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Abstract

Purpose: To describe the imaging appearance of hyperen-
hancing nodules arising in post-Fontan patients and to
identify specific features best correlated with malignancy.
Methods: Hyperenhancing hepatic nodules visible on CT
and/or MRI in post-Fontan patients were identified
retrospectively and reviewed by subspecialty radiologists.
Nodules with characteristic imaging findings of focal
nodular hyperplasia (FNH) were defined as typical, the
remainder were defined as atypical, described in detail
according to LIRADS criteria, and length of stability over
time was recorded. Clinical data, alpha fetoprotein levels
(AFP), central venous pressures (CVP), and histopathol-
ogy were recorded.

Results: 245 hyperenhancing nodules (215 typical, 30
atypical) were evaluated in 30 patients. Twenty-nine
atypical nodules showed washout (portal phase in 6,
delayed phase in 29), 0 showed pseudocapsule, 1 showed
threshold growth, 1 showed tumor in vein, and 5 showed
ancillary features favoring malignancy. Pathology con-
firmed hepatocellular carcinoma (HCC) in 3 atypical
nodules and FNH-like histology in 3 atypical and 4 typical
nodules. 2 atypical nodules were present in a patient with
clinical diagnosis of HCC. 20 nodules (7 typical, 13
atypical due to washout) were studied with hepatobiliary
contrast agent and all showed homogenous hepatobiliary
phase retention. Atypical nodules were significantly more
likely to be HCC than biopsy-proven FNH-like or
stable >24 months when showing portal phase washout
(P < 0.001), mosaic architecture (P = 0.020) or in the
presence of cirrhosis (P = 0.004) or elevated AFP
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(P = 0.004). Atypical nodules that were HCC had higher
median CVP than those that were FNH-like (19, range
1627 vs. 13, range 12-16 mmHg, P = 0.0003), there was
not a significant difference based on median patient age
(HCC 30, range 1041 vs. FNH-like 40 range 1041,
P = 0.244).

Conclusions: Benign hyperenhancing masses in Fontan
patients may demonstrate washout and be mistaken for
HCC by imaging criteria. Portal phase washout, mosaic
architecture, elevated AFP and higher CVP were associated
with HCC in the atypical nodules found in this population.

Key words: Fontan—Heart failure—Congestive
hepatopathy—Focal nodular hyperplasia—
Hepatocellular carcinoma—Washout

Corrective surgery for congenital heart disease may result in
a spectrum of hepatic abnormalities resulting from a com-
bination of hepatic venous congestion and ischemia [1, 2].
Patients who have undergone the Fontan operation for
palliation of functional single ventricle anatomy are par-
ticularly at risk for passive congestion of the liver. Distur-
bances in hepatic vascular flow imposed by passive
congestion and inherent low cardiac output Fontan physi-
ology result in parenchymal changes including peri-sinu-
soidal and centrilobular fibrosis [3-5]. Both benign and
malignant hepatic masses arising in the post-Fontan setting
have been reported. Benign lesions are suspected to arise
secondary to the disturbed vascular flow, whereas hepato-
cellular carcinoma (HCC) results from cirrhosis [1-4, 6—14].

Prior reports documenting the hepatic imaging find-
ings of post-Fontan patients frequently describe the pres-
ence of hypervascular hepatic nodules [3, 6-8]. These
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nodules most commonly represent benign regenerative
nodules or focal nodular hyperplasia [3, 8]. Focal nodular
hyperplasia (FNH) is defined as a mass occurring in the
setting of normal liver parenchyma [15]. When these
nodules occur in the setting passive congestion they are
often referred to as “FNH-like” due to the frequent find-
ing of parenchymal fibrosis and parenchymal perfusion
abnormalities found on imaging. Several prior reports
have also documented the development of HCC in patients
post-Fontan [9-14, 16-18]. Chronic liver damage and
subsequent cirrhosis imposed by the Fontan circulation
may predispose these patients to development of HCC.

Benign hyperenhancing nodules in the congested liver
often simulate HCC and may create difficulty in making
management decisions [19]. Increasing the complexity are
FNH-like nodules which may demonstrate important
imaging characteristics associated with HCC such as
washout on portal venous and/or delayed phase imaging
[20, 21]. It correspondingly has been reported that the
American Association for the Study of Liver Disease
(AASLD) guidelines for management of hepatocellular
carcinoma may misclassify these types of nodules [20, 22,
23]. The decision of how to manage a hyperenhancing
nodule in a post-Fontan patient is particularly important
given the young age and co-morbidities found in this
population. In particular, the tenuous cardiac and hep-
atic function in these patients may place them at par-
ticular risk of complications if invasive interventions are
undertaken [9, 13].

The objective of our study was to describe the imag-
ing characteristics of hyperenhancing nodules in the liv-
ers of post-Fontan patients. Specifically, we sought to
define imaging features which may be reliable for dif-
ferentiating benign from malignant nodules.

Methods
Patient selection

This retrospective review study was approved by our
Institutional Review Board. An electronic medical re-
cords database was searched to identify post-Fontan
patients who had undergone contrast-enhanced com-
puted tomography (CT) or magnetic resonance imaging
(MRI) examinations between the dates of 01/01/2005
and 08/01/2015. The resulting list included 294 patients
which were individually reviewed by a radiologist with
1 year staff level experience in hepatobiliary imaging.
Cases were confirmed by manual chart review to have
undergone the Fontan procedure. Both dictated reports
and original images of each exam of each subject were
reviewed for the presence of one or more arterial phase
hyperenhancing hepatic nodules. Patients without dedi-
cated extracellular contrast enhanced three phase (arte-
rial, portal, and delayed phases) CT or MRI liver
imaging were excluded. An additional six patients were
eliminated at consensus imaging review (described be-
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low) due to inadequate protocol or timing of contrast-
enhanced phases. Two additional patients were removed
due to the presence of additional source of chronic liver
disease discovered during review of the patient clinical
information (described below). A total of 30 patients
remained in the final study group.

Clinical review

Recorded clinical information for the study group in-
cluded: the date of Fontan procedure, time between
Fontan procedure and imaging diagnosis or pathologic
diagnosis (if available) of a liver nodule, clinical diag-
nosis of cirrhosis, presence of chronic liver disease other
than congestive hepatopathy, serum alpha fetoprotein
(AFP), and central venous pressure (CVP). Diagnosis of
cirrhosis was made by a gastroenterologist based on
clinical features of chronic liver disease and hepatic
decompensation (decreased liver function, ascites, portal
hypertension) in conjunction with imaging findings of
morphological changes in liver and/or biopsy results
showing cirrhosis. Patients were excluded if they had an
additional source of chronic liver disease than congestive
hepatopathy. AFP greater than 200 ng/mL was consid-
ered elevated due to its high specificity (99.4%) for
diagnosis of HCC [24, 25]. CVP greater than 8 mmHg
was considered elevated. Central venous pressure was
measured at cardiac catheterization and performed by
cardiologist as per standard guidelines. Pathology results
of liver nodules (surgical specimens and/or needle biop-
sies) and indications for the biopsy were reviewed.

Imaging protocol

Standard MRI protocols performed on both 1.5and 3 T
(GE, Waukesha, WI) systems at our institution included
axial fat suppressed pre and post-contrast dynamic T1-
weighted three dimensional (3D) gradient recalled echo,
axial fat suppressed T2-weighted fast spin-echo, coronal
T2-weighted single-shot fast spin-echo, axial in/opposed-
phase, and diffusion-weighted imaging (b values of 0,
100, 600 s/mm?). Abdominal post-contrast imaging was
obtained using 0.1 mmol/kg gadobutrol at 1.5 mL/s
injection, with three arterial phase series timed using test
bolus-tracking and region of interest on the descending
aorta followed by portal venous phase at 60 s and de-
layed phase at 180 s. If a patient had additional exams
enhanced with hepatobiliary specific intravenous (IV)
contrast (0.025 mmol/kg gadoxetate disodium, Eovist),
delayed fat suppressed T1-weighted 3D gradient recalled
echo sequences were included in the hepatobiliary phase
(20 min delay). Standard liver CT protocols performed
at our institution on multiple CT systems (Siemens,
Erlangen, Germany) included injection of 140 mL (ad-
justed for patient size and renal function) iohexol 300 at
3-5mL/s (adjusted for IV size and position); bolus-
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tracking assisted timing of late arterial followed by 70
and 180 s delayed phase images. Available phases of post
intravenous contrast enhancement on each CT and MRI
exam were categorized at imaging review (described be-
low). CT and MRI exams performed at other institutions
were only used for liver nodule characterization if pro-
tocols were similar to that of our institution (outside
studies were used for nodule characterization in two
patients).

Imaging review

Images were reviewed by four staff radiologists with 1,
12, 20, and 22 years of experience in hepatobiliary
imaging. Imaging review was completed in two sessions
and all imaging findings were agreed upon in consensus.
Definitions of primary and ancillary imaging findings
were adapted from Liver Imaging Reporting and Data
System (LIRADS v2014, accessed 11/13/2015). Individ-
ual series of each contrast-enhanced MRI and CT exam
were inspected for adequacy of bolus timing and ex-
cluded if they did not meet LIRADS criteria. The
appearance of typical FNH-like nodules on CT/MRI
was defined as: homogenous in attenuation or signal
intensity on all series, mild T1 hypointensity or isoin-
tensity, mild T2 hyperintensity or isointensity, mild or no
restricted diffusion, late arterial phase hyperintensity/
hyperattenuation with fade to isointensity/iso-attenua-
tion on portal venous or delayed phase imaging, hepa-
tobiliary phase hyperintensity (if MRI performed using
gadoxetate disodium), and lack of threshold growth (for
nodules with imaging follow-up). An example of a typi-
cal FNH-like nodule is provided in Fig. 1. The total
number of nodules with a typical FNH-like appearance
and the number of months of stability was recorded for
each patient. Any arterial phase hyperenhancing nodule
which did not have typical FNH-like appearance was
labeled as “‘atypical,” described in detail according to
LIRADs descriptors and was assigned a LIRADs class
(LR). Note was also made of any atypical nodule which
had a central scar.
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Statistical analysis

Numbers of nodules and imaging findings of nodules
were primarily described using descriptive terms such as
means and percentages. Mann—Whitney U test was used
to compare continuous variables between atypical vs.
typical nodules, between groups of patients with atypical
vs. typical nodules, and between groups of atypical
nodules that were HCC vs. atypical nodules that were
either biopsy-proven FNH-like or stable >24 month of
imaging follow-up. Fischer’s exact test was used to
compare categorical variables of atypical nodules that
were HCC vs. atypical nodules that were either biopsy-
proven FNH-like or stable on >24 months of imaging
follow-up. Statistics were performed using microsoft ex-
cel (Version 14.0.7166.5000, Microsoft Office Standard
2010) and MedCalc for Windows, version 15.0 (MedCalc
Software, Ostend, Belgium).

Results

Thirty patients (17 female) were included. Average age
and years post-Fontan at diagnosis of a liver nodule was
26.0 years (£8.0, range 10-41) and 20.2 years (£5.8,
range 8-29), respectively. Sixteen patients had clinical
diagnosis of cirrhosis due to congestive hepatopathy.
AFP was measured in 25 of the 30 study patients. AFP
was elevated in 3 of the 25 patients, the remaining 22
patients had AFP levels ranging from 0.9 to 8.9 ng/mL.
CVP was measured in 17 patients and was elevated in all
but one patient with average of 17.1 mmHg (£5.2, range
827 mmHg). There was not a statistically significant
difference between patients with atypical nodules and
those without atypical nodules in terms of median CVP
(17, range 12-27 vs. 14.5, range 8—15 mmHg, P = 0.176)
and median number of nodules (10.5, range 141 vs. 2,
range 1-13, P = 0.082). A positive but not statistically
significant correlation was found between CVP and age
(correlation coefficient » = 0.371, P = 0.090) and
number of years post-Fontan (correlation coefficient
r = 0.266, P = 0.240). A negative but not statistically
significant correlation was found between CVP and

Fig. 1. Typical
appearance of a benign
FNH-Like lesion. Small well-
circumscribed mass
(arrows) with an associated
peripheral vessel
(arrowhead). The mass is
homogenously hyper-
attenuating on arterial
phase (A) and fades to iso-
attenuation on portal venous
and delayed phase imaging
(B, C).
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number of nodules (correlation coefficient » = 0.09,
P = 0.68).

Histology was available in four typical nodules (4
surgical specimens from 2 patients), all of which were
consistent with FNH-like nodules. Histology was avail-
able in 6 atypical nodules (6 needle biopsy), including 3
HCC (3 patients; 3 LRS5) and 3 FNH-like (2 patients; 1
LR4, 2 LR5). In most cases, the decision to proceed with
biopsy or surgical resection was based on the presence of
imaging findings suspicious for carcinoma or elevated
AFP. A patient with clinical diagnosis of HCC had a
27 mm nodule with threshold growth, washout, moder-
ate T2 signal, and serum AFP over 600 ng/mL (Fig. 2).

15 patients had CT only available for review, 6 pa-
tients had MRI only available for review, 9 patients had
both CT and MRI available for review. The number of
nodules per patient ranged from 1 to 41. 215 typical
nodules and 30 atypical nodules were evaluated. Median
diameter of atypical nodules was significantly
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(P < 0.001) larger (19 mm, range 7-41 mm) than typical
nodules (8 mm, range 3-34 mm). Imaging findings of
atypical nodules are summarized in Table 1. All atypical
nodules that were HCC showed washout in both the
portal venous and delayed phases (4 nodules), while
nodules which were either biopsy-proven FNH-like or
stable for >24 showed washout in the delayed phase in all
(15 nodules) and in the portal venous phase in only 1
nodule. All nodules that were HCC showed ancillary
features supportive of malignancy (4 nodules) whereas
ancillary features were absent in all 15 nodules which
were biopsy proven-FNH-like or stable 224 months. No
atypical nodule showed a central scar. MRI with hepa-
tobiliary agent was performed in four patients without
histology available for review. All nodules assessed with
hepatobiliary agent showed homogenous hepatobiliary
phase retention (Fig. 3). This included two patients with
13 atypical nodules showing washout (9 LR4, 4 LRS); in
one of these patients 11 nodules were stable for

Fig. 2. Patient with development of hepatocellular carci-
noma in the setting of a suspected benign hypervascular
nodule. Precontrast (A, B), arterial phase (C, D), and delayed
phase (E, F) MRI images demonstrate hypervascular lesions
in the right (arrows; A, C, E) and left (arrowhead, B, D, F) liver
with subtle washout in the delayed phase. CT images in the

Table 1. Imaging findings of atypical nodules

same patient obtained 16 months later demonstrate no
change in size of the right hepatic lobe nodule (arrow, G),
while the left lobe nodule (arrowhead, H) demonstrates sig-
nificant interval growth from 8 to 27 mm with definite washout
in the delayed phase.

Atypical nodule Biopsy-proven Clinically Biopsy-proven 224 months <24 months No follow-up Total
characteristics HCC diagnosed HCC FNH-like stable follow-up stable follow-up
Number 3 1 3 12 7 4 30
LIRADS
LR4 0 0 1 8 4 3 16
LRS 3 1 2 4 3 1 14
Washout 3 1 3 12 6 4 29
Portal phase 3 1 1 0 0 1 6
Delayed phase 3 1 3 12 6 4 29
Pseudocapsule 0 0 0 0 0 0 0
Threshold growth 0 1 0 0 0 0 1
Tumor in vein 1 0 0 0 0 0 1
Ancillary features 3 1° 0 0 1° 0 5

& Mosaic architecture in 3 nodules, moderate T2 signal in 1, restricted diffusion in 1

® One nodule with moderate T2 signal
¢ One nodule with mosaic architecture
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25 months and in the other patient two nodules were
stable for 50 months. The remaining two patients had a
total of 7 typical nodules, one patient had 6 nodules
without any follow-up imaging and the other patient had
1 nodule which was stable for 29 months.

MRI was available for review in two of the patients
with atypical nodules. Of the nodules in these patients, 1
clinically diagnosed HCC nodule demonstrated moder-
ate T2 hyperintensity, while 1 nodule stable for
22 months and 7 nodules stable for 25 months demon-
strated T2 hypointensity (Fig. 4). The livers of two pa-
tients with biopsy-proven HCC had numerous additional
typical nodules (Fig. 5). Atypical nodules were signifi-
cantly more likely to be HCC than either biopsy-proven
FNH-like or stable >24 months without biopsy, when
showing portal venous phase washout (P < 0.001),
mosaic architecture (P = 0.020) or in the presence of
cirrhosis (P = 0.004) or eclevated AFP (P = 0.004);
there was not a difference between the groups based on
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Fig. 3. Hypervascular
lesion (arrow, A) fades to
isointensity on portal venous
phase (arrow, B) and shows
washout (arrow, C) on
delayed CT images.
Subsequent MRI imaging
with gadoxetate disodium in
the hepatobiliary phase
shows homogenous
retention of contrast (arrow,
D). This patient had
numerous hyperenhancing
lesions with washout which
were all stable on

25 months of imaging
follow-up.

gender (P = 0.576). Atypical nodules that were HCC
had higher median CVP than those that were FNH-like
or stable 224 months (19, range 16-27 vs. 13, range
12-16 mmHg, P = 0.0003), there was not a statistical
difference based on median patient age (HCC: 30, range
1041 vs. FNH-like: 40, range 1041, P = 0.244).

Discussion

The principle findings of our study show that benign and
stable (=24 months) arterially enhancing nodules in the
post-Fontan population may show portal venous or de-
layed phase washout, potentially mimicking HCC. The
biopsy-proven benign and stable nodules with washout
in our study all had a homogenous appearance without
additional imaging findings favoring malignancy. Nod-
ules which show stability 224 months of time are much
less likely to represent malignancy and this stability is
considered an ancillary finding favoring benignity by the
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Fig. 4. Patient with multiple T2 hypointense masses, one of
which is shown (arrow, A). Nodules in this patient showed
arterial phase hyperintensity (arrow, B) and delayed phase
washout (arrow, C) on CT scan obtained near the time of the
initial MRI (MRI was enhanced with gadoxetate disodium
making assessment of delayed phase washout unreliable).
This patient had numerous follow-up exams over 25 months
of imaging follow-up which demonstrated resolution of both

the T2 hypointensity (arrow, D) and delayed phase washout
(not shown), possibly reflecting a change in the composition
of the background liver parenchyma. The nodule remained
present when imaged in the arterial phase and with extra-
cellular contrast agent or in the hepatobiliary phase with
intracellular contrast agent (arrow, E). A precontrast image
(F) from the study performed in image (E) is provided for
reference.

Fig. 5. Biopsy-proven hepatocellular carcinoma

(arrow,
A) in a patient with numerous hypervascular nodules, two of
which are shown (arrowheads, A-B). The HCC was unique
due to its size and heterogenous washout on portal venous

and delayed phase images (arrows, B—C), while the remain-
ing hepatic nodules fade to iso-attenuation on delayed phase
images (arrowheads, C).
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LIRADS criteria [26-28]. Washout characteristics are
uncommon but can occur in FNH-like nodules. In a
series of 84 patients with FNH and FNH-like nodules
reported by Choi et al., approximately 10% of nodules
demonstrated washout on delayed phase [20]. This in-
cluded nine patients with risk factors for HCC, of which,
three would have been wrongly classified by the AASLD
guidelines. The three FNH-like nodules that could have
been mis-classified included patients with Budd—Chiari
syndrome, cardiac cirrhosis secondary to constrictive
pericarditis and alcoholic cirrhosis. Lee et al. similarly
showed that FNH-like nodules in the setting of alcoholic
cirrhosis could show washout on delayed phase [21].
However, in 4 prior reports of presumed benign hyper-
enhacing nodules in post-Fontan patients comprising 31
patients, a LIRADS washout pattern was not reported
[3, 6-8].

The finding of delayed phase washout was not specific
for HCC in our patient population. While portal venous
phase washout was more specific than delayed phase
washout for HCC in our cohort, it was also seen in one
benign nodule. The cause for washout appearance of
benign nodules in the post-Fontan patient is unknown
but we speculate that it may be related to the abnormal
background parenchymal congestion, fibrosis, or from a
predominant hepatic arterial supply (as in malignant
nodules). Recent work has shown that increased extra-
cellular space related to fibrosis increases parenchymal
retention of contrast in the delayed phase [29-31]. He-
patic congestion results in sinusoidal dilation and fluid
retention; the associated increase in extracellular space
could also be a contributor to parenchymal contrast
retention [31, 32]. Therefore, the imaging finding of
washout may not be related to an abnormality of the
nodule itself but a reflection of the background
parenchymal contrast retention. In the two patients with
nodules showing washout and having MRI available for
review, the nodule with washout and moderate T2
hyperintensity was HCC, while nodules with washout
and T2 hypointensity were stable on imaging follow-up
suggesting benign nature. We speculate that this finding
could be related to abnormal increased T2 signal of the
background liver due to increased extracellular space
and/or fluid content. The utility of T2 signal intensity in
the setting of a nodule with washout in this patient
population is uncertain and requires further evaluation.

In our study, all HCC had concerning imaging fea-
tures in addition to washout. Literature review reveals 14
patients previously reported to have had HCC develop in
the post-Fontan setting [9-14, 16-18]. Seven patients in
which a description of imaging was included reported
clearly concerning findings such as a large or heteroge-
nous mass, portal thrombus and tumoral necrosis. Serum
AFP was elevated in 10 of 11 patients in which it was
reported, supporting the finding in our study that ele-
vated AFP was significantly associated with development
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of HCC. AFP has relatively poor sensitivity and speci-
ficity for HCC screening but should represent a helpful
addition to diagnostic evaluation in a post-Fontan pa-
tient with a suspicious nodule [22]. Cirrhosis was present
in 8 of 10 patients in which it was reported. This finding
is concordant with our study in which all patients with
HCC carried a diagnosis of cirrhosis and atypical nod-
ules were significantly more likely to be HCC when cir-
rhosis was present.

Occasionally, HCC can arise in the setting of other
hypervascular nodules which may be benign. Two pa-
tients in our study had a single biopsy-proven HCC
which demonstrated multiple concerning features while
numerous remaining nodules had a typical FNH-like
appearance. The patient with clinical diagnosis of HCC
had cirrhosis with a nodule which increased in size from
8 to 27 mm over 16 months, demonstrated moderate T2
hyperintensity and washout in the portal venous phase
along with progressively rising AFP to over 600. A
nodule with these imaging features in the presence of
AFP >400 is almost certainly HCC [33]. The liver of this
patient also contained an additional hyperenhancing
nodule which was stable on 16 and 22 month follow-up
exams and showed washout only in the delayed phase.
The patient was presumed to have multifocal HCC and
the stable nodule was treated with radioembolization.
The patient died from complications before more ther-
apy or biopsy could be performed. The findings in our
study indicate that not all hypervascular nodules with
delayed phase washout can be considered malignant.
Additional efforts are necessary in these patients to
determine specifically which nodules represent HCC and
should be targeted for treatment.

Further evaluation of nodules with delayed phase
washout and absence of additional concerning imaging
findings with hepatobiliary agent enhanced MRI may be
helpful. While approximately 5%—10% of HCC retain
hepatobiliary agent to some extent, the presence of
homogenous retention in a nodule of a post-Fontan
patient should dramatically increase the likelihood that
the nodule is benign [34-36]. Short-term imaging follow-
up and biopsy are also viable options. Given the fre-
quency of nodules showing washout in our study, further
evaluation with hepatobiliary agent enhanced MRI or
imaging follow-up may be preferable to invasive meth-
ods. This is particularly true for patients in which mul-
tiple nodules show delayed phase washout and a single
nodule does not demonstrate findings to indicate a
higher likelihood of malignancy than others.

Several limitations of our study are acknowledged.
This is a retrospective study which creates risk for bias in
patient selection and prevents the gathering of data such
as incidence of hyperenhancing nodules or HCC in the
post-Fontan population. Three of the 13 post-Fontan
patients with atypical nodules showing washout in our
study did not have a clinical diagnosis of cirrhosis. Use of
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LIRADS imaging criteria in noncirrhotic patients may
result in higher rate of false positive diagnosis of HCC
due to the lower pretest probability of HCC. The limited
number of biopsy-proven cases is another limitation of
the study. Performing biopsy of all nodules was not
possible and not clinically indicated. A significant num-
ber of our patients were followed with imaging to
establish stability of the nodules. We acknowledge the
possibility of an early HCC in a few of these patients
cannot be excluded. Future studies with a larger patient
populations and longer duration of follow-up will help to
expand on our findings.

Conclusion

Hyperenhancing nodules in the post-Fontan patient with
typical FNH-like imaging findings do not require imme-
diate additional workup and routine clinical follow-up
would be sufficient. Atypical hyperenhancing nodules
demonstrating washout should be approached with cau-
tion and may need further evaluation. Specifically, a
hyperenhancing nodule with washout in the delayed phase
only and no additional findings supportive of malignancy
may represent an FNH-like nodule. Further evaluation of
these nodules either by imaging with a hepatobiliary
agent, short-term (3-6 months) imaging follow-up, or
biopsy should be considered prior to making an imaging
diagnosis of HCC as most of these tend to be benign as
demonstrated in our study. Malignancy should be
strongly considered when the liver is cirrhotic and a
nodule shows portal venous phase washout, mosaic
architecture, or when the serum AFP is elevated. It is
important to note that in the setting of elevated AFP and
multiple hyperenhancing nodules in the liver of a post-
Fontan patient, all nodules cannot be assumed malignant.
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