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ABSTRACT
The incidence of hepatocellular carcinoma (HCC) is rising worldwide. Although the best chance for long-term survival
is early detection, screening high-risk populations to detect HCC when it is most treatable still has only limited success.
Once detected within the cirrhotic liver, many observations still defy correct characterization, due in part to a history of
nonstandarized nomenclature and reporting patterns. Recently, however, an initiative by the American College of Radiology, Liver Imaging-Reporting and Data System (LI-RADS), has begun to remedy these inadequacies. Here, we review LI-RADS, and focus in particular on the difficult nodule, i.e., a radiological observation that challenges our current diagnostic ability, and review essential technical imaging features that aid in the diagnosis of early HCC.
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1. Introduction
The incidence of hepatocellular carcinoma (HCC) is increasing globally and is the sixth most common cancer
worldwide [1-3]. The incidence is highest among men, at
7.9% of all the cancers, with a mortality rate of 11.3%
(3.7% and 2.2%, respectively, for women) [1]. In the
USA, 26,190 new cases were diagnosed in 2011 and
19,590 deaths are due to HCC [4].
In Asian Countries and in African countries the rise is
predominantly secondary to Hepatitis B infection, whereas in USA and Japan, it is due to the Hepatitis C infection.
It has been observed and projected to rise among the patients suffering from NASH and metabolic syndrome [5].
Systematic review of the literature has revealed a positive correlation between diabetes and the increased risk
of HCC in Chinese cohorts [6]. The other risk factors are
alcoholic cirrhosis, hemochromatosis, alpha-1 antitrypsin
deficiency and patients with autoimmune hepatitis induced cirrhosis.

2. Screening
While some level-1 (randomized controlled trial [RCT])
*
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evidence suggests that screening for hepatocellular carcinoma in high-risk patients may improve survival [7], a
more recent Cochrane analysis including three RCTs
concluded that there is insufficient evidence to either
support or refute the value of screening even high-risk hepatitis-B-positive patients, using alpha-fetoprotein (AFP)
and ultrasound (US) screening [8]. A RCT by Trinchett,
et al., comparing 3- and 6-month periodicities of US screening showed that at the time of initial screening diagnosis,
10% of patients already have infiltrative disease, 11% have
vascular involvement, and 25% have tumor burden beyond Milan criteria [9].
The current screening tools that are widely used include liver US and the measurement of serum AFP, generally every 6 months in high risk patients. However,
despite these guidelines, the resectable (potentially curable) lesions are identified infrequently due to the limitations of these methods. When used for screening highrisk individuals, US has sensitivity of only 65% - 80%
but a specificity greater than 90% [10]. Limitations of
US include the interoperator variability, limitations of
body habits, such as the severe obesity that is epidemic in
the United States, and the lack of contrast-enhanced US
in the United States. Although AFP has relatively poor
sensitivity and specificity, new markers are on the horiJCT
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zon [11,12].

3. Liver Imaging-Reporting and Data
System (LI-RADS)
Once a lesion is detected, either as a result of screening
or of evaluation of symptoms, it is essential that it be
completely and correctly described, not only for immediate diagnosis of the difficult nodule for a given patient,
but also for standardizing reporting among different patients, for improving communication among clinicians,
for performance auditing and quality assurance, and for
research endeavors. To this end, the American College of
Radiology has developed the Liver Imaging-Reporting
and Data System (LI-RADS) for the diagnosis of HCC,
recently reviewed in a case-based format by Purysko et
al. [13]. Akin to the widely used BI-RADS acronym
(Breast Imaging-Reporting and Data System), LI-RADS
aims to reduce variability in the interpretation of liverimaging studies in patient with cirrhosis or otherwise at
risk for the development of HCC [14].
The need for standardized reporting of liver lesions
using LI-RADS is amplified by the increasing sophistication of the technology, both in computed tomography
(CT) and magnetic resonance imaging (MRI) [15,16],
with a corresponding increased need for subspecialization [17] among radiologists. Axial imaging technology
and the degree of subspecialized skill of those interpreting the resulting images have increased so much over the
past 2 decades as to largely supplant biopsy for classically enhancing lesions. In fact, the rate of histologically
unconfirmed HCC has increased nearly threefold faster
than the rate of biopsy-confirmed HCC [18], due to recent increases in imaging-base diagnosis. Accordingly,
the National Comprehensive Cancer Network (NCCN)
guidelines [19] recommends that for lesions >1 cm,
when two classical enhancements are seen, the diagnosis of HCC is made without need for biopsy, where
classic enhancement is considered to be arterial hyperenhancement and venous washout. In addition to these
two tumor characteristics, an increased diameter ≥1 cm
within 1 year, and tumor within the lumen of a vein are
the most concerning characteristics of a liver mass [13]
(Figure 1).
Analogous to the improvements on the horizon regarding the standardization of operative reporting, using
synoptic electronic reporting (as opposed to traditional
dictated narrative reporting), with consequent benefits
such as more complete, more usable, more accurate information [20-22], the structured reporting produced by
LI-RADS similarly may be expected to effectively address recognized deficiencies [23] in current imaging and
reporting techniques, with certain improvement in patient
care and research activities.
Building on the structure of the well established BICopyright © 2013 SciRes.

RADS system, a complete LI-RADS evaluation assigns
an imaging observation (e.g., cirrhosis-associated liver
nodule) to one of five categories (Table 1 and Figure 2),
ranging from definitely benign (LI-RADS 1) to definitely
HCC (LI-RADS 5, Figure 3), with intermediate categories being LI-RADS 2 (probably benign, Figure 4), LIRADS 3 (intermediate probability, Figure 5), and LIRADS 4 (probably HCC) [14]. Although the lesion under
evaluation may be hypo- or hyperintense on the precontrast MRI, the essential hyperintensity during the arterial
phase may still occur and must be followed by venous
washout to hypointensity relative to the surrounding liver
parenchyma; similarly hypointensity on the venous phase
is insufficient for the diagnosis of HCC in the absence of
arterial hyperintensity (Figure 6).
While one may envision a future LI-RADS system
usable not only for the initial CT or MRI diagnosis but
for surveillance imaging following resection or nonresectional liver-directed therapy, the current version of LIRADS applies to only untreated observations in patients
at elevated risk for HCC, and does not incorporate contrast-enhanced US [14].

4. The Difficult Nodule
Cirrhosis-associated hepatocellular nodules arising in response to liver injury may be difficult to diagnosis, especially when small. The differential diagnosis includes
regenerative nodules, dysplastic nodules, siderotic nodules (which may be either regenerative or dysplastic histologically), as well as “non-nodule nodules”, such as arterial enhancement within cirrhotic liver due to arterialportal shunts, transient hepatic attenuation/intensity difference, and rarely, hemangiomas such that the diagnostic and therapeutic management of such difficult nodules (observations) is challenging.

4.1. Regenerative Nodules and Dysplastic
Nodules
A regenerative nodule is a well-defined region of parenchyma that has enlarged in response to necrosis, altered
circulation, or other stimuli; they are present in all cirrhotic livers and are surrounded by fibrous septae. Regenerative nodules may be classified according to size as
either micronodules (<3 mm) or macronodules (≥3 mm).
Rarely, so-called “giant” regenerative nodules have also
been described as measuring up to 5 cm [24]. Although
regenerative nodules greater than 1.5 cm have an increased likelihood of harboring dysplastic or malignant
foci [25], nodules measuring 2 cm have been observed in
patients with Budd-Chiari syndrome [26] and autoimmune hepatitis [27]. Unlike cirrhosis, regenerative nodules in Budd-Chiari syndrome are not surrounded by fibrosis [24].
JCT
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Table 1. Imaging features by LI-RADS category.
LI-RADS Category

Description

Imaging Features

1

Definitely benign

Diagnostic for a benign entity, or definite disappearance without treatment

2

Probably benign

Suggestive of a benign entity; or
Stable imaging features for ≥2 y; or
Probable disappearance in the absence of treatment

Intermediate
probability of
being HCC

<2 cm:
Masslike configuration with arterial-phase hyperenhancement and no additional major features1, or
Masslike configuration with arterial phase hypoenhancement and ≤1 additional major feature1
≥2 cm:
Masslike configuration with arterial phase hypoenhancement and no additional major features1
Any size:
Nonmasslike configuration and neither LR-1 nor LR-2; or
Cannot be categorized as LR-1, LR-2, LR-4, or LR-5; or
Meets criteria for LR-4 or LR-5, with stablity for ≥2 y

Probably HCC

Category A (<2 cm):
Masslike configuration with arterial phase hyperenhancement and 1 additional major feature1, or
Masslike configuration with arterial phase iso- or hypoenhancement and 2 additional major features1, or
Probable tumor within lumen of vein
Category B (≥2 cm):
Masslike configuration with arterial phase hyperenhancement and no additional major features1, or
Masslike configuration with arterial phase iso- or hypoenhancement and 1 or 2 additional major features1, or
Probable tumor within lumen of vein

Definitely HCC

Category A (≥1 cm but <2 cm):
Masslike configuration with arterial phase hyperenhancement and 2 additional major features1, or
Definite tumor within lumen of vein
Category Β (≥2 cm):
Masslike configuration with arterial phase hyperenhancement and 1 or 2 additional major features1, or
Definite tumor within lumen of vein

3

4

5

Adapted from References [13,14]; 1Additional major features: portal venous phase or later phase hypoenhancement, increase in diameter of at least 1 cm within
1 year.

(a)

(b)

(c)

(d)

(e)

Figure 1. Schematic of imaging features characteristics of
HCC used by LI-RADS, (a) Masslike configuration; (b) Arterial-phase hyperenhancement; (c) Portal venous phase hypoenhancement; (d) Increase of ≥1 cm in diameter within 1
year; (e) Tumor within the lumen of a vein. Adapted from
Purysko, et al. [13].

Siderotic nodules, although reliably detected at MRI
(Figure 7), are associated with no imaging criteria to
reliably distinguish between regenerative or dysplastic
histology [28]. Furthermore, siderotic nodules have not
shown an increased propensity to develop into HCC, and
the iron deposits may represent a marker for hepatic disease activity rather than a step in hepatocarcinogenesis
[29].
Dysplastic nodules are found in 15% - 25% of cirrhotic livers [30], and are stratified as low-grade or highgrade. Dysplastic nodules may occasionally be larger
than 15 mm but rarely exceed 20 mm [31]. While lowCopyright © 2013 SciRes.

grade dysplastic nodules resemble regenerative nodules
histologically and are considered to have little potential
for progression to HCC [32,33], high-grade dysplastic
nodules are considered premalignant with more frequent
and rapid progression to HCC, and are akin to the previously reported entity “atypical adenomatous hyperplasia”
[32,34]. High-grade dysplastic nodules are characterized
by both cytologic and architectural atypia and are difficult to distinguish even pathologically from well-differentiated HCC [35], although an emerging group of markers has proven quite accurate (HSP70, glypican 3 and
glutamine synthetase) [36,37].
Not only is it difficult for a given pathologist or radiologist to distinguish between high-grade dysplasia and
early HCC, but there is lack of consensus in histologic
characterization between Western and Eastern pathologists regarding borderline lesions: What Western pathologists may call high-grade dysplasia, Easterners tend to
interpret as early, well-differentiated HCC [38,39], although consensus is being reached recently [37]. Prior to
consensus, patients with high-grade dysplastic nodules
have been thought to be at fourfold higher risk of developing HCC [32], although many of the early HCCs diJCT
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Figure 2. LI-RADS overview, Abbreviations: OM, other malignancy. See Table 1 for explanations of categories. Adapted
from American College of Radiology, Reference [14].
(a)

(b)

(a)

(c)

(b)

Figure 3. LI-RADS 5: Definitely HCC. A 2.8-cm hepatic
lesion in segment 7/8: (a) Isodense on precontrast phase; (b)
Demonstrating arterial-phase hyperenhancement; and (c)
Venous phase hypoenhancement relative to surrounding
liver.
(a)

(b)

(c)

(d)

Figure 4. LI-RADS 2: Probably benign. Lesion in hepatic
segment 7: (a) Isodense on precontrast phase; (b) and (c)
Arterial-phase nodular hyperenhancement; (d) Demonstrating delayed venous return to isoenhancement.

agnosed in Japan tend to be reported as dysplastic nodules by Western pathologists [39]. According to the latest
guidelines from the American Association of the Study
of Liver Diseases, dysplastic nodules should not be treated or managed as cancers, and patients with known or
suspected dysplastic nodules should be surveilled at 3- to
6-mo intervals [35].
A strong correlation exists between the perfusion source
of hepatocellular nodules and the grade of maligCopyright © 2013 SciRes.

Figure 5. LI-RADS 3: Intermediate probability of being
HCC. Opposed-phase T1 (a) and T2-fat saturated (b) images demonstrating T1-hyperintense nodules (arrows) with
T2 hypointensity within a cirrhotic liver segment 4; the lesion did not enhance and is probably a dysplastic nodule.

nancy; that is, the intranodular portal supply relative to
the surrounding liver decreases, whereas the arterial supply increases in accordance with elevation of the grade of
malignancy of the nodule [34]. A major shift in angiogenesis typically occurs during the transition from lowgrade to high-grade dyplasia, and as little as 6% of HCC
demonstrate residual portal blood supply whereas 94%
show greater arterial supply compared to surrounding
liver parenchyma [40]. Histologically, there are two related yet separate processes which account for the increased arterial supply of nodules from dysplasia to malignancy within the cirrhotic liver: (a) the hepatic sinusoids undergo gradual changes to resemble more ordiJCT
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Figure 6. Classic arterial-phase hyperenhancement and venous-phase washout on MRI. See text for explanation. Adapted
from American College of Radiology, Reference [14].
(a)

(b)

Figure 7. Siderotic nodule on MRI, dual-echo gradient recalled echo T1 images: (a) in-phase; (b) opposed-phase demonstrating susceptibility artifact classically associated with
siderotic nodule (arrows). Also note, iron-containing GamnaGandy bodies in spleen.

nary capillaries, and (b) induction of new, unpaired arteries (neoangiogenesis) [31].

4.2. Other “Nodules”
There are several causes of nontumoral arterial enhancement within the cirrhotic liver that are important to distinguish, most of which are related to arterial-portal shunts,
transient hepatic attenuation or intensity differences as
Copyright © 2013 SciRes.

occur with perfusion alteration (Figure 8), and rarely,
hemangiomas [41,42]. Shunts are commonly peripheral
or wedge-shaped but also can be nodular or irregular, and
do not displace internal vasculature [43,44]. The underlying inflammatory-regenerative process of cirrhosis obliterates typical hemangiomas and, therefore, the residual
observed hemangiomas often have atypical imaging features [45]. Other enhancing lesions found in the noncirrhotic liver (focal nodular hyperplasia, hepatic adenomas,
hypervascular metastases, intrahepatic cholangiocarcinoma) are beyond the scope of this review, but can lead
to diagnostic uncertainty when evaluating for HCC; correlation with additional clinical information is essential.

4.3. The Small Nodule
The detection of small tumors remains the most challenging area in imaging a cirrhotic liver at risk for developing HCC. Although MRI reliably outperforms CT
in evaluation for HCC [46-48], size remains a limitation
for accurate characterization. The use of US in this role,
although described, has been seriously questioned [46,
49], especially given the current unavailability of contrast-enhanced US in the United States. The technological advances leading to improved spatial, temporal, and
contrast resolution of CT and MRI make them promising
JCT
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Figure 8. Perfusion alteration (“Nonnodules”), the areas of hyper-enhancement fail to meet the definition of a mass (3-dimentional, space-occupying lesion that displaces or replaced underlying hepatic parenchyma. Adapted from American College of Radiology, Reference [14].

alternatives to US in diagnosis and surveillance of HCC.
Several studies have suggested that the majority of arterial enhancing lesions <2 cm in the cirrhotic liver are
benign, even in patients with proven HCC elsewhere in
the liver [41,50,51]. Yet, it is increasingly clear that such
arterial-enhancing lesions should not be completely ignored, nor necessarily characterized as false-positive results, as many of these lesions likely represent premalignant dysplastic nodules or early (well-differentiated) HCC
[31,52,53]. In addition, there are known limitations and
pitfalls related to image-guided biopsy of small nodules
in particular, with increased technical difficulty [31,54]
low yield [55], and false-negative results [56]. Arterialenhancing foci shown on MRI should at least be monitored closely [54]. Delayed hypointensity of an arteriallyenhancing lesion is an important feature that increases
the specificity of diagnosing small HCC (<2 cm), although its absence certainly does not exclude malignancy, since some early malignancies and high-grade dysplastic nodules may have residual portal perfusion rendering them isodense (isointense) on delayed phase imaging [33,42,57-59].
A report from Choi, et al. [60] indicated that retrospectively discovered small, indeterminate hepatocellular
nodules <2 cm in size, many of which were seen as foci
Copyright © 2013 SciRes.

of arterial enhancement only, did not become untreatable
HCC despite a delay in diagnosis of up to 12 months,
suggesting that this subset may represent a less aggressive pattern of HCC. Therefore, the need for very shortterm follow-up (<6 months) of small, indeterminate nodules is questionable. As the size of the lesion (and likelyhood for malignancy) increases beyond 1 cm, and fewer
tumor doublings are required to reach a stage of poorer
prognosis, shorter follow-up intervals may be of more
benefit [60,61]. Prior reports have shown that nonneoplastic, arterial hypervascular lesions are the major cause
of false-positive diagnoses of lesions smaller than 1 cm,
and dysplastic nodules are the major cause for lesions 1 2 cm [62,63].
The issue of utmost importance and relevance surrounding the diagnostic challenges of small hepatocellular nodules is that of resource (viz. organ) allocation.
False-positive diagnoses result in unfair priority granted
to patients without malignancy, or even transplantation in
patients in the absence of HCC [64]. Confident diagnosis
of cancer is, therefore, a critical step prior to treatment
indication and eventual organ allocation. It is precisely
for this reason that both the American Association for the
Study of Liver Diseases and the European Association
for the Study of the Liver require concordant findings
JCT
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typical of HCC (e.g. both arterial phase enhancement and
portal/delayed phase washout) on two imaging modalities when establishing the diagnosis for nodules <2 cm in
size; doing so essentially raises the specificity for malignancy near 100% [65].

4.4. Technical Considerations Regarding
Imaging (MRI) of HCC and Related Lesions
In comparison to CT, MRI has several advantages, including superior contrast resolution, the availability of
variety of liver-specific contrast agents, making it likely
the most important modality for the assessment of cirrhosis-associated hepatocellular nodules. The foundation
of MRI assessment of the cirrhotic liver includes T1 gradient-echo, opposed phase sequences, high-quality, breathhold T2-weighted imaging with fat saturation, and volumetric T1-weighted gradient-echo imaging with fat saturation before and after bolus-infused gadolinium contrast
during the arterial, portal, and equilibrium phases. Diffusion-weighted sequences are used at some institutions to
evaluate hepatocellular nodules, and have been observed
to have equal or better detection and characterization rates
for HCC in comparison to standard breath-hold T2-weighted imaging [66,67].
The ability of MRI to differentiate between lesions derives in part from super paramagnetic iron oxide (SPIO)
particles, which are phagocytized by Kupfer cells in the
liver (and spleen). In the cirrhotic liver, they accumulate
in regenerative nodules, some dysplastic nodules, and regions of surrounding liver parenchyma, causing signal
loss of T2 and T2* weighted sequences. Most HCC lesions lack Kupfer cells and, as a result, do not take up the
SPIO particles, rendering these lesions hyperintense relative to the surrounding parenchyma [25,68]. Their conspicuity is dependent on the difference in the number of
Kupfer cells within the nodules and the surrounding cirrhotic parenchyma, and certain well-differentiated HCC
(containing Kupfer cells) can be distinguished from poorlydifferentiated malignancies [68].
The addition of a gadolinium-based contrast agents with
specificity for hepatocellular uptake and biliary excretion
(Eovist® or Primovist®, and Multihance®) allows for further delayed imaging and enhancement of functioning
hepatocytes, increasing the diagnostic accuracy for small
liver lesions when compared to standard CT and MRI [6971]. In particular, this class of MR contrast agents assists
in differentiation of small HCC with arterial-portal shunts,
a known source of false-positive results on CT and conventional MRI [70-72]. The use of liver-specific contrast
media for the identification of atypical lesions is already
incorporated in the Japanese consensus-based clinical practice guidelines [73].
The image quality of the delayed (hepatocellular) phase
is reduced in end-stage cirrhosis primarily due to poor
Copyright © 2013 SciRes.
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hepatocellular function, resulting in decreased and delayed concentration of the gadolinium chelate within the
hepatocytes and poor biliary concentration, reducing lesion-to-liver contrast-to-noise ratio [63,71].
4.4.1. Regenerative Nodules
The T1 signal intensity of regenerative nodules is variable but usually indistinct; lipid-containing regenerative
nodules show signal loss on opposed-phase gradient-echo
sequences. A single lipid-containing nodule is suggestive
of a dysplastic or malignant process, however [25]. Occasional hyperintensity within regenerative nodules has
been attributed to other substances less clearly understood (e.g., protein, copper) [33,74]. On unenhanced T2weighted images, regenerative nodules are typically indistinct or mildly hypointense. Most regenerative nodules enhance to the same degree as the adjacent liver, or
show slightly less enhancement. Uptake and excretion of
hepatocellular agents are usually preserved and, as a result, all regenerative nodules have a similar appearance
on the hepatocellular phase [25].
4.4.2. Dysplastic Nodules
Dysplastic nodules have variable appearances on MRI,
and their signal intensities may overlap with those of
regenerative nodules (low-grade dysplastic nodules) and
well-differentiated HCC (high-grade dysplastic nodules).
T1-weighted images are generally not helpful in the evaluation of dysplastic nodules due to the variable (low,
intermediate, high) signal intensity of these lesions. On
T2-weighted images, low-grade dysplastic nodules tend
to have low signal intensity relative to adjacent liver,
whereas that of high-grade dysplastic nodules tends to be
slightly increased [25]. Both regenerative and dysplastic
nodules may occasionally infarct, resulting in T2 signal
hyperintensity on MRI, and mimic hypovascular HCC
[75].
On contrast-enhanced MRI, low-grade dysplastic nodules are indistinguishable from regenerative nodules, whereas high-grade dysplastic nodules, which receive increaseing supply from the hepatic artery, may be indistinguishable from, and mistaken for, well-differentiated HCC [24,
29,34,76,77]. Lesional enhancement during the arterial
phase after contrast bolus administration is the imaging
correlate to hypervascularity. This is considered an essential characteristic of HCC, and is used as the only radiologic feature on contrast-enhanced CT or MRI for
imaging diagnosis prior to listing (UNOS) [78].
4.4.3. Small Nodules and HCC Nodules
On T1-weighted and T2-weighted images, small HCC
may have variable signal intensities; moderately increased T2 signal is more specific for malignancy, since only
a minority of (generally, infarcted) dysplastic or regenJCT
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erative nodules are hyperintense [75,79].
Approximately 80% - 90% of HCC are hypervascular
and avidly enhance during the arterial phase of dynamic
contrast-enhanced CT or MRI. The remaining 10% 20% are hypovascular malignancies and show less contrast enhancement on the arterial phase compared to the
surrounding liver [25,53,80]. An enhancing tumor capsule on the delayed phase of contrast administration is
evident in 65% - 89% of large HCC, and though this
finding is not required for diagnosis, its presence is highly specific (up to 96%) [24,25,42].
The complexity of liver imaging, including the limitations of the procedures currently available, emphasizes
the need for a multidisciplinary approach to achieve the
most accurate diagnosis and best possible treatment of
cirrhosis-associated hepatocellular nodules.

5. Summary
The early detection of HCC in high-risk individuals is
rather limited, with US and serum AFP currently being
the most widely used tests. A major advancement in the
diagnosis of HCC, however, is the development of LIRADS, which promises to improve the care of patients at
risk for having HCC by reducing variability in lesion
interpretation and reporting, thereby improving communication among providers, and facilitating not only decision-making for individual patient care but also standardization for quality assurance and research endeavors.
Given recent major advancements in liver imaging, particularly using MRI, and given the optimal diagnosis of
the difficult cirrhotic nodule requires a high degree of
expertise among subspecialist hepatobiliary radiologists.
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