[135-139]. There is 
a female predominance in the pediatric age group, 
as is the cases in adults as well[11,12,133,140,141]. In a 
large series of 172 cases of pediatric FNH, Lautz et 
al[142] found that 66% (113/172) of cases occurred in 
females. Multiple FNH lesions are found in about one 
third of cases[132]. 

The pathogenesis of FNH is largely unknown. 
Evidence of polyclonality in different DNA studies 
excludes a neoplastic lesion nature and further 
supports the hypothesis of a possible reactive 
hyperplastic response of liver cells to local vessel 
abnormalities[143]. Vascular malformations, such as 
hypoplasia or agenesis of the portal vein, vascular 
dysplasia, Budd-Chiari syndrome, hereditary hemo
rrhagic telangiectasia, and vascular injuries, such 
as thrombosis, vasculitis, intimal hyperplasia, high 
sinusoidal pressure, or increased flow after pediatric 
oncological therapy, have all been suggested as the 
underlying mechanism[144-150]. 

The majority of FNHs are asymptomatic[132,133], 
with only 20%-36% of cases showing symptoms, as 
reported by different authors[140,142]. When present, 
the clinical manifestations of FNH in children are 
non-specific, with the commonest being that of a 
palpable abdominal mass associated or unassociated 
with abdominal pain[11,12]. Lautz et al[142] found that 
pediatric FNH patients with a history of malignancy 
were significantly less likely to be symptomatic, had 
lesions much smaller in size, and fewer patients 
required resection of the lesion as compared with 
patients without a malignancy history. It also seems 
that pediatric patients with a history of malignancy 
are more likely to have multiple FNH nodules and less 
likely to have central scars, while pediatric patients 
without a history of malignant lesions are more likely 
to have FNH lesions with central scars[151-153]. 

Laboratory testing results often do not show clinical 
significance, and tumor markers, such as AFP, are 
usually within normal ranges for age[12,140,154,155]. 

FNH of the liver is a non-neoplastic lesion cha
racterized by three classical histological findings: 
abnormal architecture (“focal cirrhosis”), bile duct 
proliferation, and malformed vessels[129]. Portal triads 
are lacking. The diameter of the lesion is extremely 
variable, from less than 1 cm to more than 15 cm, 
but is usually less than 5 cm and located near the 
liver surface[64,135]. The central scar contains thick 
fibrous areas with large vessels showing dysplastic 
features (e.g., fibromuscular hyperplasia). Atypical 
hepatocytes and atypical mitotic figures are lacking. 
In the literature, some subtypes of FNH are described 
(e.g., the telangiectatic form with multiple dilated 
vascular channels in the center of the mass that 
is currently handled as hepatocellular adenoma). 
However, these different types may not have any 
clinical consequences. 

Imaging features
US: The classical appearance of FNH on US is that of a 
homogeneous, well-circumscribed mass, with variable 
echogenicity, central or eccentric vascular supply, and 
a typical stellate hyperechoic central scar. Calcifications 
are rare[12,19,132,135,140,156]. On color and power Doppler 
sonography, increased blood flow in the central scar 
extending to the periphery in a spoke-wheel pattern 
may be seen in 50% of cases, with the flow being 
predominantly arterial, with high speed and low 
resistance. 

CEUS: A predominant arterial and portal venous 
enhancement pattern is typical in 96% of cases 
[63,122,123,135,157-162]. 

Tumor-specific vascularization patterns, such as 
a wheel-spoke pattern and homogeneous arterial 
hyperenhancement followed by isoenhancement in 
the portal and late venous phases in FNH, or a nodular 
peripheral enhancement and partial or complete fill-
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in pattern in hemangiomas, could be assessed in 
the majority of lesions, but not all[62]. Differentiation 
from a malignant lesion can be easily made by the 
use of CEUS, since malignant tumors present with 
hypoenhancement during the portal and/or late 
venous phases (Figures 2 and 3). 

CT: On an unenhanced CT scan, FNH has a typical 
appearance of a well-circumscribed mass with 
a lobular outline, is isodense/slightly hypodense 
to the surrounding liver parenchyma, and has 
a hypoattenuating central scar. It has a typical 
homogeneous appearance, which is a very helpful 
feature for distinguishing FNH from malignant tumors, 
which are more likely to appear heterogeneous 
due to hemorrhage, necrosis, and calcifications. 
After contrast agent injection, the lesion exhibits a 
characteristic pattern of enhancement. It typically 
enhances homogeneously in the arterial and early 
portal venous phases, earlier and more intense than 
the adjacent parenchyma due to its arterial supply, 
and becomes isoattenuating to the liver in the late 
portal venous and delayed phases. The stellate scar is 
typically hypoattenuating on early contrast-enhanced 
images and demonstrates enhancement on delayed 
images. An enhancing artery may be seen within the 
hypoattenuating scar on arterial phase images. In 
cases of atypical appearances, such as the absence 
of a central scar, rapid washout of contrast material 
in the portal venous phase, lack of enhancement of 
the central scar on delayed images, early draining 
veins, and partial peripheral rim-like enhancement 
on delayed images, a biopsy is mandatory in order 
to establish the correct diagnosis[12,123,156,161,163-166]. 
The need for acquisitions in several phases, with a 
consequently high dose of radiation, raises questions 
as to whether this is an appropriate diagnostic method 
in children[44]. 

Due to its pathological features, mostly being 
composed of hepatocytes, FNH may be unapparent 
on conventional US or unenhanced CT, except for a 
potential mass effect on adjacent structures. In these 
cases, the presence of the central scar is a very useful 

diagnostic tool. The presence of the central scar is 
also a useful diagnostic sign in patients with a solidary 
hypervascular lesion and a history of malignancy. In 
these cases, liver metastasis must be ruled out, but 
since most metastases do not exhibit a central scar, 
identifying this feature may be of great diagnostic 
help[163,167]. 

MRI: On MRI images, FNH typically appears 
homogeneous and isointense/slightly hypointense 
to the liver on T1-weighted images and isointense/
slightly hyperintense on T2-weighted images. The 
central scar is hypointense on T1-weighted images 
and hyperintense on T2-weighted images (in 75% of 
cases) owing to edema within the myxomatous tissue 
of the scar. After gadolinium administration, the mass 
enhances homogeneously, being hyperintense to the 
liver in the arterial phase. During the portal venous 
phase, the mass may rest slightly hyperintense to 
the liver, or it may become isointense. The central 
scar, in general, demonstrates enhancement during 
the delayed phase. The presence of a hyperintense 
T2-weighted central scar with delayed enhancement 
is particularly helpful in distinguishing FNH from 
fibrolamellar carcinoma, which also demonstrates a 
central scar but with different features (hypointense 
on T2-weighted images due to its collagenous 
content and does not enhance during delayed 
images)[12,64,123,161,168-171]. MRI with hepatobiliary-
specific contrast agents is an excellent diagnostic 
choice for characterizing FNH, as it usually allows the 
separation of FNH from other liver lesions on MRI. 
FNH contains normal hepatocytes, which readily take 
up hepatobiliary-specific contrast agents, but because 
of the malformed bile ducts present in FNH the 
hepatocytes fail to excrete it. Thus, FNH lesions readily 
enhance on the arterial phase of imaging and continue 
to enhance for an extended period, remaining high 
in signal intensity long after other liver lesions have 
washed-out (compared with the normal surrounding 
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Figure 2  Hepatoblastoma in a 2-year-old boy using contrast-enhanced 
ultrasound with SonoVue. The malignant nature of the tumor is shown by 
portal venous hypoenhancement. 

Figure 3  Metastasis of neuroblastoma using contrast-enhanced 
ultrasound with SonoVue. The malignant nature of the tumor is shown by 
portal venous hypoenhancement.
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liver parenchyma). This allows a confident differential 
diagnosis between FNH and metastases, or other 
malignant tumors[16,172-174]. 

CEUS and MRI are extremely reliable for the 
differentiation of benign and malignant lesions and for 
the diagnosis of liver hemangiomas and FNHs[175].

Other imaging techniques
The scintigraphic appearance of FNH is characteristic, 
with 99mTc sulfur colloid imaging presenting normal 
uptake in 60%-75% of lesions, owing to the presence of 
Kupffer cells. This feature is very helpful in distinguishing 
FNH from HA and malignant tumors[19,161,176]. 

Natural history, treatment, and prognosis
The natural history of FNH is characterized by the 
absence of malignant transformation. Complications 
such as tumor rupture, necrosis, and hemorrhage are 
rare[11,12,64,140,177-182]. The mass remains stable in about 
2/3 of cases, while in about 1/3-1/4 of cases it may 
show gradual spontaneous improvement that can 
even go as far as complete remission. An increase in 
number or size is rare[183,184]. Di Stasi et al[185] detected 
a reduction in size or complete resolution of FNH in 
50% of patients that were followed-up by US for a 
mean period of 33 mo. 

If a confident diagnosis of FNH can be made 
using imaging methods, no treatment is needed in 
asymptomatic patients. Cases will be followed-up 
with serial US every 6-12 mo. In patients with clinical, 
biochemical, or imaging features that are not typical 
of FNH, a histologic diagnosis is necessary. Only cases 
of voluminous masses with tumor enlargement or 
which will become symptomatic will be considered for 
resection[11,132,147,154,178,181,186-188]. Recurrences are very 
rare after surgical removal[135]. Surgical treatment 
will also be considered in pediatric patients in whom 
malignancy cannot be ruled out confidently. In 
order to avoid unnecessary surgical resection, it is 
important to differentiate by imaging FNH from other 
FLLs[12,142,189,190]. 

nodular regenerative hyperplasia 
Nodular regenerative hyperplasia (NRH) is a rare 
benign process of the liver, first defined by Steiner 
in 1959. The normal hepatic architecture is entirely 
replaced by small diffuse regenerative nodules of 
hepatocytes surrounded by atrophic liver, in the 
absence of fibrosis. The nodules vary in size, from 
a few millimeters to several centimeters. NRH is 
considered a major cause of portal hypertension in 
young, non-cirrhotic patients[12,191-196]. 

It occurs predominantly in adult patients between 
25 and 60 years of age[191,197], with rare cases in 
children and even fetuses[130,140,197-207]. Stocker 
demonstrated in his study that, of a large series of 
716 pediatric tumors, NRH cases represented 4.5% of 
cases and 2.1% of liver tumors from birth to two years 

of age[13]. From the age of 5 to 20 years, it is the 4th 
most common liver tumor in children after HCC, FNH, 
and undifferentiated embryonal sarcoma[202]. 

The vascular hypothesis considers microcirculatory 
disturbances, related either to lesions of small 
intrahepatic venous or arterial vessels, or to primary 
alterations of the sinusoidal wall, with consecutive 
obliteration or thrombus, as being the basic pathologic 
lesion. Vascular disorders lead to successive episodes 
of atrophy, followed by compensatory regeneration. 
This theory has been also considered as the underlying 
cause of other benign nodular lesions, such as FNH. 
However, the precise mechanisms by which circulatory 
disturbances could cause these lesions have not yet 
been elucidated. 

The disease may be idiopathic, but associations 
with various systemic diseases or cytotoxic and 
immunosuppressive drug intake, which can induce 
thrombotic venopathy, have been reported[145,192,195,200,208]. 
These consist of: myeloproliferative syndromes, 
lymphoproliferative syndromes, pancytopenia, 
thrombocytopenia, idiopathic thrombocytopenic 
purpura, chronic vascular disorders, congenital heart 
disease, multiple organ malformations, chronic Budd-
Chiari syndrome, Felty syndrome, Vater syndrome, 
Donohue syndrome, Krabbe disease, Still’s disease, 
polyarteritis nodosa, scleroderma, calcinosis cutis, 
Raynaud’s phenomenon, sclerodactyly, telangiectasia, 
lupus erythematosus, antiphospholipid syndrome, 
hypersplenism, hepatic/abdominal/retroperitoneal tumor, 
sacrococcygeal teratoma, AIDS, and use of steroids 
or antineoplastic medication[123,140,193,195,198,201-207,209-213]. 
It is often associated with patients suffering from 
inflammatory bowel disease treated with thioguanine or 
azathioprine. 

Rare pediatric cases are mostly in association 
with the congenital absence of the portal vein[214]. 
Devarbhavi et al[215] reported 14 cases of patients 
who developed NRH occurring de novo following liver 
transplantation, from which two pediatric patients 
had symptomatic NRH: one 4.8-year-old male child 
who underwent liver transplantation for biliary atresia 
and an 18 year-old male patient who underwent liver 
transplantation for primary sclerosing cholangitis. The 
results of this study suggest that development of NRH 
post liver transplantation occurs in approximately 1% 
of transplanted patients. Familial cases have also been 
described[123], with Dumortier et al[216] reporting familial 
occurrence of NRH in three families. 

During the initial stages, most patients have no 
symptoms attributable to NRH, leading to a challenging 
diagnosis. The disease is discovered incidentally during 
abdominal imaging performed for various reasons. In 
these cases, no further interventions are required since 
the progression of the disease is slow or absent. 

In advanced stages, portal hypertension is the most 
often associated finding (in up to 50% of cases), with 
NRH being one of the major causes of non-cirrhotic 
portal hypertension in the Western world, apart from 
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portal vein thrombosis due to umbilical catheterization. 
In all cases of abnormal liver enzymes, both in 
pediatric and adult patients, NRH should be considered 
in the differential diagnosis. NRH should also be 
considered in young patients with portal hypertension 
and no evidence of portal vein thrombosis[12,191,196,202]. 

Histopathology is the diagnostic standard, 
demonstrating diffuse regenerative micronodular 
transformation of the liver (multiple monoacinar 
regenerative nodules that involve most areas of the 
liver) without parietal thickening of portal venules 
or a central scar. Fibrosis is absent or minimal in the 
perisinusoidal or periportal areas on reticulin staining. 
Nodules are between 1-3 mm in diameter, but can 
rarely be larger, and may even coalesce into a large 
tumor. Granularity of the hepatic surface may resemble 
micronodular cirrhosis, but the absence of fibrous 
septa distinguishes NRH from the regenerative nodules 
encountered in the cirrhotic liver[129,193,196,200,214,217-219] 
(Figure 4). 

Particular attention should be given to the size of 
the biopsy sample, since histologic features of NRH 
may be lacking or incomplete if the sample is too 
small[140,220]. 

Evidence of central hemorrhage or infarction may 
be noted in larger lesions[140]. 

Imaging features
The radiological features of NRH are relatively non-
specific, with imaging methods for it have poor 
sensitivity and specificity[64,221]. The appearance of 
NRH at imaging is variable and depends in part on the 
size of the nodules. Tiny nodules diffusely distributed 
within the liver may not be detected by imaging. If 
the nodules coalesce, they may become evident by 
imaging. Findings related to portal hypertension, 
including esophagogastric varicose veins, ascites, and 
splenomegaly, may be observed[200]. 

us: NRH lesions are multiple, tiny, well-circumscribed, 
homogeneous, and hypo-/isoechoic on US, but due 
to their small size or isoechogenicity, the nodules 
are often not visible. A diffusely heterogeneous 
echotexture of the hepatic parenchyma or distortion 

of normal hepatic architecture may be the only 
sonographic finding. When lesions present a 
sonolucent rim, they may be hard to distinguish from 
metastases. Hyperechoic nodules have been reported 
in very rare cases of NRH, sometimes with hypoechoic 
centers. This finding is possibly related to prior 
hemorrhage[199,200,222]. No specific enhancement pattern 
has been described by CEUS so far[39,40,162].

ct: On CT scan, regenerative nodules are usually 
hypoattenuating to the normal liver on pre-contrast 
images, although they may be also isoattenuating. 
They usually do not enhance after intravenous 
administration of iodinated contrast material, remai
ning isodense or hypodense in both arterial and portal 
venous phases. This distinguishes NRH from FNH 
and HAs. Occasionally, they may enhance diffusely or 
demonstrate peripheral rim-like enhancement. 

Differential diagnosis with regenerative nodules 
of cirrhosis may be challenging on both US and CT 
imaging[64,195,199,200,202,206,213,214,221,222]. 

MRI: On MRI, regenerative nodules are commonly 
homogeneous and slightly hyperintense on T1- 
weighted images, and may contain foci of high signal 
intensity compatible with hemorrhage. On T2-weighted 
images, the lesions are iso-/hypointense to normal 
liver. Sometimes, a T1 hyper- or hypointense or T2 
hyperintense rim may be noted. On fat-suppressed 
T1-weighted images, decreased signal intensity 
may be observed due to intra-cellular fat, similar to 
findings in HA. The nodules may present gadolinium 
enhancement preferentially in the portal venous 
phase, similar to normal liver parenchyma. This is an 
important feature for distinguishing NRH nodules from 
other FLLs which may present similar imaging aspects 
(like FNH, HA, or metastatic disease) and demonstrate 
arterial phase enhancement, while NRH does not. 
However, reports are few and the utility of MRI in the 
diagnosis of NRH is still controversial[12,199,213,222-224]. The 
sensitivity and specificity of MRI for the diagnosis of 
NRH are 70%-80% when using gadolinium contrast, 
as reported by Zech et al[225], with more disappointing 
results reported by Laharie et al[226]. 

Treatment, prognosis, and follow-up
Once established, treatment is directed toward the 
causative factor. When portal hypertension develops, 
often associated with esophageal varicose veins (with/
without bleeding) and ascites, therapy is directed to 
its management[216]. In most cases, the disease is 
slowly progressive and the prognosis is better than 
that of other chronic liver diseases. Sometimes, 
the rate of nodular growth may be accelerated for 
unknown reasons[227]. Once diagnosed, follow-up of 
these children is mandatory due to possible future 
complications. Of these, portal hypertension is mostly 
encountered, but cases of malignant transformation of 
a long standing disease have been reported[202]. 

8551 July 28, 2015|Volume 21|Issue 28|WJG|www.wjgnet.com

Figure 4  Focal biliary cirrhosis in cystic fibrosis.
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HEPATIC ADENOMA
Hepatic adenoma (HA) is a spherical or ovoid, 
well-circumscribed, benign tumor of the liver[140]. 
It constitutes 2% to 4% of all liver tumors in 
children[228,229], and up to 21% of all pediatric benign 
liver tumors[8,230-232]. HAs are solitary masses in 
approximately 70%-80% of cases. Multiple HAs 
are more frequently observed in predisposed 
children[140,233]. Liver adenomatosis has been defined as 
a separate entity, consisting of over 10 adenomas per 
patient without underlying glycogen storage disease 
or steroid use[12,234,235]. Sex ratio is variable in different 
studies, the female predominance observed in adults 
not being a rule in children[230]. Still, some reports 
suggest that pediatric patients mainly consist of girls 
over 10 years old, most of whom have a history of oral 
contraceptive use[81,236]. The mean age at diagnosis is 
around 14 years. Rare cases have also been described 
in younger children[232] and even in utero[229]. HA before 
the age of one year is exceptional, with the youngest 
reported case being of a three-week-old patient with 
multiple congenital anomalies[237]. 

During childhood, HAs are more frequently asso
ciated with predisposing factors such as glycogen 
storage diseases type Ⅰ and Ⅲ, anabolic androgenic 
steroid treatments with or without Fanconi anemia, 
seizure disorder patients who are on carbamazepine 
therapy, congenital or surgical portosystemic shunts, 
germline mutation of the HNF-1α gene, familial 
adenomatosis polyposis, Hurler syndrome, Turcot 
syndrome, Lynch syndrome, immunodeficiency 
syndrome, tyrosinemia, galactosemia, and diabetes 
mellitus[147,229,232,234,238-243]. An exceptional case of a 
patient with polycystic ovarian syndrome and HA has 
been reported[244], and a previously unreported co-
occurrence of ovarian Sertoli-Leydig cell tumor with HA 
in a 14 year old girl has been published[245]. 

In individuals with glycogen storage disease Ⅰ, 
HA tends to occur at a relatively younger age, 
and patients are prone to having multiple lesions 
and hemorrhages[152,228]. A study of the genotype-
phenotype profile of HA in children concerning 
glycogen storage disease type Ⅰ showed a high 
frequency of β-catenin mutations and a lack of HNF-
1α inactivation[246]. In children with Fanconi anemia 
and in those under androgen therapy with or without 
Fanconi anemia, liver tumors can occur in about 3% of 
patients[247], with most being HAs[248,249]. 

Although rare, a few cases of spontaneous HAs 
not associated with any hormonal or metabolic 
abnormalities have been reported in children. In these 
cases, HAs can be found incidentally during imaging 
for unrelated pathology. A biopsy of the non-tumoral 
liver may be necessary in order to depict underlying 
liver disease[1,64,229,250,251]. 

Patients are usually asymptomatic. They may 
present with an abdominal mass, with or without acute 
or chronic abdominal pain[12].

The results of liver function tests are usually 
normal, with no elevation of AFP level[12]. 

Histologically, HA is a well-circumscribed lesion of 
1-15 cm in diameter, frequently presenting areas of 
necrosis, hemorrhage, myxoid stroma, or calcifications. 
They are usually unencapsulated, although a fibrous 
pseudocapsule of compressed adjacent hepatic 
parenchyma may be present. HA is composed of 
benign-appearing hepatocytes, which may contain 
increased amounts of fat and glycogen, and are 
organized in sheets or cords. It is characterized by 
scattered thin-walled vascular channels within the 
mass and the absence of portal and central veins and 
bile ducts or connective tissue. A predisposition to 
hemorrhage may be due to the peritumoral arteries, 
as well as poor connective tissue support. In most 
cases, histologic assessment of the tumor is necessary 
in order to adapt its management[1,12,140,240,252]. The 
classification into genetic subcategories of HAs is so 
far limited to adult cases. Data concerning genetic 
abnormalities in HAs of infants are so far lacking.

Imaging features
Very little data on the imaging features of HA are 
available for children, making diagnosis based on 
imaging appearance challenging. The appearance 
of HA on imaging varies depending on its pathologic 
composition. Those without hemorrhage and necrosis 
are homogeneous and similar in appearance to the 
adjacent normal liver parenchyma, while the presence 
of intratumoral hemorrhage or intracellular fat pro
duces distinguishing imaging features[12]. 

us: The sonographic appearance of HA is that of a 
well-delineated and heterogeneous solid mass. Lesions 
with high lipid content or recent hemorrhage may be 
hyperechoic to the normal liver parenchyma. After 
time, old blood will become hypoechoic, mimicking 
a cyst. In predisposed children with diffuse fatty 
infiltration of the liver in glycogen storage diseases, 
HAs may be hypoechoic to the surrounding liver 
parenchyma. US is the screening tool for predisposed 
children with glycogen storage diseases and should 
be performed at least annually. The main concern 
is the detection of malignant transformation, and 
can be suspected when an increase in size or a 
change in tumor aspect are detected[1,228,253]. Doppler 
might show variable peritumoral arterial and venous 
waveforms[12,254]. 

CEUS: In contrast to FNH, which has a predominantly 
central arterial flow, HA has homogenous enhancing 
vessels in the arterial time and non-enhancing in the 
portal venous phase due to a lack of portal veins. 

HNF-1α-inactivated HAs and inflammatory HAs 
have characteristic CEUS patterns. Delayed washout, 
which is otherwise an unusual finding in benign hepatic 
lesions, is of particular interest, and is characteristic for 
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the inflammatory HA subtype[255].

CT: At CT, HAs are typically spherical, sharply 
delineated masses, with a heterogeneous structure 
due to hemorrhage, fat, or necrosis. A pseudocapsule 
may be seen in up to 25%-30% of cases[240,252]. 
Most lesions are hypoattenuating on unenhanced 
images compared to normal liver, with heterogeneous 
content due to areas of fat (seen at CT in 7%-10% of 
cases), and calcifications (seen at CT in 5%-15% of 
cases)[240,252,253]. Areas of recent hemorrhage with a 
hyperattenuating appearance are seen in 15%-43% 
of cases[165,240,252,256]. The presence of hemorrhage and 
heterogeneous attenuation is often the key to a correct 
diagnosis[165]. 

After intravenous iodinate contrast agent admi
nistration, HA enhances heterogeneously (due to 
necrosis, fat, hemorrhage, and calcification) during 
the arterial phase, being hyperattenuating compared 
to the normal liver. It then becomes isoattenuating 
in the portal venous and delayed phases or present 
with rapid wash-out. Smaller lesions usually present 
homogeneous enhancement[12,23]. 

HA does not present a central scar. This aspect 
is helpful for differential diagnosis with FNH, which 
also enhances during the arterial phase and presents 
a central scar. The pattern of enhancement is also 
different between the two lesions: HA presents with 
heterogeneous enhancement, while FNH typically 
enhances homogeneously[257].

MRI: Besides CEUS, MRI is the best technique 
to diagnose HA. On MRI sequences, HA patterns 
will depend on the amount of fat, hemorrhage, 
and necrosis within the mass. Generally, HAs are 
heterogeneous, predominantly hyperintense on T1- 
and T2-weighted images, and with signal loss on “in-
phase” and “out-of-phase” T1-sequence due to fatty 
components. Sequences with fat saturation may also 
be useful, but less sensitive. However, this finding is 
not specific for HA, as 40% of HCCs also histologically 
contain fat. The hyperintensity on T1- and T2-
weighted images may also be due to hemorrhage. The 
enhancement pattern after intravenous administration 
of gadolinium contrast material is similar to that seen 
on a CT scan. HA present early arterial enhancement 
in most cases and then become isointense to the liver 
on portal venous and delayed phase images. It may 
also present late wash-out, but not as important as 
that seen in cases of HCCs. HCCs also present with 
increased enhancement during the arterial phase 
as compared to HAs. An enhanced pseudocapsule 
can be visible on delayed acquisition. The kinetics of 
enhancement is also important in the follow-up of 
HAs, since a change in the enhancement pattern may 
raise suspicions of malignant transformation. Diffusion 
sequences may be helpful for the detection of small 

lesions[1,12,152,228,238,240,251,258-260]. 
Experience with hepatocyte-specific agents, such 

as gadobenate dimeglumine, suggests that the lack 
of bile ducts can be used to distinguish between HAs 
and FNHs. Because of their lack of biliary ducts, HAs 
do not enhance and are typically hypointense to liver 
parenchyma on hepatocyte phase imaging, while FNH 
often demonstrates hyperenhancement during that 
phase[16,261]. 

Other imaging techniques
Nuclear medicine studies show non-specific findings. At 
hepatobiliary scintigraphy, because of the lack of bile 
ducts, HAs demonstrate increased uptake or retention 
of the radiotracer[262]. 

Treatment, prognosis and, potential complications
With the discontinuation of oral contraceptives or the 
institution of dietary therapy for glycogen storage 
disease, some HAs spontaneously regress, while 
others remain stable or enlarge. Complete surgical 
resection of HAs is recommended whenever technically 
feasible, especially if the tumor is larger than 5 cm 
because of the risk of rupture and hemorrhage. In 
cases of hemorrhage, embolization can be performed. 
In cases of multiple HAs, resection of the largest 
tumor and close follow-up of the remaining lesions 
is the management of choice. Surgical treatment 
is also indicated because of some reported cases 
of HCC arising in both solitary and multiple HA 
cases, particularly in those greater than 4 cm in 
size. Percutaneous radiofrequency ablation is an 
alternative to surgical resection[1,230,232,251,262,263]. 
Potential complications of HA include hemorrhage 
and malignant transformation[244]. Hemorrhage is one 
of the most important complication of HA, occurring 
in approximately 10% of patients[238]. The risk of 
bleeding increases with increasing tumor size and with 
the duration of contraceptive use. It may occur inside 
the lesion, usually in HAs larger than 4 cm and mixed 
with necrotic changes, or it can occur outside the 
lesion, with consecutive subcapsular hematoma and/or 
hemoperitoneum. Clinically, it will present with severe 
abdominal pain and possible hemodynamic disorders 
or even hypovolemic shock. Fatal cases have been 
reported in young patients with familial adenomatosis 
related to HNF-1α mutation and Fanconi anemia, 
with some occurring even after androgen therapy 
discontinuation[238,264-266]. 

The malignant transformation of HAs is extremely 
rare in children, with reported cases being mainly 
associated with glycogen storage disease, Fanconi 
anemia with steroid therapy, and congenital portosystemic 
shunts. Still, in these cases of associated pathologies, 
potential regression of HA has been also reported, 
especially under metabolic control, androgen withdraw, 
or closure of the shunt, respectively[1,239,267-271]. 
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CONCLUSION
Focal liver lesions are commonly observed in adults, 
but should also be recognized in children. Exact data 
concerning the incidence of these common lesions 
(hemangioma, FNH, or cysts) are lacking in children. 
Most benign liver tumors are inborn and may grow like 
the rest of the body. Exact descriptions of radiological 
and histopathological features may help to differentiate 
these lesions more clearly. 

The use of CEUS in pediatric patients for char
acterizing liver lesions which remain indeterminate on 
grey-scale US is a possible option to be adopted in the 
future, and has the potential to reduce exposure to 
ionizing radiation[272].
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