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Abstract 

The MRI findings of a liver lesion in a patient with congenital heart 
disease are presented and the differences between the two types of 
MR contrast agents, i.e., extracellular and intracellular (hepatobiliary), 
and their role in characterizing the imaging features of hepatocellular 
carcinoma are discussed. The diagnostic algorithm of LI-RADS cannot 
be used to characterize liver lesions in patients with cardiac cirrhosis 
(secondary to congestive hepatopathy following congenital heart 
disease). The main reason for this is the increased likelihood of 
the presence of confounding benign lesions resulting from chronic 
hepatic congestion. The only definitive way to diagnose suspicious 
liver lesions in these patients is the histopathological examination of 
these lesions. Hence, there is a need for a new diagnostic imaging 
algorithm in such patients, which can provide a non-invasive method 
to identify potentially malignant lesions.
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Introduction

Hepatocellular Carcinoma (HCC) is most commonly seen in 
patients with a background of liver cirrhosis [1]. Standardized 
imaging tools such as CT/MRI LI-RADS can help categorize liver 
lesions, guide treatment, and follow-up decisions [2]. However, 
currently CT/MRI LI-RADS cannot be applied to liver cirrhosis 
resulting from cardiac congestion, such as in patients with 
congenital heart disease. In this case report, we describe the 
MRI findings of a patient diagnosed with liver cirrhosis and 
known congenital heart disease utilizing both hepatobiliary 
(intracellular) and extracellular Gadolinium-Based Contrast 
Agents (GBCA). Since this patient’s cirrhosis was due to cardiac 
congestion, we could not apply CT/MRI LI-RADS to categorize 
the liver lesion.

Case presentation

This is a case of a 33-year-old female, with a known history 
of cirrhosis secondary to hepatic congestion (resulting from 
sequelae of a single outlet ventricle), (Figure 1), who presented 
to the hospital for Hepatocellular Carcinoma (HCC) surveillance. 
The serum alpha-fetoprotein level in this patient was 2.5 ng/ml 
and had been relatively stable across multiple years. 

Imaging findings

The patient had undergone imaging with hepatobiliary 
contrast MRI three months prior to the current imaging. This 
prior scan showed a well-defined, rounded 1.5 cm arterial phase 
hyperenhancing lesion in the right lobe of the liver, located 
peripherally in segment five of the liver (Figure 2). The lesion 
did not exhibit washout in the transition phase and retained 
contrast on the hepatobiliary phase (Figure 3). These findings 
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Figure 1: Axial contrast-enhanced Chest CT image demonstrating a 
single outlet ventricle in this 33-year-old female patient with history 
of cirrhosis due to cardiac congestion.

Figure 2: Axial arterial phase contrast-enhanced T1-weighted MR 
image following hepatobiliary, intracellular contrast administration. 
Non-rim arterial phase hyperenhancement is seen within a 1.5 cm 
right hepatic lobe segment five lesion.

Figure 4: Axial portal venous phase contrast-enhanced T1-weighted 
MR image following extracellular contrast administration. Contrast 
washout is seen within the 1.5 cm right hepatic lobe segment five 
lesion.

Figure 3: Axial hepatobiliary phase contrast-enhanced T1-weighted 
MR image demonstrates that the right hepatic lobe segment five 
arterially enhancing 1.5 cm lesion retains contrast.
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suggested a liver lesion with functional hepatocytes, such as 
well-differentiated HCC.

During a follow up visit, the patient underwent HCC screening 
with an MRI with an extracellular contrast agent (Gadoteridol). 
This imaging showed a 1.5 cm hyperenhancing lesion in 
the arterial phase, with washout during the portal venous 
and equilibrium phases (Figure 4). These findings would be 
consistent with a LI-RADS LR 5 lesion (definitely hepatocellular 
carcinoma); however, given the known diagnosis of congenital 
heart disease, the use of CT/MRI LI-RADS and CEUS LI-RADS to 
characterize the liver lesion is precluded. 

Discussion

Imaging features of HCC on MRI

The Liver Imaging Reporting and Data System (LI-RADS) is a 
standardized tool for the interpretation and reporting of liver 
imaging findings. It provides uniform algorithms for each of 
the various imaging modalities to categorize liver lesions on 
a spectrum from benign to malignant in patients at high risk 
for HCC. The various imaging modalities used in LI-RADS for 
the purpose of surveillance, diagnosis and staging of HCC are 
CT, MRI (with extracellular and hepatobiliary contrast agents), 
Ultrasonography (US) and Contrast Enhanced Ultrasonography 
(CEUS) [2].

MR imaging can be performed with two types of GBCA: 
Extracellular and intracellular (hepatobiliary). The main 
difference between these is that the hepatobiliary contrast 
is taken up by functional liver cells/hepatocytes, while the 
extracellular contrast is not. As a result, imaging done with 
hepatobiliary contrast shows hyperintense lesions if they are 
composed of functional liver cells. This is an important staging 
tool, as malignant lesions often have undifferentiated cells 
with loss of functionality. Thus, hypointense lesions on the 
hepatobiliary phase of MRI are more likely to be composed 
of undifferentiated cells and have a poor prognosis. Another 
characteristic of malignant lesions is the presence of an 
extensive vascular system, which can be identified on imaging by 
hyperintensity on the arterial phase and washout in the portal 
venous phase. Non-rim arterial phase hyperenhancement, 
which is the primary major imaging feature of LI-RADs, can be 
demonstrated with both extracellular and intracellular GBCAs; 
however, hepatobiliary contrast agents are more sensitive in 
detecting new malignant lesions, as compared to extracellular 
contrast agents [3,4].

If a lesion is hypointense on the hepatobiliary phase (not 
functional and potentially more suspicious for malignancy) 
but is also not showing washout nor arterial phase 
enhancement (arterial blood supply of the tumor increases 
during hepatocarcinogenesis, which leads to arterial phase 
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Conclusion

There is a need for a definitive imaging modality to 
characterize liver lesions in patients with cirrhosis secondary to 
cardiac congestion. The liver lesions in these patients cannot 
currently be evaluated for HCC using the CT/MRI LI-RADS due 
to potential confounding with hyperplastic nodules. Although 
the diagnostic algorithm of LI-RADS cannot be used in this 
patient population with liver cirrhosis, these patients should 
undergo regular imaging surveillance to look for any suspicious 
findings for malignancy and undergo biopsy, if indicated, as 
histopathological examination of the liver biopsy sample may 
ultimately be required for definitive diagnosis.
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enhancement and hence confers a higher LI-RADS score) it 
would more likely be malignant. Hence, when we are trying 
to determine the malignant potential of a new liver lesion, 
the functionality of that liver lesion takes precedence over 
its vascularity. New malignant lesions may not have a well-
developed vascular system and may be missed on arterial 
phase, but their lack of functionality will be detected during the 
hepatobiliary phase of MRI [4].

Characterizing indeterminate liver lesions in a patient with 
cirrhosis due to cardiac congestion:  Beyond LI-RADS

Each of the imaging modalities in LI-RADS has specific 
inclusion and exclusion criteria. For example, CT/MRI diagnostic 
LI-RADS is designed for patients who are at a high risk of HCC, 
including patients with cirrhosis, chronic hepatitis B infection, 
patients with prior HCC and adult liver transplant candidates and 
recipients. The causes of cirrhosis are also well defined in the 
algorithm. Liver cirrhosis resulting from alcohol use, hepatitis 
B infection and Non-Alcoholic Fatty Liver Disease (NASH) are 
included in the screening protocol. However, CT/MRI LI-RADS 
does not apply to cirrhosis resulting from vascular disorders 
such as hereditary hemorrhagic telangiectasia, Budd-Chiari 
syndrome, chronic portal vein occlusion, or cardiac congestion 
[2]. 

Patients with congenital heart disease may develop right 
heart failure, contributing to hepatic congestion. Chronic 
hepatic congestion increases the risk of development of benign 
hyperplastic nodules that may resemble HCC on imaging, 
potentially causing false positive diagnoses [2]. This may lead 
to diagnostic inaccuracies on imaging, as both have similar 
radiologic features, ie arterial phase enhancement, when 
viewed on contrast MRI. Hence, use of LI-RADS (for MRI and 
CEUS features) may prove challenging in establishing an accurate 
diagnosis of HCC in a patient with congenital heart disease [5].

Even though the diagnostic criteria for HCC using LI-RADS 
cannot be applied in this patient population (due to potential 
confounding with the commonly present benign lesions), 
surveillance for HCC is still advised using the same modalities 
[6]. The presence of any suspicious findings on surveillance can 
then prompt a biopsy of the lesion, which is currently the only 
definitive diagnostic tool in these patients.

Options for a patient with indeterminate liver lesion detected 
on CT/MRI LI-RADS at present include Contrast-Enhanced 
Ultrasound (CEUS), which uses a purely intravascular contrast 
(microbubbles) agent. This is unlike CT and MRI contrast agents, 
which also have an interstitial phase in addition to the arterial 
phase. Moreover, the ultrasound modality allows for continuous 
acquisition of images and an uninterrupted evaluation of the 
vascular phases. This can resolve discrepancies that may arise 
due to arterial phase mistiming and can allow detection of arterial 
phase enhancing lesions missed on CT or MRI [7,8]. Although 
CEUS cannot be used for complete HCC staging due to the limited 
field of view during imaging, it can be used for characterization of 
focal liver lesions previously identified on MRI/CT [9]. However, 
at present, CEUS LI-RADS is also limited in this patient population 
with cirrhosis due to cardiac congestion [10].


