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Hematoxylin and eosin stain (left) and reticulin
stain (right) consistent with HCC.

CENTRAL MESSAGE

The prevalence of hepatocellular
carcinoma in the Australia and
New Zealand Fontan Registry is
0.3% (mean follow-up of
12.7 years).

See Commentaries on pages 131 and 133.
Hepatic fibrosis, cirrhosis, and hepatocellular carcinoma
(HCC) are now well recognized as complications of Fontan

palliation.1,2 The occurrence of HCC in particular has
caused alarm among clinicians, patients, and families,
with high mortality rates reported following diagnosis.3

Although many cases of HCC after Fontan are now
described in the literature, the population-based prevalence
of this complication is not known.

The Australian and New Zealand Fontan Registry is a
population-based, binational Registry that collects the
follow-up data of all patients who have undergone a Fontan
procedure in the region.Between June 3, 1975, andDecember
31, 2018, a total of 1620 patients underwent and survived a
Fontan procedure in Australia and New Zealand. Sixty-eight
patients (4%) were not consented to participate in the Regis-
try. The mean follow-up time of consented patients was
12.7 years. Of those consented and followed by the Registry,
5 patients (0.3%) were diagnosed with HCC (equivalent to
approximately 1 case per 4000 years of follow-up) (Table 1).

Patient 1, a 36-year-old woman with known hepatic
cirrhosis and ascites, was identified to have innumerable he-
patic lesions on a quad-phase computed tomography (CT)
scan performed in the context of an acute illness with
abdominal pain and coagulopathy. Liver biopsy showed
moderately differentiated HCC (Figure 1) and an occlusive
tumor thrombus in the left portal vein. She was commenced
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on sorafenib, a tyrosine kinase inhibitor, but had further he-
patic decompensation. She was referred to palliative care.

Patient 2, a 25-year-old woman with known portal hyper-
tension with gastric and esophageal varices, was diagnosed
with HCC based on imaging. A routine surveillance ultra-
sound demonstrated features of hepatic fibrosis and liver
nodularity, and a CT scan identified 2 lesions characteristic
of HCC. An initial liver biopsy taken from adjacent tissue
was nondiagnostic, and a second liver biopsy following
laparoscopic microwave ablation of the lesions remained
inconclusive. Repeat CT scan following ablation showed
an overall reduction in the size of the 2 lesions.

Patient 3, a 13-year-old girl with a history of recurrent
atrial arrhythmias and severe pulmonary and tricuspid
regurgitation before undergoing a Fontan procedure, was
diagnosed with HCC after presenting to hospital with
abdominal pain and fevers. A CT scan showed evidence
of multinodular cirrhosis and numerous lesions suggestive
of HCC. The diagnosis was confirmed on liver biopsy.
She underwent chemoembolization, with subsequent liver
transplantation performed at 3 months following diagnosis.
Tumor recurrence was noted in the transplanted graft in the
months following discharge, and she died within 12 months
of transplantation.4

Patient 4, a 32-year-old man with known cirrhosis and
portal hypertension, was diagnosed with HCC following
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TABLE 1. Patient characteristics

Patient

no.

Primary

morphologic

diagnosis Previous procedures Age at Fontan, y

Fontan type

(þ concomitant procedures)

Cardiac

reinterventions

1 TA, VSD PDA ligation, PA banding 3 Bjork modification

Conversion to ECC,

non-fenestrated

Dual-chamber

pacemaker insertion

2 ccTGA, DILV PA banding, aortic arch

reconstruction; Damus

procedure, BCPS

4 ECC, non-fenestrated Dual-chamber

pacemaker insertion

3 PA-IVS RVOT transannular patch,

side-to-side anastomosis

between RPA and SVC,

ASD closure, PDA ligation

12 ECC, fenestrated (þ tricuspid

valve closure)

(þ pulmonary valve repair)

(þ Cox-maze procedure)

Dual-chamber

pacemaker insertion

4 TA, VSD BT shunt 5 AP Conversion to ECC,

non-fenestrated

Dual-chamber pacemaker

insertion, Cox-maze

procedure, pulmonary

artery reconstruction

5 ccTGA, MA None 22 AP (þ closure of atrial septal defect) None

TA, Tricuspid atresia; VSD, ventricular septal defect; PDA, patent ductus arteriosus; PA, pulmonary artery; ECC, extracardiac conduit; ccTGA, congenitally-corrected transpo-

sition of the great arteries; DILV, double-inlet left ventricle; BCPS, bidirectional cavopulmonary shunt; PA-IVS, pulmonary atresia with intact ventricular septum; RVOT, right-

ventricular outflow tract; RPA, right pulmonary artery; SVC, superior vena cava; ASD, atrial septal defect; BT, Blalock–Taussig; AP, atriopulmonary; MA, mitral atresia.
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an abdominal ultrasound identifying a large hepatic lesion.
A CT scan showed locally invasive HCC, and a subsequent
liver biopsy confirmed the diagnosis. He was treated pallia-
tively with oral sorafenib and died in the hospital 6 months
after diagnosis.

Patient 5, a 44-year-old woman with known liver
cirrhosis and ascites, was incidentally found to have a focal
liver lesion during cholecystectomy. A CT scan identified
hepatomegaly with features of cirrhosis and portal hyper-
tension, and a single lesion consistent with HCC. A targeted
liver biopsy confirmed the diagnosis. She underwent a par-
tial left hepatic lobectomy; however, she died 6 weeks
following surgery after a complicated postoperative course.

This is the first population-based report of HCC preva-
lence in patients who underwent a Fontan procedure.
Although undoubtedly a serious potential complication of
Fontan palliation, the overall prevalence of HCC in the
FIGURE 1. Hematoxylin and eosin stain (left): tumor cells forming solid nests a

and mitoses are present. Reticulin stain (right): extensive loss of the reticulin n
Australia and New Zealand Fontan population is low. Fea-
tures unique to our region, including a relatively late uptake
of the Fontan procedure and a smaller proportion of patients
with hypoplastic left heart syndrome, may account for the
low prevalence that we have observed. However, this obser-
vation is reassuring in comparison with previous reports of
HCC prevalence of up to 4% in small, non–population-
based cohorts of adult patients who had undergone a Fontan
procedure.3,5

Not surprisingly, all patients with HCC had clear clinical
evidence of cirrhosis and portal hypertension, suggesting
that screening might best be directed at patients with these
complications. Screening for HCC is well established for
patients with cirrhosis caused by other chronic liver dis-
eases such as viral hepatitis, and these protocols could be
adapted for patients with a Fontan circulation. This also
seems to be a complication with a predilection for those
nd some acinar structures (arrows); cells have enlarged pleomorphic nuclei

etwork consistent with hepatocellular carcinoma.
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with a history of long-term circulatory dysfunction, with 4
of the 5 patients having undergone reintervention for man-
agement of cardiac arrythmias. More prudent recognition
and management of the failing Fontan may result in a pro-
gressive reduction in the incidence of HCC in Fontan pa-
tients over time. Additional population-based reports will
aid in confirming the prevalence of this complication and
may help to identify those requiring more intensive liver
surveillance.
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