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Simple Summary: The World Federation for Ultrasound in Medicine and Biology (WFUMB) has
recently launched a project on incidental findings (IF). Incidental findings of almost all organs are
common and the topic is, therefore, of importance. This is a new concept of papers following a
strictly defined structure and including the following headings: prevalence, epidemiology, clinical
significance, clinical scenarios and the role of ultrasound and other imaging methods, summary
statements and management strategies. The organs so far discussed in published papers are the
adrenal glands, scrotum, salivary glands, spleen, female pelvis, biliary tree and, additionally, the
important topic of managing incidental findings reported by medical students performing educational
ultrasound examinations. The current paper summarizes IF of the liver in pediatric patients with
special attention to the use of radiation-free ultrasound and contrast-enhanced ultrasound (CEUS).

Abstract: The World Federation for Ultrasound in Medicine and Biology (WFUMB) is addressing the
issue of incidental findings (IFs) with a series of publications entitled “Incidental imaging findings—the
role of ultrasound”. IFs in the liver of newborns and children are rare and much less commonly
encountered than in adults; as a result, they are relatively much more frequently malignant and
life-threatening, even when they are of benign histology. Conventional B-mode ultrasound is the
well-established first line imaging modality for the assessment of liver pathology in pediatric patients.
US technological advances, resulting in image quality improvement, contrast-enhanced ultrasound
(CEUS), liver elastography and quantification tools for steatosis have expanded the use of ultrasound
technology in daily practice. The following overview is intended to illustrate incidentally detected
liver pathology covering all pediatric ages. It aims to aid the examiner in establishing the final
diagnosis. Management of incidentally detected focal liver lesions (FLL) needs to take into account
the diagnostic accuracy of each imaging modality, the patient’s safety issues (including ionizing
radiation and nephrotoxic contrast agents), the delay in diagnosis, the psychological burden on the
patient and the cost for the healthcare system. Moreover, this paper should help the pediatric clinician
and ultrasound practitioner to decide which pathologies need no further investigation, which ones
require interval imaging and which cases require further and immediate diagnostic procedures.

Keywords: guideline; detection; characterization; hepatocellular adenoma; hepatocellular carcinoma;
focal nodular hyperplasia; hepatoblastoma
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1. Introduction and Definition

The World Federation for Ultrasound in Medicine and Biology (WFUMB) is addressing
the issue of incidental findings (IFs) with a series of publications titled “Incidental imaging
findings—the role of ultrasound” [1-8]. Each WFUMB position paper on IFs will follow
the same template and, accordingly, will be uniformly structured to help readers interpret
the key messages [7], will discuss the prevalence and imaging features of hepatic incidental
finding in pediatric patients and will discuss strategies for work- and follow-up. In addition,
imaging examples will be provided.

2. Definition

An incidental finding (IF) during an imaging examination is the unintended and
unexpected discovery of an abnormality that may be clinically significant. IFs on imag-
ing studies are asymptomatic and unexpected pathologies, unrelated to the presenting
illness. They often necessitate further imaging or diagnostic work-ups which entail both a
psychological and an economic burden for the patient and the healthcare system [2-10].

2.1. Prevalence, Epidemiology

Liver incidentalomas are commonly encountered with a reported frequency of up to
33% of radiological studies and 50% of autopsies in adult patients [11,12], but they are
rarely reported in children. The reasons are manifold and have been discussed in detail
elsewhere [13-18].

2.2. Clinical Scenarios and the Role of Ultrasound and CEUS

Ultrasound is the primary modality for the evaluation of liver pathology in children,
including liver incidentalomas (IF). Contrast-enhanced ultrasound (CEUS) was introduced
more than twenty years ago. The most important indications for using CEUS include: the
characterization of indeterminate focal liver lesions using conventional B-mode ultrasound,
computed tomography and in staging, and follow-up of previously known focal liver
lesions (FLL). The latter includes pediatric patients with known cancer, patients who are
under a surveillance program for chronic liver disease or other conditions that predispose
them to malignancy [16,17,19], and patients who have undergone interventional procedures
(e.g., post chemotherapy, or ablation) [20-24].

The European approval study for SonoVue 2001 was published as a first prospec-
tive multicenter trial with convincing results [25]. In the following years, the use of
SonoVue/Lumason has been widely studied and shown to be of value, as has been rep-
resented in prospective studies and meta analyses [26-31,31-36], in retrospective studies
including some pediatric patients as well [37-44], and in evidence-based guidelines [15].

Given its well-established role in liver imaging and its advantages over CT and MR
imaging—including better patient tolerability, better performance in the presence of parents
or caregivers at the point of care (bedside), better performance at the time of primary
detection with complete assessment and definitive diagnosis, reduced cost and lack of
ionizing radiation, and lack of renal, hepatic, cardiac, cerebral and thyroid toxicity—it has
an important role in the evaluation of FLL [15,45-49]. CEUS does not require sedation.

More than ten years ago, this project on incidental findings was initiated to, (1) care-
fully assess the pretest probability which included: presentation of the patient, medical
history (including patient’s background risk of malignant and inflammatory liver disease),
assess laboratory data and liver stiffness using elastography and (2) to assess lesion charac-
teristics including size and echogenicity [50,51]. In addition, the psychological, healthcare
and economic impact of every imaging modality should be taken into account for appro-
priate management, diagnosis and follow-up of these patients. The initial attempt already
highlights an important concept for the management of every incidentally found FLL by
including all clinical information available and by using a multiparametric imaging ap-
proach [50-52]. Patients should be subcategorized into no, low and high risk for significant
pathology based on the clinical and imaging features.
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Later, a similar approach was used for guidelines issued by the American College
of Radiology (ACR) on the management of liver incidentaloma using CT [53]. It is of
importance that the partial volume artifact limits the ability of CT to characterize lesions
smaller than 1 cm [14,48,49,54]. This limitation is less applicable in US because modern
US devices can adequately visualize even small lesions and characterize their echogenicity
(down to 1 mm).

Patients with no risk include healthy subjects being examined for screening purposes,
patients with low risk of malignancy and those with no history of primary malignancy, no
hepatic dysfunction and no risk factors. Patients with a high risk are those with known
malignancy that is associated with liver metastases, liver cirrhosis and other hepatic risk
factors including hepatitis, non-alcoholic steatohepatitis, alcohol overuse, cholangitis, chole-
dochal cysts, haemochromatosis and other hereditary hepatic conditions or anabolic steroid
use [53]. According to the EFSUMB, WFUMB and the National Institute for Health and Care
Excellence (NICE) guidelines, CEUS is recommended for the characterization of incidentally
detected focal liver lesions in adult patients, if the unenhanced US is inconclusive [15].

The unique role of computed tomography for staging and magnetic resonance imaging
for characterization and staging in oncological patients is undoubtedly accepted.

How to perform contrast-enhanced ultrasound—including patient preparation [46],
ultrasound contrast agent dose [16,17,19], interpretation of imaging findings [45], ultra-
sound contrast agent pharmacodynamics [45,55-57], CEUS phases [55], artifacts [58-60],
and terminology [45]—have been reported elsewhere and are not part of this paper. As
for any finding during any ultrasound examination, an IF should be documented in two
different imaging planes, if possible, with cine loops [7,8,61].

3. Situs Inversus, Size and Shape Variations

Complete or incomplete situs inversus are not frequent incidental findings during
ultrasound. Situs inversus is a congenital abnormality in which the heart may be on the
right side (“right-hearted”) and/or visceral organs are reversed or mirrored from their
normal positions. The reported frequency is about 1/10.000. Most pediatric patients have
no medical symptoms or complications; however, a higher rate of cardiac anomalies has
been reported. In a few patients with situs ambiguous or heterotaxy, situs cannot be
determined. In these patients, the liver may be midline, the spleen absent or multiple, and
the bowel malrotated [62,63].

3.1. Hepatomegaly and Variants of Shape and Echogenicity

The measurement of liver size is not generally recommended due to large variations
and non-reproducible techniques. The US practitioner must, however, use their judgement,
incorporating patient factors, when interpreting measurements of liver size [64]. Hep-
atomegaly and variants of shape have a wide range of congenital and acquired underlying
diseases and are beyond this review on incidentally found focal liver lesions; we refer also
to the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB)
ultrasound textbook [65].

3.2. Inhomogeneous Liver Parenchyma

Liver parenchyma is usually characterized by a homogeneous echogenicity slightly
more than the right kidney and slightly less than the spleen. An inhomogeneous parenchy-
mal echotexture, without clearly defined focal lesions, may also be regularly encountered
on US [66]. Whilst this can represent an incidental normal variant, it may also indicate
the presence of underlying disease, including steatosis, congestion, infection, and granu-
lomatous disease. In patients with diffuse liver diseases the laboratory examinations are
the basis for diagnosis. The use of elastography [67-74] and quantification of steatosis [75]
are prerequisites for hepatic staging regarding fibrosis and cirrhosis and quantification of
fat. Biopsy, histological and immunohistochemical examination are the final elements for
complete diagnosis.
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Nodular regenerative hyperplasia is rare in pediatric patients and almost always
diagnosed in association with an underlying disease such as lymphoproliferative and
myeloproliferative syndromes, systemic lupus erythematosus (SLE) and the use of medica-
tion. NRH is represented by solitary but also, more often and typically, multiple isoechoic
nodules. The CEUS pattern is unspecific with isoenhancement in all phases compared to
adjacent liver parenchyma [31,76,77].

3.3. Elastography

Liver elastography is a valuable complementary US technique, which should be used
to further stage the degree of liver fibrosis in patients who may have clinical suspicion
of chronic liver disease [70,71,73,74,78]. Point shear wave elastography (pSWE) and/or
2D shear wave elastography (2D-SWE) are available in almost all high-end ultrasound
machines, and transient elastography is a stand-alone alternative [67,68,71,73,74,79,80].
The techniques can be applied for pediatric patients [70,78,81]. Liver elastography should
be used in all patients before characterizing FLL, since the pretest probability of final
diagnoses is different in pediatric patients with and without liver cirrhosis. In addition to
elastography, quantification of steatosis has been introduced to further identify patients
at risk [75]. The detection of B-mode findings of liver cirrhosis should prompt laboratory
investigation. Elastography can be applied before and after CEUS [82].

Diagnostic Work-Up and Follow-Up Strategy

When inhomogeneous liver parenchyma is identified, elastography is recommend in
order to stage the grade of fibrosis and CEUS is recommended to improve the detection
of any focal abnormalities [15]. Follow-up will be determined by the result of CEUS and
other clinical findings including laboratory results. Serological laboratory tests and, in
some patients, ultrasound guided liver biopsy with histological evaluation, including
immunochemistry, is necessary.

3.4. Liver Cysts

Epithelial, otherwise called simple liver cysts, are the most common incidental focal
liver lesions. Cysts may be broadly categorized as congenital, epithelial cysts, pseudo-
cysts, cystic masses secondary to infection/inflammation or cystic neoplasia. Cysts are
observed in 5-20% of routine abdominal US examinations in the entire population [51,83,84],
whereas the detection rate in children depending on age are much rarer than reported for
adults [13,85].

Liver cysts, as well as other cysts, are characteristically, on conventional B-mode
US, round or ovoid, anechoic (echo free), smoothly delineated structures with refraction
shadows at their edges, a strong posterior wall echo and post-cystic enhancement resulting
from an intensity difference between the beam intensity deep to the cysts and in the
cysts and no vascular flow signals on color Doppler imaging. Cysts displaying all these
sonographic signs are defined as typical, whereas cysts showing only some of the signs are
defined as atypical. Blood vessels mimicking a simple cyst have to be excluded by color
Doppler techniques in order to rule out hereditary angiectasia, pseudoaneurysm and other
arterioportal venous malformations, including hepatic manifestation of Osler’s disease.

Diagnostic Work-Up and Follow-Up Strategy

Typical (“simple”) cysts as an incidental finding do not require further investigation
or follow-up. Symptomatic cysts should be further investigated together with those with
atypical features, including internal echogenicity, mural nodules, multi-septation and
septal calcifications. Absence of enhancement on CEUS is reassuring because it indicates
that the cyst is an incidental benign finding. Worrisome features on CEUS include, most
importantly, contrast enhancing solid mural nodule(s) and thickened contrast enhancing
wall with irregular contour [76,86,87]. The most important features of neoplasia are mural
nodules, a wall, and/or septal enhancement on contrast imaging. Differential diagnosis
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includes abscess formation, parasitic origin, very rare primary malignancies in childhood
and cystic hepatic metastases [87,88].

The evolution of hepatic and extrahepatic parasitic infections with, e.g., echinococcus
granulosus (hydatid disease) and multilocularis has been recently described in detail and
is valid for pediatric patients as well [89-92].

In conclusion, follow-up is not usually required for incidentally detected liver cysts
that are sonographically simple or cysts showing no enhancement on CEUS. CEUS allows
prompt assessment of atypical cystic lesions at the time of diagnosis, with improved
resolution compared to CT and the advantage of an immediate definitive diagnosis in
comparison to contrast enhanced MRI, which needs further resources [15]. MR imaging is
the primary modality for further and preoperative evaluation of suspicious cysts. Contrast
enhanced CT should be avoided in pediatric patients due to its radiation and limited
performance in characterization of cystic lesions.

4. Solid Focal Liver Lesions: Introduction

Solid FLL are less common in children than in adults, are usually asymptomatic and
present as IFs on imaging studies. Benign lesions are much more common than incidentally
detected malignant lesions, depending on the age of the pediatric patients. Hemangiomas
are the most common benign tumors of the liver.

On US, FLL other than cysts can be divided into those that are hyperechoic in compar-
ison to the surrounding liver parenchyma, isoechoic and hypoechoic. Most incidentally de-
tected FLL are hyperechoic and represent hepatic hemangiomas which are usually solitary
(but in one-third multiple), well defined and vascular or avascular in color Doppler exami-
nations, depending on the age of the patient and, therefore, the respective hemangioma
entity. Isoechoic FLL are typically hepatocellular adenoma and focal nodular hyperplasia.
Hypoechoic FLL represent a wide variety of etiology. It is generally accepted that most
hemangiomas in newborn are hypoechoic. It is a personal observation that within the first
year the majority become hyperechoic. Conventional imaging with contrast agents has a
limited ability to characterize FLL, and the appearances of benign and malignant masses
frequently overlap.

4.1. Diagnostic Work-Up and Follow-Up Strategy

Analyzing the pretest probability and correlation with laboratory tests, clinical exam-
ination and previous imaging is the first action to be taken and is essential for accurate
patient management. The second measurement is contrast-enhanced imaging. The liver is
ideally suited for contrast-enhanced imaging such as CEUS due to its dual blood supply
and high vascularity.

The use of CEUS for identification and characterization of solid liver masses is rec-
ommended by guidelines [15,93]. CEUS is recommended by the NICE guidelines for the
characterization of an incidentally detected focal liver lesion in adults whenever unen-
hanced US is non-diagnostic and further imaging is advised.

Malignant liver lesions typically show variable arterial enhancement and parenchy-
mal phase microbubble washout. Benign lesions typically either show no contrast en-
hancement in any phase or retain microbubbles in the late phase representing iso- or
hyper-enhancement.

4.2. Liver Calcification

Localized or multilocular (“starry sky”) liver calcifications are most often harmless
and are almost invariably observed as IFs. Focal calcification may be seen as the result
of post-inflammatory and often infectious (granulomatous) diseases or region-dependent
parasitic bile duct infections. In some cases, the pathogenesis of the calcification remains
uncertain. Calcification is characterized as hyperechoic structures which normally show
acoustic shadowing distally owing to the reflection and attenuation of the ultrasound.
Calcification of cysts are discussed above.
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Diagnostic Work-Up and Follow-Up Strategy

Liver calcification without an associated mass does not require follow-up.

4.3. Vascular Malformations, Vascular Tumors and Hemangioma

Vascular tumors and vascular malformations are best categorized according to the
2018 International Society for the Study of Vascular Anomalies (ISSVA) classification, which
incorporates the biology and genetics of vascular malformations in its nomenclature [94].
The two most common vascular malformations in infants and young children are congenital
hemangioma (also called solitary hemangioma) and infantile hemangiomas (also called
multifocal or diffuse hemangiomas), both of which are vascular tumors (Figure 1). Although
these previously were referred to as “hemangioendothelioma,” this term is now most
appropriately used to describe locally aggressive or borderline malignant vascular tumors,
such as the hepatic epithelioid hemangioendothelioma [94]. Vascular malformations,
previously called “hemangiomas” and still commonly called this in much of the literature,
are seen after puberty. Vascular malformations are best named for the type of vessel
present or flow rate of the lesion (i.e., fast flow or slow flow), and in the liver, slow flow
malformations are by far most common [95,96].

4.3.1. Hepatic Hemangioma

Hepatic hemangiomas are the most common benign solid FLL in pediatric patients,
and they are observed more often in girls than in boys [76,83]. The frequency in adults (up to
7%) is much higher compared to children [83]. Explanations for the differences in reported
frequencies include growth during hormone-induced puberty. Liver hemangiomas can
be solitary but may also be multifocal and, in very rare cases (in childhood), diffuse. An
association with focal nodular hyperplasia (FNH) is relatively common [97-99]. Congenital
and infantile hemangioma have been differentiated according to histological features and
biological behavior [100-106] and imaging features [104,105,107-109]. Histological terms
such as capillary or cavernous hemangioma should be avoided by analyzing imaging.

Most hemangiomas demonstrate typical sonomorphological features in conventional
B-mode ultrasound and Doppler imaging. The conventional B-mode ultrasound criteria of
typical hemangioma are as follows: less than 3 cm in diameter, next to a liver vein, hyper-
echoic in comparison to the surrounding liver parenchyma, homogeneous echogenicity,
round or slightly oval shape, well-defined with a smooth outline, lobulated, feeding and
draining vessels, absence of any signs of invasive growth, absence of any halo sign and
posterior acoustic enhancement owing to blood filled capillaries.

Although hemangiomas are highly vascularized masses, from a histopathological per-
spective, they essentially consist of a large number of capillary-sized vessels. Conventional
color Doppler ultrasound often detects little or no blood flow inside the haemangioma due
to slow flow. The supplying and draining vessels (“feeding vessels”) may be visualized
(depending on the ultrasound system’s performance) at the edge of the lesion.

CEUS features of hemangioma may be divided according to size and enhancement
features into at least six types: The typical and small hemangioma, <30 mm, peripheral
nodular contrast enhancement and complete or incomplete centripetal fill-in [44,76,108].
The typical and larger hemangioma, >3 cm-10 cm, peripheral nodular contrast enhance-
ment and complete or incomplete centripetal fill-in with or without regressive changes.
Larger lesions may appear heterogenous due to calcification, necrosis and haemorrhagic
component. The giant hemangioma (>10 cm), peripheral nodular contrast enhancement
and complete or incomplete centripetal fill-in with or without regressive changes. The
shunt hemangioma with complete fill in within a second with or without surrounding focal
fatty sparing. The atypical hemangioma totally thrombosed with regressive changes and
neonatal and infantile forms of hemangioma.
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Figure 1. Congenital hemangioma, 6-day-old girl. Incidentally detected FLL. No cutaneous hemangiomas or other malformations visible, no symptoms. B-mode
with 19 mm x 11 mm hypoechoic FLL in segment 4 (a). Color Doppler shows centrally located arterial vessel within the FLL (b). Contrast-enhanced ultrasound in
the early arterial phase reveals peripheral nodular contrast enhancement (c) with almost complete centripetal fill (d). In the portal venous phase homogeneously
hyperenhancement (e). No washout in the later phases (f) (L11-3U transducer).
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Infantile hepatic haemangiomas constitute vascular malformations. These can be focal,
multifocal or diffuse, with the multifocal form being associated with cutaneous and other
organ manifestations of hemangiomas. The Kasabach —Merritt syndrome (KMS) is an
extreme form with life-threatening consumptive coagulopathy in the presence of a rapidly
enlarging vascular tumor(s) of the liver. It usually presents in early infancy, but onset in
the early neonatal period has been reported. The association with vincristine use has been
described [83]. Hemangiomas generally do not require surgery with very few exceptions,
including obvious and severe symptoms with diagnostic uncertainty [88].

Important differential diagnosis with sometimes confusing contrast features includes pelio-
sis [110] and other forms of degenerative metamorphosis. Hemangioendothelioma [13,111,112]
and angiosarcoma [113] are characterized by washout in the portal venous and late phase
and require, therefore, biopsy.

Hemangioma will only require treatment if the patient develops significant and long-
term symptoms. Life-threatening syndromes require special pediatric knowledge and
should be treated in specialized centers.

4.3.2. Congenital Hepatic Hemangioma

Congenital hepatic hemangioma (CHH) is a rare vascular tumor that develops in utero.
The tumor is present at birth, is typically largest at birth, and is usually diagnosed within
six months of life. We refer to the published literature [101,114-116].

4.3.3. Infantile Hepatic Hemangioma

Infantile hepatic hemangiomas are vascular tumors that develop in the first weeks
or months of life, although a small precursor lesion may be seen. Infantile hemangiomas
characteristically have rapid growth within the first year of life followed by gradual involu-
tion over the course of several years, with a small amount of persistent fibrofatty tissue.
Infantile hepatic hemangiomas are multiple or innumerable/diffuse and are associated
with cutaneous infantile hemangiomas, which are histologically identical tumors with
endothelial glucose transporter 1 (GLUT1) positivity immunohistochemically. Clinically,
a patient may have complications related to vascular shunting, including high output
heart failure and hypothyroidism, because these tumors express type 3-iodothyronine
deiodinase [101]. If treatment of infantile hepatic hemangiomas is necessary, propranolol is
the treatment of choice [101].

CEUS may not be necessary for diagnosis when multiple or innumerable liver lesions
are encountered at ultrasound in a patient with multiple cutaneous infantile hemangiomas.
As grayscale imaging, infantile hemangiomas are typically more homogeneous in ap-
pearance than congenital hemangiomas. If a patient presents with liver lesions prior to
identification of cutaneous infantile hemangiomas, the primary differential diagnosis con-
sideration is liver metastases and CEUS is helpful for differentiation of the two entities.
At CEUS, infantile hemangiomas typically have peripheral hyperenhancement with very
rapid homogeneous centripetal fill-in [101]. There is usually sustained enhancement in
the portal venous phase with hyperenhancement, isoenhancement and mild washout all
possible in the delayed phase [114]. Importantly, there is no early or marked washout,
which helps distinguish infantile hemangiomas from metastases.

4.4. Vascular Malformations Other than Hemangioma

As detailed above, hemangioma is a term used ubiquitously in the literature, but is
a distinct, non-tumoral malformation, different from both congenital hemangioma and
infantile hemangiomas [117]. These lesions are more appropriately called vascular malfor-
mations and are encountered in an adolescent or adult, not an infant or young child [94].
Vascular malformations may be further characterized as slow or fast flow depending on
which vessels are present and are more common than the true hemangiomas encountered
in infants and young children. In the liver, venous malformations are the most common
vascular malformation [96].
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The appearance at CEUS is similar to multiphase CT and MRI, with peripheral discon-
tinuous nodular enhancement and expanding puddles of contrast material that fill-in from
outward to inward. Fill-in is usually complete, but partial fill-in may be seen due to central
clot or fibrosis. Most commonly, there is no contrast washout, although mild late washout
has been reported. The presence of washout should not be mistaken for malignancy in
these lesions if the characteristic arterial phase enhancement pattern is present [118].

Focal Nodular Hyperplasia (FNH)

FNH is the second most frequently observed FLL in pediatric patients [13,83,119]
accounting for about 2-4% of liver tumors [13,76,85,93,120,121]. FNH, and its important
differential diagnosis of HCA, are two benign, mostly incidental, hepatic FLL which occur
predominantly in post-puberty girls and young women. It is of importance that FNH is
not a true neoplasia but is instead a regenerative lesion characterized by hyperplasia of
hepatocytes, malformed bile ducts and vascular malformation with atypical portal vein
branches [43,83,122].

Similar to hemangioma, multiplicity has been reported in about one-third of patients
and association with hemangioma is obvious [43,123,124].

FNH is typically an isoechoic or slightly hypoechoic compared with the surrounding
liver parenchyma and hypervascular FLL of variable size, with age and size dependent
regressive changes. FNH are difficult to detect if isoechoic (isodense, isointense) and if
small [125].

The vascular tree can be centrally located with centrifugal filling pattern (1), eccentric
at the border of the lesion with respective filling pattern (2), with multiple supplying
arteries at different sites (3) and without typical vessel architecture by imaging methods
(4) (Figure 2). FNH in older patients (>35 years old) may shrink and vanish. The unique
real-time features of CEUS, including destruction of microbubbles and replenishment, are
particularly useful for the visualization of the vascular supply in FNH [55,126].

Parametric ultrasound techniques are helpful to illustrate the enhancement pattern [55,
126-128]. The so-called wheel-spoke (spoke-wheel, stellate) phenomenon is typical for FNH
but interobserver reliability may be lower than expected and FNH can be confused with
HCA and HCC in the non-cirrhotic liver. FNH typically show hyperenhancement in the
portal venous and late phase (>95%) [129], which is the distinctive criteria to differentiate
HCA from FNH. HCA do not contain portal vein branches, therefore, typically show
washout in the portal venous and late phases [15,43,130]. A low mechanical index should be
used to avoid bubble destruction, which may mimic washout in an otherwise hypervascular
FLL [58,59,131].

The central scar is histologically present in only 70% of FNH [132] and, therefore,
neither sensitive nor specific [123,132-134] since other larger FLL, including hemangioma
and HCA, also show centrally located regressive changes [43,130]. Contrast enhanced MRI
may be used in uncertain cases, whereas contrast enhanced computed tomography should
not be used to characterize probable benign FLL in pediatric patients due to its significant
radiation exposure and lower accuracy [45,76,86,122]. Biopsy and histological evaluation
are nowadays rarely necessary but should be considered in patients with uncertain features
and patients with underlying malignant diseases.

FNH will only require treatment if there are significant and long-term symptoms [83].
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Figure 2. 2-year-old girl, incidentally detected FLL. Referred to our hospital for biopsy of the mass. On B-mode 34 mm x 30 mm a well circumscribed homogenous
FLL visible in the left lobe (a). Color flow Doppler showed centripetal spoke wheel presentation (b), more prominent on power Doppler mode (c). Contrast-enhanced
ultrasound in the early arterial phase reveals very fast arrival time with central artery and spoke wheel pattern (d) with complete fill and hyperenhancement a few
seconds later (e). In the portal venous phase homogeneous isoenhancement (f). No washout in the late phase (g). Focal nodular hyperplasia diagnosed; biopsy
declined. On follow-up, the mass remains the same in three years (h) (SC5-1U transducer).
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4.5. Hepatocellular Adenoma (HCA)

Hepatocellular adenoma is a benign neoplasm that more frequently occurs in females
than males and is typically seen after the first decade of life. Understanding of these tumors
continues to improve with increasing molecular and genetic knowledge. Adenomas are
currently categorized into seven distinct subtypes: inflammatory; HNF-1a-inactivated;
B-catenin-activated (also called S-catenin mutated, caused by a mutation of exon 3); weak
B-catenin-activated (caused by a mutation of exon 7/8); sonic hedgehog pathway activated;
and unclassified hepatocellular adenoma; as well as two subtypes with overlapping features
of the inflammatory and f-catenin-activated subtypes [115,135]. Many adenoma subtypes
are not yet well-described at CEUS. The few that have are further detailed below.

HCA is a rare FLL. The relation of FNH/HCA can be estimated to be ten to twentyfold
higher in children than HCA in adult patients. In pediatric patients, HCAs are relatively
frequently seen in patients with glycogen storage disease (GSD 1). HCAs are also more
commonly associated with diabetes mellitus and obesity (metabolic syndrome) in pediatric
patients [136]. Other influencing factors include, mainly in adult but theoretically also in
pediatric patients, high alcohol intake, oral contraceptives or anabolic steroids [83,85,137].
If more than five hepatic adenomas are seen in a patient, the term “hepatic adenomatosis”
can be used [137].

Histologically different subtypes of HCA have been described based on molecular
(mutation present or not), pathologic features (steatotic, inflammatory) and immunohisto-
chemistry [83,138-140].

Hepatocyte nuclear factor la-inactivated HCA (most common according to Zucman-
Rossi) [140].

B-catenin-activated HCA, inflammatory HCA (steatotic or non-steatotic) and HCA
with genetically determined underlying diseases, e.g., glycogen storage diseases are
non-classified.

There are no typical criteria in B-mode ultrasound. In a B-mode ultrasound of an
otherwise normal liver, HCAs are roundish, well-circumscribed and usually isoechogenic
with the surrounding liver tissue since HCAs are constituted by hepatocytes. Owing to
this lack of echogenicity, HCA can be very difficult to differentiate from the surrounding
liver tissue and small HCAs have been rarely described [137]. In steatosis, HCAs may be
poorly echogenic, whereas in patients with storage diseases (e.g., glycogenosis), HCAs
can be hyperechoic due to lipid content and/or glycogen. Larger HCAs > 50 mm show
regressive changes with changes of echotextures.

Color Doppler techniques can visualize increased peripherally predominant internal
arterial hypervascularity [76,83,125]. However, this vascular pattern can also be encoun-
tered in HCC and hyperperfused metastases and is therefore not pathognomonic. Calcifica-
tion and other regressive changes can be observed depending on the size of the lesion in
the same frequency as in large FNH.

The characteristic CEUS pattern of enhancement shows quick and intense homoge-
nous peripherally predominant arterial phase hyperenhancement (APHE) and centripetal
distribution. Teleangiectatic HCA may show more centrifugal enhancement patterns.

Based on the exact histologic type of HA, washout can be typically observed [122,137]
and differentiation from HCC is difficult, often requiring tissue diagnosis or surgical
resection [43,110,141-143]. If the contrast agents Levovist® [130] or Sonazoid® [45] are
used, the HCA also appears iso- or hyper-enhancing in late phases due to sinusoidal-
derived mechanisms, such as Kupffer cell phagocytosis.

Differentiation is essential because of the different therapeutic approaches; HCA is
an indication for surgery at least where growth has been demonstrated on serial imaging
in HCA > 50 mm because of the risk of hemorrhage, rupture and potential malignant
transformation due to B-catenin lesions demonstrating genetic overlap with HCC. In
contrast, FNH can be managed conservatively in most patients. Small HCA might be
closely followed up with the removal of potential precipitating factors. In doubtful cases, a
multidisciplinary approach has been advocated [83].
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The molecular classification of HCA is of prognostic relevance; therefore, histological
evaluation is mandatory. In pediatric patients, the underlying predisposition is also of
importance. Biopsy specimens should be taken from the surrounding parenchyma as well
in order to determine underlying diseases.

4.6. Inflammatory Hepatocellular Adenoma

Inflammatory hepatocellular adenoma (previously called telangiectatic adenoma or
telangiectatic FNH) is the most common subtype and exposes the highest risk of sponta-
neous rupture, hemorrhage and necrosis in larger adenoma [115,144-146]. Rarely observed
in childhood, this type of adenoma typically shows mainly peripherally predominant
arterial phase hyperenhancement and wash-out has been observed [146-148], therefore,
biopsy may be necessary for diagnosis.

4.7. HNF-1a-Inactivated Hepatocellular Adenoma

HNF-1a-inactivated hepatocellular adenomas (previously called steatotic adenomas)
account for 35-50% of adenomas and are usually seen in females with oral contracep-
tive use [145] and in patients with autosomal dominant maturity onset diabetes of the
young, type 3 (MODY3) [144]. Treatment includes discontinuation of oral contraceptive
use [115,145]. HNF-1a-inactivated hepatocellular adenomas have the lowest potential for
bleeding and the lowest risk of malignant transformation [135].

At CEUS, HNF-1a-inactivated hepatocellular adenomas are homogeneously hyperen-
hancing in the arterial phase. Lesions show hyper- or iso-enhancement in the portal venous
and late phases, with hypoenhancement less common [146-148].

4.8. B-Catenin-Activated Hepatocellular Adenoma

B-catenin-activated hepatocellular adenomas account for 10-18% of adenomas. This
is the subtype most frequently found in males and there is an association with exoge-
neous androgen exposure, such as for muscle building or for treatment of Fanconi anemia.
This subtype also occurs in patients with familiar adenomatous polyposis and glycogen
storage disease [115,144,145]. This adenoma subtype has the highest rate of malignant
transformation at about 50% [115,144].

At CEUS, arterial phase hyperenhancement is typically diffuse and homogeneous,
with either portal venous or delayed phase washout in almost 90% of lesions. Given overlap
in appearance with HCC, biopsy may be necessary for diagnosis.

4.9. Von Meyenburg Complex

Biliary microhamartomas (von Meyenburg complex, VMC) are ductal plate malfor-
mations characterized by very small cystic dilatations of peripherally located intrahepatic
bile ducts lying within fibrous stroma. They may be single but are typically, and much
more often, multiple. VMC may have different imaging appearances depending on their
histopathology and size. Other cysts and cystadenoma have to be differentiated (Figure 3).
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Figure 3. 9-year-old girl with incidentally detected liver cyst. B-mode—24 mm x 16 mm septated cyst with echogenic rim in the central part of the liver (a).
Contrast-enhanced ultrasound in the arterial phase shows only rim and septal enhancement without any flow in the cystic parts (b). The same pattern remains in the
portal venous (c) and late (d) phases and no washout in the rim or septa. No treatment nor other investigation suggested (SC5-1U transducer).
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The US appearance of VMC is specific with a coarse heterogenous appearance of the
liver periphery, while innumerable micro-nodules (2-10 mm) of either decreased or in-
creased echogenicity may be observed [149]. High frequency transducers are a prerequisite
to examine the periphery of the liver with up 5% of the detection rate (personal unpub-
lished data). In more detail, biliary hamartomas are described as coarsely heterogenous
hyperechoic (when mostly solid), of mixed echogenicity with cystic components or purely
anechoic (cystic). In a fatty liver, hamartoma may be hypoechoic. In most reported cases,
hamartomas are small (5 mm in diameter) hyperechoic lesions, and they can change to
hypoechoic or microcystic lesions over time, as they become larger, demonstrating small-
cystic echotexture of the liver parenchyma. Particularly, the microcysts and their biliary
content are at an early stage so small that ultrasound can reverberate within them, causing
the “comet tail” artefact and, thus, requiring differentiation from aerobilia and very small
intraductal bile stones. In terms of size, VMC nodules range from 5 to 10 mm [149].

CEUS findings have been reported in a few histologically proven patients with under-
lying malignant diseases with isoenhancement in the late phase using Levovist [130]. The
association with intrahepatic cholangiocarcinoma in the setting of ductal plate malforma-
tion has been challenged. Long-term imaging and laboratory follow-up may be advised in
specific cases but more often no follow-up is required.

4.10. Mesenchymal Hamartoma of the Liver

Mesenchymal hamartoma of the liver is a heterogenous, and often multi-cystic, mass
typically seen in the first two years of life.

In B-mode, ultrasound hamartomas may have different appearances depending on
their histopathology and size. They may be single or multiple [150]. Larger hamartomas in
the first two years of life are described as hyperechoic (when mostly solid) or presenting
mixed echogenicity with cystic components or be purely anechoic (cystic). Calcification
and hemorrhage are rarely seen. In a fatty liver, they can be hypoechoic. Conventional US
will demonstrate a large mass with multiple cystic spaces and solid components.

In most reported cases, hamartomas are small (less then 5 mm in diameter) hyperechoic
lesions, some presenting the “comet tail” artefact [151,152]. Some authors may use the term
identical to VMC. However, in children, where they are usually large and fast growing
lesions, they are easily detected [153]. In most cases, hamartomas do not exhibit any flow
signal, but in rare cases one vessel may be spotted. Large lesions often displace surrounding
structures, thus modelling of the liver parenchymal vessels may be visible [154,155]. In fast
growing hamartomas, exceeding 10 cm in diameter, disturbance of venous flow is observed,
including signs of portal hypertension [153].

There is no consistent CEUS enhancement pattern. Some cystic parts of the lesions
show no enhancement in either of the vascular phases due to their cystic composition,
some show enhancement such as surrounding liver parenchyma, and occasionally some of
them show bright and early enhancement in the arterial phase with a gradual decrease in
intensity that is consistent with liver parenchyma [125,151,155]. Feeding vessels may be
prominent [152]. Concerning the pattern of hamartoma, enhancement malignancy may be
excluded in most cases.

Because of their non-specific image appearance, they can mimic a wide range of focal
liver lesions from haemangiomas, cysts to metastases or HCC in cirrhotic liver.

4.11. Cholangiocellular and Bile Duct Adenoma

Cholangiocellular adenomas are frequently small neoplasia appearing as small solid
hypoechoic nodules, typically in a subcapsular location [151,156]. These lesions typically
show strong arterial phase hyperenhancement on CEUS and washout due to lack of portal
vein branches [156]. Other authors used the term bile duct adenoma for a heterogenous
group of FLL [130,154,156].
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5. Focal Fatty Infiltration and Focal Fatty Sparing (Focal Fatty Lesions, FFL)

Today, non-alcoholic fatty liver disease (NAFLD) is also commonly seen in the pedi-
atric population and has been described as “epidemic obesity” [70,157]. Fatty infiltration
(steatosis) was generally considered to be a diffuse process involving the entire liver. FFL
are typically observed in adult patients and have been identified in about 50% at autopsy
and with different frequency of up to one-third in imaging studies [11,12,14,53,65,158-163].
FFL can be divided into hyperechoic focal fatty infiltration (FFI) and hypoechoic focal fatty
sparing (FFS). The frequency in children is much lower and depends on the weight of the
children examined. Both FFI and FFS can be identified in the liver hilum and in the liver
periphery. Both types of FFL do not usually cause any mass effect or displace vessels [160].
The underlying mechanism has been identified in specific vascular supply and also in
biopsy proven cases and autopsy studies [158,159]. The location of these entities is a helpful
diagnostic feature, since they are commonly located in the liver hilum, adjacent to the
porta hepatis or the falciform ligament. Other more diffuse forms include the geographic,
segmental and perivascular forms, that surround hepatic or portal venous branches [164].
Focal and diffuse fatty abnormalities are commonly seen as incidental findings on routine
US [164]. Severe diffuse fatty infiltration can markedly reduce the US beam attenuation
and reduce the ability to detect any focal liver lesion and should be overcome by improved
machine settings [162].

5.1. Focal Fatty Sparing (FFS)

In the majority of patients with hepatic steatosis, distinctive hypoechoic areas in the
liver hilum can be detected and should not be confused with a mass lesion. FFS typically
shows centrally located feeding arterial vessels with less insulin and fat concentration, thus
demonstrating the underlying pathological process of different vascularization of the liver
hilum. The ultrasound-derived fat fraction (UDFF) is lower than in the surrounding steato-
sis and the stiffness measured by shear wave elastography is slightly higher [67-69,75].
Shunt hemangioma are often observed in FFS [15,134].

5.2. Focal Fatty Infiltration (FFI)

FFI can often be displayed in the liver hilum [159] and next to the hepatic teres
ligament [160]. In FFI, changes in arterioportal venous perfusion have been suggested as
the pathophysiological explanation (with predominant portal venous flow and high content
of insulin and fat). Haemangiomas may mimic such lesions; however, not all bright lesions
in the liver are haemangiomas. FFI occur in about 40% of patients taking corticosteroid
medication. Different-sized vacuoles or different types of lipid deposition are the likely
cause, because a change in appearance over time can be observed. The ultrasound-derived
fat fraction (UDFF) is higher than in the surrounding liver parenchyma [75].

CEUS examination is “the” useful problem solving tool for the characterization of a
focal fatty abnormality since it is prompt and readily available, thus demonstrating the
underlying pathophysiological mechanism with demonstration of feeding vessels and
almost identical arterial phase enhancement when compared with the surrounding liver
parenchyma and no washout in the portal venous and late phases [161]. CT and MR
imaging is generally not indicated and should be reserved for high-risk patients with
underlying malignant diseases, scientific questions, and aims to determine non-invasively
the hepatic fat content [45,69,75,76,162,165,166].

5.3. Inflammatory Focal Liver Lesions

Inflammatory focal liver lesions are rarely asymptomatic and, therefore, rarely inci-
dental findings. Phlegmonous infiltration and abscess formation will not be covered here.
Autoimmune diseases typically show FLL in symptomatic patients. Examples include the
inflammatory pseudotumor [167] and granulomatous diseases, e.g., sarcoidosis [168,169].
CEUS features have rarely been observed in children. According to our own experience,
washout can be typically observed in larger FLL > 20 mm.
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6. Malignant Focal Liver Lesions

Malignant focal liver lesions are rarely asymptomatic and, therefore, rarely incidental
findings.

The most common primary malignant tumor among children < five years is hep-
atoblastoma, and later (15-19 years old) hepatocellular carcinoma [125,170,171]. Other
malignant focal liver lesions in pediatric patients include primary (cholangiocellular car-
cinoma, sarcoma and lymphoma) and secondary liver tumors (metastases) and will be
discussed in more detail in a separate paper. In pediatric patients with healthy liver
parenchyma and normal portal venous predominant perfusion, late and post vascular
phase enhancement provides important information regarding the character of the lesion:
most malignant lesions are hypo-enhancing, showing washout, while the majority of solid
benign lesions are iso- or hyper-enhancing [15-18]. The arterial phase varies according
to entities with rim-enhancement as a sign of malignant behavior. Analyzing the arterial
phase does not allow differentiation between benign and malignant FLL, which is true for
all imaging methods.

CEUS shows which pediatric patients needs further investigations by detecting
washout in the portal venous and late phases. The further investigations include biopsy and
histological examination, computed tomography (CT) for staging purposes and magnetic
resonance imaging (MRI). Important laboratory biomarkers to support imaging have to be
taken into account [172].

6.1. Hepatoblastoma

Hepatoblastoma is by far the most common hepatic malignancy in children younger
than five-years of age (90%) [171] and accounts for around 60% of pediatric malignancies
in general. The leading symptoms are abdominal distension and weight loss [116].

Much more commonly, hepatoblastoma appears as a larger solid mass, often multi-
locular, that is size dependent with pseudocystic areas, necrosis and calcifications. The
diagnosis is assisted by a typically marked increase in alpha-fetoprotein. The oncological
staging methods are primarily computed tomography and magnetic resonance imag-
ing [173]. CEUS typically shows arterial phase hyperenhancement and early and punched
washout [76,170]. The role of CEUS in hepatoblastoma, especially during follow-up, has
not been clearly defined.

The important differential diagnosis is hepatocellular carcinoma.

6.2. Hepatocellular Carcinoma

In pediatric patients, HCC is strongly associated with underlying pathology and,
therefore, most often not an incidental finding. Patients with vertical transmitted chronic
viral hepatitis B, with or without liver cirrhosis and congenital metabolic disorders such as
glycogen storage disease, tyrosinemia and longstanding hepatic vein obstruction [174-176],
and many other diseases put patients at risk of HCC. It is of importance that the viruses
hepatitis B and C can be effectively treated. The role of elastography is discussed above. The
development of HCC occurs in a well-established continuum starting from a regenerative
nodule and proceeding to a dysplastic nodule and then to a well and low-differentiated
HCC, all before the development of a poorly differentiated HCC [177]. HCC in non-cirrhotic
liver in patients with chronic virus hepatitis B [142,143], fibrolamellar HCC [178] and mixed
forms [179] are relatively more often diagnosed in children compared to adults.

The work-up for suspected HCC in liver cirrhosis has been described in detail, and the
imaging criteria do not really differ in children compared to adults [142,143,178,180]. With
the introduction of CEUS LI-RADS criteria, the use of CEUS has become more standardized
and reproducible [46,181-187]. The LI-RADS imaging hallmarks of HCC are the size,
the arterial phase hyperenhancement (APHE) and the portal venous and delayed phase
washout. The most important CEUS feature is APHE [188,189]. Evidence exists regarding
the CEUS appearances of HCC in children with CEUS showing hyperenhancement in the
arterial phase with mild and later washout compared to hepatoblastoma [173,190-192].
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Liver Imaging Reporting and Data System (version 2018) had moderate sensitivity but low
specificity for the diagnosis of pediatric hepatocellular carcinoma (HCC), which had low
frequencies of the major criteria used for adult HCC diagnosis [191,192].

CEUS can also be used to characterize the very rare intrahepatic cholangiocarcinoma
(ICC) in pediatric patients with specific diagnostic criteria being included in the CEUS
LI-RADS classification system. The LR-M category for metastases and ICC in liver cirrhosis,
including peripheral rim APHE, marked washout earlier than 60 s [46,181-187].

6.3. Primary Sarcoma of the Liver

Primary sarcomas of the liver are very rare and most often large and symptomatic at
time of diagnosis. Conventional imaging shows often palpable large and heterogeneous
FLL due to intralesional hemorrhage, necrosis and cystic degeneration. In such FLL,
e.g., embryonal sarcoma [193-195], rhabdomyosarcoma [196,197] and leiomyosarcoma the
arterial phase is non-specific. The so-called rim sign, and more importantly, in the portal
venous and late phases washout and hypoenhancement indicate malignancy. The lack
of more specific imaging findings will raise the need for tissue diagnosis after surgical
resection or biopsy. A variety of such tumors have been documented in the EFSUMB
European Pediatric Registry [16].

6.4. Primary Hepatic Lymphoma

Primary hepatic lymphoma (PHL) is a very rare malignant tumor of liver, occurring in
<0.1% of all non-Hodgkin’s lymphoma (NHL) [198,199]. Diffuse large B-cell lymphomas
(DLCL) and mucosa-associated B-cell lymphoma (MALT) are considered the two most com-
mon types of PHL [199]. PHL may be solitary or showing multiple hypoechoic or isoechoic
lesions, sometimes diffusely infiltrating [200,201]. The diffuse pattern is usually seen in sec-
ondary involvement of the organ or in post-transplant lymphoproliferative disease. CEUS
typically reveals APHE and early and punched washout [202-204]. Similar CECT and
CEMRI features have been described as well [205-211]. The diagnosis is finally achieved by
biopsy and histological examination, including immunohistochemistry. Mucosa-associated
lymphoid tissue (MALT) lymphoma is a low-grade malignant B-cell lymphoma that was
first described by Isaacson and Wright in 1983 [212]. Whereas the most common site of
MALT lymphoma is the stomach, MALT lymphomas can arise at any extranodal site and
also as primary hepatic MALT lymphoma [213-215]. Although the etiology of primary
hepatic MALT lymphoma remains unknown, most reported cases have implicated chronic
inflammatory liver diseases, including hepatitis B or C virus but also EBV, HIV-infections,
steatohepatitis, autoimmune hepatitis, liver cirrhosis, systemic lupus erythematosus, or
the use of immunosuppressive drugs, [198,199,201,202,204,216-218]. Optimal treatment
strategies have not been established so far [216,217].

6.5. Hepatic Metastases

Hepatic metastases in general represent advanced disease and will rarely be found
in a pediatric patient with no symptoms. The most common pediatric hepatic metastases
originate from neuroblastoma or Wilm’s tumor. Metastases are often hyperenhancing in
a diffuse (if small) or rim pattern (if larger) in the arterial phase, with washout in portal
venous phase in almost all patients [42,45,83]. CEUS might be more sensitive than CT or
MRI, but the latter are mandatory as the multiplicity of lesions in different organs including
the lung cannot be characterized simultaneously with CEUS, and the complete body staging
needs to be performed.

7. What Is the Impact of an Incidental Finding in Pediatric Ultrasound?

The following issues are almost identical for the evaluation of IF in all organs and will
be briefly summarized [2-8,219].
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7.1. Psychological and Social Burden

The effects of incidentally discovered pathological findings in a healthy individ-
ual can be unpredictable, complex and far-reaching, and may be underestimated by pa-
tients and clinicians [7,220-225]. Potentially serious incidental findings may provoke
anxiety in the individual concerned and will affect the perception of their own health
status [2,7,64,66,222,226-231]. Due to a lack of evidence, and perhaps also driven by con-
cerns and irrational anxieties, further management of incidentally detected lesions will not
always follow reasonable and evidence-based pathways. In addition, patients with differ-
ent types of personality will respond in different ways to the disclosing of an incidental
finding, with about 10% experiencing severe stress [228]. We would expect that patients
would prefer to find out the nature of the lesion at the same appointment, rather than being
referred for an additional MR imaging or CT scan. The direct communication between the
patient and the examiner in US is another advantage over cross-sectional modalities where
the patient has no direct contact with the radiologist.

Unnecessary further investigation and (over-)treatment may result in a potentially
injurious and expensive cascade of tests and procedures, depending on specific health care
organization insurance systems, e.g., Beveridge Model, Bismarck Model, NH Insurance
Model, Out-of-pocket payments, et cetera [7,222-224,232-234]. Furthermore, incidental
findings may adversely affect individual future perspectives [235] and medical and life
insurance status [2,222].

7.2. Benefits and Economic Consequences (Costs)

IF may also require costly, potentially uncomfortable and sometimes invasive pro-
cedures to achieve a confident diagnosis, and can result in long-term follow-up. Further
investigating an incidental finding should be organized in such a way that no pathology is
missed, characterization is precise, but also the cost is kept to a balanced minimum, which
is a general challenge for healthcare systems [9,236-238]. CEUS allows faster diagnosis
compared to CECT and CEMRI and, therefore, is time saving [239]. CEUS can be performed
at the same time as the initial examination, thus avoiding further imaging in the majority
of pediatric patients [16,17,240]. CEUS examination in pediatric patients is at least equally
sensitive and specific (accurate) for the differentiation of benign from malignant FLL [16]
compared with CT and MR imaging [15], and it is more cost-effective [241]. The sensitivity
and specificity were reported with 96% and 97%, respectively [242]. Cost saving of CEUS
is more obvious when comparing CEUS with MRI and CT [239,242]. The reported find-
ings suggest a role for targeted educational efforts, collaborative partnerships, and other
initiatives to foster greater adherence to written recommendations, such as standardized
classification of IFs and their consequences, as well as stronger language within reports
when no follow-up testing is recommended [231,243,244].

In conclusion, CEUS is an attractive alternative to CT and MR imaging and, most impor-
tantly, is accurate, avoiding radiation exposure and saving costs [16,17,239,240,242,245,246].

8. Strategy
8.1. Iso- and Hyperechoic FLL

Most hemangiomas are “typical” and <30 mm and can be correctly identified by
conventional B-mode and color Doppler imaging; further measures are not often neces-
sary. Careful history-taking of symptoms, any underlying medical conditions or family
history, and reviewing liver function tests, bilirubin and cholestasis indicating enzymes,
are essential. The testing of tumor markers such as alpha-feto protein (AFP), carcinoembry-
onic antigen (CEA) and cancer antigen 19-9 (CA 19-9) is not generally recommended as a
screening test.

If there is any doubt CEUS can be promptly used as a problem-solving tool, we found
that, in about 30% of patients, there will be an atypical criterion and at least in such cases
contrast-enhanced imaging procedures should be used (CEUS, MRI), depending on lo-
cal protocols, availability and expertise. It should also be mentioned that hemangiomas
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in patients with fatty livers (hepatic steatosis) can appear to be isoechoic or hypoechoic
when compared to hyperechoic parenchyma. Lesions suspected of being hemangiomas
which show wash-out in the portal venous phase should be biopsied and histologically
confirmed [44,50]. The differential diagnosis includes HCA [137], HCC [142], heman-
gioendothelioma [111,112], peliosis [110] and metastases especially of neuroendocrine
origin [247].

8.2. Isoechoic FLL

The most commonly isoechogenic liver lesions are focal nodular hyperplasia and
hepatocellular adenoma. Contrast-enhanced imaging and promptly available CEUS are
required to exclude malignancy and to determine the diagnosis [43,50,97-99,132,133,248].
In contrast to FNH, portal veins and bile ducts are not present in hepatocellular adenoma.
Therefore, FNH and HCA can be differentiated through analysis of the portal venous
contrast phase, which shows a typical hypoenhancement with HCA < 50 mm, whereas
FNH show hyperenhancement in 95% [43,50,130] if bubble destruction is avoided [59].

8.3. Hypoechoic FLL

Malignant differential diagnoses must be excluded with a high degree of certainty,
and this is only possible using contrast enhanced imaging techniques [50]. Washout in the
late phase is a decisive indication for liver biopsy [50,123].

9. Inconclusive CT/MRI Findings

There are circumstances in which a CT or MR imaging examination may fail to
adequately characterize a focal liver lesion, especially if this is incidentally found in a
non-specifically protocolled examination. These include the detection of a liver lesion
during a single-phase CT examination for trauma or when investigating the acute abdomen,
excessive artifacts (especially motion) degrading image quality in CT and MR IMAGING,
suboptimal phase timing acquisition or small size that precludes confident characterization
(particularly applicable in CT) [47-49]. In these instances, US with the potential addition
of CEUS can be used as a problem-solving tool for the characterization of an incidentally
found focal liver lesion [249].

10. Conclusions

The detection of an incidental FLL during US examination in pediatric patients is a
common scenario but much rarer than in adult patients. Many factors need to be taken
into consideration, in order to appropriately manage each individual patient and reach an
accurate diagnosis. Firstly, carefully assess the pretest probability and, most importantly,
include age (newborn, infancy), presentation of the patient, medical and family history
(including patient’s background risk of malignant and inflammatory liver disease), labora-
tory data and liver stiffness using elastography. Secondly, assess the lesion’s characteristics,
including size and echogenicity. This combined approach highlights an important concept
for the management of every incidentally found FLL by including all clinical information
available and a multiparametric imaging approach. Pediatric patients should be subcat-
egorized into no, low and high risk for clinical and imaging features. In addition, the
psychological, healthcare and economic impact of every imaging modality should be taken
into account for appropriate management, diagnosis and follow-up of these patients.

11. Summary Statements

e An incidental finding (IF) during an imaging examination is the unintended and
unexpected discovery of an abnormality that may be clinically significant (or not).

e  The term IF can be used for any focal changes of the liver echogenicity and architecture
that is causing no symptoms to the patient.

e Liver incidentalomas are frequently detected.
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e  Ultrasound is the primary and first-line imaging modality for the evaluation of liver
pathology in children, including liver incidentalomas.

e  Liver elastography should be applied in all patients with liver pathology to determine
underlying risk constellation.

e  Conventional B-mode ultrasound is accurate for the diagnosis of simple hepatic cysts,
typical hemangiomas and hydatid cysts. As a result, such lesions could be followed
up with US.

o  Contrast-enhanced ultrasound (CEUS) is appropriate to precisely characterize solitary
and multiple solid and cystic FLL with excellent accuracy in differentiating benign
from malignant lesions.

CEUS has an excellent safety profile.

MRI is probably superior for the documentation of multiple lesions prior to surgery.
Once characterization with CT/MRI has been initially performed, long-term follow-up
can be undertaken with US/CEUS if necessary.

e Benign hepatic tumors are commonly observed in adults, but more rarely reported
in children.

e  The pretest probability—including presentation of the patient, past medical and fam-
ily history with patient’s background risk of malignant and inflammatory liver dis-
ease (“all clinical information available”), laboratory data and liver stiffness using
elastography—and the lesion’s characteristics including size and echogenicity are
taken into account for appropriate management, final diagnosis and follow-up of
these patients.

e  According to the factors mentioned, patients can be subcategorized into no, low and
high risk for clinical and imaging features.

e  The psychological, healthcare and economic impact of every imaging modality using
a multiparametric imaging approach should be taken into account.

e Insome patients, imaging will be inconclusive, and some form of tissue diagnosis will
be required, either imaging-guided biopsy or surgical resection.

e In doubtful cases, a multi-disciplinary team (MDT) dedicated to liver diseases should
be consulted.

Author Contributions: Conceptualization, C.E.D.; methodology, all authors; validation, all authors;
formal analysis, all authors; data curation, all authors; writing—original draft preparation, C.ED.,
D.S.-D.; writing—review and editing, all authors; supervision, C.E.D.; project administration, C.ED.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Jenssen, C.; Lorentzen, T.; Dietrich, C.E; Lee, J.Y.; Chaubal, N.; Choi, B.L; Rosenberg, J.; Gutt, C.; Nolsee, C.P. Incidental Findings
of Gallbladder and Bile Ducts-Management Strategies: General Aspects, Gallbladder Polyps and Gallbladder Wall Thickening-A
World Federation of Ultrasound in Medicine and Biology (WFUMB) Position Paper. Ultrasound. Med. Biol. 2022, 48, 2355-2378.
[CrossRef] [PubMed]

Dietrich, C.E; Fraser, A.G.; Dong, Y.; Guth, S.; Hari, R.; Hoffmann, B.; Prosch, H.; Walter, R.; Abramowicz, J.S.; Nolsoe, C.P; et al.
Managing Incidental Findings Reported by Medical, Sonography and Other Students Performing Educational Ultrasound
Examinations. Ultrasound Med. Biol. 2022, 48, 180-187. [CrossRef] [PubMed]

Petousis, S.; Chatzakis, C.; Westerway, S.C.; Abramowicz, ].S.; Dinas, K.; Dong, Y.; Dietrich, C.E; Sotiriadis, A. World Federation
for Ultrasound in Medicine Review Paper: Incidental Findings during Obstetrical Ultrasound. Ultrasound Med. Biol. 2022, 48,
10-19. [CrossRef] [PubMed]

Lewicki, A.; Freeman, S.; Jedrzejczyk, M.; Dobruch, J.; Dong, Y.; Bertolotto, M.; Dietrich, C.F. Incidental Findings and How to
Manage Them: Testis- A WFUMB Position Paper. Ultrasound Med. Biol. 2021, 47, 2787-2802. [CrossRef]

Bialek, E.J.; Lim, A.; Dong, Y.; Fodor, D.; Gritzmann, N.; Dietrich, C.E. WFUMB position paper. Incidental findings of the salivary
glands. Med. Ultrason. 2021, 23, 329-338. [CrossRef]

Trenker, C.; Gorg, C.; Freeman, S.; Jenssen, C.; Dong, Y.; Caraiani, C.; Ioanitescu, E.S.; Dietrich, C.F. WFUMB Position Paper-
Incidental Findings, How to Manage: Spleen. Ultrasound Med. Biol. 2021, 47, 2017-2032. [CrossRef]


https://doi.org/10.1016/j.ultrasmedbio.2022.06.016
https://www.ncbi.nlm.nih.gov/pubmed/36058799
https://doi.org/10.1016/j.ultrasmedbio.2021.09.015
https://www.ncbi.nlm.nih.gov/pubmed/34756465
https://doi.org/10.1016/j.ultrasmedbio.2021.09.010
https://www.ncbi.nlm.nih.gov/pubmed/34702644
https://doi.org/10.1016/j.ultrasmedbio.2021.05.022
https://doi.org/10.11152/mu-3283
https://doi.org/10.1016/j.ultrasmedbio.2021.03.032

Cancers 2023, 15, 2360 23 of 32

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dietrich, C.F,; Westerway, S.; Nolsoe, C.; Kim, S.; Jenssen, C. Commentary on the World Federation for Ultrasound in Medicine
and Biology Project “Incidental Findings”. Ultrasound Med. Biol. 2020, 46, 1815-1820. [CrossRef]

Dietrich, C.F,; Correas, ].M.; Dong, Y.; Nolsoe, C.; Westerway, S.C.; Jenssen, C. WFUMB position paper on the management
incidental findings: Adrenal incidentaloma. Ultrasonography 2020, 39, 11-21. [CrossRef]

Dietrich, C.F; Riemer-Hommel, P. Challenges for the German Health Care System. Z Gastroenterol. 2012, 50, 557-572. [CrossRef]
Scharitzer, M.; Tamandl, D.; Ba-Ssalamah, A. Incidental findings of liver, biliary system, pancreas and spleen in asymptomatic
patients: Assessment and management recommendations. Radiologe 2017, 57, 270-278. [CrossRef]

Boutros, C.; Katz, S.C.; Espat, N.J. Management of an incidental liver mass. Surg. Clin. North Am. 2010, 90, 699-718. [CrossRef]
[PubMed]

Algarni, A.A.; Alshuhri, A.H.; Alonazi, M.M.; Mourad, M.M.; Bramhall, S.R. Focal liver lesions found incidentally. World J.
Hepatol. 2016, 8, 446-451. [CrossRef] [PubMed]

Chiorean, L.; Cui, X.W.; Tannapfel, A ; Franke, D.; Stenzel, M.; Kosiak, W.; Schreiber-Dietrich, D.; Jungert, ].; Chang, ].M.; Dietrich,
C.F. Benign liver tumors in pediatric patients—Review with emphasis on imaging features. World J. Gastroenterol. 2015, 21,
8541-8561. [CrossRef] [PubMed]

Chiorean, L.; Caraiani, C.; Radzina, M.; Jedrzejczyk, M.; Schreiber-Dietrich, D.; Dietrich, C.F. Vascular phases in imaging and their
role in focal liver lesions assessment. Clin. Hemorheol. Microcirc. 2015, 62, 299-326. [CrossRef]

Dietrich, C.E,; Nolsoe, C.P;; Barr, R.G.; Berzigotti, A.; Burns, PN.; Cantisani, V.; Chammas, M.C.; Chaubal, N.; Choi, B.I,; Clevert,
D.A.; et al. Guidelines and Good Clinical Practice Recommendations for Contrast-Enhanced Ultrasound (CEUS) in the Liver-
Update 2020 WFUMB in Cooperation with EFSUMB, AFSUMB, AIUM, and FLAUS. Ultrasound Med. Biol. 2020, 46, 2579-2604.
[CrossRef]

Dietrich, C.E; Augustiniene, R.; Batko, T.; Cantisani, V.; Cekuolis, A.; Deganello, A.; Dong, Y.; Franke, D.; Harkanyi, Z.; Humphries,
P.D,; et al. European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB): An Update on the Pediatric CEUS
Registry on Behalf of the “EFSUMB Pediatric CEUS Registry Working Group”. Ultraschall Med. 2021, 42, 270-277. [CrossRef]
Sidhu, PS.; Cantisani, V.; Deganello, A.; Dietrich, C.F.; Duran, C.; Franke, D.; Harkanyi, Z.; Kosiak, W.; Miele, V.; Ntoulia, A.; et al.
Role of Contrast-Enhanced Ultrasound (CEUS) in Paediatric Practice: An EFSUMB Position Statement. Ultraschall Med. 2017, 38,
33-43. [CrossRef]

Sidhu, PS.; Cantisani, V.; Deganello, A.; Dietrich, C.F.; Duran, C.; Franke, D.; Harkanyi, Z.; Kosiak, W.; Miele, V.; Ntoulia, A.; et al.
Authors’ Reply to Letter: Role of Contrast-Enhanced Ultrasound (CEUS) in Paediatric Practice: An EFSUMB Position Statement.
Ultraschall Med. 2017, 38, 447-448. [CrossRef]

Fang, C.; Anupindi, S.A.; Back, S.J.; Franke, D.; Green, T.G.; Harkanyi, Z.; Jungert, J.; Kwon, ].K.; Paltiel, H.].; Squires, ].H.; et al.
Contrast-enhanced ultrasound of benign and malignant liver lesions in children. Pediatr. Radiol. 2021, 51, 2181-2197. [CrossRef]
Sidhu, P.S.; Brabrand, K.; Cantisani, V.; Correas, ].M.; Cui, X.W.; D'Onofrio, M.; Essig, M.; Freeman, S.; Gilja, O.H.; Gritzmann,
N.; et al. EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part II. Diagnostic Ultrasound-Guided Interventional
Procedures (Long Version). Ultraschall Med. 2015, 36, E15-E35. [CrossRef]

Sidhu, PS.; Brabrand, K.; Cantisani, V.; Correas, ].M.; Cui, X.W.; D’Onofrio, M.; Essig, M.; Freeman, S.; Gilja, O.H.; Gritzmann,
N.; et al. EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part II. Diagnostic Ultrasound-Guided Interventional
Procedures (Short Version). Ultraschall Med. 2015, 36, 566-580. [CrossRef] [PubMed]

Dietrich, C.F; Lorentzen, T.; Sidhu, P.S.; Jenssen, C.; Gilja, O.H.; Piscaglia, F.; Efsumb. An Introduction to the EFSUMB Guidelines
on Interventional Ultrasound (INVUS). Ultraschall Med. 2015, 36, 460-463. [CrossRef] [PubMed]

Dietrich, C.F,; Lorentzen, T.; Appelbaum, L.; Buscarini, E.; Cantisani, V.; Correas, ].M.; Cui, X.W.; D’Onofrio, M.; Gilja, O.H.;
Hocke, M.; et al. EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part Ill—Abdominal Treatment Procedures (Short
Version). Ultraschall Med. 2016, 37, 27—45. [CrossRef] [PubMed]

Dietrich, C.F; Lorentzen, T.; Appelbaum, L.; Buscarini, E.; Cantisani, V.; Correas, ].M.; Cui, X.W.; D’Onofrio, M.; Gilja, O.H.;
Hocke, M.; et al. EFSUMB Guidelines on Interventional Ultrasound (INVUS), Part Ill—Abdominal Treatment Procedures (Long
Version). Ultraschall Med. 2016, 37, E1-E32. [CrossRef] [PubMed]

Dietrich, C.E; Kratzer, W.; Strobe, D.; Danse, E.; Fessl, R.; Bunk, A.; Vossas, U.; Hauenstein, K.; Koch, W.; Blank, W.; et al.
Assessment of metastatic liver disease in patients with primary extrahepatic tumors by contrast-enhanced sonography versus CT
and MRI. World |. Gastroenterol. 2006, 12, 1699-1705. [CrossRef]

Wu, M,; Li, L.; Wang, J.; Zhang, Y.; Guo, Q.; Li, X.; Zhang, X. Contrast-enhanced US for characterization of focal liver lesions: A
comprehensive meta-analysis. Eur. Radiol. 2018, 28, 2077-2088. [CrossRef]

Strobel, D.; Seitz, K.; Blank, W.; Schuler, A.; Dietrich, C.; von Herbay, A.; Friedrich-Rust, M.; Kunze, G.; Becker, D.; Will, U,; et al.
Contrast-enhanced ultrasound for the characterization of focal liver lesions—Diagnostic accuracy in clinical practice (DEGUM
multicenter trial). Ultraschall Med. 2008, 29, 499-505. [CrossRef]

Seitz, K.; Greis, C.; Schuler, A.; Bernatik, T.; Blank, W.; Dietrich, C.E; Strobel, D. Frequency of tumor entities among liver tumors
of unclear etiology initially detected by sonography in the noncirrhotic or cirrhotic livers of 1349 patients. Results of the DEGUM
multicenter study. Ultraschall Med. 2011, 32, 598-603. [CrossRef]

Strobel, D.; Bernatik, T.; Blank, W.; Schuler, A.; Greis, C.; Dietrich, C.F,; Seitz, K. Diagnostic accuracy of CEUS in the differential
diagnosis of small (</=20 mm) and subcentimetric (</=10 mm) focal liver lesions in comparison with histology. Results of the
DEGUM multicenter trial. Ultraschall Med. 2011, 32, 593-597. [CrossRef]


https://doi.org/10.1016/j.ultrasmedbio.2020.02.002
https://doi.org/10.14366/usg.19029
https://doi.org/10.1055/s-0032-1312742
https://doi.org/10.1007/s00117-017-0235-x
https://doi.org/10.1016/j.suc.2010.04.005
https://www.ncbi.nlm.nih.gov/pubmed/20637942
https://doi.org/10.4254/wjh.v8.i9.446
https://www.ncbi.nlm.nih.gov/pubmed/27028805
https://doi.org/10.3748/wjg.v21.i28.8541
https://www.ncbi.nlm.nih.gov/pubmed/26229397
https://doi.org/10.3233/CH-151971
https://doi.org/10.1016/j.ultrasmedbio.2020.04.030
https://doi.org/10.1055/a-1345-3626
https://doi.org/10.1055/s-0042-110394
https://doi.org/10.1055/s-0043-106461
https://doi.org/10.1007/s00247-021-04976-2
https://doi.org/10.1055/s-0035-1554036
https://doi.org/10.1055/s-0035-1566760
https://www.ncbi.nlm.nih.gov/pubmed/26669869
https://doi.org/10.1055/s-0035-1553462
https://www.ncbi.nlm.nih.gov/pubmed/26468771
https://doi.org/10.1055/s-0035-1553965
https://www.ncbi.nlm.nih.gov/pubmed/26871408
https://doi.org/10.1055/s-0035-1553917
https://www.ncbi.nlm.nih.gov/pubmed/26670019
https://doi.org/10.3748/wjg.v12.i11.1699
https://doi.org/10.1007/s00330-017-5152-x
https://doi.org/10.1055/s-2008-1027806
https://doi.org/10.1055/s-0031-1281858
https://doi.org/10.1055/s-0031-1271114

Cancers 2023, 15, 2360 24 of 32

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

Bernatik, T.; Seitz, K.; Blank, W.; Schuler, A.; Dietrich, C.F.; Strobel, D. Unclear focal liver lesions in contrast-enhanced
ultrasonography-lessons to be learned from the DEGUM multicenter study for the characterization of liver tumors. Ultra-
schall Med. 2010, 31, 577-581. [CrossRef]

Seitz, K.; Strobel, D.; Bernatik, T.; Blank, W.; Friedrich-Rust, M.; Herbay, A.; Dietrich, C.F.; Strunk, H.; Kratzer, W.; Schuler, A.
Contrast-Enhanced Ultrasound (CEUS) for the characterization of focal liver lesions—Prospective comparison in clinical practice:
CEUS vs. CT (DEGUM multicenter trial). Parts of this manuscript were presented at the Ultrasound Dreilandertreffen 2008,
Davos. Ultraschall Med. 2009, 30, 383-389. [CrossRef] [PubMed]

Strobel, D.; Seitz, K.; Blank, W.; Schuler, A.; Dietrich, C.F.; von Herbay, A.; Friedrich-Rust, M.; Bernatik, T. Tumor-specific
vascularization pattern of liver metastasis, hepatocellular carcinoma, hemangioma and focal nodular hyperplasia in the differential
diagnosis of 1,349 liver lesions in contrast-enhanced ultrasound (CEUS). Ultraschall Med. 2009, 30, 376-382. [CrossRef] [PubMed]
Ungermann, L.; Elias, P.; Zizka, ].; Ryska, P.; Klzo, L. Focal nodular hyperplasia: Spoke-wheel arterial pattern and other signs on
dynamic contrast-enhanced ultrasonography. Eur. J. Radiol. 2007, 63, 290-294. [CrossRef] [PubMed]

Wu, W.; Chen, M.H.; Yin, S.S.; Yan, K,; Fan, Z.H.; Yang, W.; Dai, Y.; Huo, L.; Li, J.Y. The role of contrast-enhanced sonography of
focal liver lesions before percutaneous biopsy. AJR Am. J. Roentgenol. 2006, 187, 752-761. [CrossRef] [PubMed]

Trillaud, H.; Bruel, J.M.; Valette, PJ.; Vilgrain, V.; Schmutz, G.; Oyen, R.; Jakubowski, W.; Danes, J.; Valek, V.; Greis, C.
Characterization of focal liver lesions with SonoVue-enhanced sonography: International multicenter-study in comparison to CT
and MRI. World |. Gastroenterol. 2009, 15, 3748-3756. [CrossRef]

Sporea, L.; Badea, R.; Martie, A.; Dumitru, E.; Ioanitescu, S.; Sirli, R.; Socaciu, M.; Popescu, A.; Danila, M.; Voiculescu, M. Contrast
Enhanced Ultrasound for the evaluation of focal liver lesions in daily practice. A multicentre study. Med. Ultrason. 2012, 14,
95-100.

Soye, J.A.; Mullan, C.P; Porter, S.; Beattie, H.; Barltrop, A.H.; Nelson, WM. The use of contrast-enhanced ultrasound in the
characterisation of focal liver lesions. Ulst. Med. ]. 2007, 76, 22-25.

Wang, Z.L.; Tang, J.; Weskott, H.P; Li, ].L.; Wang, W.; Luo, YK,; An, L.C; Xu, ] H. Undetermined focal liver lesions on gray-scale
ultrasound in patients with fatty liver: Characterization with contrast-enhanced ultrasound. J. Gastroenterol. Hepatol. 2008, 23,
1511-1519. [CrossRef]

Kim, TK,; Jang, H.]J.; Burns, PN.; Murphy-Lavallee, ].; Wilson, S.R. Focal nodular hyperplasia and hepatic adenoma: Differentia-
tion with low-mechanical-index contrast-enhanced sonography. AJR Am. ]. Roentgenol. 2008, 190, 58-66. [CrossRef]

Pei, X.Q.; Liu, L.Z,; Liu, M.; Zheng, W.; Han, F,; Li, A.H.; Cai, M.Y. Contrast-enhanced ultrasonography of hepatocellular
carcinoma: Correlation between quantitative parameters and histological grading. Br. J. Radiol. 2012, 85, e740-e747. [CrossRef]
Kong, W.T.; Wang, W.P,; Huang, B.].; Ding, H.; Mao, E,; 5i, Q. Contrast-enhanced ultrasound in combination with color Doppler
ultrasound can improve the diagnostic performance of focal nodular hyperplasia and hepatocellular adenoma. Ultrasound Med.
Biol. 2015, 41, 944-951. [CrossRef] [PubMed]

Kong, W.-T.; Ji, Z.-B.; Wang, W.-P,; Cai, H.; Huang, B.-J.; Ding, H. Evaluation of Liver Metastases Using Contrast-Enhanced
Ultrasound: Enhancement Patterns and Influencing Factors. Gut Liver 2016, 10, 283-287. [CrossRef] [PubMed]

Dietrich, C.E; Schuessler, G.; Trojan, ].; Fellbaum, C.; Ignee, A. Differentiation of focal nodular hyperplasia and hepatocellular
adenoma by contrast-enhanced ultrasound. Br. |. Radiol. 2005, 78, 704-707. [CrossRef] [PubMed]

Dietrich, C.F.,; Mertens, ].C.; Braden, B.; Schuessler, G.; Ott, M.; Ignee, A. Contrast-enhanced ultrasound of histologically proven
liver hemangiomas. Hepatology 2007, 45, 1139-1145. [CrossRef]

Claudon, M,; Dietrich, C.F,; Choi, B.I.; Cosgrove, D.O.; Kudo, M.; Nolsee, C.P; Piscaglia, F.; Wilson, S.R.; Barr, R.G.; Chammas,
M.C; et al. Guidelines and good clinical practice recommendations for Contrast Enhanced Ultrasound (CEUS) in the liver—
update 2012: A WFUMB-EFSUMB initiative in cooperation with representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS.
Ultrasound Med. Biol. 2013, 39, 187-210. [CrossRef]

Dietrich, C.E; Averkiou, M.; Nielsen, M.B.; Barr, R.G.; Burns, PN.; Calliada, F.; Cantisani, V.; Choi, B.; Chammas, M.C.; Clevert,
D.A.; et al. How to perform Contrast-Enhanced Ultrasound (CEUS). Ultrasound Int. Open 2018, 4, E2-E15. [CrossRef]

Caraiani, C.; Yi, D.; Petresc, B.; Dietrich, C. Indications for abdominal imaging: When and what to choose? J. Ultrason. 2020, 20,
e43-e54. [CrossRef]

Caraiani, C.; Petresc, B.; Dong, Y.; Dietrich, C.E. Contraindications and adverse effects in abdominal imaging. Med. Ultrason. 2019,
21, 456-463. [CrossRef]

Caraiani, C.; Dong, Y.; Rudd, A.G; Dietrich, C.F. Reasons for inadequate or incomplete imaging techniques. Med. Ultrason. 2018,
20, 498-507. [CrossRef]

Dietrich, C.F; Sharma, M.; Gibson, R.N.; Schreiber-Dietrich, D.; Jenssen, C. Fortuitously discovered liver lesions. World J.
Gastroenterol. 2013, 19, 3173-3188. [CrossRef]

Dietrich, C.F.; Jenssen, C. Focal liver lesion, incidental finding. Dtsch Med. Wochenschr. 2012, 137, 2099-2116. [CrossRef] [PubMed]
Sidhu, P.S. Multiparametric Ultrasound (MPUS) Imaging: Terminology Describing the Many Aspects of Ultrasonography.
Ultraschall Med. 2015, 36, 315-317. [CrossRef] [PubMed]

Gore, R.M.; Pickhardt, PJ.; Mortele, K.J.; Fishman, E.K.; Horowitz, ].M.; Fimmel, C.J.; Talamonti, M.S.; Berland, L.L.; Pandhari-
pande, P.V. Management of Incidental Liver Lesions on CT: A White Paper of the ACR Incidental Findings Committee. J. Am.
Coll. Radiol. 2017, 14, 1429-1437. [CrossRef] [PubMed]


https://doi.org/10.1055/s-0029-1245649
https://doi.org/10.1055/s-0028-1109673
https://www.ncbi.nlm.nih.gov/pubmed/19688670
https://doi.org/10.1055/s-0028-1109672
https://www.ncbi.nlm.nih.gov/pubmed/19688669
https://doi.org/10.1016/j.ejrad.2007.01.026
https://www.ncbi.nlm.nih.gov/pubmed/17353110
https://doi.org/10.2214/AJR.05.0535
https://www.ncbi.nlm.nih.gov/pubmed/16928941
https://doi.org/10.3748/wjg.15.3748
https://doi.org/10.1111/j.1440-1746.2008.05435.x
https://doi.org/10.2214/AJR.07.2493
https://doi.org/10.1259/bjr/20402927
https://doi.org/10.1016/j.ultrasmedbio.2014.11.012
https://www.ncbi.nlm.nih.gov/pubmed/25701530
https://doi.org/10.5009/gnl14324
https://www.ncbi.nlm.nih.gov/pubmed/26586554
https://doi.org/10.1259/bjr/88181612
https://www.ncbi.nlm.nih.gov/pubmed/16046421
https://doi.org/10.1002/hep.21615
https://doi.org/10.1016/j.ultrasmedbio.2012.09.002
https://doi.org/10.1055/s-0043-123931
https://doi.org/10.15557/JoU.2020.0008
https://doi.org/10.11152/mu-2145
https://doi.org/10.11152/mu-1736
https://doi.org/10.3748/wjg.v19.i21.3173
https://doi.org/10.1055/s-0032-1305302
https://www.ncbi.nlm.nih.gov/pubmed/23033169
https://doi.org/10.1055/s-0035-1553381
https://www.ncbi.nlm.nih.gov/pubmed/26241118
https://doi.org/10.1016/j.jacr.2017.07.018
https://www.ncbi.nlm.nih.gov/pubmed/28927870

Cancers 2023, 15, 2360 25 of 32

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Chiorean, L.; Tana, C.; Braden, B.; Caraiani, C.; Sparchez, Z.; Cui, X.W.; Baum, U.; Dietrich, C.F. Advantages and Limitations
of Focal Liver Lesions Assessment with Ultrasound Contrast Agents: Comments to the European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) Guidelines. Med. Princ Pract. 2016, 25, 399-407. [CrossRef] [PubMed]

Dietrich, C.F; Averkiou, M.A.; Correas, ].M.; Lassau, N.; Leen, E.; Piscaglia, F. An EFSUMB introduction into Dynamic Contrast-
Enhanced Ultrasound (DCE-US) for quantification of tumour perfusion. Ultraschall Med. 2012, 33, 344-351. [CrossRef] [PubMed]
Claudon, M.; Cosgrove, D.; Albrecht, T.; Bolondi, L.; Bosio, M.; Calliada, F.; Correas, ].M.; Darge, K.; Dietrich, C.; D’Onofrio, M.;
et al. Guidelines and good clinical practice recommendations for contrast enhanced ultrasound (CEUS)—Update 2008. Ultraschall
Med. 2008, 29, 28-44. [CrossRef]

Piscaglia, F.; Nolsoe, C.; Dietrich, C.F.; Cosgrove, D.O.; Gilja, O.H.; Bachmann, N.M.; Albrecht, T.; Barozzi, L.; Bertolotto, M.;
Catalano, O.; et al. The EFSUMB Guidelines and Recommendations on the Clinical Practice of Contrast Enhanced Ultrasound
(CEUS): Update 2011 on non-hepatic applications. Ultraschall Med. 2012, 33, 33-59. [CrossRef] [PubMed]

Dietrich, C.E; Ignee, A.; Greis, C.; Cui, X.W.; Schreiber-Dietrich, D.G.; Hocke, M. Artifacts and pitfalls in contrast-enhanced
ultrasound of the liver. Ultraschall Med. 2014, 35, 108-125, quiz 126-107. [CrossRef]

Dietrich, C.F; Ignee, A.; Hocke, M.; Schreiber-Dietrich, D.; Greis, C. Pitfalls and artefacts using contrast enhanced ultrasound. Z
Gastroenterol. 2011, 49, 350-356. [CrossRef]

Fetzer, D.; Dietrich, C.E. CEUS technique: Artifacts and pitfalls. In Speciality Imaging. Fundamentals of CEUS; Lyshchik, A., Dietrich,
C.FE, Sidhu, PS., Wilson, S., Eds.; Elsevier: Philadelphia, PA, USA, 2019; pp. 42—49.

Schmidt, C.O,; Sierocinski, E.; Hegenscheid, K.; Baumeister, S.E.; Grabe, H.J.; Volzke, H. Impact of whole-body MRI in a general
population study. Eur. |. Epidemiol. 2016, 31, 31-39. [CrossRef]

Li, X.; Fu, Z.; Zhong, ].; Cao, K.; Chen, X,; Ding, N.; Liu, L.; Zhai, J.; Qu, Z. Coexistence of situs inversus totalis and hepatocellular
carcinoma: A series of nine cases and a literature review. J. Interv. Med. 2022, 5, 46—49. [CrossRef] [PubMed]

Eitler, K.; Bibok, A.; Telkes, G. Situs Inversus Totalis: A Clinical Review. Int. |. Gen. Med. 2022, 15, 2437-2449. [CrossRef] [PubMed]
Sienz, M.; Ignee, A.; Dietrich, C.F. Reference values in abdominal ultrasound—Liver and liver vessels. Z Gastroenterol. 2010, 48,
1141-1152. [CrossRef] [PubMed]

Dietrich, C.F,; Serra, C.; Jedrejczyk, M. Ultrasound of the liver. In EFSUMB Course Book on Ultrasound; Dietrich, C.F,, Ed.; EFSUMB:
London, UK, 2012; pp. 31-90.

Sienz, M.; Ignee, A.; Dietrich, C.F. Reference values in abdominal ultrasound—Biliopancreatic system and spleen. Z Gastroenterol.
2011, 49, 845-870. [CrossRef]

Ferraioli, G.; Barr, R.G.; Farrokh, A.; Radzina, M.; Cui, X.W.; Dong, Y.; Rocher, L.; Cantisani, V.; Polito, E.; D’Onofrio, M.; et al.
How to perform shear wave elastography. Part II. Med. Ultrason. 2022, 24, 196-210. [CrossRef]

Ferraioli, G.; Barr, R.G.; Farrokh, A.; Radzina, M.; Cui, X.W.; Dong, Y.; Rocher, L.; Cantisani, V.; Polito, E.; D’Onofrio, M.; et al.
How to perform shear wave elastography. Part I. Med. Ultrason. 2022, 24, 95-106. [CrossRef]

Dietrich, C.F; Shi, L.; Wei, Q.; Dong, Y.; Cui, X.W.; Lowe, A.; Worni, M.; Ferraioli, G. What does liver elastography measure?
Technical aspects and methodology. Minerva Gastroenterol. 2021, 67, 129-140. [CrossRef]

Dietrich, C.E; Ferraioli, G.; Sirli, R.; Popescu, A.; Sporea, I; Pienar, C.; Kunze, C.; Taut, H.; Schrading, S.; Bota, S.; et al. General
advice in ultrasound based elastography of pediatric patients. Med. Ultrason. 2019, 21, 315-326. [CrossRef]

Ferraioli, G.; Wong, V.W.; Castera, L.; Berzigotti, A.; Sporea, I.; Dietrich, C.F,; Choi, B.I.; Wilson, S.R.; Kudo, M.; Barr, R.G.
Liver Ultrasound Elastography: An Update to the World Federation for Ultrasound in Medicine and Biology Guidelines and
Recommendations. Ultrasound Med. Biol. 2018, 44, 2419-2440. [CrossRef]

Dong, Y,; Sirli, R.; Ferraioli, G.; Sporea, I.; Chiorean, L.; Cui, X.; Fan, M.; Wang, W.P,; Gilja, O.H.; Sidhu, P.S.; et al. Shear wave
elastography of the liver—Review on normal values. Z Gastroenterol. 2017, 55, 153-166. [CrossRef]

Dietrich, C.E; Bamber, J.; Berzigotti, A.; Bota, S.; Cantisani, V.; Castera, L.; Cosgrove, D.; Ferraioli, G.; Friedrich-Rust, M.; Gilja,
O.H.; et al. EFSUMB Guidelines and Recommendations on the Clinical Use of Liver Ultrasound Elastography, Update 2017 (Short
Version). Ultraschall Med. 2017, 38, 377-394. [CrossRef] [PubMed]

Dietrich, C.E; Bamber, J.; Berzigotti, A.; Bota, S.; Cantisani, V.; Castera, L.; Cosgrove, D.; Ferraioli, G.; Friedrich-Rust, M.; Gilja,
O.H.; et al. EFSUMB Guidelines and Recommendations on the Clinical Use of Liver Ultrasound Elastography, Update 2017 (Long
Version). Ultraschall Med. 2017, 38, e16—e47. [CrossRef] [PubMed]

Ferraioli, G.; Berzigotti, A.; Barr, R.G.; Choi, B.I; Cui, X.W.; Dong, Y.; Gilja, O.H.; Lee, ].Y.; Lee, D.H.; Moriyasu, F; et al.
Quantification of Liver Fat Content with Ultrasound: A WFUMB Position Paper. Ultrasound Med. Biol. 2021, 47, 2803-2820.
[CrossRef] [PubMed]

Anupindi, S.A.; Biko, D.M.; Ntoulia, A.; Poznick, L.; Morgan, T.A.; Darge, K.; Back, S.J. Contrast-enhanced US Assessment of
Focal Liver Lesions in Children. RadioGraphics 2017, 37, 1632-1647. [CrossRef] [PubMed]

Faust, D.; Fellbaum, C.; Zeuzem, S.; Dietrich, C.F. Nodular regenerative hyperplasia of the liver: A rare differential diagnosis of
cholestasis with response to ursodeoxycholic acid. Z Gastroenterol. 2003, 41, 255-258. [CrossRef] [PubMed]

Dietrich, C.E; Sirli, R.; Ferraioli, G.; Popescu, A.; Sporea, I; Pienar, C.; Kunze, C.; Taut, H.; Schrading, S.; Bota, S.; et al. Current
knowledge in ultrasound-based liver elastography of pediatric patients. Appl. Sci. 2018, 8, 944. [CrossRef]

Shiina, T.; Nightingale, K.R.; Palmeri, M.L.; Hall, T'J.; Bamber, J.C.; Barr, R.G.; Castera, L.; Choi, B.I,; Chou, Y.H.; Cosgrove,
D.; et al. WFUMB guidelines and recommendations for clinical use of ultrasound elastography: Part 1: Basic principles and
terminology. Ultrasound Med. Biol. 2015, 41, 1126-1147. [CrossRef]


https://doi.org/10.1159/000447670
https://www.ncbi.nlm.nih.gov/pubmed/27318740
https://doi.org/10.1055/s-0032-1313026
https://www.ncbi.nlm.nih.gov/pubmed/22843433
https://doi.org/10.1055/s-2007-963785
https://doi.org/10.1055/s-0031-1281676
https://www.ncbi.nlm.nih.gov/pubmed/21874631
https://doi.org/10.1055/s-0033-1355872
https://doi.org/10.1055/s-0029-1245851
https://doi.org/10.1007/s10654-015-0101-y
https://doi.org/10.1016/j.jimed.2021.12.007
https://www.ncbi.nlm.nih.gov/pubmed/35586277
https://doi.org/10.2147/IJGM.S295444
https://www.ncbi.nlm.nih.gov/pubmed/35264880
https://doi.org/10.1055/s-0029-1245566
https://www.ncbi.nlm.nih.gov/pubmed/20839165
https://doi.org/10.1055/s-0031-1273362
https://doi.org/10.11152/mu-3342
https://doi.org/10.11152/mu-3217
https://doi.org/10.23736/S2724-5985.20.02787-7
https://doi.org/10.11152/mu-2063
https://doi.org/10.1016/j.ultrasmedbio.2018.07.008
https://doi.org/10.1055/s-0042-117226
https://doi.org/10.1055/s-0043-103955
https://www.ncbi.nlm.nih.gov/pubmed/28407654
https://doi.org/10.1055/s-0043-103952
https://www.ncbi.nlm.nih.gov/pubmed/28407655
https://doi.org/10.1016/j.ultrasmedbio.2021.06.002
https://www.ncbi.nlm.nih.gov/pubmed/34284932
https://doi.org/10.1148/rg.2017170073
https://www.ncbi.nlm.nih.gov/pubmed/29019750
https://doi.org/10.1055/s-2003-37899
https://www.ncbi.nlm.nih.gov/pubmed/12664346
https://doi.org/10.3390/app8060944
https://doi.org/10.1016/j.ultrasmedbio.2015.03.009

Cancers 2023, 15, 2360 26 of 32

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

90.

91.

92.

93.

94.
95.

96.

97.
98.

99.

100.

101.

102.

103.

104.

105.

Ferraioli, G.; Filice, C.; Castera, L.; Choi, B.I,; Sporea, I.; Wilson, S.R.; Cosgrove, D.; Dietrich, C.F.; Amy, D.; Bamber, ].C.; et al.
WFUMB guidelines and recommendations for clinical use of ultrasound elastography: Part 3: Liver. Ultrasound Med. Biol. 2015,
41,1161-1179. [CrossRef]

Berzigotti, A.; Ferraioli, G.; Bota, S.; Gilja, O.H.; Dietrich, C.F. Novel ultrasound-based methods to assess liver disease: The game
has just begun. Dig. Liver. Dis. 2018, 50, 107-112. [CrossRef]

Cui, X.W,; Pirri, C.; Ignee, A.; De Molo, C.; Hirche, T.O.; Schreiber-Dietrich, D.G.; Dietrich, C.F. Measurement of shear wave velocity
using acoustic radiation force impulse imaging is not hampered by previous use of ultrasound contrast agents. Z Gastroenterol.
2014, 52, 649-653. [CrossRef]

Venkatesh, S.K.; Chandan, V.; Roberts, L.R. Liver masses: A clinical, radiologic, and pathologic perspective. Clin. Gastroenterol.
Hepatol. Off. Clin. Pract. . Am. Gastroenterol. Assoc. 2014, 12, 1414-1429. [CrossRef] [PubMed]

Mavilia, M.G.; Pakala, T.; Molina, M.; Wu, G.Y. Differentiating Cystic Liver Lesions: A Review of Imaging Modalities, Diagnosis
and Management. . Clin. Transl. Hepatol. 2018, 6, 208-216. [CrossRef] [PubMed]

Schreiber-Dietrich, D.G.; Leuschner, I.; Tannapfel, A.; Franke, D.; Stenzel, M.; Juengert, J.; Dietrich, C.F. Primary liver tumours in
childhood. Z Gastroenterol. 2015, 53, 1267-1275. [CrossRef] [PubMed]

Obaro, A.E.; Ryan, S.M. Benign liver lesions: Grey-scale and contrast-enhanced ultrasound appearances. Ultrasound 2015, 23,
116-125. [CrossRef] [PubMed]

Dong, Y.; Wang, W.P.; Mao, E; Fan, M.; Ignee, A ; Serra, C.; Sparchez, Z.; Sporea, I.; Braden, B.; Dietrich, C.F. Contrast enhanced
ultrasound features of hepatic cystadenoma and hepatic cystadenocarcinoma. Scand. |. Gastroenterol. 2017, 52, 365-372. [CrossRef]
Fergusson, ]. Investigation and management of hepatic incidentalomas. J. Gastroenterol. Hepatol. 2012, 27, 1772-1782. [CrossRef]
Brunetti, E.; Tamarozzi, F.; Macpherson, C.; Filice, C.; Piontek, M.S.; Kabaalioglu, A.; Dong, Y.; Atkinson, N.; Richter, J.;
Schreiber-Dietrich, D.; et al. Ultrasound and Cystic Echinococcosis. Ultrasound Int. Open 2018, 4, E70-E78. [CrossRef]

Dietrich, C.F.,; Douira-Khomsi, W.; Gharbi, H.; Sharma, M.; Cui, X.W.; Sparchez, Z.; Richter, J.; Kabaalioglu, A.; Atkinson, N.S.S,;
Schreiber-Dietrich, D.; et al. Cystic and alveolar echinococcosis of the hepatobiliary tract—The role of new imaging techniques for
improved diagnosis. Med. Ultrason. 2020, 22, 75-84. [CrossRef]

Schwarze, V.; Mueller-Peltzer, K.; Negrao de Figueiredo, G.; Lindner, F; Rubenthaler, J.; Clevert, D.A. The use of contrast-
enhanced ultrasound (CEUS) for the diagnostic evaluation of hepatic echinococcosis. Clin. Hemorheol. Microcirc. 2018, 70, 449-455.
[CrossRef]

Dietrich, C.E; Douira-Khomsi, W.; Gharbi, H.; Sharma, M.; Cui, X.W.; Sparchez, Z.; Richter, J.; Kabaalioglu, A.; Atkinson, N.S.;
Schreiber-Dietrich, D.; et al. Cystic echinococcosis, review and illustration of non-hepatic manifestations. Med. Ultrason. 2020, 22,
319-324. [CrossRef]

European Association for the Study of the, L. EASL Clinical Practice Guidelines on the management of benign liver tumours.
J. Hepatol. 2016, 65, 386-398. [CrossRef]

Anomalies ISftSoV. 2018 Classification. Available online: Issva.org/classification (accessed on 28 October 2020).

Kunimoto, K.; Yamamoto, Y.; Jinnin, M. ISSVA Classification of Vascular Anomalies and Molecular Biology. Int. . Mol. Sci. 2022,
23, 2358. [CrossRef] [PubMed]

Kollipara, R.; Dinneen, L.; Rentas, K.E.; Saettele, M.R.; Patel, S.A.; Rivard, D.C.; Lowe, L.H. Current classification and terminology
of pediatric vascular anomalies. AJR Am. |. Roentgenol. 2013, 201, 1124-1135. [CrossRef] [PubMed]

Biecker, E.; Fischer, H.P,; Strunk, H.; Sauerbruch, T. Benign hepatic tumours. Z Gastroenterol. 2003, 41, 191-200. [CrossRef]
Vilgrain, V.; Uzan, E; Brancatelli, G.; Federle, M.P.; Zappa, M.; Menu, Y. Prevalence of hepatic hemangioma in patients with focal
nodular hyperplasia: MR imaging analysis. Radiology 2003, 229, 75-79. [CrossRef]

Mathieu, D.; Zafrani, E.S.; Anglade, M.C.; Dhumeaux, D. Association of focal nodular hyperplasia and hepatic hemangioma.
Gastroenterology 1989, 97, 154-157. [CrossRef]

Gnarra, M.; Behr, G.; Kitajewski, A.; Wu, J.K,; Anupindi, S.A.; Shawber, C.J.; Zavras, N.; Schizas, D.; Salakos, C.; Economopoulos,
K.P. History of the infantile hepatic hemangioma: From imaging to generating a differential diagnosis. World |. Clin. Pediatr. 2016,
5,273-280. [CrossRef]

Merrow, A.C.; Gupta, A.; Patel, M.N.; Adams, D.M. 2014 Revised Classification of Vascular Lesions from the International Society
for the Study of Vascular Anomalies: Radiologic-Pathologic Update. Radiographics 2016, 36, 1494-1516. [CrossRef]

lTacobas, I.; Phung, T.L.; Adams, D.M.; Trenor, C.C., 3rd; Blei, F.; Fishman, D.S.; Hammill, A.; Masand, P.M.; Fishman, S.]. Guidance
Document for Hepatic Hemangioma (Infantile and Congenital) Evaluation and Monitoring. J. Pediatr. 2018, 203, 294-300 €292.
[CrossRef]

Kulungowski, A.M.; Alomari, A.L; Chawla, A.; Christison-Lagay, E.R.; Fishman, S.J. Lessons from a liver hemangioma registry:
Subtype classification. J. Pediatr. Surg 2012, 47, 165-170. [CrossRef]

Gorincour, G.; Kokta, V.; Rypens, F.; Garel, L.; Powell, J.; Dubois, J. Imaging characteristics of two subtypes of congenital
hemangiomas: Rapidly involuting congenital hemangiomas and non-involuting congenital hemangiomas. Pediatr Radiol. 2005,
35,1178-1185. [CrossRef] [PubMed]

Kassarjian, A.; Zurakowski, D.; Dubois, ].; Paltiel, H.].; Fishman, S.J.; Burrows, P.E. Infantile hepatic hemangiomas: Clinical and
imaging findings and their correlation with therapy. AJR Am. ]. Roentgenol. 2004, 182, 785-795. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ultrasmedbio.2015.03.007
https://doi.org/10.1016/j.dld.2017.11.019
https://doi.org/10.1055/s-0034-1366036
https://doi.org/10.1016/j.cgh.2013.09.017
https://www.ncbi.nlm.nih.gov/pubmed/24055987
https://doi.org/10.14218/JCTH.2017.00069
https://www.ncbi.nlm.nih.gov/pubmed/29951366
https://doi.org/10.1055/s-0041-105700
https://www.ncbi.nlm.nih.gov/pubmed/26562401
https://doi.org/10.1177/1742271X15575805
https://www.ncbi.nlm.nih.gov/pubmed/27433246
https://doi.org/10.1080/00365521.2016.1259652
https://doi.org/10.1111/j.1440-1746.2012.07236.x
https://doi.org/10.1055/a-0650-3807
https://doi.org/10.11152/mu-2421
https://doi.org/10.3233/CH-189310
https://doi.org/10.11152/mu-2537
https://doi.org/10.1016/j.jhep.2016.04.001
Issva.org/classification
https://doi.org/10.3390/ijms23042358
https://www.ncbi.nlm.nih.gov/pubmed/35216474
https://doi.org/10.2214/AJR.12.10517
https://www.ncbi.nlm.nih.gov/pubmed/24147487
https://doi.org/10.1055/s-2003-37316
https://doi.org/10.1148/radiol.2291021284
https://doi.org/10.1016/0016-5085(89)91429-7
https://doi.org/10.5409/wjcp.v5.i3.273
https://doi.org/10.1148/rg.2016150197
https://doi.org/10.1016/j.jpeds.2018.08.012
https://doi.org/10.1016/j.jpedsurg.2011.10.037
https://doi.org/10.1007/s00247-005-1557-9
https://www.ncbi.nlm.nih.gov/pubmed/16078073
https://doi.org/10.2214/ajr.182.3.1820785
https://www.ncbi.nlm.nih.gov/pubmed/14975986

Cancers 2023, 15, 2360 27 of 32

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Berenguer, B.; Mulliken, ].B.; Enjolras, O.; Boon, L.M.; Wassef, M.; Josset, P.; Burrows, P.E.; Perez-Atayde, A.R.; Kozakewich,
H.P. Rapidly involuting congenital hemangioma: Clinical and histopathologic features. Pediatr. Dev. Pathol. 2003, 6, 495-510.
[CrossRef] [PubMed]

Xu, M; Pan, ES.; Wang, W.; Zhang, X.E.; Li, X.J.; Hong, Y.; Zhou, L.Y,; Xie, X.Y.; Lyu, M.D. The value of clinical and ultrasound
features for the diagnosis of infantile hepatic hemangioma: Comparison with contrast-enhanced CT/MRI. Clin. Imaging 2018, 51,
311-317. [CrossRef]

Piorkowska, M.A.; Dezman, R.; Sellars, M.E.; Deganello, A.; Sidhu, P.S. Characterization of a hepatic haemangioma with
contrast-enhanced ultrasound in an infant. Ultrasound 2018, 26, 178-181. [CrossRef]

Restrepo, R; Palani, R.; Cervantes, L.F.; Duarte, A.M.; Amjad, I.; Altman, N.R. Hemangiomas revisited: The useful, the unusual
and the new. Part 1: Overview and clinical and imaging characteristics. Pediatr. Radiol. 2011, 41, 895-904. [CrossRef]

Dong, Y.; Wang, W.P,; Lim, A.; Lee, W.].; Clevert, D.A.; Hopfner, M.; Tannapfel, A.; Dietrich, C.F. Ultrasound findings in peliosis
hepatis. ULTRASONOGRAPHY 2021. Epub ahead of print. [CrossRef]

Dong, Y.; Wang, W.P,; Cantisani, V.; D’Onofrio, M.; Ignee, A.; Mulazzani, L.; Saftoiu, A.; Sparchez, Z.; Sporea, 1.; Dietrich, C.F.
Contrast-enhanced ultrasound of histologically proven hepatic epithelioid hemangioendothelioma. World ]. Gastroenterol. 2016,
22,4741-4749. [CrossRef]

Klinger, C.; Stuckmann, G.; Dietrich, C.F,; Berzigotti, A.; Horger, M.S.; Debove, L; Gilot, B.].; Pauluschke-Frohlich, J.; Hoffmann,
T,; Sipos, B.; et al. Contrast-enhanced imaging in hepatic epithelioid hemangioendothelioma: Retrospective study of 10 patients.
Z Gastroenterol. 2019, 57, 753-766. [CrossRef]

Trojan, J.; Hammerstingl, R.; Engels, K.; Schneider, A.R.; Zeuzem, S.; Dietrich, C.E. Contrast-enhanced ultrasound in the diagnosis
of malignant mesenchymal liver tumors. J. Clin. Ultrasound 2010, 38, 227-231. [CrossRef]

El-Ali, A M.; McCormick, A.; Thakrar, D.; Yilmaz, S.; Malek, M.M.; Squires, ].H. Contrast-Enhanced Ultrasound of Congenital and
Infantile Hemangiomas: Preliminary Results from a Case Series. AJR Am. ]. Roentgenol. 2020, 214, 658—-664. [CrossRef] [PubMed]
Schooler, G.R.; Hull, N.C; Lee, E.Y. Hepatobiliary MRI Contrast Agents: Pattern Recognition Approach to Pediatric Focal Hepatic
Lesions. AJR Am. ]. Roentgenol. 2020, 214, 976-986. [CrossRef] [PubMed]

Pugmire, B.S.; Towbin, A.J. Magnetic resonance imaging of primary pediatric liver tumors. Pediatr. Radiol. 2016, 46, 764-777.
[CrossRef] [PubMed]

Steiner, ].E.; Drolet, B.A. Classification of Vascular Anomalies: An Update. Semin. Interv. Radiol. 2017, 34, 225-232. [CrossRef]
Fetzer, D.T.; Kono, Y.; Rodgers, S.K. Using Contrast-Enhanced Ultrasound to Characterize Focal Liver Lesions. Clin. Liver Dis.
2021, 17, 119-124. [CrossRef] [PubMed]

Smith, E.A.; Salisbury, S.; Martin, R.; Towbin, A.J. Incidence and etiology of new liver lesions in pediatric patients previously
treated for malignancy. AJR Am. ]. Roentgenol. 2012, 199, 186-191. [CrossRef]

Hussain, S.M.,; Terkivatan, T.; Zondervan, P.E.; Lanjouw, E.; de Rave, S.; [jzermans, ].N.; de Man, R.A. Focal nodular hyperplasia:
Findings at state-of-the-art MR imaging, US, CT, and pathologic analysis. Radiographics 2004, 24, 3-17; discussion 18-19. [CrossRef]
Bioulac-Sage, P.; Cubel, G.; Balabaud, C.; Zucman-Rossi, J. Revisiting the pathology of resected benign hepatocellular nodules
using new immunohistochemical markers. Semin. Liver Dis. 2011, 31, 91-103. [CrossRef]

Fang, C.; Bernardo, S.; Sellars, M.E.; Deganello, A.; Sidhu, P.S. Contrast-enhanced ultrasound in the diagnosis of pediatric focal
nodular hyperplasia and hepatic adenoma: Interobserver reliability. Pediatr. Radiol. 2019, 49, 82-90. [CrossRef]

Dietrich, C.F. Liver tumor characterization-comments and illustrations regarding guidelines. Ultraschall Med. 2012, 33 (Suppl. S1),
522-530. [CrossRef]

Dietrich, C.E; Cui, X.W.; Schreiber-Dietrich, D.G.; Ignee, A. EFSUMB guidelines 2011: Comments and illustrations. Ultraschall
Med. 2012, 33 (Suppl. S1), S11-521. [CrossRef] [PubMed]

Chung, EM.; Cube, R; Lewis, R.B.; Conran, R.M. Pediatric Liver Masses: Radiologic-Pathologic Correlation Part 1. Benign
Tumors. RadioGraphics 2010, 30, 801-826. [CrossRef]

Frohlich, E.; Muller, R.; Cui, X.W.; Schreiber-Dietrich, D.; Dietrich, C.F. Dynamic contrast-enhanced ultrasound for quantification
of tissue perfusion. J. Ultrasound Med. 2015, 34, 179-196. [CrossRef]

Dietrich, C.F,; Dong, Y.; Froehlich, E.; Hocke, M. Dynamic contrast-enhanced endoscopic ultrasound: A quantification method.
Endosc. Ultrasound 2017, 6, 12-20. [CrossRef] [PubMed]

Cui, X.W,; Ignee, A.; Jedrzejczyk, M.; Dietrich, C.F. Dynamic Vascular Pattern (DVP), a quantification tool for contrast enhanced
ultrasound. Z Gastroenterol. 2013, 51, 427-431. [CrossRef] [PubMed]

Dietrich, C.F. Comments and illustrations regarding the guidelines and good clinical practice recommendations for contrast-
enhanced ultrasound (CEUS)-update 2008. Ultraschall Med. 2008, 29 (Suppl. S4), S188-S202. [CrossRef]

Dietrich, C.E; Ignee, A.; Trojan, J.; Fellbaum, C.; Schuessler, G. Improved characterisation of histologically proven liver tumours
by contrast enhanced ultrasonography during the portal venous and specific late phase of SHU 508A. Gut 2004, 53, 401-405.
[CrossRef]

Dietrich, C.F.; Greis, C. How to perform contrast enhanced ultrasound. Dtsch Med. Wochenschr. 2016, 141, 1019-1024. [CrossRef]
Nguyen, B.N.; Flejou, ].E; Terris, B.; Belghiti, ].; Degott, C. Focal nodular hyperplasia of the liver: A comprehensive pathologic
study of 305 lesions and recognition of new histologic forms. Am. J. Surg. Pathol. 1999, 23, 1441-1454. [CrossRef]

Dietrich, C.F,; Maddalena, M.E.; Cui, X.W.; Schreiber-Dietrich, D.; Ignee, A. Liver tumor characterization-review of the literature.
Ultraschall Med. 2012, 33 (Suppl. S1), S3-5S10. [CrossRef]


https://doi.org/10.1007/s10024-003-2134-6
https://www.ncbi.nlm.nih.gov/pubmed/15018449
https://doi.org/10.1016/j.clinimag.2018.06.017
https://doi.org/10.1177/1742271X17733298
https://doi.org/10.1007/s00247-011-2076-5
https://doi.org/10.14366/usg.20162
https://doi.org/10.3748/wjg.v22.i19.4741
https://doi.org/10.1055/a-0886-0081
https://doi.org/10.1002/jcu.20690
https://doi.org/10.2214/AJR.19.22174
https://www.ncbi.nlm.nih.gov/pubmed/31967502
https://doi.org/10.2214/AJR.19.22239
https://www.ncbi.nlm.nih.gov/pubmed/32182093
https://doi.org/10.1007/s00247-016-3612-0
https://www.ncbi.nlm.nih.gov/pubmed/27229495
https://doi.org/10.1055/s-0037-1604295
https://doi.org/10.1002/cld.998
https://www.ncbi.nlm.nih.gov/pubmed/33868650
https://doi.org/10.2214/AJR.11.7690
https://doi.org/10.1148/rg.241035050
https://doi.org/10.1055/s-0031-1272837
https://doi.org/10.1007/s00247-018-4250-5
https://doi.org/10.1055/s-0032-1312892
https://doi.org/10.1055/s-0032-1312890
https://www.ncbi.nlm.nih.gov/pubmed/22723024
https://doi.org/10.1148/rg.303095173
https://doi.org/10.7863/ultra.34.2.179
https://doi.org/10.4103/2303-9027.193595
https://www.ncbi.nlm.nih.gov/pubmed/28218195
https://doi.org/10.1055/s-0032-1325371
https://www.ncbi.nlm.nih.gov/pubmed/23681894
https://doi.org/10.1055/s-2008-1027799
https://doi.org/10.1136/gut.2003.026260
https://doi.org/10.1055/s-0043-123931
https://doi.org/10.1097/00000478-199912000-00001
https://doi.org/10.1055/s-0032-1312897

Cancers 2023, 15, 2360 28 of 32

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Dietrich, C.F. Contrast-Enhanced Ultrasound of Benign Focal Liver Lesions. Ultraschall Med. 2019, 40, 12-29. [CrossRef] [PubMed]
Nault, J.C.; Couchy, G.; Balabaud, C.; Morcrette, G.; Caruso, S.; Blanc, ].E,; Bacq, Y.; Calderaro, J.; Paradis, V.; Ramos, J.; et al.
Molecular Classification of Hepatocellular Adenoma Associates With Risk Factors, Bleeding, and Malignant Transformation.
Gastroenterology 2017, 152, 880-894 e886. [CrossRef] [PubMed]

Seitz, K.; Strobel, D. A Milestone: Approval of CEUS for Diagnostic Liver Imaging in Adults and Children in the USA. Ultraschall
Med. 2016, 37, 229-232. [CrossRef] [PubMed]

Dietrich, C.F; Tannapfel, A.; Jang, H.].; Kim, TK.; Burns, PN.; Dong, Y. Ultrasound Imaging of Hepatocellular Adenoma Using
the New Histology Classification. Ultrasound Med. Biol. 2019, 45, 1-10. [CrossRef]

Bioulac-Sage, P.; Laumonier, H.; Couchy, G.; Le Bail, B.; Sa Cunha, A.; Rullier, A.; Laurent, C.; Blanc, ].E,; Cubel, G.; Trillaud, H.;
et al. Hepatocellular adenoma management and phenotypic classification: The Bordeaux experience. Hepatology 2009, 50, 481-489.
[CrossRef]

Bioulac-Sage, P.; Rebouissou, S.; Thomas, C.; Blanc, J.F; Saric, J.; Sa Cunha, A.; Rullier, A.; Cubel, G.; Couchy, G.; Imbeaud, S.; et al.
Hepatocellular adenoma subtype classification using molecular markers and immunohistochemistry. Hepatology 2007, 46, 740-748.
[CrossRef]

Zucman-Rossi, J.; Jeannot, E.; Nhieu, J.T.; Scoazec, ].Y.; Guettier, C.; Rebouissou, S.; Bacq, Y.; Leteurtre, E.; Paradis, V,;
Michalak, S.; et al. Genotype-phenotype correlation in hepatocellular adenoma: New classification and relationship with HCC.
Hepatology 2006, 43, 515-524. [CrossRef]

Ros, PR.; Goodman, Z.D. Genetics and imaging of hepatocellular adenomas: 2011 update. Invited commentary. Radiographics
2011, 31, 1543-1545; discussion 1545. [CrossRef]

Dong, Y.; Wang, W.P,; Lee, W.].; Meloni, M.E; Clevert, D.A.; Chammas, M.C.; Tannapfel, A.; Forgione, A.; Piscaglia, F,; Dietrich,
C.F. Contrast-Enhanced Ultrasound Features of Histopathologically Proven Hepatocellular Carcinoma in the Non-cirrhotic Liver:
A Multicenter Study. Ultrasound Med. Biol. 2022, 48, 1797-1805. [CrossRef]

Dong, Y.; Wang, W.P,; Lee, W.].; Meloni, M.E,; Clevert, D.A.; Chammas, M.C.; Tannapfel, A.; Forgione, A.; Piscaglia, F.; Dietrich,
C.F. Hepatocellular carcinoma in the non-cirrhotic liver. Clin. Hemorheol. Microcirc. 2022, 80, 423—436. [CrossRef]

Nault, J.C.; Paradis, V.; Cherqui, D.; Vilgrain, V.; Zucman-Rossi, ]. Molecular classification of hepatocellular adenoma in clinical
practice. J. Hepatol. 2017, 67, 1074-1083. [CrossRef] [PubMed]

Yoneda, N.; Matsui, O.; Kitao, A.; Kozaka, K.; Kobayashi, S.; Sasaki, M.; Yoshida, K.; Inoue, D.; Minami, T.; Gabata, T. Benign
Hepatocellular Nodules: Hepatobiliary Phase of Gadoxetic Acid-enhanced MR Imaging Based on Molecular Background.
Radiographics 2016, 36, 2010-2027. [CrossRef] [PubMed]

Chen, K,; Dong, Y.; Zhang, W.; Han, H.; Mao, E; Zhang, Q.; Zheng, Z.; He, W.; Wang, W.P. Analysis of contrast-enhanced
ultrasound features of hepatocellular adenoma according to different pathological molecular classifications. Clin. Hemorheol.
Microcire. 2020, 76, 391-403. [CrossRef] [PubMed]

Laumonier, H.; Cailliez, H.; Balabaud, C.; Possenti, L.; Zucman-Rossi, J.; Bioulac-Sage, P; Trillaud, H. Role of contrast-enhanced
sonography in differentiation of subtypes of hepatocellular adenoma: Correlation with MRI findings. AJR Am. ]. Roentgenol. 2012,
199, 341-348. [CrossRef] [PubMed]

Manichon, A.F.; Bancel, B.; Durieux-Millon, M.; Ducerf, C.; Mabrut, ].Y.; Lepogam, M.A.; Rode, A. Hepatocellular adenoma:
Evaluation with contrast-enhanced ultrasound and MRI and correlation with pathologic and phenotypic classification in 26
lesions. HPB Surg. 2012, 2012, 418745. [CrossRef] [PubMed]

Pech, L; Favelier, S.; Falcoz, M.T.; Loffroy, R.; Krause, D.; Cercueil, ].P. Imaging of Von Meyenburg complexes. Diagn. Interv.
Imaging 2016, 97, 401-409. [CrossRef] [PubMed]

Ros, PR.; Goodman, Z.D.; Ishak, K.G.; Dachman, A.H.; Olmsted, WW.; Hartman, D.S.; Lichtenstein, ].E. Mesenchymal hamartoma
of the liver: Radiologic-pathologic correlation. Radiology 1986, 158, 619—-624. [CrossRef]

Shi, Q.S.; Xing, L.X.; Jin, L.E; Wang, H.; Lv, X.H.; Du, L.F. Imaging findings of bile duct hamartomas: A case report and literature
review. Int. |. Clin. Exp. Med. 2015, 8, 13145-13153.

Zheng, R.Q.; Zhang, B.; Kudo, M.; Onda, H.; Inoue, T. Imaging findings of biliary hamartomas. World . Gastroenterol. 2005, 11,
6354-6359. [CrossRef]

Kim, S.H.; Kim, W.S.; Cheon, ].E.; Yoon, H.K; Kang, G.H.; Kim, 1.O.; Yeon, K.M. Radiological spectrum of hepatic mesenchymal
hamartoma in children. Korean J. Radiol. 2007, 8, 498-505. [CrossRef]

Lung, PE; Jaffer, O.S.; Akbar, N.; Sidhu, P.S.; Ryan, S.M. Appearances of von meyenburg complex on cross sectional imaging.
J. Clin. Imaging Sci. 2013, 3, 22. [CrossRef] [PubMed]

Hohmann, J.; Loddenkemper, C.; Albrecht, T. Assessment of a biliary hamartoma with contrast-enhanced sonography using two
different contrast agents. Ultraschall Med. 2009, 30, 185-188. [CrossRef] [PubMed]

Ignee, A.; Piscaglia, F,; Ott, M.; Salvatore, V.; Dietrich, C.F. A benign tumour of the liver mimicking malignant liver disease—
cholangiocellular adenoma. Scand. |. Gastroenterol. 2009, 44, 633-636. [CrossRef] [PubMed]

Sahoo, K.; Sahoo, B.; Choudhury, A K.; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes and consequences. | Fam.
Med. Prim. Care 2015, 4, 187-192. [CrossRef]

Dietrich, C.F; Wehrmann, T.; Zeuzem, S.; Braden, B.; Caspary, W.E; Lembcke, B. Analysis of hepatic echo patterns in chronic
hepatitis C. Ultraschall Med. 1999, 20, 9-14. [CrossRef]


https://doi.org/10.1055/a-0668-5746
https://www.ncbi.nlm.nih.gov/pubmed/30332710
https://doi.org/10.1053/j.gastro.2016.11.042
https://www.ncbi.nlm.nih.gov/pubmed/27939373
https://doi.org/10.1055/s-0042-107411
https://www.ncbi.nlm.nih.gov/pubmed/27276056
https://doi.org/10.1016/j.ultrasmedbio.2018.06.015
https://doi.org/10.1002/hep.22995
https://doi.org/10.1002/hep.21743
https://doi.org/10.1002/hep.21068
https://doi.org/10.1148/Radiographics.31.6.111543
https://doi.org/10.1016/j.ultrasmedbio.2022.05.005
https://doi.org/10.3233/CH-211309
https://doi.org/10.1016/j.jhep.2017.07.009
https://www.ncbi.nlm.nih.gov/pubmed/28733222
https://doi.org/10.1148/rg.2016160037
https://www.ncbi.nlm.nih.gov/pubmed/27740898
https://doi.org/10.3233/CH-200899
https://www.ncbi.nlm.nih.gov/pubmed/32675402
https://doi.org/10.2214/AJR.11.7046
https://www.ncbi.nlm.nih.gov/pubmed/22826395
https://doi.org/10.1155/2012/418745
https://www.ncbi.nlm.nih.gov/pubmed/22811588
https://doi.org/10.1016/j.diii.2015.05.012
https://www.ncbi.nlm.nih.gov/pubmed/26522945
https://doi.org/10.1148/radiology.158.3.3511498
https://doi.org/10.3748/wjg.v11.i40.6354
https://doi.org/10.3348/kjr.2007.8.6.498
https://doi.org/10.4103/2156-7514.112804
https://www.ncbi.nlm.nih.gov/pubmed/23814694
https://doi.org/10.1055/s-2008-1027324
https://www.ncbi.nlm.nih.gov/pubmed/18726842
https://doi.org/10.1080/00365520802538229
https://www.ncbi.nlm.nih.gov/pubmed/19396663
https://doi.org/10.4103/2249-4863.154628
https://doi.org/10.1055/s-1999-14225

Cancers 2023, 15, 2360 29 of 32

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Dietrich, C.F,; Schall, H.; Kirchner, J.; Seifert, H.; Herrmann, G.; Caspary, W.E,; Lembcke, B. Sonographic detection of focal changes
in the liver hilus in patients receiving corticosteroid therapy. Z Gastroenterol. 1997, 35, 1051-1057.

Hirche, T.O.; Ignee, A.; Hirche, H.; Schneider, A.; Dietrich, C.F. Evaluation of hepatic steatosis by ultrasound in patients with
chronic hepatitis C virus infection. Liver Int. 2007, 27, 748-757. [CrossRef]

Rafailidis, V.; Fang, C.; Leenknegt, B.; Ballal, K.; Deganello, A.; Sellars, M.E.; Yusuf, G.T.; Huang, D.Y,; Sidhu, P.S. Contrast-
Enhanced Ultrasound (CEUS) quantification assessment of focal fatty variations in liver parenchyma: Challenging the traditional
qualitative paradigm of uniform enhancement with adjacent parenchyma. J. Ultrasound Med. 2020. In press.

Dietrich, C.F,; Shi, L.; Lowe, A.; Dong, Y.; Potthoff, A.; Sparchez, Z.; Teufel, A.; Guth, S.; Koch, J.; Barr, R.G; et al. Conventional
ultrasound for diagnosis of hepatic steatosis is better than believed. Z Gastroenterol. 2021, 60, 1235-1248. [CrossRef]

Dietrich, C.E; Lee, W.J. Focal liver lesions. In WFUMB Course Book; Niirnberg, D., Chammas, M.C., Gilja, O.H., Sporea, L., Sirli,
R., Abramowicz, J., Westerway, S.C., Condous, G., et al., Eds.; WFUMB: Laurel, MD, USA, 2021; pp. 1-16. Available online:
www.wfumb.org (accessed on 30 November 2022).

Hamer, O.W.; Aguirre, D.A.; Casola, G.; Lavine, J.E.; Woenckhaus, M.; Sirlin, C.B. Fatty liver: Imaging patterns and pitfalls.
Radiographics 2006, 26, 1637-1653. [CrossRef]

Piscaglia, F.; Lencioni, R.; Sagrini, E.; Pina, C.D.; Cioni, D.; Vidili, G.; Bolondi, L. Characterization of focal liver lesions with
contrast-enhanced ultrasound. Ultrasound Med. Biol. 2010, 36, 531-550. [CrossRef] [PubMed]

D’Onofrio, M.; Crosara, S.; De Robertis, R.; Canestrini, S.; Mucelli, R.P. Contrast-Enhanced Ultrasound of Focal Liver Lesions. AJR
Am. ]. Roentgenol. 2015, 205, W56-W66. [CrossRef]

Schuessler, G.; Fellbaum, C.; Fauth, F; Jacobi, V.; Schmidt-Matthiesen, A.; Ignee, A.; Dietrich, C.F. The infammatory
pseudotumour—An unusual liver tumour. Ultraschall Med. 2006, 27, 273-279. [CrossRef] [PubMed]

Tana, C.; Schiavone, C.; Ticinesi, A.; Ricci, F; Giamberardino, M.A.; Cipollone, F.; Silingardi, M.; Meschi, T.; Dietrich, C.F.
Ultrasound imaging of abdominal sarcoidosis: State of the art. World J. Clin. Cases 2019, 7, 809-818. [CrossRef] [PubMed]

Tana, C.; Dietrich, C.F.; Schiavone, C. Hepatosplenic sarcoidosis: Contrast-enhanced ultrasound findings and implications for
clinical practice. Biomed. Res. Int. 2014, 2014, 926203. [CrossRef] [PubMed]

Darbari, A.; Sabin, K.M.; Shapiro, C.N.; Schwarz, K.B. Epidemiology of primary hepatic malignancies in U.S. children. Hepatology
2003, 38, 560-566. [CrossRef]

Chung, EM,; Lattin, G.E., Jr.; Cube, R.; Lewis, R.B.; Marichal-Hernandez, C.; Shawhan, R.; Conran, R.M. From the archives of
the AFIP: Pediatric liver masses: Radiologic-pathologic correlation. Part 2. Malignant tumors. Radiographics 2011, 31, 483-507.
[CrossRef]

Ferraro, S.; Panzeri, A.; Braga, F.; Panteghini, M. Serum alpha-fetoprotein in pediatric oncology: Not a children’s tale. Clin. Chem.
Lab. Med. 2019, 57, 783-797. [CrossRef]

Schooler, G.R.; Squires, ].H.; Alazraki, A.; Chavhan, G.B.; Chernyak, V.; Davis, ].T.; Khanna, G.; Krishnamurthy, R.; Lungren, M.P;
Masand, P.M.; et al. Pediatric Hepatoblastoma, Hepatocellular Carcinoma, and Other Hepatic Neoplasms: Consensus Imaging
Recommendations from American College of Radiology Pediatric Liver Reporting and Data System (LI-RADS) Working Group.
Radiology 2020, 296, 493-497. [CrossRef]

Khanna, R.; Verma, S.K. Pediatric hepatocellular carcinoma. World ]. Gastroenterol. 2018, 24, 3980-3999. [CrossRef]

Dietrich, C.F; Trenker, C.; Fontanilla, T.; Gorg, C.; Hausmann, A.; Klein, S.; Lassau, N.; Miquel, R.; Schreiber-Dietrich, D.; Dong,
Y. New Ultrasound Techniques Challenge the Diagnosis of Sinusoidal Obstruction Syndrome. Ultrasound Med. Biol. 2018, 44,
2171-2182. [CrossRef] [PubMed]

Wiest, I.; Teufel, A.; Ebert, M.P.; Potthoff, A.; Christen, M.; Penkala, N.; Dietrich, C.F. Budd-Chiari syndrome, review and
illustration. Z Gastroenterol. 2021, 60, 1335-1345. [CrossRef] [PubMed]

Nowicki, TK.; Markiet, K.; Szurowska, E. Diagnostic Imaging of Hepatocellular Carcinoma—A Pictorial Essay. Curr. Med.
Imaging Rev. 2017, 13, 140-153. [CrossRef] [PubMed]

Dong, Y.; Wang, W.P.; Mao, F.; Zhang, Q.; Yang, D.; Tannapfel, A.; Meloni, M.E; Neye, H.; Clevert, D.A; Dietrich, C.F. Imaging
Features of Fibrolamellar Hepatocellular Carcinoma with Contrast-Enhanced Ultrasound. Ultraschall Med. 2020. [CrossRef]
[PubMed]

Dong, Y.; Teufel, A.; Trojan, ].; Berzigotti, A.; Cui, X.W.; Dietrich, C.F. Contrast enhanced ultrasound in mixed hepatocellular
cholangiocarcinoma: Case series and review of the literature. Dig. Liver. Dis. 2018, 50, 401-407. [CrossRef] [PubMed]

Dong, Y.; Teufel, A.; Wang, W.P,; Dietrich, C.F. Current Opinion about Hepatocellular Carcinoma <10 mm. Digestion 2021, 102,
335-341. [CrossRef] [PubMed]

Bartolotta, T.V.; Terranova, M.C.; Gagliardo, C.; Taibbi, A. CEUS LI-RADS: A pictorial review. Insights Imaging 2020, 11, 9.
[CrossRef]

Caraiani, C.; Boca, B.; Bura, V,; Sparchez, Z.; Dong, Y.; Dietrich, C. CT/MRI LI-RADS v2018 vs. CEUS LI-RADS v2017-Can Things
Be Put Together? Biology 2021, 10, 412. [CrossRef]

Dietrich, C.F; Dong, Y.; Kono, Y.; Caraiani, C.; Sirlin, C.B.; Cui, X.W.; Tang, A. LI-RADS ancillary features on contrast-enhanced
ultrasonography. Ultrasonography 2020, 39, 221-228. [CrossRef]

Rodgers, S.K.; Fetzer, D.T.; Gabriel, H.; Seow, ].H.; Choi, H.H.; Maturen, K.E.; Wasnik, A.P.; Morgan, T.A.; Dahiya, N.; O'Boyle,
M.K;; et al. Role of US LI-RADS in the LI-RADS Algorithm. Radiographics 2019, 39, 690-708. [CrossRef]


https://doi.org/10.1111/j.1478-3231.2007.01491.x
https://doi.org/10.1055/a-1491-1771
www.wfumb.org
https://doi.org/10.1148/rg.266065004
https://doi.org/10.1016/j.ultrasmedbio.2010.01.004
https://www.ncbi.nlm.nih.gov/pubmed/20350680
https://doi.org/10.2214/AJR.14.14203
https://doi.org/10.1055/s-2005-858530
https://www.ncbi.nlm.nih.gov/pubmed/16767617
https://doi.org/10.12998/wjcc.v7.i7.809
https://www.ncbi.nlm.nih.gov/pubmed/31024952
https://doi.org/10.1155/2014/926203
https://www.ncbi.nlm.nih.gov/pubmed/25215299
https://doi.org/10.1053/jhep.2003.50375
https://doi.org/10.1148/rg.312105201
https://doi.org/10.1515/cclm-2018-0803
https://doi.org/10.1148/radiol.2020200751
https://doi.org/10.3748/wjg.v24.i35.3980
https://doi.org/10.1016/j.ultrasmedbio.2018.06.002
https://www.ncbi.nlm.nih.gov/pubmed/30076031
https://doi.org/10.1055/a-1645-2760
https://www.ncbi.nlm.nih.gov/pubmed/34820810
https://doi.org/10.2174/1573405612666160720123748
https://www.ncbi.nlm.nih.gov/pubmed/28553196
https://doi.org/10.1055/a-1110-7124
https://www.ncbi.nlm.nih.gov/pubmed/32102105
https://doi.org/10.1016/j.dld.2017.11.003
https://www.ncbi.nlm.nih.gov/pubmed/29233685
https://doi.org/10.1159/000507923
https://www.ncbi.nlm.nih.gov/pubmed/32516767
https://doi.org/10.1186/s13244-019-0819-2
https://doi.org/10.3390/biology10050412
https://doi.org/10.14366/usg.19052
https://doi.org/10.1148/rg.2019180158

Cancers 2023, 15, 2360 30 of 32

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.
200.

201.

202.

203.

204.

205.

206.

207.
208.

209.

210.

Tang, A.; Bashir, M.R.; Corwin, M.T.; Cruite, L; Dietrich, C.F; Do, RK.G.; Ehman, E.C.; Fowler, K.J.; Hussain, HK,; Jha, R.C.; et al.
Evidence Supporting LI-RADS Major Features for CT- and MR Imaging-based Diagnosis of Hepatocellular Carcinoma: A
Systematic Review. Radiology 2018, 286, 29-48. [CrossRef] [PubMed]

Lyshchik, A.; Kono, Y.; Dietrich, C.F; Jang, H.]J.; Kim, T.K.; Piscaglia, F.; Vezeridis, A.; Willmann, ]J.K.; Wilson, S.R. Contrast-
enhanced ultrasound of the liver: Technical and lexicon recommendations from the ACR CEUS LI-RADS working group. Abdom.
Radiol. 2018, 43, 861-879. [CrossRef] [PubMed]

Wilson, S.R.; Lyshchik, A.; Piscaglia, F.; Cosgrove, D.; Jang, H.].; Sirlin, C.; Dietrich, C.F,; Kim, TK.; Willmann, ].K.; Kono, Y. CEUS
LI-RADS: Algorithm, implementation, and key differences from CT/MRI. Abdom. Radiol. 2018, 43, 127-142. [CrossRef] [PubMed]
Schellhaas, B.; Bernatik, T.; Bohle, W.; Borowitzka, F; Chang, ]J.; Dietrich, C.F; Dirks, K.; Donoval, R.; Drube, K,
Friedrich-Rust, M.; etal. ~ Contrast-Enhanced Ultrasound Algorithms (CEUS-LIRADS/ESCULAP) for the Noninvasive
Diagnosis of Hepatocellular Carcinoma—A Prospective Multicenter DEGUM Study. Ultraschall. Med. 2021, 42, 178-186.
[CrossRef]

Strobel, D.; Jung, E.M.; Ziesch, M.; Praktiknjo, M.; Link, A.; Dietrich, C.E; Klinger, C.; Schultheiss, M.; Jesper, D.; Schellhaas, B.
Real-life assessment of standardized contrast-enhanced ultrasound (CEUS) and CEUS algorithms (CEUS LI-RADS(R) /ESCULAP)
in hepatic nodules in cirrhotic patients-a prospective multicenter study. Eur. Radiol. 2021, 31, 7614-7625. [CrossRef]

Jacob, J.; Deganello, A.; Sellars, M.E.; Hadzic, N.; Sidhu, P.S. Contrast enhanced ultrasound (CEUS) characterization of grey-scale
sonographic indeterminate focal liver lesions in pediatric practice. Ultraschall. Med. 2013, 34, 529-540. [CrossRef]

Khanna, G.; Chavhan, G.B.; Schooler, G.R.; Fraum, T.J.; Alazraki, A.L.; Squires, ].H.; Salter, A.; Podberesky, D.].; Towbin, A.J.
Diagnostic Performance of LI-RADS Version 2018 for Evaluation of Pediatric Hepatocellular Carcinoma. Radiology 2021, 299,
190-199. [CrossRef]

Rees, M.A; Schooler, G.R.; Chavhan, G.B.; Towbin, A.].; Alazraki, A.L.; Squires, ].H.; Fraum, TJ.; Zhang, C.; Khanna, G. Imaging
Features of Hepatocellular Carcinoma in Children With and Without Underlying Risk Factors. AJR Am. ]. Roentgenol. 2022, 219,
647-654. [CrossRef]

Stocker, ].T.; Ishak, K.G. Undifferentiated (embryonal) sarcoma of the liver: Report of 31 cases. Cancer 1978, 42, 336-348. [CrossRef]
Gao, J.; Fei, L.; Li, S.; Cui, K.; Zhang, J.; Yu, F; Zhang, B. Undifferentiated embryonal sarcoma of the liver in a child: A case report
and review of the literature. Oncol. Lett. 2013, 5, 739-742. [CrossRef]

McCarville, B.D.A.; Harkanyi, Z. Contrast enhanced ultrasound: The current state. In Imaging in Pediatric Oncology, 1st ed.; Voss,
S.D., McHugh, K., Eds.; Springer: Cham, Switzerland, 2019; pp. 137-155.

Yin, J.; Liu, Z.; Yang, K. Pleomorphic rhabdomyosarcoma of the liver with a hepatic cyst in an adult: Case report and literature
review. Medicine 2018, 97, e11335. [CrossRef] [PubMed]

Roebuck, D.J.; Yang, W.T.; Lam, W.W.; Stanley, P. Hepatobiliary rhabdomyosarcoma in children: Diagnostic radiology. Pediatr.
Radiol. 1998, 28, 101-108. [CrossRef] [PubMed]

Agmon-Levin, N.; Berger, I.; Shtalrid, M.; Schlanger, H.; Sthoeger, Z.M. Primary hepatic lymphoma: A case report and review of
the literature. Age Ageing 2004, 33, 637-640. [CrossRef]

Avlonitis, V.S; Linos, D. Primary hepatic lymphoma: A review. Eur. J. Surg. 1999, 165, 725-729. [PubMed]

Lu, Q.; Zhang, H.; Wang, W.P; Jin, Y.J.; Ji, Z.B. Primary non-Hodgkin’s lymphoma of the liver: Sonographic and CT findings.
Hepatobiliary Pancreat. Dis. Int. 2015, 14, 75-81. [CrossRef]

Yamashita, Y.; Joshita, S.; Kobayashi, H.; Wakabayashi, S.I.; Sugiura, A.; Yamazaki, T.; Umemura, T. Primary Hepatic Extranodal
Marginal Zone Lymphoma of Mucosa-Associated Lymphoid Tissue in a Patient with Chronic Hepatitis B Virus Infection: Case
Report and Summary of the Literature. Medicina 2021, 57, 280. [CrossRef] [PubMed]

Foschi, EG.; Dall’Aglio, A.C.; Marano, G.; Lanzi, A.; Savini, P,; Piscaglia, F.; Serra, C.; Cursaro, C.; Bernardi, M.; Andreone, P; et al.
Role of contrast-enhanced ultrasonography in primary hepatic lymphoma. J. Ultrasound Med. 2010, 29, 1353-1356. [CrossRef]
Kitahata, S.; Hiraoka, A.; Kudo, M.; Murakami, T.; Ochi, M.; Izumoto, H.; Ueki, H.; Kaneto, M.; Aibiki, T.; Okudaira, T.; et al.
Abdominal Ultrasound Findings of Tumor-Forming Hepatic Malignant Lymphoma. Dig. Dis. 2017, 35, 498-505. [CrossRef]
Shiozawa, K.; Watanabe, M.; Ikehara, T.; Matsukiyo, Y.; Kikuchi, Y.; Kaneko, H.; Okubo, Y.; Shibuya, K.; Igarashi, Y.; Sumino, Y.
A case of contiguous primary hepatic marginal zone B-cell lymphoma and hemangioma ultimately diagnosed using contrast-
enhanced ultrasonography. Case Rep. Oncol. 2015, 8, 50-56. [CrossRef]

Yang, X.-W.; Tan, W.-F; Yu, W.-L.; Shi, S.; Wang, Y.; Zhang, Y.-L.; Zhang, Y.-].; Wu, M.-C. Diagnosis and surgical treatment of
primary hepatic lymphoma. World ]. Gastroenterol. 2010, 16, 6016.

Leng-Kit Lei, K.; Hei-Sing Chow, ].; James Johnson, P. Aggressive primary hepatic lymphoma in Chinese patients. Presentation,
pathologic features, and outcome. Cancer 1995, 76, 1336-1343. [CrossRef] [PubMed]

Harris, A.C.; Kornstein, M.J]. Malignant lymphoma imitating hepatitis. Cancer 1993, 71, 2639-2646. [CrossRef] [PubMed]
Borgonovo, G.; d’Oiron, R.; Amato, A.; Leger-Ravet, M.; Iseni, M.; Smadja, C.; Lemaigre, G.; Franco, D. Primary Lymphoplasma-
cytic Lymphoma of the Liver Associated with a Serum Monoclonal Peak of IgG k. Am. J. Gastroenterol. 1995, 90, 137-140.

Ozaki, K.; Ikeno, H.; Koneri, K.; Higuchi, S.; Hosono, N.; Kosaka, N.; Goi, T.; Gabata, T.; Kimura, H. Primary hepatic diffuse large
B-cell lymphoma presenting unusual imaging features. Clin. ]. Gastroenterol 2020, 13, 1265-1272. [CrossRef] [PubMed]
Tomasian, A.; Sandrasegaran, K.; Elsayes, K.M.; Shanbhogue, A.; Shaaban, A.; Menias, C.O. Hematologic malignancies of the
liver: Spectrum of disease. Radiographics 2015, 35, 71-86. [CrossRef] [PubMed]


https://doi.org/10.1148/radiol.2017170554
https://www.ncbi.nlm.nih.gov/pubmed/29166245
https://doi.org/10.1007/s00261-017-1392-0
https://www.ncbi.nlm.nih.gov/pubmed/29151131
https://doi.org/10.1007/s00261-017-1250-0
https://www.ncbi.nlm.nih.gov/pubmed/28819825
https://doi.org/10.1055/a-1198-4874
https://doi.org/10.1007/s00330-021-07872-3
https://doi.org/10.1055/s-0033-1355785
https://doi.org/10.1148/radiol.2021203559
https://doi.org/10.2214/AJR.22.27600
https://doi.org/10.1002/1097-0142(197807)42:1&lt;336::AID-CNCR2820420151&gt;3.0.CO;2-V
https://doi.org/10.3892/ol.2012.1087
https://doi.org/10.1097/MD.0000000000011335
https://www.ncbi.nlm.nih.gov/pubmed/30024506
https://doi.org/10.1007/s002470050305
https://www.ncbi.nlm.nih.gov/pubmed/9472056
https://doi.org/10.1093/ageing/afh197
https://www.ncbi.nlm.nih.gov/pubmed/10494635
https://doi.org/10.1016/S1499-3872(14)60285-X
https://doi.org/10.3390/medicina57030280
https://www.ncbi.nlm.nih.gov/pubmed/33803501
https://doi.org/10.7863/jum.2010.29.9.1353
https://doi.org/10.1159/000480138
https://doi.org/10.1159/000375118
https://doi.org/10.1002/1097-0142(19951015)76:8&lt;1336::AID-CNCR2820760807&gt;3.0.CO;2-I
https://www.ncbi.nlm.nih.gov/pubmed/8620406
https://doi.org/10.1002/1097-0142(19930415)71:8&lt;2639::AID-CNCR2820710832&gt;3.0.CO;2-Q
https://www.ncbi.nlm.nih.gov/pubmed/8453587
https://doi.org/10.1007/s12328-020-01203-7
https://www.ncbi.nlm.nih.gov/pubmed/32794156
https://doi.org/10.1148/rg.351130008
https://www.ncbi.nlm.nih.gov/pubmed/25590389

Cancers 2023, 15, 2360 31 of 32

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Trenker, C.; Kunsch, S.; Michl, P.; Wissniowski, T.T.; Goerg, K.; Goerg, C. Contrast-enhanced ultrasound (CEUS) in hepatic
lymphoma: Retrospective evaluation in 38 cases. Ultraschall Med. 2014, 35, 142-148. [CrossRef]

Isaacson, P.; Wright, D.H. Malignant lymphoma of mucosa-associated lymphoid tissue. A distinctive type of B-cell lymphoma.
Cancer 1983, 52, 1410-1416. [CrossRef]

Ilida, T.; Iwahashi, M.; Nakamura, M.; Nakamori, M.; Yokoyama, S.; Tani, M.; Akamatsu, H.; Nakamine, H.; Yamaue, H. Primary
hepatic low-grade B-cell lymphoma of MALT-type associated with Helicobacter pylori infection. Hepatogastroenterology 2007, 54,
1898-1901.

Willenbrock, K.; Kriener, S.; Oeschger, S.; Hansmann, M.L. Nodular lymphoid lesion of the liver with simultaneous focal nodular
hyperplasia and hemangioma: Discrimination from primary hepatic MALT-type non-Hodgkin’s lymphoma. Virchows Arch 2006,
448, 223-227. [CrossRef]

Chatelain, D.; Maes, C.; Yzet, T.; Brevet, M.; Bounicaud, D.; Plachot, ].P.; Verhaeghe, P. Primary hepatic lymphoma of MALT-type:
A tumor that can simulate a liver metastasis. Ann. Chir. 2006, 131, 121-124. [CrossRef]

Xu, Z.; Pang, C.; Sui, J.; Gao, Z. A case of primary hepatic extranodal marginal zone B-cell mucosa-associated lymphoid tissue
(MALT) lymphoma treated by radiofrequency ablation (RFA), and a literature review. J. Int. Med. Res. 2021, 49, 0300060521999539.
[CrossRef] [PubMed]

Dong, S.; Chen, L.; Chen, Y.; Chen, X. Primary hepatic extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid
tissue type: A case report and literature review. Medicine 2017, 96, e6305. [CrossRef] [PubMed]

Choi, S.; Kim, J.H.; Kim, K.; Kim, M.; Choi, H.J.; Kim, Y.M,; Suh, ].H.; Seo, M.].; Cha, H.]J. Primary hepatic extranodal marginal
zone lymphoma of mucosa-associated lymphoid tissue. J. Pathol. Transl. Med. 2020, 54, 340-345. [CrossRef]

Dietrich, C.F; Abramowicz, J.S.; Chammas, M.C.; Chou, Y.H.; Condous, G.; Kim, S.H.; Nolsoe, C.P; Jenssen, C.; Vinayak, S.
World Federation for Ultrasound in Medicine and Biology (WFUMB) Policy Document Development Strategy—Clinical Practice
Guidelines, Position Statements and Technological Reviews (on behalf of the WFUMB publication committee and Executive
Bureau). Ultrasound Med. Biol. 2021, 47, 2779-2781. [CrossRef]

Hoffmann, T.C.; Del Mar, C. Patients” expectations of the benefits and harms of treatments, screening, and tests: A systematic
review. JAMA Intern. Med. 2015, 175, 274-286. [CrossRef] [PubMed]

Hoffmann, T.C.; Del Mar, C. Clinicians” Expectations of the Benefits and Harms of Treatments, Screening, and Tests: A Systematic
Review. JAMA Intern. Med. 2017, 177, 407-419. [CrossRef]

Booth, T.C.; Jackson, A.; Wardlaw, ].M.; Taylor, S.A.; Waldman, A.D. Incidental findings found in “healthy” volunteers during
imaging performed for research: Current legal and ethical implications. Br. J. Radiol. 2010, 83, 456—465. [CrossRef]

Booth, T.C.; Waldman, A.D.; Wardlaw, ].M.; Taylor, S.A.; Jackson, A. Management of incidental findings during imaging research
in “healthy” volunteers: Current UK practice. Br. J. Radiol. 2012, 85, 11-21. [CrossRef]

Booth, T.C.; Najim, R.; Petkova, H. Incidental findings discovered during imaging: Implications for general practice. Br. ]. Gen.
Pract. 2016, 66, 346-347. [CrossRef]

Berland, L.L.; Silverman, S.G.; Gore, R.M.; Mayo-Smith, WW.; Megibow, A.].; Yee, ].; Brink, J.A.; Baker, M.E.; Federle, M.P; Foley,
W.D; et al. Managing incidental findings on abdominal CT: White paper of the ACR incidental findings committee. J. Am. Coll.
Radiol. 2010, 7, 754-773. [CrossRef]

Dietrich, C.F; Ignee, A ; Barreiros, A.P,; Schreiber-Dietrich, D.; Sienz, M.; Bojunga, J.; Braden, B. Contrast-enhanced ultrasound for
imaging of adrenal masses. Ultraschall Med. 2010, 31, 163-168. [CrossRef] [PubMed]

Tarique, U.; Tang, B.; Singh, M.; Kulasegaram, K.M.; Ailon, J. Ultrasound Curricula in Undergraduate Medical Education: A
Scoping Review. | Ultrasound Med. 2018, 37, 69-82. [CrossRef] [PubMed]

Schmidt, C.O.; Hegenscheid, K.; Erdmann, P.; Kohlmann, T.; Langanke, M.; Volzke, H.; Puls, R.; Assel, H.; Biffar, R.; Grabe, H.J.
Psychosocial consequences and severity of disclosed incidental findings from whole-body MRI in a general population study.
Eur. Radiol. 2013, 23, 1343-1351. [CrossRef] [PubMed]

Powell, D.K. Patient explanation guidelines for incidentalomas: Helping patients not to fear the delayed surveillance. AJR Am. ].
Roentgenol. 2014, 202, W602. [CrossRef]

Wolf, S.M.; Lawrenz, EP; Nelson, C.A.; Kahn, ].P; Cho, M.K; Clayton, E.W.,; Fletcher, ].G.; Georgieff, M.K.; Hammerschmidt, D.;
Hudson, K,; et al. Managing incidental findings in human subjects research: Analysis and recommendations. . Law Med. Ethics A.
J. Am. Soc. Law Med. Ethics 2008, 36, 219-248, 211. [CrossRef]

Kole, J.; Fiester, A. Incidental findings and the need for a revised informed consent process. AJR Am. ]. Roentgenol. 2013, 201,
1064-1068. [CrossRef]

Cotter, A.R,; Vuong, K.; Mustelin, L.; Yang, Y.; Rakhmankulova, M.; Barclay, C.J.; Harris, R.P. Do psychological harms result from
being labelled with an unexpected diagnosis of abdominal aortic aneurysm or prostate cancer through screening? A systematic
review. BMJ Open 2017, 7, e017565. [CrossRef]

Korenstein, D.; Chimonas, S.; Barrow, B.; Keyhani, S.; Troy, A.; Lipitz-Snyderman, A. Development of a Conceptual Map of
Negative Consequences for Patients of Overuse of Medical Tests and Treatments. JAMA Intern. Med. 2018, 178, 1401-1407.
[CrossRef]

Cawood, T.J.; Hunt, PJ.; O’Shea, D.; Cole, D.; Soule, S. Recommended evaluation of adrenal incidentalomas is costly, has high
false-positive rates and confers a risk of fatal cancer that is similar to the risk of the adrenal lesion becoming malignant; time for a
rethink? Eur. |. Endocrinol. 2009, 161, 513-527. [CrossRef]


https://doi.org/10.1055/s-0033-1350179
https://doi.org/10.1002/1097-0142(19831015)52:8&lt;1410::AID-CNCR2820520813&gt;3.0.CO;2-3
https://doi.org/10.1007/s00428-005-0126-9
https://doi.org/10.1016/j.anchir.2005.07.006
https://doi.org/10.1177/0300060521999539
https://www.ncbi.nlm.nih.gov/pubmed/33730924
https://doi.org/10.1097/MD.0000000000006305
https://www.ncbi.nlm.nih.gov/pubmed/28353562
https://doi.org/10.4132/jptm.2020.03.18
https://doi.org/10.1016/j.ultrasmedbio.2021.04.017
https://doi.org/10.1001/jamainternmed.2014.6016
https://www.ncbi.nlm.nih.gov/pubmed/25531451
https://doi.org/10.1001/jamainternmed.2016.8254
https://doi.org/10.1259/bjr/15877332
https://doi.org/10.1259/bjr/73283917
https://doi.org/10.3399/bjgp16X685777
https://doi.org/10.1016/j.jacr.2010.06.013
https://doi.org/10.1055/s-0028-1109357
https://www.ncbi.nlm.nih.gov/pubmed/19401979
https://doi.org/10.1002/jum.14333
https://www.ncbi.nlm.nih.gov/pubmed/28748549
https://doi.org/10.1007/s00330-012-2723-8
https://www.ncbi.nlm.nih.gov/pubmed/23239059
https://doi.org/10.2214/AJR.13.12337
https://doi.org/10.1111/j.1748-720X.2008.00266.x
https://doi.org/10.2214/AJR.13.11138
https://doi.org/10.1136/bmjopen-2017-017565
https://doi.org/10.1001/jamainternmed.2018.3573
https://doi.org/10.1530/EJE-09-0234

Cancers 2023, 15, 2360 32 of 32

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

Chadha, D.S.; Sharma, S.; Sivasankar, R.; Kudva, N.; Sabhiki, G.; Behl, A. Abdominal sonography in the medical evaluation of
aviation aspirants. Aviat. Space Environ. Med. 2010, 81, 965-969. [CrossRef]

Dietrich, C.F.; Maurer, M.; Riemer-Hommel, P. Challenges for the German Health Care System—Pharmaceuticals. Endheu 2014, 27,
45-53. [CrossRef]

Ding, A.; Eisenberg, J.D.; Pandharipande, P.V. The economic burden of incidentally detected findings. Radiol. Clin. North Am.
2011, 49, 257-265. [CrossRef] [PubMed]

Orme, N.M.; Fletcher, ].G.; Siddiki, H.A.; Harmsen, W.S.; O’'Byrne, M.M.; Port, ].D.; Tremaine, W.].; Pitot, H.C.; McFarland, E.G;
Robinson, M.E; et al. Incidental findings in imaging research: Evaluating incidence, benefit, and burden. Arch. Intern. Med. 2010,
170, 1525-1532. [CrossRef]

Yusuf, G.T.; Sellars, M.E.; Deganello, A.; Cosgrove, D.O.; Sidhu, P.S. Retrospective Analysis of the Safety and Cost Implications of
Pediatric Contrast-Enhanced Ultrasound at a Single Center. AJR Am. ]. Roentgenol. 2017, 208, 446—452. [CrossRef] [PubMed]
Streb, ].W.; Tchelepi, H.; Malhi, H.; Deurdulian, C.; Grant, E.G. Retrospective Analysis of Contrast-enhanced Ultrasonography
Effectiveness in Reducing Time to Diagnosis and Imaging-related Expenditures at a Single Large United States County Hospital.
Ultrasound Q. 2019, 35, 99-102. [CrossRef] [PubMed]

Westwood, M.; Joore, M.; Grutters, J.; Redekop, K.; Armstrong, N.; Lee, K.; Gloy, V.; Raatz, H.; Misso, K.; Severens, J.; et al.
Contrast-enhanced ultrasound using SonoVue®(sulphur hexafluoride microbubbles) compared with contrast-enhanced computed
tomography and contrast-enhanced magnetic resonance imaging for the characterisation of focal liver lesions and detection of
liver metastases: A systematic review and cost-effectiveness analysis. Health Technol. Assess. 2013, 17, 1. [CrossRef]

Smajerova, M.; Petrasova, H.; Little, J.; Ovesna, P.; Andrasina, T.; Valek, V.; Nemcova, E.; Miklosova, B. Contrast-enhanced
ultrasonography in the evaluation of incidental focal liver lesions: A cost-effectiveness analysis. World ]. Gastroenterol. 2016, 22,
8605-8614. [CrossRef]

Rosenkrantz, A.B.; Xue, X.; Gyftopoulos, S.; Kim, D.C.; Nicola, G.N. Downstream Costs Associated With Incidental Pancreatic
Cysts Detected at MRI. AJR Am. ]. Roentgenol. 2018, 211, 1278-1282. [CrossRef]

Brown, S.D. Professional norms regarding how radiologists handle incidental findings. J. Am. Coll. Radiol. 2013, 10, 253-257.
[CrossRef]

Jeon, J.H.; Kim, ].H.; Joo, I; Lee, S.; Choi, S.Y.; Han, ].K. Transabdominal Ultrasound Detection of Pancreatic Cysts Incidentally
Detected at CT, MRI, or Endoscopic Ultrasound. AJR Am. |. Roentgenol. 2018, 210, 518-525. [CrossRef]

Morelli, L.; Guadagni, S.; Borrelli, V.; Pisano, R.; Di Franco, G.; Palmeri, M.; Furbetta, N.; Gambaccini, D.; Marchi, S.;
Boraschi, P; et al. Role of abdominal ultrasound for the surveillance follow-up of pancreatic cystic neoplasms: A cost-effective
safe alternative to the routine use of magnetic resonance imaging. World J. Gastroenterol. 2019, 25, 2217-2228. [CrossRef] [PubMed]
Mork, H.; Ignee, A.; Schuessler, G.; Ott, M.; Dietrich, C.F. Analysis of neuroendocrine tumour metastases in the liver using
contrast enhanced ultrasonography. Scand.].Gastroenterol. 2007, 42, 652—-662. [CrossRef] [PubMed]

Piscaglia, F.; Venturi, A.; Mancini, M.; Giangregorio, F.; Vidili, G.; Magnolfi, F; Mirarchi, M.; Fornari, F.; Bolondi, L. Diagnostic
features of real-time contrast-enhanced ultrasound in focal nodular hyperplasia of the liver. Ultraschall Med. 2010, 31, 276-282.
[CrossRef] [PubMed]

Quaia, E. Solid focal liver lesions indeterminate by contrast-enhanced CT or MR imaging: The added diagnostic value of
contrast-enhanced ultrasound. Abdom. Imaging 2012, 37, 580-590. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3357/ASEM.2749.2010
https://doi.org/10.1055/s-0034-1366078
https://doi.org/10.1016/j.rcl.2010.11.004
https://www.ncbi.nlm.nih.gov/pubmed/21333777
https://doi.org/10.1001/archinternmed.2010.317
https://doi.org/10.2214/AJR.16.16700
https://www.ncbi.nlm.nih.gov/pubmed/27959665
https://doi.org/10.1097/RUQ.0000000000000375
https://www.ncbi.nlm.nih.gov/pubmed/30169489
https://doi.org/10.3310/hta17160
https://doi.org/10.3748/wjg.v22.i38.8605
https://doi.org/10.2214/AJR.18.19885
https://doi.org/10.1016/j.jacr.2012.10.003
https://doi.org/10.2214/AJR.17.18449
https://doi.org/10.3748/wjg.v25.i18.2217
https://www.ncbi.nlm.nih.gov/pubmed/31143072
https://doi.org/10.1080/00365520601021765
https://www.ncbi.nlm.nih.gov/pubmed/17454888
https://doi.org/10.1055/s-0028-1109852
https://www.ncbi.nlm.nih.gov/pubmed/19941252
https://doi.org/10.1007/s00261-011-9788-8
https://www.ncbi.nlm.nih.gov/pubmed/21894508

	Introduction and Definition 
	Definition 
	Prevalence, Epidemiology 
	Clinical Scenarios and the Role of Ultrasound and CEUS 

	Situs Inversus, Size and Shape Variations 
	Hepatomegaly and Variants of Shape and Echogenicity 
	Inhomogeneous Liver Parenchyma 
	Elastography 
	Liver Cysts 

	Solid Focal Liver Lesions: Introduction 
	Diagnostic Work-Up and Follow-Up Strategy 
	Liver Calcification 
	Vascular Malformations, Vascular Tumors and Hemangioma 
	Hepatic Hemangioma 
	Congenital Hepatic Hemangioma 
	Infantile Hepatic Hemangioma 

	Vascular Malformations Other than Hemangioma 
	Hepatocellular Adenoma (HCA) 
	Inflammatory Hepatocellular Adenoma 
	HNF-1-Inactivated Hepatocellular Adenoma 
	-Catenin-Activated Hepatocellular Adenoma 
	Von Meyenburg Complex 
	Mesenchymal Hamartoma of the Liver 
	Cholangiocellular and Bile Duct Adenoma 

	Focal Fatty Infiltration and Focal Fatty Sparing (Focal Fatty Lesions, FFL) 
	Focal Fatty Sparing (FFS) 
	Focal Fatty Infiltration (FFI) 
	Inflammatory Focal Liver Lesions 

	Malignant Focal Liver Lesions 
	Hepatoblastoma 
	Hepatocellular Carcinoma 
	Primary Sarcoma of the Liver 
	Primary Hepatic Lymphoma 
	Hepatic Metastases 

	What Is the Impact of an Incidental Finding in Pediatric Ultrasound? 
	Psychological and Social Burden 
	Benefits and Economic Consequences (Costs) 

	Strategy 
	Iso- and Hyperechoic FLL 
	Isoechoic FLL 
	Hypoechoic FLL 

	Inconclusive CT/MRI Findings 
	Conclusions 
	Summary Statements 
	References

