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The Fontan operation is performed in patients with a single ventricle. As the systemic venous 
return is directly connected to the pulmonary circulation during this procedure, chronic 
hepatic congestion is induced, leading to Fontan-associated liver disease (FALD) including 
liver cirrhosis and hepatocellular carcinoma (HCC). In this report, we present a case of HCC 
diagnosed in a patient who underwent the Fontan operation 30 years ago. The patient 
underwent regular surveillance for FALD, which revealed a 4 cm-sized hepatic mass with 
elevated serum alpha-fetoprotein. After surgical treatment, there was no evidence of HCC 
recurrence during 3 years of follow-up. As the risk of HCC and Fontan-associated liver cirrhosis 
increases with the duration elapsed since the operation, regular surveillance should be 
emphasized. Serial follow-up of serum alpha-fetoprotein levels and abdominal imaging are 
necessary to achieve early and accurate diagnosis of HCC in post-Fontan patients. (J Liver 
Cancer 2022;22:188-193)
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INTRODUCTION

Since the Fontan procedure was first performed to correct 

tricuspid atresia by Fontan and Baudet in 1971,1 it has been 

modified for application in patients with single-ventricle 

physiology due to complex congenital heart diseases. The di-

rect connection of systemic venous return to the pulmonary 

arteries in the Fontan circulation allows passive filling of the 

pulmonary circulation without the use of a pump. Therefore, 

high central venous pressure and low cardiac output due to 

limited preload are inevitable in patients who undergo the 

Fontan operation.2,3 

As shown in Fig. 1, the hemodynamic characteristics of the 

Fontan circulation result in chronic hepatic congestion, causing 

liver cirrhosis and hepatocellular carcinoma (HCC).4,5 Howev-

er, little is known about the risk of HCC after the Fontan pro-

cedure, and there are currently no consensus guidelines for 

surveillance of Fontan-associated liver disease (FALD).

Here, we present a case of HCC diagnosed in a patient 

who underwent Fontan operation 30 years ago. This case re-

port demonstrates the importance of regular surveillance for 

liver disease following the Fontan procedure. This case report 

is described in accordance with the CARE guidelines (avail-

able at https://www.care-statement.org/).
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CASE REPORT

A 35-year-old man was referred with a hepatic mass de-

tected on computed tomography (CT) imaging at Seoul Na-

tional University Hospital (SNUH). He was born with a sin-

gle ventricle combined with pulmonary stenosis and a 

secundum atrial septal defect. The patient underwent left 

modified Blalock–Taussig shunt and Fontan operation at the 

ages of three and six, respectively. He was subsequently as-

ymptomatic until 20 years of age, when he visited SNUH 

with worsening dyspnea on exertion and cyanosis. Conver-

sion Fontan operation with mitral valve closure was per-

formed at the age of 20 years.

The patient received regular surveillance of the heart and 

liver, using echocardiography and abdominal ultrasonogra-

phy, respectively. Liver ultrasonography performed 6 months 

prior to diagnosis did not show any focal lesions in the liver, 

except for Fontan-related liver cirrhosis with mild spleno-

megaly (12.5 cm). However, CT angiography to assess the 

Fontan tract unexpectedly revealed a 4 cm-sized hepatic mass 

in the right lobe (segment V), showing hyperenhancement in 

the arterial phase and washout in the portal venous phase 

(Fig. 2). To evaluate the mass further, the patient was re-

ferred to a hepatologist and underwent additional blood and 

imaging tests. 

The initial blood test results at the time of diagnosis were 

as follows: white blood cell count, 6,350/µL; hemoglobin, 

19.5 g/dL; platelet count, 145,000/µL; aspartate aminotrans-

ferase, 37 U/L; alanine aminotransferase, 33 U/L; total biliru-

bin, 1.5 mg/dL; total protein, 8.0 g/dL; serum albumin, 4.4 g/

dL; and prothrombin time-international normalized ratio, 

1.15. Hepatitis B surface antigen and hepatitis B core anti-

body tests were negative with anti-HBs antibody positive. 

The initial serum alpha-fetoprotein (AFP) level was 274.43 

ng/mL, and protein induced by the absence of vitamin K or 

antagonist-II level was 52 mAU/mL. Liver function was pre-

served with Child-Turcotte-Pugh class A, and the Eastern 

Cooperative Oncology Group performance status was 0. The 

liver stiffness measured by transient elastography was 20.0 

kPa. Gadoxetic acid-enhanced liver magnetic resonance im-

Figure 2. Computed tomography image showing a 4 cm-sized hepatic mass in segment V (arrows). The mass is seen as hyperenhancement in the 
arterial phase (A) and washout in the portal venous phase (B).

A B

Figure 1. Effect of Fontan operation on the development of Fontan-as-
sociated liver disease. In Fontan circulation, the systemic veins and pul-
monary arteries are directly connected. Elevated central venous pres-
sure induced by passive filling of the pulmonary circulation without the 
support of the right ventricle results in chronic hepatic congestion. In 
addition, low cardiac output due to limited preload reduces portal 
blood flow, which contributes to ischemic insults. Consequently, accu-
mulated liver damage can lead to liver cirrhosis and even hepatocellular 
carcinoma.
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aging (MRI) also demonstrated a 4 cm-sized well-circum-

scribed mass with arterial phase hyperenhancement and hep-

atobiliary phase defect (Fig. 3A, B). It showed a high signal 

intensity on T2-weighted images (Fig. 3C) and diffusion re-

striction. On positron emission tomography-CT, the mass 

showed significant hypermetabolism, but there were no other 

abnormal hypermetabolic lesions, suggesting extrahepatic 

metastasis (Fig. 3D). 

Based on the patient’s history of the Fontan operation, un-

derlying liver cirrhosis, elevated AFP, and the results of vari-

ous imaging studies, the hepatic mass was strongly suggestive 

of HCC. As there was no evidence of extrahepatic metastasis 

and the patient’s liver function was well preserved, laparo-

scopic non-anatomical S5 segmentectomy and cholecystec-

tomy were performed. The resected specimen revealed a solid 

mass with a maximum diameter of 4.5 cm, and histological 

examination revealed a moderately differentiated HCC with 

a trabecular pattern (Fig. 4A). The background liver showed 

micronodular venocentric cirrhosis (Fig. 4B), consistent with 

cardiac cirrhosis. The patient was discharged without any 

complications after hepatic resection and was regularly fol-

lowed-up. Serum AFP levels returned to the normal range 

Figure 4. On histological examination, a moderately differentiated hepatocellular carcinoma with a trabecular pattern was observed (A, hema-
toxylin and eosin stain, ×200). The background liver shows micronodular venocentric cirrhosis (B, Masson’s trichrome stain, ×100).

A B

Figure 3. Contrast-enhanced liver magnetic resonance imaging showing a well-circumscribed mass (arrow) with arterial phase hyperenhance-
ment (A) and hepatobiliary phase defect (arrow) (B). In a T2-weighted image, it shows a high signal intensity (arrow) (C). The hepatic mass exhibit-
ed significant hypermetabolism in the positron emission tomography-computed tomography image (arrow) (D).
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after the operation, and there was no evidence of HCC recur-

rence up to 3 years after the initial treatment. 

DISCUSSION

In patients who underwent the Fontan operation, the fo-

cus of care has shifted from early survival to long-term extra-

cardiac complications as advancements in surgical tech-

niques and postoperative management have led to a 20-year 

transplant-free survival rate of 83% among early survivors.6,7 

The estimated global post-Fontan population is greater than 

70,000, and is expected to double within the next decade.8 

Due to the innate characteristics of Fontan circulation, liver 

damage from chronic hepatic congestion accumulates and 

can result in liver cirrhosis. Vascular shear stress and in-

creased parenchymal stiffness may directly promote the acti-

vation of hepatic myofibroblasts (i.e., hepatic stellate cells).9,10 

In addition, as cardiac output is usually lowered after the 

Fontan operation due to decreased preload, intermittent hy-

poxic and hypotensive insults may lead to centrilobular isch-

emia and further exacerbate liver cirrhosis.3 

The most important risk factor for liver cirrhosis in post-

Fontan patients is the duration after the operation.11 In one 

retrospective study, 86% of patients who underwent Fontan 

operation developed liver cirrhosis 20 years after the proce-

dure.12 In another study, as more than 10 years had passed 

following the operation, the cumulative incidence rate of cir-

rhosis increased dramatically and nearly all of the surviving 

patients (97.9%) were confirmed to have liver cirrhosis 30 

years after the procedure.5 Among 221 patients with estab-

lished cirrhosis, seven (3.2%) were diagnosed with HCC 

during surveillance; however, no HCC was identified in 92 

subjects without cirrhosis. Therefore, more frequent and 

thorough surveillance of hepatic complications should be 

considered in patients with a history of Fontan operation 

more than 10 years ago.

HCC is one of the most serious late complications in post-

Fontan patients. Although the estimated annual risk of HCC 

(1.5-5.0%) in post-Fontan cirrhosis is comparable to that in 

cirrhosis of other etiologies,13 regular surveillance should be 

emphasized, considering the possibility of HCC occurrence 

at a very young age (before 20 years)14,15 and the relatively 

high mortality of HCC after Fontan operation.16-18 However, 

benign arterial-phase hyperenhancing nodules are frequently 

observed following Fontan operation,19 making the accurate 

diagnosis of HCC challenging because they might show 

washout on portal venous phase and/or delayed phase imag-

ing.20,21 In addition, the limited utility of liver biopsy and 

MRI imaging due to coagulopathies and implanted cardiac 

devices in post-Fontan patients further complicates the de-

tection of HCC. 

Currently, there are no established guidelines for surveil-

lance of HCC in patients after the Fontan procedure. It is 

generally accepted that patients who underwent the Fontan 

operation more than 10 years ago should receive annual ab-

dominal ultrasonography and liver enzyme tests.3 If cirrhosis 

is confirmed, liver ultrasonography combined with serum 

AFP test should be performed every 6 months. Multiphase 

liver CT or MRI can be used when suspicious nodules are 

detected, unless there are any contraindications for MRI im-

aging, such as a pacemaker. However, in a retrospective 

study, 80% of patients diagnosed with HCC after Fontan op-

eration showed no evidence of chronic liver disease on liver 

imaging performed within 2 years prior to the detection of 

HCC.22 The vicious cycle between reduced cardiac function 

and liver cirrhosis might be attributable to rapid tumor pro-

gression, since Fontan circulation failure is frequently ob-

served in patients with established cirrhosis and decreased 

cardiac output further exacerbates fibrotic change.12 The low 

sensitivity and specificity of abdominal ultrasonography in 

post-Fontan patients also makes the early diagnosis of HCC 

challenging. Surface irregularity is a non-specific feature of 

FALD, as opposed to other chronic diseases,3 and it has been 

shown that liver nodules in post-Fontan patients can be easi-

ly missed owing to the low sensitivity of ultrasonography.23 

Therefore, additional research is warranted to establish com-

prehensive guidelines for HCC surveillance in FALD pa-

tients. 

In this report, we described a case of HCC diagnosed in a 

patient who had undergone Fontan operation 30 years ago. 

As the risk of FALD increases with the time elapsed since the 

operation, regular surveillance should be emphasized, espe-
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cially in patients with liver cirrhosis. Considering the distinc-

tive features of HCC in post-Fontan patients, specialized 

guidance for HCC surveillance in patients with FALD needs 

to be established. 
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