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Abstract 

The fortuitously discovered liver lesion is a common problem. Consensus might be expected in terms of its work-up, and yet there is none. This stems in part from the fact that there is no preventive campaign for the early detection of liver tumors other than for patients with known liver cirrhosis and oncological patients. The work-up (detection and differential diagnosis) of liver tumors comprises theoretical considerations, history, physical examination, laboratory tests, standard ultrasound, Doppler ultrasound techniques, contrast enhanced ultrasound (CEUS), computed tomography and magnetic resonance imaging as well as image-guided biopsy. Contrast enhanced ultrasound techniques have proved to be the most pertinent method. Contrast enhanced ultrasound techniques became part of the clinical routine about 10 years ago in Europe and Asia and are used for a variety of indications in daily clinical practice. CEUS is in many cases the first and also decisive technical intervention for detecting and characterizing liver tumors. This development is reflected in many CEUS guidelines, e.g., in the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines 2004, 2008 and 2012 as well as the WFUMB-EFSUMB guidelines 2012 recently published. This article sets out considerations to make a structured work-up of incidental liver tumors feasible.

© 2013 Baishideng. All rights reserved. 
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Core tip: The presented paper is intended to discuss, comment and illustrate the recently published international guidelines on hepatic applications of contrast enhanced ultrasound. Recommendations are based on a prospective multicenter study with more than 1000 histologically confirmed tumors and on national and international guidelines. The focus is on the clinical important work-up of the fortuitously discovered liver lesion. In contrast to most other published papers dealing with imaging methods this recommendation also gives advice for the clinician from a clinical point of view including laboratory data. The described work-up includes different scenarios, e.g. the asymptomatic (healthy) patient versus the oncological patient. Limitations of techniques and source of error are explained as well. 
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INTRODUCTORY CONSIDERATIONS
Guidelines for contrast enhanced ultrasound were first published by European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) in 20041


[ ADDIN EN.CITE ]
. Further EFSUMB guidelines were published in 20082


[ ADDIN EN.CITE ]
 and 20113


[ ADDIN EN.CITE ]
, and updated EFSUMB-WFUMB liver guidelines have been concurrently published in the European Journal of Ultrasound (Ultraschall in der Medizin)4


[ ADDIN EN.CITE ]
 and Ultrasound in Medicine and Biology (UMB)5


[ ADDIN EN.CITE ]
. The presented paper is intended to discuss, comment and illustrate the recently published liver guidelines. The focus is on the clinical important work-up of the fortuitously discovered liver lesion6


[ ADDIN EN.CITE ]
.

Frequency of incidental focal liver lesions 

There are only a few available data on the frequency of incidental focal liver lesions (FLL); this is true also for standard values in the abdomen7-9


[ ADDIN EN.CITE ]
. In a forensic medicine autopsy series there were focal liver or gallbladder lesions ranging in size from 0.3 to 30 mm in 52% of 95 men (35 ‑ 69 years old). The incidence rose with age10[]
. Liver incidentalomas are found in 7.2-33% of all patients investigated by computed tomography (CT) scan11


[ ADDIN EN.CITE ,12]
. Liver tumors (5%) or focal fatty lesions (12%) were detected ultrasonically in 19% of a cohort of patients with Crohn’s disease13


[ ADDIN EN.CITE ]
. Reports on ultrasound screening at a population level in Asiatic countries suggest a prevalence for incidental focal liver lesions of 2.3%- 6.2%14


[ ADDIN EN.CITE ,15]
. 

Focal liver lesions in an asymptomatic and healthy population: Fortuitously discovered liver tumors in asymptomatic and healthy persons without any previous history of malignant disease tend in most cases to be benign13


[ ADDIN EN.CITE ,16]
. The core duty in these patients is to document the benignity of the lesion or to exclude a malignant or inflammatory infiltration requiring treatment. In the case of a benign lesion further differential diagnostic characterization (diagnostic category) is desirable, although in most cases not absolutely necessary. In a well population of 64 patients referred for opinion about incidental solid liver lesions, Little et al17[]
 found approximately 50% had hemangiomas, 7/64 had focal nodular hyperplasia (FNH) and 5/64 had adenomas. Approximately 25% had a neoplasm and 17% (11/64) had a malignant tumour. None of the lesions < 3 cm were malignant.
Focal liver lesions in oncological patients: Should there be signs of a malignant lesion therapeutic options are generally dependent on knowing the correct diagnostic category. The procedure in patients with incidental liver space-occupying lesions differs quite considerably from that which applies to patients with pathognomonic clinical symptoms, risk factors or a previous history of malignancy, who will also be briefly discussed in this review article in order to distinguish them. In patients with a tumor history the probability that a focal liver lesion will be a metastasis is significantly higher. However, it must be also be recalled that only 51% to 88.8% of liver lesions detected by CT with a maximal size of 10-15 mm are actual metastases
 ADDIN EN.CITE 
[18-20]
. In this group at least 65% of single lesions < 15 mm are benign19[]
. 
In summary focal liver space-occupying lesions are common opportunistic findings. A rational work-up strategy which is as noninvasive as possible must allow for the fact that the vast majority of these findings in asymptomatic persons are benign.

What are the common focal liver lesions?

Common benign FLL include cysts, calcifications, FNH, nodular regenerative hyperplasia (NRH), biliary hamartoma (von Meyenburg complex), as well as regional hyper- and hyposteatoses on the one hand and true neoplasias on the other, viz. hemangioma and the significantly less common but prognostically important hepatocellular adenoma (HCA). Combined occurrence of FNH and hemangioma has been observed in one-third of cases
 ADDIN EN.CITE 
[21]
. 

Inflammatory infiltrates, inflammatory pseudotumors
 ADDIN EN.CITE 
[22]
, abscesses and extramedullary hematopoietic lesions are more unusual23[]
. Angiomyolipoma and other benign mesenchymal tumors and benign (infantile) hemangioendothelioma are true rarities
 ADDIN EN.CITE 
[24,25]
. Commonly malignant FLL encompass primary (hepatocellular and cholangiocellular carcinoma: [hepatocellular carcinoma (HCC) and cholangiocellular carcinoma (CCC)] and secondary neoplasias (metastases). Lymphomas can infiltrate the liver as primary or secondary tumors, but they and the extremely rare malignant mesenchymal neoplasias will not be further discussed here
 ADDIN EN.CITE 
[26]
. The prevalence of infective lesions such as hydatid disease is very region dependent but in most Western communities is uncommon27[]
. 

Which imaging techniques are available?

The most commonly used imaging techniques are conventional B-mode ultrasound and color Doppler techniques. Compared to native ultrasound contrast enhanced (boosted echosignal) ultrasound (CEUS) improves the detection rate of FLL and makes it possible in nearly all cases to assess the malignant/benign status of hepatic space-occupying lesions in healthy liver parenchyma
 ADDIN EN.CITE 
[28]
. In large multicenter studies CEUS revealed a diagnostic precision of over 90% in differentiating benign from malignant FLL
 ADDIN EN.CITE 
[29,30]
. Specific vascular patterns additionally allow, with a high level of reliability, FLL to be categorized into benign and malignant forms
 ADDIN EN.CITE 
[31]
. For assessment of the chest and abdomen in tumor patients (detection, staging), CT scan is the method of choice, but it is considerably less useful than CEUS and magnetic resonance imaging (MRI) for the differential diagnosis of liver tumors
 ADDIN EN.CITE 
[32,33]
. 

In the differential diagnosis of FLL, CEUS is better than CT scan and at least equivalent to MRI
 ADDIN EN.CITE 
[28,34-36]
. A decisive advantage of CEUS in comparison to other cross-sectional methods is the real time representation of tumor vascularization along with much higher spatial and temporal resolution. Accordingly FLL < 20 mm and even < 10 mm can be classified with a diagnostic reliability of over 80%
 ADDIN EN.CITE 
[37]
. Disadvantages of CEUS are the somewhat greater dependency on patient-specific factors, the lack of a complete field display and, with multiple lesions, the need to focus on a single lesion in the arterial phase. MRI, including contrast enhanced imaging is superior to CT for liver lesion detection and characterization. Commonly used MRI contrast agents fall into two main groups. The first is extracellular gadolinium-based contrast agents which provide similar contrast enhancement patterns to that seen with conventional CT contrast enhancement, although the signal enhancement is much stronger with MR. The second group is hepatobiliary agents which have the properties of the first group but add another dimension to contrast enhancement as they are taken up by functioning hepatocytes and excreted into bile, which results in further improvement to lesion detection and characterization
 ADDIN EN.CITE 
[33]
. 

Elastographic imaging, especially transient elastography and acoustic radiation force impulse has been shown to be of value to assess the severity of liver fibrosis in patients with chronic viral hepatitis to distinguish patients with mild fibrosis from those with significant fibrosis and liver cirrhosis. Strain elastography, shear wave elastography using acoustic radiation force impulse and real time elastography are promising techniques for liver tumour characterization. Elastography has been studied recently to characterise focal liver lesions, to differentiate between benign and malignant masses in few studies but so far cannot be recommended in daily routine
 ADDIN EN.CITE 
[38-40]
. The EFSUMB will be publishing soon guidelines and recommendations on the use of Elastography and related methods. 

Which laboratory tests are available?

Tumor markers are of low utility in the differential diagnosis of FLL. That also applies to alfa-fetoprotein, which is not raised in up to 40% of all cases of HCC, whereas nonspecific increases are, in contrast, common in active viral hepatitis and liver cirrhosis
 ADDIN EN.CITE 
[41,42]
. A rise in gGT was observed in 76% of a group of 424 patients with FNH21


[ ADDIN EN.CITE ]
. Laboratory test parameters are however very useful in the context of an FLL for diagnosing a hitherto undetected diffuse liver parenchymal pathology42[]
. 

Appraisal of malignity/benignity and prognosis

The detection of a liver space-occupying lesion is followed by the question of whether it is malignant or benign. On the basis of the dual blood supply to the liver with arterial and its organ-specific portal venous sinusoidal circulation, analysis of the portal venous phase has shown that it is possible to classify malignant tumors reliably through use of ultrasound contrast media
 ADDIN EN.CITE 
[29,31,35-37]
. The outcome is equally good with SonoVue( and Levovist(
 ADDIN EN.CITE 
[43-45]
 and with Definity
 ADDIN EN.CITE 
[46]
. 

A liver tumor can then be categorized (after excluding cysts and calcifications by B-mode imaging) as benign when enhancement or hypercontrast is demonstrated after 2 min which is similar to normal liver parenchyma. In individual cases (particularly neuroendocrine tumors
 ADDIN EN.CITE 
[47,48]
) evaluation should also take place after > 2 min (up to five minutes)27[,49]
. 

Limitations, source of error: Erroneous diagnoses with contrast medium ultrasound stem in particular from the inexperience of the investigator and incorrect instrument setting as well as from concluding the investigation too early before the late phase. 
The key source of error is bubble destruction due to an excessively high mechanical index or permanent sonication of the lesion. Premature destruction of contrast medium can simulate faulty late-phase contrasting compared to non-sounded liver tissue. A FNH which is hyperenhanced in the portal venous phase can therefore appear falsely hypoenhanced due to the destroyed bubbles50[]
.

Before every contrast medium ultrasound investigation, cysts and calcifications must be excluded by conventional ultrasound, since these structures do not exhibit contrast medium enhancement and could therefore be erroneously interpreted as a malignant infiltration. 

The arterial phase is also of particular relevance for the correct appraisal of degenerative changes, e.g., necrotic plaques and abscesses show no contrast onset either in the arterial phase or portal venous phase. It is of further significance, especially with benign liver tumors, that degenerative and shrinking processes can lead to changes in perfusion and thus in imaging correlates. Typical tumor features are therefore to be expected only with tumors of up to approximately 50 mm in diameter. Larger tumors, independent of their etiology, often show degenerative changes (calcifications, fibrosis, necroses, cystic areas and many other features).

Distinctive features have been reported with benign cholangiocellular adenoma
 ADDIN EN.CITE 
[51]
, benign cholangiofibrom45[]
, rare bile duct tumors52[]
, inflammatory pseudotumor
 ADDIN EN.CITE 
[22]
, sarcoma
 ADDIN EN.CITE 
[26]
 and other rare tumor entities27[,49]
. Allowance must also be made for artifacts50[]
. 

What importance has histology?

Due to the increasing quality of modern imaging techniques, particularly CEUS, for diagnostic categorization, the utility of ultrasound- or CT-guided biopsy of focal liver lesions has fallen off considerably in the last few years53[]
. 

In the German Society for Ultrasound in Medicine (DEGUM) multicenter study CEUS was evaluated as non-diagnostic in only 92 of 1349 cases of FLL (6.9%)
 ADDIN EN.CITE 
[29 31,34-37,54]
. Biopsy is therefore now only seldom required to establish whether a lesion is malignant or benign. Biopsy is still pertinent however in the differential diagnosis of malignant liver lesions, particularly before a planned palliative chemotherapy, e.g., if several primary tumors are involved. Because of a significant risk of puncture channel metastases, biopsy confirmation of HCC or metastases which are potentially resectable or likely to undergo liver transplantation should always be avoided if the imaging diagnosis appears to be clinically reliable42[]
. Overall, imaging-guided biopsy of focal liver space-occupying lesions is a safe method with a clinically significant complication rate of approx 0.5%53[]
. As a rule, ultrasound-guided biopsy with a Trucut™ or 20 to 18 gauge cannula is the method of choice
 ADDIN EN.CITE 
[53,55,56]
. The diagnostic accuracy of ultrasound-guided biopsy is dependent on many factors and attains only about 90% even under optimal conditions
 ADDIN EN.CITE 
[53,57,58]
. There is a significant risk especially with benign lesions of overestimation (false positive malignant diagnoses)
 ADDIN EN.CITE 
[59]
. Yield and sensitivity can be improved through CEUS-guided biopsy, in particular with small lesions which are not well demarcated on B-mode ultrasound as well as tumors with necrotic components
 ADDIN EN.CITE 
[60-62]
. Highly promising new options for improving biopsy yield particularly with lesions which are difficult to display ultrasonographically or poorly accessible include image fusion of radiological tomography procedures and CEUS as well as three-dimensional electromagnetic or GPS-guided needle guidance
 ADDIN EN.CITE 
[53,63,64]
.

It is possible to characterize liver incidentalomas in over 90% of cases noninvasively. In terms of diagnostic reliability and cost-effectiveness contrast enhanced ultrasonography is the imaging method of choice. Magnetic resonance imaging is an equivalent diagnostic alternative.

What is the evidence base for the recommendations?

Recommendations are based on national and international guidelines, on the prospective multicenter DEGUM study with more than 1000 histologically confirmed tumors
 ADDIN EN.CITE 
[29]
 as well as another prospective multicenter study from France
 ADDIN EN.CITE 
[30]
, and on published accounts of liver tumors especially those histologically confirmed
 ADDIN EN.CITE 
[26,45,65,66]
. In the intervening period there are also two meta-analyses which validate the equivalence of CEUS, contrast enhanced CT and contrast enhanced MRI in the diagnosis of FLL
 ADDIN EN.CITE 
[67,68]
. The cost-effectiveness rules of the German social charter Sozialgeseztbuch (SGB) V should also be observed in the work-up of liver tumors69[]
; this applies to unnecessary secondary imaging as well as to biopsies which are not properly indicated. 

INTRODUCTION “THE ASYMPTOMATIC PATIENT”
In an otherwise healthy patient the accidental discovery of a focal liver lesion has an estimated probability > 95% of being benign, without the need for recourse to other imaging techniques17[]
. Successive use of additional diagnostic procedures and measures is unable to improve the high general prediction rate for the malignant/benign nature of FLL, since the sensitivity, specificity and exactitude of all available procedures with the exception of histology are lower than the high clinical pretest probability. All diagnostic procedures are thus of service only to the individual affected patient in the correct recognition of prognostically relevant differential diagnoses. This diagnostic starting point of a fortuitously discovered focal liver lesion in the situation of a check-up in a completely healthy, asymptomatic person with a “blank-slate” medical history is however likely to be seldom encountered in such a straightforwardly exclusive way, in a spite of a general trend towards “routine” and prophylactic investigations. More commonly, indications for investigation emerge which do not primarily suggest the existence of a FLL (e.g., investigation of acute abdominal pains or during hospital admission for a cardiovascular condition), and in which the discovery of an FLL in spite of symptoms is still regarded as a major surprise. Moreover, the complete history is not always available in a patient referred for investigation. Accordingly the first step following the discovery of a liver incidentaloma should always be to obtain a more detailed history. Further factors which should enter the initial evaluation are FLL number, size and (sonographic) morphology as well as ultrasound criteria for the existence of a liver parenchymal pathology. 

INTRODUCTION “THE SYMPTOMATIC PATIENT”
In a symptomatic patient FLL is identified on the basis of the imaging process indication (symptomatology or previous history). 

Patients with underlying malignant disease

In a patient with underlying malignant disease and FLL the probability of a malignant infiltration is thought to be about 50%, although this estimate is fettered by a high level of imprecision, especially since it is dependent on the underlying tumor entity. While a high percentage of very small solitary lesions are benign even in tumor patients, the probability of a metastasis increases depending on the following factors: size of the lesion(s), multifocal nature, presence of specific B-mode criteria (hypoechoic, halo) and, of course, existence of general symptoms, which are typical for a generalized tumor pathology. In the DEGUM multicenter study a previous history of tumor in patients without liver cirrhosis increased the probability of malignancy for a given FLL by a factor of 1.8
 ADDIN EN.CITE 
[35]
. In the differential diagnosis of patients with hematological systemic diseases it should be borne in mind that, along with infiltrations of the primary disease, small hypoechoic liver lesions and extramedullary hematopoietic tissue foci can correspond to multiple mycotic abscesses in both immune competent and suppressed patients. The indication for obtaining a histology specimen by biopsy and diagnostic confirmation is more often raised in this clinical situation, given that it has (diagnostic and prognostic) implications for treatment. 

Patients with underlying inflammatory disease

In patients with underlying inflammatory disease confirmation or exclusion of an abscess is primordial. CEUS has proved to be particularly helpful in this respect, since abscesses can be reliably identified due to their avascularity and immediately drained under ultrasonographic guidance. Extravascular administration of ultrasound contrast medium is of use in testing for successful drainage and, for instance, reliably detecting (or excluding) a biliary communication53[]
. Many other but rarer inflammatory infiltrations should be considered, e.g., granuloma, inflammatory pseudotumor
 ADDIN EN.CITE 
[22]
, Bartonellosis
 ADDIN EN.CITE 
[70]
, etc., which can ultimately only be reliably diagnosed histologically. In patients with rheumatological systemic diseases nodular regenerative hyperplasias are a typical finding
 ADDIN EN.CITE 
[71]
. A study showed that patients with systemic lupus erythematosus are fivefold more likely to have liver hemangiomas than a control group
 ADDIN EN.CITE 
[72]
.

Patients with underlying chronic liver disease

Existing chronic liver disease, particularly cirrhosis of the liver, raises the suspicion that every focal liver lesion is in fact a HCC, although benign FLL and other malignant liver tumors should of course be excluded. More than 80% of all detected FLL in a cirrhotic liver with a diameter ≥ 20 mm are HCC
 ADDIN EN.CITE 
[42,73]
. For FLL < 20 mm the proportion of HCC is smaller, although it still lies well above 50%42[]
. In the DEGUM multicenter study 76.6% of FLL in hepatic cirrhosis patients were HCC, vs a figure of only 6.1% in patients without hepatic cirrhosis
 ADDIN EN.CITE 
[35]
. Regeneration nodes (7.8%), metastases (4.3%), hemangioma (2.8%) and cholangiocellular carcinoma (2.5%) were considerably more infrequent than HCC
 ADDIN EN.CITE 
[35]
. Primary sclerosing cholangitis, but also chronic cholangites in Caroli syndrome, fasciola hepatica fluke infestation (www.efsumb.org) or hepaticolithiasis as well as chronic hepatitis B and C and hepatic cirrhosis are predisposing factors for the development of a CCC
 ADDIN EN.CITE 
[74-77]
.

HCC: HCC show increased enhancement in the arterial phase compared to the surrounding liver parenchyma; however less vascularized hepatocellular carcinomas are observed in up to 10% of patients
 ADDIN EN.CITE 
[78]
. Angioinvasion is typical of HCC and demonstration of a portal venous thrombosis indicative. Color duplex ultrasound is important and CEUS decisive for differentiating between banal portal venous thromboses and tumor thromboses. It is possible to demonstrate (arterial) blood flow signals in a tumor thrombus, but not in a purely coagulative thrombus. On use of echosignal boosters the HCC typically shows an arterial hyperenhancement of the tumor compared to the circumferential liver tissue, while no contrast is yet apparent in the surrounding liver. A chaotic vessel pattern typically stands out in HCC as a sign of neovascularization
 ADDIN EN.CITE 
[78]
. Diagnostic criteria for HCC in patients with hepatic cirrhosis will not be more extensively dealt with in this article on the grounds of its specific terms of reference, and readers are directed to the current guidelines and the accompanying commentaries
 ADDIN EN.CITE 
[21,79-83]
. Only passing reference can be made too to the important and much discussed differential diagnosis of cholangiocellular carcinomas in the cirrhotic liver
 ADDIN EN.CITE 
[80,84]
. 
Special case of HCC in the non-cirrhotic liver: HCC is observed in up to 15%-20% of cases in the non-cirrhotic liver
 ADDIN EN.CITE 
[85]
. The majority of these HCC (“nearly all”) already appear hypervascularized in native color Doppler ultrasounds. In such cases it is possible that they may be confused with other hypervascularized liver tumors (FNH, HCA or hypervascularized metastasis). CEUS facilitates the correct procedure in nearly all these HCC (biopsy), since all HCC cases observed by us showed hypoenhancement in the healthy liver parenchyma in the portal venous phase. 
HCC, ICC, ECC and guidelines: Guidelines for clinical practice have become an integral part of the diagnosis and treatment of patients around the world. They provide an invaluable source of diagnostic algorithms, recommended treatments, safety information, and training procedures. A discussion of currently published guidelines has been recently introduced
 ADDIN EN.CITE 
[21,80-84,86]
 and will be summarized. 
The American Association for the Study of Liver Diseases (AASLD) updated their 2005 Practice Guidelines41[]
 in July 2010, eliminating CEUS from the diagnostic algorithm for HCC, regardless of lesion size42[]
. The reasons for this were two-fold: CEUS may cause false positive HCC diagnosis in patients with cholangiocarcinoma, and CEUS is not available in the United States. The revised guidelines are not in agreement with the guidelines and recommendations of the EFSUMB, which includes CEUS in the characterization algorithm for FLL in non-cirrhotic patients as well as in cirrhotic patients with lesions > 2 cm in size that emerge during a surveillance regimen
 ADDIN EN.CITE 
[2]
. The AASLD guidelines suggest only enhanced 4-phase multi-detector CT or dynamic contrast-enhanced MRI for the characterization of nodules > 1 cm in size. The Asian Pacific Association for the Study of the Liver recommendations on hepatocellular carcinoma states that CEUS is as sensitive as dynamic CT or MRI in the diagnosis of HCC87[]
. This dichotomy of clinical opinion presents difficulties for the physician attempting to optimize diagnostic potential for patients based upon imaging expertise on a case-by-case basis. 

The rationale for the current AASLD guideline change was based on a single retrospective 21 patient case study from the Barcelona Hepatologist Group, which reported that intrahepatic peripheral cholangiocarcinoma (ICC) may occasionally (10 of 21 patients in mainly small nodules) display a vascular pattern similar to the vascular pattern considered indicative of hepatocellular carcinoma in CEUS, possibly leading to incorrect diagnoses
 ADDIN EN.CITE 
[73]
. There is no dispute that CEUS can, and perhaps should be, combined with other imaging modalities to make a definitive diagnosis in difficult cases. However, legitimate concerns have been raised over whether CEUS should be entirely removed from important guidelines based upon a single, relatively small-scale study
 ADDIN EN.CITE 
[88]
. In contrast, recent studies from multiple investigators have produced extensive quantitative and qualitative data that suggest that CEUS is indeed valid as a primary diagnostic imaging modality in the characterization of HCC: These data are clearly supportive of the reinstatement of CEUS in the AASLD guidelines. The purpose of this review is to summarize these studies in order to enhance the need for the continued use of CEUS as a pivotal diagnostic imaging tool in FLL diagnosis.

Importantly, ICC can also present variable enhancement patterns that relate to tumor size and cellular content. Chen et al89


[ ADDIN EN.CITE ,90]
 confirmed that whereas smaller ICC can present with homogeneous enhancement patterns similar to HCC, larger tumors may show diverse patterns due to compression-induced central hypovascularity and necrosis. Unfortunately, Vilana et al[73] did not address the developmental stage or cellular morphology of the ICC lesions evaluated by CEUS in their study. Even benign lesions can occasionally be misdiagnosed because of LP hypoenhancement; this can occur in lesions that contain scar tissue or pronounced fibrosis
 ADDIN EN.CITE 
[54]
. Knowledge of these pathomorphological enhancement and vascular patterns in FLL, and HCC/ICC in particular, can be a critical factor in differential diagnosis. The use of a blood pool UCA like SonoVue® is highly beneficial in that it can aid demonstration of the hemodynamics and microvascular morphology of the liver and lesion in continuous real-time.

Several studies have suggested that CEUS is at least equal to CT and MRI for the diagnosis of FLL, including the differential diagnosis of HCC/ICC. Chen et al. compared enhancement patterns of pathologically proven ICC from 40 patients undergoing CEUS with SonoVue® with those generated in contrast-enhanced CT (CECT)
 ADDIN EN.CITE 
[90]
. They found that the correct diagnosis was made in 80% of the lesions at CEUS but in only 67.5% of the lesions at CECT. The arterial phase (AP) enhancement was consistent for both modalities, but the portal venous (PV) wash-out at CEUS was more pronounced than that at CECT. Visualization of the four enhancement patterns was equivalent in both modalities, indicating that it is pathophysiology, not the technology, which determines the enhancement pattern. Their conclusion was that CEUS as at least equivalent to CECT for the characterization of ICC.

Another study to assess the concordance of enhancement patterns at CEUS, CECT, and contrast-enhanced MRT (CEMRI) looked at 144 confirmed FLL including 49 HCCs91[]
. Randomized image sets from each modality were evaluated by three blinded readers who answered identical questions regarding enhancement patterns and temporal changes in AP and PV enhancement. AP enhancement showed a mean concordance of > 76% across modalities. Concordance in the PV phase was lower at 61%. The majority of discordances were malignancies where sustained PV phase enhancement was seen at CECT and CEMRI but not at CEUS; included in this group were 18 HCCs, 6 metastases, and 3 ICCs. The authors concluded that this result was due to the aforementioned tendency of CT and MRI contrast agents to diffuse into the interstitium from the leaky vessels of malignant lesions. Benign lesions showed sustained PV enhancement in all imaging modes. A further illustration of the importance of timing issues in comparing imaging modes for FLL was demonstrated in the examination of hemangiomas65[]
; some smaller, rapidly enhancing hemangiomas showed trademark centripetal progression only with real-time CEUS.

The conclusions from numerous studies, including the DEGUM multi-center trial
 ADDIN EN.CITE 
[34,36]
, are that CEUS is an appropriate rapid first diagnostic procedure following initial identification of liver lesions by non-enhanced ultrasound in clinical routine and that it is diagnostically non-inferior to CECT/CEMRI.

Benign liver tumors in a cirrhotic liver: Benign liver tumors should theoretically occur just as frequently in a cirrhotic liver as in patients with healthy livers
 ADDIN EN.CITE 
[21,78,81,83]
. Most studies report the opposite
 ADDIN EN.CITE 
[35,36]
. Before resection of hepatocellular carcinomas which may be susceptible to curative treatment otherwise benign and in particular hypervascularized liver tumors (FNH, hepatocellular adenoma, shunt hemangioma, metastases especially of neuroendocrine tumors
 ADDIN EN.CITE 
[47,48]
) should be excluded in order to avoid incorrectly indicated operations. 
Patients with otherwise predisposing diseases

They are many kinds of patients with otherwise predisposing diseases. Examples here include hyperechoic adenomas in glycogen storage diseases, hemangiomata related to genetic syndromes with angiomatous malformations, focal biliary cirrhotic nodes in cystic fibrosis
 ADDIN EN.CITE 
[92]
. Readers are directed to specialist textbooks27[,49]
.

The work-up of fortuitously discovered focal liver lesions is guided by contextual information from the clinical history, from which can be inferred the relative probability of malignant and clinically relevant benign lesions, the differential diagnostic spectrum and the utility of histological confirmation.

HYPERECHOIC LIVER LESION
Asymptomatic patient

The most common hyperechoic (or better: more strongly echogenic) focal liver lesion is hemangioma, which is observed three times more often in women than in men (> 95%). Most hemangiomas (approximately 70%) are “typical” (Table 1) and can be correctly identified by conventional B-mode and color Doppler sonography; further measures are not necessary. In about 30% of patients there will be an atypical criterion, and in such cases contrast enhanced imaging procedures can be used (CEUS, MRI)
 ADDIN EN.CITE 
[65,91,93-100]
. It should also be mentioned that hemangiomas in patients with fatty livers (hepatic steatosis) can appear to be isoechoic or hypoechoic compared to hyperechoic parenchyma. Lesions suspected of being hemangiomas which hypoattentuate in the portal venous phase after contrast medium administration should be biopsied and histologically confirmed65[]
.

Special features of hemangiomas: Two signs typical of hemangiomas are peripheral nodular contrast medium enhancement and the iris-diaphragm phenomenon. The peripheral globular contrast medium enhancement is complemented by the centripetally progressive (partial) fill-in of the hemangioma (Figure 1). 
Unfortunately this typical contrast medium representation overlaps with the pattern in liver metastases arising from gastrointestinal carcinomas, and it is possible to confuse them
 ADDIN EN.CITE 
[47]
. Unlike metastases, which in the late phase progressively show less strongly echogenic contrast compared to normal liver tissue, hemangiomas are on a sustained basis more strongly enhanced than their surroundings. 

The expression “high-flow hemangioma” (10% of hemangiomas), which is used in computer tomography, was marked by early onset and offset of contrast medium and can in our opinion be better described by the expression “shunt hemangioma”, since this hemangioma is characterized by arterial-portal venous shunts. Shunt hemangiomas are characteristically rather small (< 20 mm) and are typically found in areas of variable fatty degeneration compared to enveloping liver tissue. Normal liver tissue is predominantly (80%) perfused with lipid- and hormone-containing portal venous blood, whereas arterially perfused shunt hemangiomas show a lower lipid and insulin concentration than portal venous blood, which also leads to a lesser degree of fat deposition in surrounding hepatocytes. It is also known through angiographic and magnetic resonance tomographic studies that arteriovenous and/or portal venous shunts can lead to earlier contrast medium fill-in of the hemangioma65[]
 (Figure 2). 

Liver hemangiomas can be solitary, but may also be multifocal and in very rare cases (in childhood) diffuse. An association with FNH is also not uncommon
 ADDIN EN.CITE 
[24,101,102]
. Readers are directed to the literature regarding special features of biopsy in hemangiomas
 ADDIN EN.CITE 
[53,55,56]
 and rare hemangioma subtypes65[]
. Ultrasound findings in 400 patients with hemangioma examined by CEUS habe been recently published (Table 2)
 ADDIN EN.CITE 
[81]
. 

Symptomatic patient 

Very large hemangiomas can through extrusion, compression and very seldom hemorrhage themselves give rise to symptoms. Fundamentally, the criteria described for asymptomatic patients apply to symptomatic patients too. The indication for biopsy and histological confirmation may perhaps be more permissively made in daily routine if a multiplicity of confusing additional findings is present.
Differential diagnosis

In the differential diagnosis, consideration must be given to regional fat degeneration zones (which can often be unequivocally characterized based on their localization
 ADDIN EN.CITE 
[103-106]
), hyperechoic hepatocellular adenoma (particularly in storage diseases, which are extremely rare)
 ADDIN EN.CITE 
[45,66,107]
 and neuroendocrine tumor metastases
 ADDIN EN.CITE 
[47,48]
, which in their early form can look remarkably like hemangiomas. Many rare causes of hyperechoic tumors have been described49[]
 and are only relevant insofar as indeterminate findings must be biopsied and histologically confirmed if a therapeutic decision is to emerge. Old abscesses and echinococcoses
 ADDIN EN.CITE 
[53,108]
 and a miscellany of other disease syndromes should be borne in mind in the individual case. 

ISOECHOGENIC LIVER LESION
The most commonly isoechogenic liver lesions are focal nodular hyperplasia, hepatocellular adenoma, hepatocellular carcinoma and isoechogenic metastases. All these entities should be considered in symptomatic and asymptomatic patients equally, although the incidence profile is different. All isoechogenic lesions should be investigated using a contrast enhanced imaging technique. Late-phase contrast medium hypoenhancement is a decisive indication for biopsy. 

Asymptomatic patient

In asymptomatic patients the differential diagnosis of FNH and HCA is the main objective. Both entities are far more commonly found in female patients. About 20% of FNHs occur multifocally, and co-association with hemangiomas is not uncommon
 ADDIN EN.CITE 
[24,101,102,109]
. It is important to exclude malignant differential diagnoses with a high degree of certainty, which is only possible with recourse to a contrast enhanced technique. 

Focal nodular hyperplasia and hepatocellular adenoma: It has become possible to differentiate focal nodular hyperplasia from hepatocellular adenoma through echosignal-boosted ultrasonography
 ADDIN EN.CITE 
[66,81,110]
. Unlike in FNH, portal veins and bile ducts are not present in hepatocellular adenoma. The two can therefore be differentiated through analysis of the portal venous phase
 ADDIN EN.CITE 
[45,66]
, which shows a typical hypoenhancement with HCA. 
FNH typically exhibits arterial increased enhancement, which tends to be very marked in the first few seconds. Centrifugal (70%) or eccentric (30%) enhancement through one (or, in larger tumors, several) afferent correspondingly situated arteries is a diagnostic pointer. Further tumor enhancement takes place through a vessel architecture radiating out from this artery. FNH shows in the portal venous and later phases at least low-grade increased enhancement in about 95% provided that bubble destruction does not lead to an error of interpretation50[]
 (Figures 3 and 4). 

In the arterial phase hepatocellular adenoma is hypervascularized, without however the characteristic vessel architecture described for FNH. Compared to the surrounding liver parenchyma, there is slightly poorer contrast medium enhancement in the portal venous and at least in the late phases (> 20 min), making it possible in most cases to differentiate it from FNH. Contrast medium enhancement in the late phase is a decisive indication for liver biopsy. Ultrasound findings in 424 patients with FNH and 36 patients with HCA examined by CEUS are summarized in Table 3
 ADDIN EN.CITE 
[21]
.

Possibilities of error: Differentiating hepatocellular adenoma from highly differentiated hepatocellular carcinoma
 ADDIN EN.CITE 
[111]
 is not possible by means of an imaging procedure, making it necessary to proceed to histological investigation of the tissue. It should be borne in mind here that error is inherent even in histological evaluation. Erroneous histological evaluations based on non-representative tissue samples and mixed forms of both tumors have been observed, with the result that in the individual case only resection and tissue preparation are unequivocal. Hepatocellular adenoma is frequently observed in patients with storage diseases
 ADDIN EN.CITE 
[107]
. Reliable tumor characterization of hepatocellular adenomas using imaging procedures is then only possible provided secondary regressive changes are not present, a phenomenon which is observed particularly with large (> 50 mm) adenomas. 
Symptomatic patient

In symptomatic patients the differential diagnosis of metastases and HCC is clinically of prime importance. Metastases can be identified with a high degree of reliability with CEUS in the portal venous and late phases due to their hypoenhancement. Biopsy and histological confirmation follow to determine the clinical course of action. Abscesses are diagnosed, contingent to severity, due to their avascularity. Hepatocellular adenomas should be included in the differential diagnosis in spite of their rarity, since they present in up to 30% of cases with nonspecific upper abdominal complaints, although they may also if very rarely manifest as acute abdominal pain (hemorrhage)
 ADDIN EN.CITE 
[24,45,66]
.

Differential diagnoses

It is important to note the variety of miscellaneous liver tumors. As a rule, where findings are unclear it is advisable to obtain histological confirmation or, if warranted by the clinical outcome, to proceed to surgery (q.v. also “Differential diagnoses of hypoechoic liver lesions”).
HYPOECHOIC LIVER LESION
The origin of hypoechoic lesions is considerably more varied and confusing. All hypoechogenic lesions (with the exception of those which can safely be categorized as regionally distinct fat degeneration zones) should be investigated using a contrast enhanced imaging technique. Evaluation with CEUS in the portal venous and late phase is determinant in this context, and contrast medium hypo-enhancement in the late phase a decisive indication for liver biopsy.
Asymptomatic patient 

In asymptomatic patients with fatty liver syndrome the differential diagnosis of FNH and HCA is of prime importance. Malignant differential diagnoses must be excluded with a high degree of certainty, and this is only possible using a contrast enhanced technique. 

Special features of focal fat sparing: Regional areas of focal fat sparing are found in almost all patients with fatty liver
 ADDIN EN.CITE 
[21,103-105]
 and are only seldom a diagnostic challenge. In terms of color duplex ultrasound both focal fat deposition and focal sparing are in themselves inconspicuous; neither increased nor decreased blood perfusion is recognizable, since the liver tissue is in principle still normal tissue. The centrally situated afferent arterial and efferent venous vessels are typical, and can be recognized in many cases with the use of good instrument technology and a corresponding investigative technique (www.efsumb.org, case of the month). Even in the echosignal-boosted sequence regionally distinct fat infiltration zones are apparent in contrast medium dynamics with centrally afferent artery and later as normal liver tissue. 
In the arterial phase afferent vessels can be displayed; in the portal venous phase they do not differ from their surroundings and can therefore be differentiated from true neoplastic entities. In this problem area CEUS is better than all other procedures (Figure 5).

Symptomatic patient 

In symptomatic patients the differential diagnosis of metastases (Figure 6) and HCC (Figure 7) is clinically of prime importance, the former being identifiable with a high degree of certainty using CEUS in the portal venous and late phase on account of their hypoenhancement. Biopsy and histological confirmation follow to determine the clinical course of action. Inflammatory processes are diagnosed depending on the severity of the condition through their uneven enhancement (inflammation) or avascularity (abscess). 

Differential diagnoses

Attention should be given to the wide range of miscellaneous liver tumors which are set out in the current literature and in textbooks27[,49]
. As a rule, where findings are unclear it is advisable to obtain histological confirmation or, if warranted by the clinical outcome, to proceed to surgery. The main features of hepatic abscess have been published
 ADDIN EN.CITE 
[2,112,113]
. Typical enhancement patterns are summarized in Table 4. The evidence from the German DEGUM study illustrates the key role that CEUS plays in diagnostic imaging of FLL, therefore, we discuss the study in more detail in refer to explanatory references
 ADDIN EN.CITE 
[21,81]
. 
Discussion of the DEGUM multicenter trial: In total, 1349 patients (677 men and 672 women; mean age 59.8 years; range 12-91 years) were prospectively recruited at fourteen ultrasound centers
 ADDIN EN.CITE 
[29]
. In the majority of patients (n = 841; 62.3%) the FLL was an incidental finding. Underlying liver cirrhosis was present in 234 patients (17.3%) while 364 patients (27.0%) were known to have an extrahepatic malignancy. Patients with liver lesions that could be diagnosed by B-mode ultrasound, such as cysts or distinctive hemangiomas, were not included in the study. These patients would not proceed for further examination in routine practice. Also excluded from the study were patients with malignant liver tumors that showed infiltration into the hepatic vasculature. 
CEUS can be considered at least equal to, and in some ways superior, to CECT and CEMRI as a diagnostic tool. The reasons for differences between the modalities in lesion assessment may be method-related; the volume of micobubbles injected as a bolus (1.2-4.8 mL) administered over a period of a few seconds is more temporally sensitive than the larger volume of CT contrast agent (usually 100-150 mL) injected with a flow rate of 3-6 mL/min over 20-40 s. Diffusion of CECT contrast agent into the interstitium and the subsequent slow wash-out can result in erroneous diagnoses based upon PV enhancement patterns, where PV wash-out evident in CEUS may not be apparent in CECT. The pre-determined scan delay in CECT can miss the rapid initial wash-in and AP hypervascular response seen in CEUS. Extensive analyses has been done on the reasons for discordance between CEUS and CECT/CEMRI imaging in FLL, examining the effects of timing, diffusion, and fat content of the liver/lesion
 ADDIN EN.CITE 
[114]
. 

Liver tumour characterisation and other CEUS applications are described in more detail in currently published issues of Ultraschall in der Medizin (European Journal of Ultrasound)
 ADDIN EN.CITE 
[21,80,81,83,84]
. 
Along with clinical context and medical history echogenicity and ultrasound morphology set limits to the many-sided differential diagnostic spectrum of focal liver lesions. In determining whether a lesion is malignant or benign the late phase of contrast enhanced ultrasound is decisive, whereas diagnostic typing and characterization is particularly dependent on the evaluation of specific vascularization patterns in the arterial onset phase.

ADDITIONAL CEUS IMAGING TECHNIQUES
Contrast-enhanced endoscopic ultrasound techniques
 ADDIN EN.CITE 
[115,116]
, real-time 3D reconstructions
 ADDIN EN.CITE 
[86,117,118]
, CEUS-guided cholangiodrainage
 ADDIN EN.CITE 
[51]
 and other techniques have also been used to analyse liver tumour morphology but the mentioned techniques are not part of this manuscript. EFSUMB is currently preparing recommendations and guidelines on the use of elastography (strain imaging methods) which also deals with liver pathology and which will be published soon (see also www.efsumb.org). 

SUMMARY AND PERSPECTIVES
Computer tomography has only a limited pertinence in the characterization of liver tumors and is used essentially for staging. With CEUS it is possible to determine whether almost all liver tumors are malignant or benign by analysis of the portal venous and late phases. Based on oncological considerations this is followed by biopsy in patients with hypoenhancement in the portal venous and later phases, depending on whether knowledge of the histology will have a clinically applicable outcome. The predictive power of CEUS and other imaging procedures is limited in the cirrhotic liver. Attention must be paid to the special features of HCC and CCC in hepatic cirrhosis
 ADDIN EN.CITE 
[80,84]
. Dynamic ultrasound techniques
 ADDIN EN.CITE 
[119-121]
 for the objectification of findings and treatment outcomes as well as new indication ranges are undergoing evaluation. Transient elastography for the evaluation of liver tumors is very promising
 ADDIN EN.CITE 
[39,122-126]
 but has yet to establish itself as a routine method in this type of problem. 
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Figure 1
Hemangioma. Large hemangioma in B-mode (A), with typical peripheral nodular contrast enhancement (B) and centripetal fill-in (C).
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Figure 2 Shunt hemangioma. Shunt hemangioma are typically small (often < 20 mm) with abundant arterio(porto-)venous shunts (functionally described as high flow hemangiomas). They are often surrounded by less fat containing hypoechoic liver parenchyma (A, B) due to the dominant arterial blood flow in comparison to the reduced portal venous perfusion. Arterial contrast enhancement of the shunt-hemangioma is also shown (C, D). H: Hemangioma; F: less fat containing hypoechoic area. Reproduced with permission from reference Dietrich et al
 ADDIN EN.CITE 
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Figure 3 Teleangiectatic focal nodular hyperplasia. Pedunculated liver tumour, histologically teleangiectatic focal nodular hyperplasia with signs of peliosis. A: B-mode imaging shows heterogenous echogenicity; B: Contrast enhanced ultrasound reveals central arterial blood supply; C: Real-time elastography shows harder periphery and softer central portions of the lesion.
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Figure 4
Focal Nodular Hyperplasia. A: In addition to conventional contrast enhanced ultrasound (CEUS) parametric CEUS displays also the timeline of contrast enhancement (early enhancement in yellow, later enhancement in blue); B: Histologically proven. B-mode revealed isoechoic lesion, very difficult to identify. Share wave elastography revealed very hard tissue of the lesion, shown in red in comparison to the surrounding soft liver parenchyma. 
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Figure 5 Focal fatty sparing. A: Focal fatty changes may simulate masses on conventional B-mode ultrasound; B: In the arterial, portal venous and late phases, focal fatty changes show similar enhancement patterns to that of the adjacent liver parenchyma. contrast enhanced ultrasound is helpful for the identification of the centrally located arteries. Typically centrally located arteries (and often also portal venous branches and hepatic veins) can be identified. Dynamic Vascular Pattern improves contrast imaging. Reproduced with permission from reference Cui et al
 ADDIN EN.CITE 
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Figure 6 Liver metastasis. In contrast to the variably enhancing arterial phase (A-C) liver metastases are typically hypoenhancing during the portal venous (sinusoidal) phase (D) which facilitates their reliable diagnosis.
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Figure 7
Hepatocellular carcinoma with arterial hyperenhancement (A) and hypoenhancement in the portal venous phase (B).

Table 1
Typical criteria of hemangioma 
	B-mode Criteria

	

	Less than 3 cm in diameter

	Echo-rich structure

	Homogeneous interior

	Round or slightly oval shape

	Smooth outline 

	Absence of any halo sign

	Possible detection of feeding and draining vessel

	Absence of any signs of invasive growth

	Dorsal through-enhancement


Reproduced with permission from reference Dietrich et al[
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Table 2
Ultrasound findings in 400 patients with hemangioma n (%)
	Characteristics
	n = 400

	Mean size, cm
	2.6 ( 3.1 

	
	

	B-mode, echogenicity
	

	Echo-rich
	363 (91)

	Isoechoic or echopoor
	37 (9 )

	
	

	Vascularity assessed by colour Doppler imaging
	

	No intra-lesional vessels 
	379 (95 )

	Intra-lesional vessels (hypervascular)
	21 (5 )

	
	

	Peripheral nodular enhancement
	328 (82 )

	Strong homogenous arterial enhancement
	31 (8)

	No specific enhancement pattern or not determinable (e.g., due to size of the lesion, solitary fibrotic nodule)
	41 (10) 

	
	

	Complete iris diaphragm phenomenon 
	320 (80 )

	Incomplete iris diaphragm phenomenon 
	80 (20 )


Reproduced with permission from reference Dietrich et al[
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Table 3
Ultrasound findings in 424 patients with focal nodular hyperplasia and 36 patients with hepatocellular adenoma 
	
	Focal nodular hyperplasia 

n = 424
	hepatocellular adenoma 

n = 36

	
	424
	36

	Size of lesion, mm 

(range)
	49 ( 24 
(12 – 110)
	34 ( 22 
(20 – 120)

	
	
	

	Conventional B-mode ultrasound
	
	

	Echo texture
	
	

	Hypoechoic
	361
	81

	Isoechoic
	382
	20

	Hyperechoic
	6
	8

	Central scar
	241 
	0

	
	
	

	Colour / Power Doppler Imaging
	
	

	Hypervasular
	369
	33

	Radial vascular architecture
	234
	3

	
	
	

	Contrast-enhanced ultrasound
	
	

	Arterial phase enhancement
	424
	36

	(Early) Portal venous phase enhancement
	406
	6


1Depending on the technique and ultrasound machine used; all in a sonographically bright liver. Reproduced with permission from reference Dietrich et al
 ADDIN EN.CITE 
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Table 4
Typical enhancement pattern for the characterization of focal liver lesions 
	

	Lesion
	Arterial phase
	Portal venous and late phase

	
	
	

	Hemangioma 
(Figures 1 and 2)
	Circular vascular enhancement without central intratumoral vessels
	Nodular enhancement and “fill-in” pattern

	Focal nodular hyperplasia

(Figure 3-4)
	Radial centrifugal or “spoke wheel” pattern, then rapid, complete hyperhancement
	Iso- or hyperenhancement

	Focal fatty sparing 
(Figure 5)
	Central arterial blood supply
	Isoenhancement

	Metastasis
 (Figure 6)
	Asymmetrical, chaotic enhancement configuration
	Hypoenhancement

	Hepatocellular carcinoma (Figure 7)
	Hyperenhancement and disorganized vascularity
	Iso- or hyperenhancement, depending upon tumor differention
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