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Abstract
Liver tumours are fortunately rare in children. Benign tumours such as haemangiomas and cystic mesenchymal hamartomas are typically seen in infancy, often before 6 months of age. After that age, malignant hepatic tumours increase in frequency. The differentiation of a malignant from benign lesion on imaging can often negate the need for biopsy. Ultrasound is currently the main screening tool for suspected liver pathology, and is ideally suited for evaluation of hepatic lesions in children due to their generally small size. With increasing research, public awareness and parental anxiety regarding radiation dosage from CT imaging, MRI is now unquestionably the modality of choice for further characterisation of hepatic mass lesions.
Nevertheless the cost, length of imaging time and perceived complexity of a paediatric liver MR study can be intimidating to the general radiologist and referring clinician. This article outlines standard MR sequences utilised, reasons for their utilisation, types of mixed hepatocyte specific/extracellular contrast agents employed and imaging features that aid the interpretation of paediatric liver lesions. The two commonest paediatric liver malignancies, namely hepatoblastoma and hepatocellular carcinoma are described. Differentiation of primary hepatic malignancies with metastatic disease and mimickers of malignancy such as focal nodular hyperplasia (FNH) and hepatic adenomas are also featured in this review..
Imaging should aim to clarify the presence of a lesion, the likelihood of malignancy and potential for complete surgical resection. Reviewing and reporting the studies should address these issues in a systematic fashion whilst also commenting upon background liver parenchymal appearances. Clinical information and adequate patient preparation prior to MR imaging studies help enhance the diagnostic yield.
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Background
Primary hepatic tumours account for only 1–2 % of all childhood cancers [1]. After 6 months of age a newly identified liver mass in a child will be malignant in the majority of cases [2]. The commonest primary malignant liver tumours in childhood include hepatoblastomas and hepatocellular carcinomas (HCC) with the remainder comprising comparatively rarer sarcomas (e.g. undifferentiated embryonal sarcomas, angiosarcomas and biliary rhabdomyosarcomas) [3]. Metastatic liver lesions in children, like in adults, are commoner than isolated primary hepatic lesions and commonly originate from neuroblastoma or Wilms’ tumours [4].
The aims of imaging are therefore directed at answering three main issues – confirming the presence of a liver lesion(s), defining it’s precise extent and whether it can be confidently characterised. The latter two findings will govern the need for biopsy or the approach for potential surgical management. Accurate radiological assessment is crucial at this stage, as it may negate the need for biopsy with benign processes [5], or alternatively direct further imaging such as a chest CT for evaluation of potential pulmonary metastases. The extent and number of malignant lesions also provides useful information in guiding the need for adjuvant chemotherapy and/or suitability for listing the patient for potential liver transplantation.
This article will describe the method by which to address the aforementioned factors whilst providing a general overview of the imaging findings in the two commonest malignant paediatric hepatic tumours and pitfalls in their diagnosis and follow-up imaging.
Imaging approach
Ultrasound examination is the principal screening modality for identification of a suspected intra-abdominal mass in a child. Despite its ability to characterise the presence, size, solid component and vascularity of a liver mass - the mere presence of a lesion without an already established diagnosis should form the basis for further imaging with MRI. In some European centres, contrast enhanced ultrasound (CEUS) techniques may be adopted at this stage to help characterise likelihood of malignancy [6] and may inform the level of urgency for further MR assessment. CEUS is unfortunately not licenced for use in children and, although all the evidence suggests it is safe to use in young patients, it is not widely used as a consequence [7]. In addition, ultrasound is limited by its small field of view and subsequent difficulty in determining an accurate number or extent of liver lesions.
The advantages in utilising MRI for liver lesions include the lack of ionising radiation, good multi-planar spatial resolution (which in particular facilitates surgical planning) and excellent soft tissue characterisation. Nevertheless not all medical institutions possess the resources required to perform MRI studies in paediatric patients. This may be due to a variety of factors including cost, longer scanning times, the need for sedation in young patients, lack of local radiological expertise and machine availability. Where these limitations cannot be overcome or where urgent treatment and diagnosis are required, CT imaging may be performed, although the increased radiation burden and reduced soft tissue contrast makes it much less ideal [8]. If CT were performed to assess a hepatic mass lesion, we would advocate that a single portal venous phase CT is generally sufficient. In a child the size, vascularity and anatomical position of the lesion can all be assessed in the portal venous phase, and the other phases (non-contrast, arterial, delayed) add little diagnostic information [9].
When performing MR studies in children, adequate patient preparation can make a significant difference to the quality of the resultant images. Ideally patients should have nothing by mouth for 4 h prior to the study. Sedation or general anaesthesia may be needed (usually for those of ages less than 6–7 years) if the child is unable to hold his or her breath for longer than 20 s or if he or she cannot remain still for the approximately 45 min scan [10]. Occasionally, play specialists (Child Life) can be utilised in co-operative children as young as 5 years old to prevent sedation or general anaesthesia. Coils that are used can vary according to the size of the patient, but the smallest possible coil to achieve adequate coverage is recommended, and 8–32 phased-array surface channel coils are currently standard [11].
Despite the paucity of studies comparing diagnostic yield in liver lesion detection when utilising a 1.5 T versus 3 T magnet, our experience and those of other institutions are that a higher magnet strength produces better spatial resolution and is preferable in younger children when a choice exists [12, 13].
The length of the study can be variable and will be in part determined by patient co-operation (if un-sedated) and type of intravenous contrast agent used. Contrast agents for paediatric liver imaging fall predominantly into two subclasses, namely the typical extracellular agents (ECAs) used in most abdominal imaging, and mixed hepatocyte specific/extracellular agents. Both contrast agent subclasses include gadolinium-based media, containing a central gadolinium ion bound to a specific ligand, which determines the properties and anatomical distribution of the agent.
Mixed hepatocyte specific/extracellular agents are actively transported into hepatocytes and partially excreted through the biliary system. These therefore permit a more delayed ‘hepatobiliary phase’ imaging post administration allowing visualisation of the central biliary anatomy, thereby prolonging the length of the examination. Although routinely utilised with an excellent safety profile [14], they are technically ‘off label’ for use in paediatric liver imaging.
Examples of the two commonly used agents in this subclass include gadoxetate disodium (Gd-EOB-DTPA, marketed as Eovist/Primovist; Bayer HealthCare, Leverkusen, Germany) and gadobenate dimeglumine (Gd-BOPTA, marketed as Multihance; Bracco Imaging, Milan, Italy). Approximately 50 % of gadoxetate and 3–5 % of gadobenate is excreted through the biliary system, with the remainder excreted via the kidneys. Hepatobiliary phase imaging can be performed 20 min after injection of gadoxetate and 40 min after injection of gadobenate [15]. Both agents have been shown to help improve diagnostic confidence in identification of liver lesions in children, and in differentiating them from focal nodular hyperplasia (FNH) in particular [13, 16–18]. At our collective institutions, mixed hepatocyte specific/extracellular agents are routinely used during MR examinations in all patients with known or suspected hepatic lesion(s).
Standard liver imaging protocols usually consist of axial T1, axial (+/− coronal) T2 weighted fast/turbo spin echo sequences, axial 3D gradient recalled echo (GRE) sequences (out/in phase) or T1 DIXON GRE (to provide out/in phase with fat suppressed and water supressed images), axial (+/− coronal) balanced steady state free precession (SSFP), axial diffusion weighted images (DWI, b values 0, 100 and 800 s/mm2) and dynamic post contrast 3D or 4D GRE sequences (obtained in early arterial (10s after injection), arterial (at 20–30s after injection), portovenous (40–60s) and equilibrium (5 min)) and a delayed hepatobiliary phase [11, 19]. In order to save time, the pre-contrast T1 weighted images can be acquired as the first sequence, with the remaining sequences performed after contrast injection, and the delayed post-contrast hepatobiliary phase T1 weighted imaging performed last [18]. This capacity of multiple varied phases of contrast enhancement, with no additional radiation burden, is a significant reason why MRI is preferred to CT when evaluating liver lesions in children.
An informative article by Meyers et al. [11] details the paediatric liver MR sequences acquired at Cincinnati Children’s Hospital using gadoxetate disodium. The imaging protocol used at The Hospital for Sick Children, Toronto, where gadobenate dimeglumine is administered, can be found in the article by Chavhan et al. [18].

The clinical request form
Prior to reviewing the imaging, crucial information gleaned from the clinical request form can already guide the radiologist towards a list of potential differential diagnoses [4]. Age plays a key factor as hepatoblastoma, hepatic hemangiomas, mesenchymal hamartomas and metastatic disease from neuroblastoma or Wilms’ tumours present mostly within the first 3 years of life [20] while hepatocellular carcinoma (HCC), FNH and hepatic adenomas occur chiefly in older children and adolescents.
Clinical tumour markers, if available to the radiologist, are also important. The alpha-fetoprotein (AFP) level in particular is key, as this is elevated in the majority of patients with hepatoblastomas and HCCs [21, 22]. It is noteworthy here too that it has recently become apparent that some ‘non-AFP secreting hepatoblastomas’, previously deemed higher risk disease, are actually hepatic rhabdoid tumours [23]. AFP has also been demonstrated to be an excellent marker in predicting tumour recurrence during follow-up with one 10 year retrospective study reporting no imaging identifiable relapses from hepatoblastoma without an abnormal elevation of serum AFP levels [24].
Patients with certain background medical histories (such as Beckwith Wiedemann syndrome, Familial adenomatous polyposis (FAP)) are prone to develop hepatoblastomas, whereas those with underlying glycogen storage diseases, biliary atresia, alpha-1 anti-trypsin deficiency and tyrosinaemia are prone to developing HCC. Children with a history of a treated solid tumour with chemotherapy and/or radiation therapy have also been shown to have a predisposition towards the development of FNHs [25].
Finally, it is also important to consider whether the patient is suffering from background liver disease, such as decompensated liver cirrhosis, which will reduce the level of hepatocyte uptake and biliary excretion of mixed hepatocyte specific/extracellular contrast agents [26] and hinder image interpretation. Unfortunately the degree to which this occurs does not appear to correlate to serum markers of liver function [27], so cannot be accurately predicted.

Review of imaging/Useful sequences
After reviewing the clinical information, a systematic approach should be adopted during image review and reporting, ensuring that the following issues are addressed:	1)Lesion presence, number, anatomical location and imaging characteristics,


 

	2)Background liver parenchymal appearances,


 

	3)Evidence of metastatic spread, vascular or biliary complications,


 

	4)Other non- hepatobiliary findings (such as presence of primary suprarenal or renal mass and/or lymphadenopathy).


 




                        
In identification of liver lesions, many authors have purported the usefulness of the low b-value diffusion weighted images (b = 50–100 s/mm2), with lesions being more apparent on this sequence than on the usual T2 weighted sequences [28–30] (Fig. 1).[image: A40644_2016_83_Fig1_HTML.gif]
Fig. 1Multiple areas of focal nodular hyperplasia in a 17 year old patient with prior history of right hepatectomy for hepatoblastoma. (a) Diffusion-weighted imaging (b = 50 s/mm2) allows for improved detection of the multiple liver lesions than (b) the axial T2-weighted fat-saturated sequence




                        
The most crucial sequences in lesion differentiation include the pattern of contrast enhancement during dynamic and delayed hepatobiliary phases of imaging [11, 31]. Some typical and atypical findings of the commonest paediatric liver lesions are described later.
In adult patients, the use of ADC values in the characterisation of liver lesions has been limited [32]. There is a paucity of paediatric studies on this topic and therefore care should be taken when relying on diffusion-weighted characteristics for purposes of differentiating benign from malignant lesions [33].
Interpretation of the background liver parenchyma for diffuse liver disease, steatosis, fibrosis and iron deposition should also not be forgotten. Newer techniques such as MR elastography can help to quantify the degree of fibrosis, if needed, albeit little used in children to date [34, 35]. Multi-echo gradient imaging is helpful in assessing features such as steatosis and iron deposition (siderosis), with hepatic siderosis appearing more pronounced in image sequences obtained at longer TE times, as demonstrated by loss of signal intensity within the liver parenchyma [36, 37].

Paediatric liver tumour characteristics
Hepatoblastoma
A hepatoblastoma is the most common primary hepatic malignancy in the paediatric population. A typical hepatoblastoma on MRI is heterogeneously hyperintense on T2 weighted images, hypointense on T1 weighted imaging and enhances in a heterogenous fashion, although remaining on the whole hypointense when compared to the background liver parenchyma in all phases of enhancement [11, 38] (Fig. 2). Calcification within the mass is present in 50 % of cases and haemorrhage and necrosis may also occur in variable amounts leading to the heterogenous signal intensity [4].[image: A40644_2016_83_Fig2_HTML.gif]
Fig. 2Hepatoblastoma in a 4 year old patient. The (a) axial T1-weighted fat saturated imaging of the lung bases demonstrates multiple pulmonary metastases. On (b) T1-weighted fat-saturated pre-contrast imaging, the hepatic mass has internal heterogenous signal intensity, with overall hypointensity compared to background liver parenchyma. It is mildly hyperintense compared to the liver parenchyma on (c) the T2-weighted fat saturated sequence. On (d) portal venous phase imaging, post gadobenate dimeglumine administration, the lesion has internal heterogeneous enhancement




                           
Hepatoblastomas may also demonstrate atypical radiographic and clinical features [11]. Small cell undifferentiated subtypes of hepatoblastomas may not be associated with raised AFP levels [39]. Meyers et al. [11] report two cases of hepatoblastomas with avid enhancement during the hepatobiliary phase of imaging which, on pathology were reported to display teratoid features. The authors propose this enhancement may possibly relate to internal functioning hepatocytes. We have also noted in a few hepatoblastoma cases with fetal histology that the tumours have accumulated the hepatocyte specific agent, perhaps because these tumours contain some persisting hepatocyte functioning also.
Malignant paediatric hepatic tumours (predominantly hepatoblastoma, but also HCC) are staged prior to commencement of therapy according to the PRETreatment EXTent of tumour (PRETEXT) system, designed by the International Childhood Liver Tumor Strategy Group (SIOPEL) [40]. The staging has been shown to correlate closely to prognosis and survival (for children with hepatoblastoma and fibrolamellar hepatocellular carcinoma [41]) and has a good inter-observer reproducibility [42].
The latest version of this staging system, established in 2005, requires the radiologist to delineate the number of anatomical sections that are involved and those that are free of tumour. There are 4 anatomical sections described in the staging system which are divided based on groupings of the Couinaud’s segmentation of the liver. The PRETEXT score represents the number of contiguous sections that must be resected to completely excise the tumour.
Additional imaging information for PRETEXT staging including hepatic, portal venous and IVC involvement (Fig. 3), lymph node enlargement, tumour rupture, presence of distant metastases and, albeit rare, extrahepatic abdominal spread of disease should be commented upon. If pre-operative chemotherapy has been instigated, it is recommended that repeat imaging be performed prior to any surgical intervention, and restaged in the same manner, recorded as the ‘POSTEXT’ staging [40].[image: A40644_2016_83_Fig3_HTML.gif]
Fig. 3Metastatic hepatoblastoma with inferior vena cava (IVC) and right hepatic vein thrombus (white arrows) in a 2 year old boy. After administration of gadobenate dimeglumine, the (a) arterial phase T1-weighted fat-saturated imaging demonstrates a filling defect in the affected vessels. Thrombosis was subsequently confirmed and identified on (b) portal venous phase post-contrast imaging on CT and (c), (d) ultrasound imaging of the IVC with and without colour doppler overlay respectively




                           

Hepatocellular Carcinoma (HCC)
HCC is the most common primary hepatic malignancy in adolescence and the second most common primary paediatric malignancy of the liver. Paediatric HCC differs from adult-type HCC in several important ways. First, pre-existing liver disease is only present in 30–50 % of paediatric patients [38, 43]. While cirrhosis is the most common risk factor for developing HCC in adults, it is much less common in children living in the Western world, occurring in only 20–25 % of patients [38]. In addition, there are molecular differences of paediatric HCC including a higher rate of c-met gene mutations, a higher rate of loss of heterozygosity on chromosome 13q, and lower levels of cyclin D1 [38].
Unfortunately, the prognosis for HCCs occurring in children tends to be poorer than those observed in adults [4], with adolescent patients more commonly affected than young children [44]. Typical MRI features of HCC include avid arterial phase enhancement with wash-out on the portal venous phase of enhancement, compared to the background liver parenchyma. With hepatobiliary phase imaging, the lesion remains hypointense to adjacent liver, although rarely, atypical or early HCCs may demonstrate enhancement [27].
The fibrolamellar variant of HCC is more commonly seen in young adults (Fig. 4). It is hyperintense on T2 weighted sequences and hypointense on T1 weighted sequences compared to background liver, with some demonstrating a hypointense central scar [20]. Post contrast, these tumours tend to demonstrate arterial enhancement with washout in the portovenous phase and remain hypointense in the hepatobiliary phase. There is not normally any enhancement of the central scar [26].[image: A40644_2016_83_Fig4_HTML.gif]
Fig. 4Fibrolamellar variant of hepatocellular carcinoma in a 15 year old patient. The hepatic lesion is hypointense to background liver parenchyma on (a) pre-contrast T1-weighted sequences with heterogenous internal enhancement after administration of gadoxetic acid in (b) arterial phase and (c) porto-venous phase imaging. There is gradual washout of contrast on the (d) 5 min delayed and (e) 20 min delayed imaging. Note the excretion of contrast material within the common bile duct allowing localisation of the mass and its relation to the biliary system, aiding surgical planning




                           
Fibrolamellar HCC is often included in a differential diagnosis list with focal nodular hyperplasia due to the presence of a central stellate scar. However, it can be differentiated from FNH based on the appearance of the central scar and the appearance of the tumour on the hepatobiliary phase. Fibrolamellar HCC has a hypointense scar on T2-weighted images while FNH has a hyperintense scar on the same sequence. On the hepatobiliary phase of enhancement fibrolamellar HCC is hypointense to the background liver while FNH is isointense to hyperintense to the background liver.


Metastatic disease
Metastases from non-hepatic primary malignancies are commoner than those from primary hepatic tumours in general (such as those from Wilms’ tumours and neuroblastomas [44]). Liver metastases are typically hyperintense on T2 weighted images (although they can also be of intermediate signal intensity) and hypointense on noncontrast T1 weighted images [20]. Neither hyper nor hypovascular metastases enhance in the hepatobiliary phase of contrast [11].
Neuroblastoma metastases tend to demonstrate peripheral enhancement on arterial phase imaging with central progression of enhancement and peripheral washout on portal venous phase sequences. In some cases, they may also remain isointense [45]. A potential pitfall may arise when trying to differentiate such features from multifocal infantile hemangioendotheliomas [46], however the presence of additional metastases (such as bone lesions) or the primary tumour (which may be an adrenal, retroperitoneal or paravertebral mass) with MIBG avidity and elevated levels of urinary catecholamines will help to clinch the diagnosis.

Focal Nodular Hyperplasia (FNH) and hepatocellular adenomas
As previously mentioned, mixed hepatocyte specific/extracellular agents are useful in helping to differentiate FNHs from other hepatic lesions. The presence of normal functioning hepatocytes within the FNH allow uptake of this contrast. There is enhancement of the FNH in the arterial phase due to contrast material leaking from the vascular space into the interstitial space, however during the hepatobiliary phase of imaging there is active hepatocellular uptake (depending on presence of transporter proetein OATP1B1/3 [47]) and therefore persistent lesion enhancement (Fig. 5). This feature helps to differentiate FNH from other malignant lesions, which typically demonstrate contrast wash-out when compared to normal liver parenchyma [20] (Fig. 6).[image: A40644_2016_83_Fig5_HTML.gif]
Fig. 5Focal nodular hyperplasia in a 14 year old female patient. The hepatic lesion is hypointense to background liver parenchyma on (a) pre-contrast T1-weighted fat-saturated sequences. There is avid enhancement of the lesion post gadobenate dimeglumine administration in (b) the arterial phase, with eventual homogenous enhancement of the lesion and central scar in the (c) portal venous and (d) equilibrium phases. The delayed (e) 30 min and (f) 45 min images show the lesion enhancing to a similar intensity as the background liver parenchyma




                           [image: A40644_2016_83_Fig6_HTML.gif]
Fig. 6Multiple areas of focal nodular hyperplasia in a 17 year old patient with prior history of right hepatectomy for hepatoblastoma. Same patient as in Fig. 1. On the (a) pre-contrast T1-weighted fat-saturated images, the liver lesions are not visualized. Post gadobenate dimeglumine administration in (b) arterial phase imaging, there are multiple avidly enhancing lesions throughout the liver. These demonstrate similar internal signal intensity to the background liver parenchyma in (c) portal venous, (d) equilibrium and (e) 40 min delayed phases of imaging. There is no wash out of contrast material to suggest metastatic disease




                        
A pitfall in interpretation may occur when trying to differentiate FNHs from regenerative nodules, as both can be hyperintense in the hepatobiliary phase. Whilst pre-contrast features can sometimes be helpful in making the differentiation, it may be difficult in scenarios where there is haemorrhage or fatty deposition within the FNH, or in the presence of background liver disease. Lesions that do not conform to those of a typical FNH therefore warrant biopsy [18].
Hepatocellular adenomas also contain hepatocytes (like FNH), although not malformed biliary ducts. Fat content may be present within them, but is non-specific for the diagnosis [46]. Currently, four subtypes of hepatocellular adenomas are recognized: inflammatory, hepatocyte nuclear factor 1 alpha (HNF-1α) mutated, β-catenin mutated and unclassified. Each subtype has unique clinical, imaging and/or histopathologic findings [48, 49]. Adenomas have variable signal characteristics based on internal fat content, hemorrhage and histologic subtype. It should be noted that with the exception of the β-catenin (most commonly seen in the paediatric population) and inflammatory subtypes, most other hepatocellular adenoma subtypes are hypointense to the surrounding normal liver during the hepatocyte phase allowing radiologists to differentiate these lesions from FNH. Inflammatory and β-catenin subtypes of adenomas may appear iso/hyperintense during the hepatocyte phase and can be difficult to distinguish from FNH [50, 51].


Conclusions
MR imaging for characterising paediatric liver tumours provides excellent soft tissue contrast. The usage of mixed hepatocyte specific/extracellular contrast agents allows for better lesion characterisation and location, particularly with respect to the biliary system and for differentiating FNH from other liver lesions.
Imaging should aim to clarify the presence of a lesion, the likelihood of malignancy and potential for complete surgical resection. Reviewing and reporting the studies should address these issues in a systematic fashion whilst also commenting upon background liver parenchymal appearances. Clinical information and adequate patient preparation prior to MR imaging studies help enhance the diagnostic yield.

Acknowledgements
None.
Funding
Not applicable.

Availability of data and materials
Not applicable.

Authors’ contributions
SS and KMcH conceived of the topic for the review and drafted the manuscript. All authors have read, edited and approved the final manuscript.

Authors’ information
All authors have been informed about the submission and author affiliations have been provided.

Competing interests
KMcH is a member of the UK Academic Radiology Steering Committee of Bayer plc.
AJT	1.Guerbet – Consultant, unrestricted grant


 

	2.Siemens – Unrestricted grant


 

	3.Merge Healthcare – Shareholder


 

	4.Applied Radiology – Consultant


 

	5.Elsevier – author, royalties


 




                        

Consent for publication
Not applicable.

Ethical approval and consent to participate
Not applicable.



                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Stocker JT. Hepatic tumors in children. Clin Liver Dis. 2001;5(1):259–81.CrossRefPubMed

2.
Lopez-Terrada D, Finegold MJ. Tumors of the liver. In: Suchy FJ, Sokol RJ, editors. Liver disease in children. 4th ed. Cambridge: Cambridge University Press; 2014. p. 728–9.CrossRef

3.
Ishak KG, Goodman ZD, Stocker JT. Tumors of the liver and intrahepatic bile ducts. Washington: Armed Forces Institute of Pathology; 2001.

4.
Adeyiga AO, Lee EY, Eisenberg RL. Focal hepatic masses in pediatric patients. AJR Am J Roentgenol. 2012;199:W422–40.CrossRefPubMed

5.
Alqatie A, Mann E, Moineddin R, Kamath BM, Chavhan GB. Solitary liver lesions in children: Interobserver agreement and accuracy of MRI diagnosis. Clin Imaging. 2015;39:442–8.CrossRefPubMed

6.
Jacob J, Deganello A, Sellars ME, Hadzic N, Sidhu PS. Contrast Enhanced ultrasound (CEUS) characterization of grey-scale sonographic indeterminate focal liver lesions in pediatric practice. Ultraschall Med. 2013;34(6):529–40.CrossRefPubMed

7.
Darge K, Papadopoulou F, Ntoulia A, Bulas DI, Coley BD, Fordham LA, et al. Safety of contrast-enhanced ultrasound in children for non-cardiac applications: a review by the Society for Pediatric Radiology (SPR) and the International Contrast Ultrasound Society (ICUS). Pediatr Radiol. 2013;43(9):1063–73.CrossRefPubMed

8.
Rozell JM, Catanzano T, Polansky SM, Rakita D, Fox L. Primary Liver Tumors in Pediatric Patients: Proper Imaging Technique for Diagnosis and Staging. Semin Ultrasound CT MRI. 2014;35:382–93.CrossRef

9.
McHugh K, Disini L. Commentary: for the children’s sake, avoid non-contrast CT. Cancer Imaging. 2011;11:16–8.CrossRefPubMedPubMedCentral

10.
Mitchell CL, Vasanawala SS. An approach to pediatric liver MRI. AJR Am J Roentgenol. 2011;196:W519–26.CrossRefPubMed

11.
Meyers AB, Towbin AJ, Serai S, Geller JI, Podberesky DJ. Characterization of pediatric liver lesions with gadoxetate disodium. Pediatr Radiol. 2011;41:1183–97.CrossRef

12.
Dagia C, Ditchfield M. 3T MRI in paediatrics: challenges and clinical applications. Eur J Radiol. 2008;68:309–19.CrossRef

13.
Schindera ST, Merkle EM, Dale BM, Delong DM, Nelson RC. Abdominal magnetic resonance imaging at 3.0 T what is the ultimate gain in signal to noise ratio? Acad Radiol. 2006;13:1236–43.CrossRefPubMed

14.
Schneider G, Schurholz H, Kirchin MA. Safety and adverse effects during 24 hours after contrast-enhanced MRI with gadobenate dimeglumine (MultiHance) in children. Pediatr Radiol. 2013;43:202–11.CrossRefPubMed

15.
Seale MK, Catalano OA, Saini S, Hahn PF, Sahani DV. Hepatobiliary-specific contrast agents: role in imaging the liver and biliary tree. Radiographics. 2009;29(6):1725–48.CrossRefPubMed

16.
Kolbe AM, Podberesky DJ, Zhang B, Towbin AJ. The Impact of hepatocyte phase imaging from infancy to young adulthood in patients with a known or suspected liver lesion. Pediatr Radiol. 2015;45:354–65.CrossRefPubMed

17.
Frydrychowicz A, Lubner MG, Brown JJ, Merkle EM, Nagle SK, Rofsky NM, et al. Hepatobiliary MR imaging with gadolinium-based contrast agents. J Magn Reson Imaging. 2012;35(3):492–511.CrossRefPubMedPubMedCentral

18.
Chavhan GB, Mann E, Kamath BM, Babyn PS. Gadobenate-dimeglumine-enhanced magnetic resonance imaging for hepatic lesions in children. Pediatr Radiol. 2014;44:1266–74.CrossRefPubMed

19.
Nievelstein RAJ, Robben SGF, Blickman JG. Hepatobiliary and pancreatic imaging in children – techniques and an overview of non-neoplastic disease entities. Pediatr Radiol. 2011;41:55–75.CrossRefPubMed

20.
Das CJ, Dhingra S, Gupta AK, Iyer V, Agarwala S. Imaging of paediatric liver tumours with pathological correlation. Clin Radiol. 2009;64:1015–25.CrossRefPubMed

21.
Meyers RL. Tumors of the liver in children. Surg Oncol. 2007;16(3):195–203.CrossRefPubMed

22.
Siegel MJ, Chung EM, Conran RM. Pediatric liver: focal masses. Magn Reson Imaging Clin N Am. 2008;16(3):437–52.CrossRefPubMed

23.
Fernandez-Pineda I, Cabello-Laureano R. Differential Diagnosis and management of liver tumors in infants. World J Hepatol. 2014;6(7):486–95.CrossRefPubMedPubMedCentral

24.
Rojas Y, Guillerman RP, Zhang W, Vasudevan SA, Nuchtern JG, Thompason PA. Relapse surveillance in AFP-positive hepatoblastoma: re-evaluating the role of imaging. Pediatr Radiol. 2014;44(10):1275–80.CrossRefPubMed

25.
Smith EA, Salisbury S, Martin R, Towbin AJ. Incidence and etiology of new liver lesions in pediatric patients previously treated for malignancy. AJR Am J Roentgenol. 2012;199:186–91.CrossRefPubMed

26.
Ringe KI, Husarik DB, Sirlin CB, Merkle EM. Gadoxetate disodium-enhanced MRI of the liver: part 1, protocol optimization and lesion appearance in the noncirrhotic liver. AJR Am J Roentgenol. 2010;195:13–28.CrossRefPubMed

27.
Cruite I, Schroeder M, Merkle EM, Sirlin CB. Gadoxetate disodium-enhanced MRI of the liver: part 2, protocol optimization and lesion appearance in the cirrhotic liver. AJR Am J Roentgenol. 2010;195:29–41.CrossRefPubMed

28.
Soyer P, Boudiaf M, Placé V, Sirol M, Pautrat K, Vignaud A, et al. Preoperative detection of hepatic metastases: comparison of diffusion-weighted, T2-weighted fast spin echo and gadolinium-enhanced MR imaging using surgical and histopathologic findings as standard of reference. Eur J Radiol. 2011;80(2):245–52.CrossRefPubMed

29.
Yang DM, Jahng GH, Kim HC, Jin W, Ryu CW, Nam DH, et al. The detection and discrimination of malignant and benign focal hepatic lesions: T2 weighted vs diffusion-weighted MRI. Br J Radiol. 2011;84(1000):319–26.CrossRefPubMedPubMedCentral

30.
Parikh T, Drew SJ, Lee VS, Wong S, Hecht EM, Babb JS, Taouli B. Focal liver lesion detection and characterization with diffusion-weighted MR imaging: comparison with standard breath-hold T2-weighted imaging. Radiology. 2008;246(3):812–22.CrossRefPubMed

31.
Tamrazi A, Vasanawala SS. Functional hepatobiliary MR imaging in children. Pediatr Radiol. 2011;41:1250–8.CrossRefPubMed

32.
Taouli B, Koh DM. Diffusion-weighted MR imaging of the liver. Radiology. 2010;254(1):47–66.CrossRefPubMed

33.
Chavhan GB, AlSabban Z, Babyn PS. Diffusion-weighted imaging in pediatric body MR Imaging: principles, technique and emerging applications. Radiographics. 2014;34(3):E73–88.CrossRefPubMed

34.
Binkovitz LA, El-Youssef M, Glaser KJ, Yin M, Binkovitz AK, Ehman RL. Pediatric MR elastography of hepatic fibrosis: principles, technique and early clinical experience. Pediatr Radiol. 2012;42(4):402–9.CrossRefPubMed

35.
Towbin AJ, Serai SD, Podberesky DJ. Magnetic resonance imaging of the pediatric liver: imaging of steatosis, iron deposition and fibrosis. Magn Reson Imaging Clin N Am. 2013;21(4):669–80.CrossRefPubMed

36.
Qayyum A, Goh JS, Kakar S, Yeh BM, Merriman RB, Coakley FV. Accuracy of liver fat quantification at MR imaging: comparison of out-of-phase gradient-echo and fat-saturated fast spin-echo techniques—initial experience. Radiology. 2005;237(2):507–11.CrossRefPubMed

37.
Razek AAKA, Abdalla A, Omran E, Fathy A, Zalata K. Diagnosis and quantification of hepatic fibrosis in children with diffusion weighted MR imaging. Eur J Radiol. 2011;78(1):129–34.CrossRefPubMed

38.
Chung EM, Lattin GE, Cube R, Lewis RB, Marichal-Hernandez C, Shawhan R, Conran RM. From the archives of the AFIP: Pediatric liver masses: radiologic-pathologic correlation. Part 2. Malignant tumors. Radiographics. 2011;31(2):483–507.CrossRefPubMed

39.
Stocker JT, Schmidt D. Hepatoblastoma. In: Hamilton SR, Aatonen LA, editors. Patholgoy and genetics of tumours of the digestive system. Lyon: IARC Press; 2000. p. 184–9.

40.
Roebuck DJ, Aronson D, Clapuyt P, Czauderna P, de Ville de Goyet J, Gauthier F, International Childhood Liver Tumor Strategy Group, et al. 2005 PRETEXT: A revised staging system for primary malignant liver tumours of childhood developed by the SIOPEL group. Pediatr Radiol. 2007;37(2):123–32.CrossRefPubMed

41.
Darcy DG, Malek MM, Kobos R, Klimstra DS, DeMatteo R, La Quaglia MP. Prognostic factors in fibrolamellar hepatocellular carcinoma in young people. J Pediatr Surg. 2015;50(1):153–6.CrossRefPubMed

42.
Aronson DC, Schnater JM, Staalman CR, Weverling GJ, Plaschkes J, Perilongo G, et al. Predictive value of the pretreatment extent of disease system in hepatoblastoma: results from the International Society of Pediatric Oncology Liver Tumor Study Group SIOPEL-1 study. J Clin Oncol. 2005;23:1245–52.CrossRefPubMed

43.
Ismail H, Broniszczak D, Kaliciński P, Markiewicz-Kijewska M, Teisseyre J, Stefanowicz M, et al. Liver transplantation in children with hepatocellular carcinoma. Do Milan criteria apply to pediatric patients? Pediatr Transplant. 2009;13:682–92.CrossRefPubMed

44.
Moore CW, Lowe LH. Hepatic tumors and tumor-like conditions. In: Slovis TL, editor. Caffey’s pediatric radiology. 11th ed. Philadelphia: Mosby; 2008. p. 1929–48.

45.
Braga L, Armao D, Semelka RC. Liver. In: Semelka RC, editor. Abdominal-pelvic MRI. 2nd ed. Hoboken: Wiley; 2006. p. 47–447.

46.
Chung EM, Cube R, Lewis RB, Conran RM. From the archives of the AFIP: Pediatric liver masses: radiologic-pathologic correlation part 1. Benign tumors. Radiographics. 2010;30:801–26.CrossRefPubMed

47.
Ba-Ssalamah A, Antunes C, Feier D, Bastati N, Hodge JC, Stift J, et al. Morphologic and molecular features of hepatocellular adenoma with gadoxetic acid-enhanced MR imaging. Radiology. 2015;277(1):104–13.CrossRefPubMed

48.
Bioulac-Sage P, Rebouissou S, Thomas C, Blanc JF, Saric J, Sa Cunha A, Rullier A, et al. Hepatocellular adenoma subtype classification using molecular markers and immunohistochemistry. Hepatology. 2007;46:740–8.CrossRefPubMed

49.
Katabathina VS, Menias CO, Shanbhogue AK, Jagirdar J, Paspulati RM, Prasad SR. Genetics and imaging of hepatocellular adenomas: 2011 update. Radiographics. 2011;31:1529–43.CrossRefPubMed

50.
McInnes MD, Hibbert RM, Inacio JR, Schieda N. Focal Nodular hyperplasia and hepatocellular adenoma: accuracy of gadoxetic acid-enhanced MR imaging – a systematic review. Radiology. 2015;277(2):413–23.CrossRefPubMed

51.
Tse JR, Naini BV, Lu DS, Raman SS. Qualitative and quantitative gadoxetic acid-enhanced MR imaging helps subtype hepatocellular adenomas. Radiology. 2016;279(1):118–27.CrossRefPubMed




OEBPS/sidebar.gif





OEBPS/A40644_2016_83_Fig5_HTML.gif





OEBPS/A40644_2016_83_Fig2_HTML.gif





OEBPS/A40644_2016_83_Fig4_HTML.gif





OEBPS/A40644_2016_83_Fig1_HTML.gif





OEBPS/contact.gif





OEBPS/A40644_2016_83_Fig6_HTML.gif





OEBPS/A40644_2016_83_Fig3_HTML.gif





