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Abstract 

The early detection of focal liver lesions, particularly those which are malignant, is of utmost importance. The resection of liver 

metastases of some malignancies (including colorectal cancer) has been shown to improve the survival of patients. Exact knowledge 

of the number, size, and regional distribution of liver metastases is essential to determine their resectability. Almost all focal liver 

lesions larger than 10 mm are demonstrated with current imaging techniques but the detection of smaller focal liver lesions is still 

relatively poor. One of the advantages of magnetic resonance imaging (MRI) of the liver is better soft tissue contrast (compared to 

other radiologic modalities), which allows better detection and characterization of the focal liver lesions in question. Developments in 

MRI hardware and software and the availability of novel MRI contrast agents have further improved the diagnostic yield of MRI in 

lesion detection and characterization. Although the primary modalities for liver imaging are ultrasound and computed tomography, 

recent studies have suggested that MRI is the most sensitive method for detecting small liver metastatic lesions, and MRI is now 

considered the pre-operative standard method for diagnosis. Two recent developments in MRI sequences for the upper abdomen 

comprise unenhanced diffusion-weighted imaging (DWI), and keyhole-based dynamic contrast-enhanced (DCE) MRI (4D THRIVE). 

DWI allows improved detection (b = 10 s/mm
2
) of small (< 10 mm) focal liver lesions in particular, and is useful as a road map 

sequence. Also, using higher b-values, the calculation of the apparent diffusion coefficient value, true diffusion coefficient, D, and the 

perfusion fraction, f, has been used for the characterization of focal liver lesions. DCE 4D THRIVE enables MRI of the liver with 

high temporal and spatial resolution and full liver coverage. 4D THRIVE improves evaluation of focal liver lesions, providing 

multiple arterial and venous phases, and allows the calculation of perfusion parameters using pharmacokinetic models. 4D THRIVE 

has potential benefits in terms of detection, characterization and staging of focal liver lesions and in monitoring therapy. 

INTRODUCTION 

 

Diagnostically problematic cases using US are often referred for a computed tomography (CT) or magnetic resonance imaging (MRI) 

examination. With the introduction of multi-slice CT (MSCT) imaging, the use of MSCT in oncologic patients to search for lung, 

liver, and lymph node metastases in the body has substantially increased[12,13]. The development of MSCT has substantially 

increased patient throughput allowing volume coverage of the whole thorax and abdomen in one breath-hold. However, even using 

MSCT, the sensitivity and ability to discriminate between small liver metastases and other small focal liver lesions is inferior 

compared to MRI[12]. 

Combined positron emission tomography (PET)/CT images have significant advantages over either technique alone because it 

provides both functional and anatomical data. The most significant additional information provided by PET/CT relates to the accurate 

detection of distant metastases. In a study by Wiering et al[14], FDG-PET was clearly superior to CT in predicting extrahepatic 

disease in patients with colorectal liver metastases. 

One of the advantages of MRI in liver imaging is the better soft tissue contrast, which reveals better characterization of focal liver 

lesions in question. The development of liver-specific MRI contrast agents has further improved the diagnostic yield of MRI in lesion 

detection and characterization [15,16]. Although the primary modalities for liver imaging are US and CT, recent studies have 

suggested that CE-MRI is the most sensitive method for detecting small liver metastases and MRI is now considered the pre-operative 

standard[17-21]. Developments in MRI hardware and software and the availability of novel MRI contrast agents have improved small 

focal liver lesion detection[22]. During the last few years, MRI enhanced with superparamagnetic iron oxide (SPIO) probably has 

been considered the most sensitive method for detecting so-called hypovascular liver metastases [22]. In the few studies which have 

compared different liver-specific agents, SPIO-enhanced MRI has demonstrated varying degrees of superiority, particularly for small 

focal liver lesions [23,24]. Furthermore, the importance of using ferucarbotran (SPIO contrast agent) by bolus injection, providing the 
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opportunity to obtain dynamic T1-weighted (T1w) images has been described[22]. Ward[22] has found early T1-enhancement on 3D 

fat-suppressed T1w gradient echo (GE) images to be particularly valuable for depicting small focal liver lesions. The T1-effect is 

considerably less than occurs with extracellular fluid gadolinium (Gd)-based contrast agents but this is often beneficial in the context 

of metastatic disease. Liver and vessels often have a similar signal intensity that produces a virtual blank canvas against which small 

liver metastases are extremely conspicuous and reliably distinguished from vessels. The combination of thin-slice 3D T1w and T2w 

imaging after SPIO increases diagnostic confidence and is more accurate for small focal liver lesion detection than delayed T2w 

imaging alone[22]. 

Diffusion-weighted imaging (DWI) [Single-shot spin-echo echo-planar imaging (SS SE-EPI sequence)] 

Diffusion-weighted MRI is sensitive to molecular diffusion as a result of random and microscopic translational motion of molecules, 

known as Brownian motion. Random motion in the field gradient produces incoherent phase shifts that results in signal attenuation. 

Flowing spins induce the same attenuation effect; the pseudorandom organization of the moving spins at the voxel level, such as 

perfusion, can also be considered to be an incoherent motion, and this effect can induce much larger signal attenuation than the 

diffusion effect on an image with very low motion-probing gradients (MPGs)[25,26]. The strength of the applied MPG increases with 

increasing b-value (expressed in s/mm2). On the basis of this theory, the apparent diffusion coefficient (ADC) value calculated from 

the images with no and low MPGs (ADClow) is considered to be more strongly influenced by the flowing spins (microcirculation) 

than molecular diffusion. The true diffusion coefficient, D, can be obtained from the calculation from images with the higher b-

values[25,26]. D as measured at intravoxel incoherent motion (IVIM) MRI is a true parameter of molecular diffusion[25,26]. It 

therefore permits characterization of tissues and pathologic conditions. Furthermore, the perfusion fraction, f, as measured at IVIM 

MRI is the (microperfusion) deviation factor representing the fractional volume (of spins) occupied in the voxel by flowing spins (= 

sum of the spins in the microcirculation and spins in turbulent flow)[27]. 

During recent years, DWI of the liver, using echo planar imaging sequences with low b-values, has been proven to be useful for the 

detection of focal liver lesions because of the black-blood effect when using low b-values. The black-blood effect renders blood 

vessels black while focal liver lesions remain bright. The use of the black-blood effect for facilitating detection of focal liver lesions, 

by better differentiation between small vascular branches and small focal liver lesions, has been described previously[28]. This black-

blood effect has proven to be useful in detecting focal liver lesions especially those smaller than 10 mm)[29-32]. Respiratory-

triggered SS SE-EPI is preferred for liver MRI as respiratory-triggering increases the signal-to-noise ratio (SNR) and helps to avoid 

false-negative results but also false-positive results due to noise. In our experience[29], for focal liver lesion detection a b-value of b = 

10 s/mm2 is to be preferred over b = 20 or 50 s/mm2. 

DWI of the liver, using SS SE-EPI with low and high b-values, seems promising for the characterization of focal liver lesions by 

calculating D, f and ADClow[25-27,33,34]. 

The SS SE-EPI sequence is prone to artifacts (e.g. air from the bowel loops). Therefore, we recommend giving each patient 0.5 L of 

tap water just before the start of each MRI examination. We also recommend starting each MRI examination of the upper abdomen 

with the SS SE-EPI sequence, using respiratory-triggering to optimize the SNR. The SS SE-EPI sequence can then be used as a road 

map sequence to guide the rest of the MRI examination. 

T1w dynamic contrast-enhanced (DCE) MRI (4D THRIVE) 

Three-phased DCE MRI is currently accepted as an important imaging tool for detecting and characterizing tumors in abdominal 

organs such as the liver [35]. The hepatic purely arterial phase is especially important to distinguish fast enhancing lesions from slow 

contrast uptake in liver parenchyma [36-38]. Also, imaging of the portal venous phase is crucial for characterizing focal liver lesions. 

However, often the arterial hepatic phase will overlap with enhancement of blood coming from the portal vein during the 20-s 

acquisition time typically achieved in 3-phased MRI [38]. To address this problem, Beck et al[39] recently proposed a fast imaging 

technique called CENTRA Plus or 4D THRIVE, combining the principles of keyhole imaging with half-Fourier acquisition to achieve 

a higher temporal resolution with full liver coverage and a minor decrease of the spatial resolution. To further accelerate the 

technique, an alternating view-sharing technique, as described in references 40 and 41, was applied. With this strategy it was shown 

that the precision of contrast-enhancement sampling could be improved [39].Figure 1 

Schematic depiction of the alternating viewsharing technique. The central ky - kz disk defined by the keyhole percentage is 

subdivided in 3 regions, P+, C and P-, where P+ and P- cover positive and negative peripheral regions in this central disk and C ... 

DCE MRI sequences (4D THRIVE) with higher temporal resolution can also be used to generate parametric maps and to compute 

perfusion and permeability parameters using pharmacokinetic models, with potential benefits in terms of detection, characterization 

and staging of tumours and in monitoring therapy[42,43]. To date, reports of liver perfusion at MRI are limited in number and vary 

considerably [44]. T1w dynamic CE-MRI seems a promising method for the detection of cancer [45]. Remarkably, encouraging 

results have been obtained despite considerable variation in both the methods of data acquisition and analysis (e.g. visual 
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inspection[46], parametric analysis [47], pharmacokinetic [48] or physiologic [49] modelling). In most cases, only one to a few slices 

within the whole liver parenchyma have been used to evaluate perfusion parameters. 

Liver metastasis in a 68-year-old woman using transverse contrast-enhanced 4D THRIVE. The reference image using 4D THRIVE in 

the delayed phase (A) is shown with corresponding automatically calculated Kep map (B). The parametric map shows the liver 

metastasis... 

As a result of new developments in MRI scanning technologies, it is now possible to perform T1w CE-MRI of the entire liver with 

high spatial and temporal resolution, using the above mentioned T1w DCE 4D THRIVE sequence. This 4D THRIVE sequence has 

already been evaluated for its ability to differentiate benign from malignant focal liver lesions[41]. 

Hepatic cysts 

Hepatic cysts, including those without further pathologic importance, almost always can be accurately diagnosed using US. Only 

rarely are additional imaging sequences needed; non-complicated hepatic cysts can be easily characterized using MRI. 

Complex cystic focal liver lesions are lesions containing large fluid-filled areas. They are increasingly commonly found in clinical 

practice as a result of the increased use of hepatic imaging. Complex cystic focal liver lesions represent a wide spectrum of lesions 

that include both benign and malignant lesions [50]. The most frequently encountered complex cystic focal liver lesions comprise 

hepatic cysts complicated by intracystic haemorrhage, abscesses (see description below), hematomas, cystadenomas and cyst 

adenocarcinomas. 

Hepatic cysts complicated with acute hemorrhage and acute hematomas are typically hyperintense on unenhanced T1w imaging. The 

differentiation between cystadenomas and cystadenocarcinomas using only imaging criteria can be very difficult and so-called 

borderline lesions are frequently encountered. The probability of underlying malignancy in general increases with increased 

thickening of the septations, increased septal calcifications and increased presence of mural thickening. Using contrast-enhanced 

MRI, complete non-enhancement using dynamic MRI or slow contrast-enhancement of the septations and mural nodules in the 

arterial phase and persistent contrast-enhancement in the portal and late venous phases most frequently are exhibited in benign 

complex cystic focal liver lesions. In contrast, hypo-enhancement in the late venous phases most frequently is seen in malignant 

complex cystic focal liver lesions [50]. 

Liver hemangiomas 

Liver hemangiomas are the most common benign tumors of the liver, with a reported incidence ranging from 1% to 20%. 

Hemangiomas occur more commonly in women (female/male ratio 5:1). A hemangioma usually is well circumscribed and blood 

filled. Hemangiomas larger than 10 cm are designated as giant hemangiomas[51]. 

On cut sections, hemangiomas almost always are inhomogeneous, with areas of fibrosis, necrosis, and cystic change. Sometimes 

abundant fibrous tissue completely replaces the lesion. Calcification is rare in this tumor (less than 10%) and can be either large and 

coarse, with phlebolith-like thrombi within the vascular channels of the hemangioma[52,53]. Microscopically it is composed of 

multiple vascular channels lined by a single layer of endothelial cells supported by a thin fibrous stroma. 

On MRI, hemangiomas characteristically demonstrate marked hyperintensity on T2w images, which may contain low-intensity areas 

that correlate with zones of fibrosis[54]. In the characterization of hemangiomas, the comparison of T2w images with short echo time 

(TE) and long TE is important. In most cases, hemangiomas are still displayed as relatively hyperintense, compared with the 

surrounding liver parenchyma, on long TE T2w images and the contours and volume of the displayed hemangioma are exactly 

comparable on short TE and long TE T2w imaging. This finding can also be seen in hypervascular liver metastases. Further 

differentiation of hemangiomas and so-called hypervascular liver metastases is described below. 

On unenhanced T1w images, a hemangioma displays most commonly as a well-defined slightly hypo-intense tumor with lobulated 

borders. The pattern of peripheral “nodular” enhancement after Gd injection was seen as highly specific for hemangioma compared 

with rim enhancement noted in metastases[54,55]. 

Three enhancement patterns of hemangioma with Gd-enhanced GE imaging have been noted: 

Immediate and complete enhancement of small lesions (so-called capillary hemangiomas): Capillary hemangiomas are rapidly 

filling hemangiomas that occur significantly more often in small hemangiomas (42% of hemangiomas are less than 1 cm in 

diameter)[56]. On CT and MRI, capillary hemangiomas show immediate homogenous contrast-enhancement in the arterial phase; 

thus, differentiation from other hypervasculartumors is difficult. According to various authors, up to 83% of the smaller hemangiomas 

(less than 3 cm) showed iso-attenuation compared with the arterial system in all 3 phases of enhanced scanning[57,58]. During the 
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portal venous phase of contrast-enhancement, capillary hemangiomas show an attenuation equivalent to that of the aorta. In the 

delayed phase, on CT or MRI, hemangiomas remain hyperattenuating or hyperintense, whereas hypervascular metastases do not[52]. 

During the perfusion phase using SPIO-enhanced T1w GE imaging, and persisting during delayed imaging, a significant increase in 

signal intensity has been reported on T1w GE imaging as a result of pooling of SPIO in the vascular spaces of a hemangioma[59-61]. 

This pooling of SPIO also explains that hemangiomas often lose signal on delayed T2w imaging[59]. 

Peripheral nodular enhancement progressing centripetally to uniform enhancement and peripheral nodular enhancement 

with persistent central hypo-intensity[62]: These 2 last findings are more frequently depicted in larger (cavernous) hemangiomas. 

Uniform enhancement throughout the lesion on delayed images should not be used as a criterion for diagnosis because this will only 

lower the specificity[63]. In the majority of cases, the combination of T2w and serial dynamic Gd images allows a confident diagnosis 

of hemangiomas[54]. On the delayed liver-specific phase, after Gd-BOPTA (gadobenatedimeglumine), hemangiomas tend to be 

hypo-intense compared with the surrounding liver parenchyma[64,65]. 

“Hypovascular” liver metastases 

Among solid hypovascular liver lesions, metastases constitute the main group. Hepatic metastases are the most frequent malignancies 

in the liver. The incidence of hepatic metastases is approximately 40% in patients with colorectal cancer[66]. In the United States, 

approximately 50 000 cases of hepatic colorectal metastases are seen annually[67]. Lesion detection is size related. When reviewing 

the literature, a lower threshold for detection is about 1 cm[68]. Unfortunately, postmortem assessment of the size of liver metastases 

has shown that the ratio between metastases larger than 1 cm and those smaller than 1 cm is approximately 1:1.6 for metastases of 

colorectal adenocarcinoma and 1:4 for other liver metastases[69]. This clearly indicates that a capacity to accurately detect and 

characterize metastases smaller than 1 cm is necessary. 

Detection and characterization of small (< 1 cm) focal liver lesions using MDCT is inferior to MRI[12]. Furthermore, with the use of 

the respiratory-triggered SS SE-EPI sequence, detection of focal liver lesions even down to 3 mm is possible using MRI[29]. In a 

study by Coenegrachts et al[29], unenhanced respiratory-triggered SS SE-EPI performed better than SPIO-enhanced MRI (literature 

gold standard[22]) for detecting so-called hypovascular liver metastases. Therefore, the SS SE-EPI sequence is ideally suited to be 

used as the first sequence (road map sequence) during an MRI examination of the liver. In most cases, the respiratory-triggered SS 

SE-EPI depicts the whole liver with good image quality and excellent contrast-to-noise ratio (CNR). In that case, if no focal liver 

lesions can be detected using the unenhanced respiratory-triggered SS SE-EPI sequence, then the presence of malignant focal liver 

lesions is extremely unlikely (high negative predictive value of SS SE-EPI). The signal intensity of the metastases is moderately 

increased compared with the surrounding hepatic tissue on T2w images and decreased on unenhanced T1w images[70]. Malignant 

tumors tend to have margins that are not sharply defined. 

Liquefactive necrosis within the metastasis increases signal intensity on T2w images, whereas coagulativenecrosis[71], desmoplastic 

reaction, or calcifications[72] decrease signal intensity on T2w images. 

In some cases, the production of paramagnetic substances modifies the appearance of metastases on T1w images. The melanin present 

in the metastases from melanoma increases the signal intensity on T1w images. The presence of mucin within metastases can also 

increase the signal intensity on T1w images[73]. On T1w DCE imaging, in the arterial phase “hypovascular” liver metastases can 

show a fleeting ring enhancement that blurs the margins of the lesions and corresponds to a desmoplastic reaction, inflammatory 

infiltration, and vascular proliferation in the tumor-liver parenchyma margin [74]. Enhancement progresses centrally with 

concomitant peripheral wash-out[74]. In the venous phase, liver metastases are hypo-intense compared with the surrounding liver 

parenchyma. 

During the perfusion phase using SPIO-enhanced T1w GE imaging, ring enhancement is highly suggestive of malignant liver lesions 

[61]. Metastases do not contain reticulo-endothelial system cells; thus, after SPIO injection the liver metastasis CNR is improved with 

increased lesion conspicuity and detection compared with unenhanced T2w images[14,19,75]. 

In clinical practice, the differentiation between small (< 10 mm), so-called fibrous, liver hemangiomas and hypovascular liver 

metastases is a frequent problem. For the differentiation of focal liver lesions, the calculation of D, f and ADClow seems promising in 

reducing liver biopsy procedures in the future. However, for the characterization of small liver hemangiomas and small liver 

metastases[27], more research is needed. Nonetheless, if an operation is planned, the surgeon has an accurate means of guidance 

during the operation using intra-operative ultrasound to further characterize these small focal liver lesions in those areas where a focal 

liver lesion is detected with the SS SE-EPI sequence. This allows the surgeon to locally treat small malignant focal liver lesions with 

minimally-invasive techniques. This should likely benefit the patients’ prognosis by optimizing the removal of all malignant deposits 

within the liver during one treatment session. 
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“Hypervascular” liver metastases 

Hypervascular metastases are those with an abundant blood supply, typically greater than that of normal liver. These tumors include 

choriocarcinoma, renal cell carcinoma, thyroid carcinoma, breast carcinoma, melanoma, carcinoid tumor, and islet cell tumor. In 

general, these tumors may show a hyperintense signal on T2w images, and so potentially could be mistaken for a hemangioma[76]. In 

addition, most of these tumors have an increased tendency to have an intratumoralhemorrhage. This results in increased signal on 

unenhanced T1w images as well as T2w images. Melanoma, as a result of the T1 shortening effect of melanin, shows an increased 

signal on the T1w image even if hemorrhage is not present. 

Hypervascular liver metastases show significant enhancement during the arterial phase of ECF agent contrast-enhancement, which is 

the most important phase for lesion detection, whereas hypovascular metastases are best imaged during the portal venous phase. 

Detection of smaller hypervascular liver metastases in particular is enhanced with the use of 4D THRIVE - obtaining multiple arterial 

phases of the whole liver in high spatial resolution - thereby also optimizing the timing of imaging in the appropriate arterial time 

window for visualizing the sometimes very short arterial hyperenhancing lesions. 

In the portal venous phase, hypervascular metastases usually show rapid wash-out, which renders them hypo-intense compared with 

the surrounding liver parenchyma. 

On delayed phase, the ECF accumulates in the center of larger (hypovascular and hypervascular) liver metastases because of its 

pooling in the extracellular fibrotic component of the lesion, thus becoming progressively hyperintense to the surrounding liver 

parenchyma (delayed central pooling). 

The appearance of a solitary hypervascular liver metastasis and a solitary hepatocellular carcinoma (HCC) can be comparable in some 

cases. However, differentiation often is facilitated as HCC is almost always encountered in a cirrhotic liver parenchyma whereas a 

hypervascular liver metastasis is encountered in a “normal” liver parenchyma. Further, specific morphologic criteria can aid in the 

differentiation of both focal liver lesions (see description in the sections on “hypervascular” liver metastases and HCC). 

Focal nodular hyperplasia (FNH) 

FNH is a benign tumor-like lesion that results from a hyperplastic rather than a neoplastic process[77]. This explains the nearly iso-

intense and homogeneous appearance of FNH with the surrounding liver parenchyma on imaging. When present, the central scar 

presents as hyperintense on T2w imaging and hypo-intense on unenhanced T1w imaging. In the absence of a central scar, an FNH can 

hardly be detected using unenhanced imaging. Dynamic Gd-based CE MRI shows a marked enhancement in the arterial phase of the 

lesion, which persists as slightly hyperintense or iso-intense in the portal venous and distribution phase, whereas the central scar 

appears hypo-intense in the arterial and portal venous phase to become hyperintense in the distribution phase[74,78]. For detecting 

smaller FNHs in particular, the use of 4D THRIVE - obtaining multiple arterial phases of the whole liver in high spatial resolution - 

enhances the visualization of FNHs sometimes showing only very short arterial hyperenhancement. 

MRI contrast agents with liver-specific properties are helpful in characterizing FNH. In FNH, there is prolonged and excessive 

hepatocellular accumulation of hepatocyte-specific contrast agent because of the structural alteration of the biliary canalicular system 

that does not communicate with or derive from the surrounding normal hepatic biliary system. Two or three hours after IV injection of 

Gd-BOPTA, typical cases FNHs are hyperintense (to iso-intense) compared with the surrounding liver parenchyma. This behavior is 

distinct from that seen in adenomas, which do not show significant enhancement compared to the liver parenchyma during the 

delayed phase[79]. 

However, accurate characterization of FNH is not always possible because atypical features can confound the interpretation. While 

the absence of a scar in small FNHs cannot be considered atypical, it does make it more difficult to distinguish FNH from other 

hypervasculartumors. Again, delayed phase imaging proved useful in a study by Grazioli et al[79]; all 49 small FNHs showed either 

hyperintense [33 (67%) lesions] or iso-intense [16 (33%) lesions] enhancement. In addition, a central scar was detected on delayed 

images in 15 (31%) of the 49 lesions compared with only 7 (14%) of 49 on dynamic phase images. Anecdotal experience by Grazioli 

et al[79] with 4 cases of adenoma and one of adenomatosis (unpublished data) demonstrated a markedly hypo-intense appearance on 

delayed images relative to FNH or normal liver. Although adenomas have functioning hepatocytes, they lack bile ducts. It is therefore 

likely that bilirubin metabolism is blocked in the adenoma, as confirmed by the absence of bile in resected adenomas[80]. Altered 

hepatocellular metabolism may inhibit the uptake of Gd-BOPTA in the adenoma thereby accounting for its hypo-intense appearance 

on delayed MRI images. Radionuclide imaging with sulfur colloid is generally considered useful in the characterization of FNH 

because of the uptake of tracer by the Kupffer cells. However, uptake is seen in only approximately two-thirds of lesions[81] and is 

limited to the detection only of large lesions. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B76
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B77
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B80
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999307/#B81


www.ijcrt.org                                   © 2018 IJCRT | Volume 6, Issue 1 February 2018 | ISSN: 2320-2882 

IJCRT1802335 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 44 

 

Kupffer cells usually are observed within FNH and are a major histologic feature of this lesion. Uptake of SPIO by FNH is common, 

with the lesions showing significant decreases in signal intensity on ferumoxides-enhanced T2w images[82]. Signal drop reflects the 

presence of Kupffer cells within the lesion. Nevertheless, the amount and distribution of Kupffer cells within the nodule can vary and 

yield different patterns of signal decrease: some small FNHs (less than 3 cm) show homogenous signal drop similar to that observed 

in the surrounding parenchyma, whereas large FNHs may show inhomogeneous signal drop. The central scar excludes iron particles 

and is readily demonstrated as a hyperintense central stellate area. That finding corresponds to the high signal area seen on T2w 

unenhanced images but higher conspicuity generally is found after the use of SPIO agents[83]. Furthermore, adenomas have also been 

reported to demonstrate signal drop after SPIO administration using T2w imaging[60]. 

Telangiectatic FNH 

Telangiectatic FNH is an uncommon hepatic neoplasm that demonstrates histologic and imaging features that are different from those 

of typical FNH[84]. A common finding of telangiectatic FNH in the study of Attal et al[84] was strong arterial enhancement, which is 

also seen in most cases of typical FNH[85]. However, additional imaging characteristics of telangiectatic FNH are described in the 

literature: (1) A heterogeneous pattern is a very rare feature in FNH and was observed in 2.4% of the cases in a radiologic-pathologic 

study by Vilgrain et al[86]. The main causes of heterogeneity in the study of Attal et al[84] were necrosis, the degree of sinusoidal 

dilatation, and the presence of hemorrhagic foci. Hemorrhage, an unusual finding in FNH, was more commonly observed in larger 

lesions; (2) Hyperintensity on T1w MRI images is very rare in FNH and was observed in 2.1%-6.0% of cases in previous 

studies[86,87]. It is well known that hyperintensity on T1w MRI images may be to the result of different pathologic changes, 

including fat deposition, copper accumulation, high protein concentrations, blood degradation products, or sinusoidal dilatation[88]; 

(3) Strong hyperintensity on T2w MRI images is also a rare finding in FNH; (4) A central scar was rarely present in the study by Attal 

et al[84]; and (5) Persistent lesion enhancement on delayed phase images was a frequent feature observed by Attal et al[84]. This 

finding has been described only once in FNH, to our knowledge [89]. Persistent contrast agent uptake in telangiectatic FNH could be 

related to sinusoidal dilatation. 

Attal et al[84] concluded that telangiectatic FNH is an uncommon entity that differs from typical FNH at imaging. Lesions are 

multiple in 62% of cases. Atypical features of FNH often observed with telangiectatic FNH are lack of a central scar, lesion 

heterogeneity, hyperintensity on T1w MRI images, strong hyperintensity on T2w MRI images, and persistent contrast-enhancement 

on delayed phase T1w MRI images. 

Hepatic adenoma 

DCE MRI, whether performed with ECF agents or liver targeted agents, can demonstrate early arterial enhancement that becomes iso-

intense or hypo-intense in the portal venous phase, although this usually is less marked than in cases of FNH. In cases of previous 

hemorrhage, the arterial enhancement can be inhomogenous[74]. On Gd-enhanced MRI, most adenomas are hyperintense on arterial 

and early portal venous phase images, whereas on late portal venous phase images and equilibrium phase images most appear iso-

intense overall. For detecting smaller adenomas in particular, the use of 4D THRIVE - obtaining multiple arterial phases of the whole 

liver in high spatial resolution - also enhances the visualization of adenomas sometimes showing only very short arterial 

hyperenhancement. 

On delayed phase images after injection of Gd-BOPTA, most lesions appear hypo-intense, indicating a lack of uptake by the lesions 

(see also above; description of FNH)[74]. Therefore, delayed phase imaging using hepatocyte-specific contrast agents can be useful in 

the differentiation of adenomas and FNHs. Kupffer cells often are found in hepatic adenoma but in reduced numbers and with little or 

no function, as reflected by the absent or diminished uptake of technetium-99m sulfur colloid[90]. Hepatic adenomas usually do not 

show uptake of SPIO particles, resulting in increased tumor-liver CNR on T2w images. However, occasionally hepatic adenomas 

have shown some degree of uptake[82], with an inhomogeneous signal drop whose entity usually is less than in FNH. Uptake of SPIO 

in hepatic adenoma appears to be to the result of pooling of the contrast agent within the peliosis-like dilated vessels that characterize 

them[60]. However, in several cases, no significant difference of signal loss was observed between FNH and hepatic adenoma[83]. 

HCC 

HCC is the most frequent primary tumor of the liver (80%-90%) and represents more than 5% of all cancers, with an incidence of 

more than 500 000 new cases per year throughout the world[91]. Its incidence in developing countries is 2-3 times higher than in 

developed countries, although its incidence is rising in Western countries and in Japan[92]. The most significant risk factor, regardless 

of etiology, is the presence of liver cirrhosis[93], particularly when secondary to viral infection and high alcohol intake. Other risk 

factors include hemochromatosis and primary biliary cirrhosis[91]. 
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Pathologically, HCC develops de novo or most frequently develops in a multistep fashion in the following sequence: from low-grade 

dysplastic nodule (LGDN), to high-grade dysplastic nodule (HGDN), early HCC, well-differentiated HCC, and finally to a 

moderately differentiated HCC. Differentiation between early HCC and DN is a very important issue in the clinical setting. CT during 

arterial portography (CTAP) is the most sensitive tool in the differentiation of premalignant/borderline lesions (LGDN and HGDN) 

and early HCC[94]. 

The formation of a pseudocapsule around the lesion (constructed usually from connective fibrous tissue) and of a septum within the 

tumor is frequently observed with the development of HCC. This may derive from an interaction between the tumor and host liver and 

may interfere with the growth and invasion of the HCC[95]. 

On T2w images, most HCCs demonstrate increased signal compared to the surrounding liver, although the tumors tend to be 

inhomogeneous[96]. The T1 appearance of HCC ranges from hypo-intense to slightly hyperintense, depending on fat content, copper 

deposition within the tumor, and the degree of differentiation[96]. 

Several studies have shown that the characteristic HCC profile includes an intense arterial uptake but is followed by contrast agent 

wash-out in the delayed venous phase[97]. The recognition of the diagnostic value of contrast agent wash-out allowed the refinement 

of the criteria as reflected in the recent American Association for the Study of Liver Diseases guidelines and in the unpublished 

consensus of the European Association for the Study of the Liver experts that met in 2005[97]. 

Dynamic T1w imaging during the arterial phase is of utmost importance for the detection of small (< 10 mm) HCCs, because they 

may be occult at other pulse sequences and on portal venous and equilibrium phase images[98]. Also, the use of 4D THRIVE 

(multiple arterial phase imaging) enhances the detection of smaller HCCs in particular. 

In these cases, the T1w and T2w appearance of the tumors may not be substantially different from that of the surrounding liver, or the 

underlying liver heterogeneity may make the tumor difficult to detect[96]. DWI improves the detection of HCCs in particular, and the 

differentiation of pseudotumoral lesions compared with conventional MRI in liver cirrhosis[99]. 

Controversies regarding the optimal timing to capture the arterial phase exist[100-102], but as discussed this problem can be solved 

using 4D THRIVE. 

Dysplastic nodules are defined as spontaneously hyperintense on T1w images without (intense) contrast-enhancement in the arterial 

phase during DCE imaging[97]. However, the differentiation between dysplastic nodules, especially HGDN, and early HCC can often 

be difficult[94], as early HCC often can have a different appearance on T1w and T2w imaging compared with overt HCC[94]. The 

most sensitive modality capable of clearly depicting the early carcinogenesis process is CTAP. However, many, well-differentiated, 

early HCCs appear as hypovascular nodules on CTAP. In cases where portal blood is reduced, but arterial blood flow has not yet 

increased, both HGDNs as well as early HCCs are depicted as sharply delineated hypo-enhancing nodules compared with the 

surrounding liver parenchyma[94]. In those cases, differentiation between HGDNs and early HCCs is impossible on imaging. 

With SPIO particles, HCCs generally do not show a significant decrease in signal intensity, although signal intensity loss was seen in 

some individual HCCs[82]. The signal intensity of the normal liver does decrease, however, thereby improving the CNR of malignant 

focal liver lesions. According to Lim et al[103], HCC conspicuity after SPIO depends on differences in the number of Kupffer cells 

between the lesion and the surrounding cirrhotic liver. Moderately or poorly differentiated HCCs show large differences in the 

number of Kupffer cells compared with the surrounding cirrhotic liver and thus demonstrate a high CNR at SPIO-enhanced MRI. 

Dysplastic nodules and most well-differentiated HCCs, on the other hand, contain nearly the same number of Kupffer cells as the 

surrounding cirrhotic hepatic parenchyma and therefore are not well depicted on T2w MRI[103], although in some cases of well-

differentiated HCC there can be decreased uptake of SPIO particles[94]. 

Some authors have proposed the possibility of a single-visit sequential SPIO-Gd protocol to obtain better diagnostic confidence[104]. 

Ward et al[105] found that the combination of Gd and ferumoxides in double-contrast MRI, compared with ferumoxides-enhanced 

imaging alone, led to an improvement in the diagnosis of HCC, especially for small (< 1 cm) lesions, for which the sensitivity for 

detection increased from 14% to 46%, compared with larger lesions (1 cm or larger), for which the sensitivity increased from 81% to 

91% with the addition of Gd-enhanced imaging. Gd-enhanced images obtained during the arterial and portal venous phases of 

enhancement were essential for differentiating HCC from adjacent fibrosis, which is the most frequent cause of false-positive findings 

of SPIO-enhanced and SPIO-unenhanced images. 

Pauleit et al[106] found that for detection of small HCCs, the sensitivity and accuracy with unenhanced and Gd-enhanced imaging 

were significantly (P = 0.017) superior to those with unenhanced and ferumoxides-enhanced imaging, whereas for large HCCs the 

ferumoxides set was superior to the Gd set, although this difference was not statistically significant. Analysis of all HCCs revealed no 

significant differences for Gd-enhanced and ferumoxides-enhanced imaging[106]. 
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Fibrolamellar HCC (FL-HCC) 

FL-HCC is a distinctive type of HCC that occurs in younger patients (mean age 20 years)[96]. Although it is a malignant lesion, the 

prognosis is better than that of typical HCC, with 25% of patients having resectable lesions. α-fetoprotein levels are usually not 

elevated. FL-HCC is typically a well-circumscribed lesion that is hypo-intense on T1w images and hyperintense on T2w images[96]. 

A central scar may be present. Central calcifications are present in one third of lesions. The differential diagnosis includes mainly 

FNH. 

To our knowledge, there are no reports of FL-HCC enhancement patterns after SPIO. Such lesions would not be expected to enhance 

significantly. 

Cholangiocellular carcinoma (CCC) 

CCC is a malignant hepatic tumor of the biliary epithelium and is the second most common form of primary hepatic malignancy in 

adults after HCC[107]. It represents less than 1% of all newly diagnosed cancers in North America and is usually seen in the seventh 

decade of life[108]. 

Several factors have been linked etiologically to the development of CCC, although none of the factors is evident in many patients. 

CCC is associated with clonorchiasis, intrahepatic stone disease, choledochal cyst, Caroli disease, and primary sclerosing cholangitis 

(PSC)[109]. Most of these risk factors have in common long-standing inflammation and injury to the bile duct epithelium. PSC is 

commonly associated with CCC, with as many as 10% of patients with PSC going on to develop CCC[109]. 

Microscopically the tumor is an adenocarcinoma with a glandular appearance and cells resembling biliary epithelium. Mucin and 

calcification sometimes can be demonstrated. A large desmoplastic reaction is typical of CCC. Mixed hepato-cholangiocellular 

carcinomas have been described[110]. Cholangiocarcinoma usually is divided into “intrahepatic” and “extrahepatic”, depending on 

the site of origin. For the purposes of this discussion only the intrahepatic subgroup and the Klatskintumors are presented: 

Intrahepatic (“peripheral”) cholangiocarcinoma (ICC): ICC is a malignant neoplasm arising from the epithelium of the 

intrahepatic bile ducts and represents 10% of all CCC. Hilar (Klatskin) and bile duct CCCs account for the remaining 90%[107]. This 

neoplasm usually is a large firm mass. In 10%-20% of cases, there are several satellite nodules around the main mass. On cut section, 

it is characterized by the presence of large amounts of whitish fibrous tissue. A variable amount of central necrosis could be present 

within the tumor, especially if it is large. Hemorrhage is rare[107]. 

Klatskin (“perihilar”) tumor: The Klatskin (“perihilar”) tumor is a small stricturing CCC arising at the junction of the left and right 

hepatic ducts. These lesions produce bilobar biliary duct obstruction and are nearly always unresectable. 

On MRI, ICC has a non-specific appearance. On T2w images, the signal intensity of the tumor ranges from markedly increased to 

moderately increased, relative to the liver. Tumors with high fibrous content tend to have lower signal intensity on T2w 

images[107,111]. It is iso-intense to hypo-intense on unenhanced T1w images. The most prominent feature with central CCC on MRI 

is usually intrahepatic biliary duct dilatation. Morphologic changes may occur late in the disease process, with atrophy of the left lobe 

of the liver compared with the right lobe. The left-sided hepatic ducts may be more dilated than are those in the right lobe[96]. 

Vascular invasion and portal nodes should be carefully searched for because these findings preclude resection of the tumor[96]. 

With serial dynamic ECF-Gd enhanced images, CCCs show minimal or moderate incomplete rim of enhancement at the tumor 

periphery on early images, with progressive central contrast-enhancement on later images[112]. Contrast-enhancement may be better 

seen on delayed images because of the fibrous nature of the tumor[113]. 

DCE imaging with Gd-BOPTA is similar to non-specific vasculo-interstitial Gd-based contrast agents, but in the hepato-biliary phase, 

the lesion shows contrast-enhancement in the fibrotic area. The degree of enhancement depends on the type of CCC. Greater 

peripheral enhancement is noted in the early phases in large CCC, whereas greater delayed enhancement is noted in the fibrous core 

of the “scirrhous” CCCs in the hepatobiliaryphase[64]. Occasionally some small peripheral CCCs with a large number of tumor cells 

and few interstitial fibrous tissues at DCE MRI images reveal strong enhancement of the whole tumor on the early phase[111]. 

Prolonged enhancement of the tumor on the late venous and delayed phases could be of diagnostic value[114,115]. 

The hepatobiliary phase after liver-specific contrast agent adds useful information for identification of small satellite lesions. 

Analogously, after SPIO administration, because of the absence of Kupffer cells within the lesion, no significant uptake is observed, 

and there is an increase of liver-to-lesion CNR on T2w images[116]. 
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Liver abscess 

Liver abscesses can mimic necrotic liver metastases. DWI might aid in the differentiation between purulent abscesses and necrotic 

metastases. However, in many cases, drainage is needed for diagnostic and therapeutic purposes. 

Angiomyolipoma (AML) 

AMLs are mesenchymaltumors composed of varying proportions of blood vessels, smooth muscle and mature adipose tissue. These 

tumors are common in the kidneys, but hepatic AMLs are very rare[117]. As these lesions are benign, preoperative diagnosis would 

obviate unnecessary surgery. 

In patients with tuberous sclerosis, hepatic AMLs are typically small and multiple and show imaging features consistent with fat on 

imaging. Contrary to the imaging appearances of hepatic AMLs in patients with tuberous sclerosis, sporadic hepatic AMLs have a 

varied appearance because of the inconstant proportion of fat, making confident imaging diagnosis difficult and necessitating biopsy 

in many cases[117]. Sporadic AMLs appear to be radiologically heterogeneous, reflecting the variable proportions of fat, smooth 

muscle and blood vessels. In contrast to patients with tuberous sclerosis, most sporadic AMLs are solitary. Depending on the 

components of the sporadic AML, imaging usually shows a hypervasculartumor with heterogeneous areas of fat. In-and-out-of-phase 

imaging (chemical shift imaging) is useful for the detection of the fatty tissue within AMLs. Contrast-enhanced MRI can be useful to 

better depict the presence of vessels within AMLs. The presence of fat combined with the presence of (especially central) vessels 

often is useful for the definite diagnosis of AML. Still, lipid-poor hepatic, sporadic, AML can pose a diagnostic challenge, often 

requiring biopsy[117]. 

CONCLUSION 

Although the primary modalities for liver imaging are US and CT, recent studies have suggested that CE-MRI is the most sensitive 

method for detecting small focal liver lesions in particular. One of the advantages of MRI in liver imaging is the better soft tissue 

contrast, which allows better detection and characterization of benign and malignant focal liver lesions. The development of liver-

specific MRI contrast agents has further improved the diagnostic yield of MRI in lesion detection and characterization. 

In addition, 2 recent developments in MRI sequences for the upper abdomen comprise unenhanced DWI and keyhole-based DCE 

MRI (4D THRIVE). Unenhanced DWI has been shown to allow an improved detection (b = 10 s/mm2) of, in particular, small (< 10 

mm) focal liver lesions compared with other, more routinely used, MRI sequences and is useful as a road map sequence at the start of 

each MRI examination of the liver. Also, using higher b-values, the calculation of ADC value, the true diffusion coefficient, D, and 

the perfusion fraction, f, can be useful for the characterization of focal liver lesions. DCE 4D THRIVE enables MRI of the liver with 

high temporal and spatial resolution with full liver coverage. 4D THRIVE improves detection and characterization of focal liver 

lesions providing multiple arterial and venous phases. The characterization of focal liver lesions using parametric maps appears to be 

promising for differentiating benign and malignant focal liver lesions. 
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