Since its introduction more than 40 years ago, the Fontan
procedure, which redirects venous blood flow directly to pul-
monary circulation to palliate single-ventricle physiology, has
enabled many children to survive to adulthood. Their im-
proved prognosis has unveiled a multitude of complications
related to the unique Fontan physiology. Fontan-associated
liver disease (FALD) is a process universal to the post-Fontan
population and includes a spectrum of pathology that ranges
from mild liver fibrosis (LF) to liver cirrhosis (LC) and hepatocel-
lular carcinoma (HCC)."? We will review advances in the field
and their implications for patient management.

AREAS OF FOCUS IN FONTAN-ASSOCIATED
LIVER DISEASE CLINICAL PRACTICE
AND RESEARCH

Clinical manifestations of liver disease in the post-Fontan
population are variable. Some patients with FALD may be
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entirely asymptomatic, or have only mild nonspecific symp-
toms of compensated cirrhosis (Table 1). Others may present
with common signs and symptoms of severe decompensated
disease. Several clinical, laboratory, and imaging modalities
to assess LC are summarized in Table 1; however, liver biopsy
remains the gold standard for diagnosis.>

The two main areas of focus in clinical practice and
research are the standardization of histological grading
of fibrosis and the identification of noninvasive modalities
to assess LF and LC."*® Their common goal is to help
risk-stratify this population and identify opportunity for
early intervention in those at risk for the severe sequelae,
LC, and HCC.®

Novel Histological Grading

Recent publications have attempted to tailor a histo-
logical grading system, evaluating the unique disease
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TABLE 1. MODALITIES TO DIAGNOSE LIVER CIRRHOSIS

Category Modality
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Findings

Physician preliminary evaluation Symptoms assessment

Physical examination

Laboratory evaluation (1) APRI score*

(2) FIB-4 score'

Radiology Ulirasonography

CT

MRE

Shear wave elasfography
Pathology Liver biopsy

e Anorexia

o Fatigue

o \Weight loss

e Jaundice

e Palmar erythema

e Splenomegaly

o Asterixis

e Ascites (may appear secondary fo heart failure without cirrhosis)

e Spider nevi

e Clubbing

e Gynecomastia

e Caput medusa

APRI < 1.0: cirrhosis is unlikely

APRI > 2.0: suggests presence of cirrhosis

FIB-4 < 1.45: cirrhosis is unlikely

FIB-4 < 3.25: suggesfs presence of cirrhosis

e Nodular liver surface

e |rregular borders

e Increased echogenicity

e Splenomegaly

Reticular hepatic enhancement during portal venous phase

Score >4.9 diagnostic for cirrhosis in other populations; not
validated in FALD because of confounding hepatic congestion
increasing stiffness scores

Measures liver stiffness as surrogate for fibrosis

Gold standard for diagnosis; generally not required if other tests
described earlier are confirmatory of cirrhosis

*Aspartate aminotransferase (AST)-to-platelet ratio index (APRI) score = (AST [IU/LJ/AST upper limit of normal [IU/L] X 100)/platelet count (X 10%/L).
*Fibrosis-4 (FIB-4) score = age (years) X (AST [IU/LJAST upper limit of normal [IU/L] X alanine aminotransferase [IU/L])"?/platelet count (X 10%/L).
Adapted with permission from Congenital Heart Disease.®> Copyright 2017, Wiley Periodicals, Inc.

progression of both portal and sinusoidal fibrosis in FALD.
Hypoxia both pre- and post-Fontan secondary to low car-
diac output, continuous nonpulsatile hepatic congestion,
and increased mesenteric vascular resistance all contribute
to the FALD pattern of fibrosis (Fig. 1).> A fibrosis score
using multiple grading systems and a quantitative percent
collagen deposition score have been suggested to create a
common language between the pathologist and hepatolo-
gist."> Use of sirius red staining, with digital analysis to cal-
culate a quantitative fibrosis score, described by Surrey
et al.,” is an example of a novel approach to histological
analysis in FALD (Table 2).% This may facilitate timely identi-
fication of changes in liver architecture, which could have
implications for treatment.
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Serum Markers

Several studies over the past decade tried to correlate
certain serum markers with disease progression, but they
had inconsistent results and small cohorts.” Aminotrans-
ferases may be normal or only mildly elevated in FALD.
Gamma-glutamyltranspeptidase (GGT) was mildly ele-
vated (median 69 U/L) in 75% of patients in a study by
Wu et al.,' but was not correlated to histological pro-
gression of disease. Elevated prothrombin time (PT/inter-
national normalized ratio [INR]) may be a marker for
disease progression, as shown by Surrey et al.”> to be
correlated with high-grade fibrosis scores. A recent series
evaluating a validated tool for fibrosis in adult popula-
tions from other etiologies, FibroSure (LabCorp,
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REVIEW
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FIG 1 FALD histology. Trichome stains from a patient 14 years post-Fontan demonstrating (A) portal area replaced by expanded band of
fibrosis resulting in nodule and (B) fibrosis extending from portal tracts with pericellular fibrosis in the areas of dilated sinusoids. (Images

courtesy of Michelle R. Ewart, M.D.)

Burlington, NC), did not show significant correlation to
progression of disease.® There are no official guidelines,
and evaluation is institution dependent (Fig. 2).

Radiological Monitoring

Most patients with FALD will have some abnormal
finding on routine imaging. Heterogeneous enhancement
of liver parenchyma and irregular liver contour are seen
in up to 98% and 50% of patients, respectively, across
all imaging including ultrasound, computed tomography
(CT), and magnetic resonance imaging (MRI)."”'® Corre-
lations between radiological findings and progression of
LF on histology have inconsistent results among various
studies.">” The use of diffusion-weighted imaging has
recently been described as a research tool to evaluate
liver microperfusion in FALD. Results have shown its util-
ity in differentiating the unique histopathological changes
in the portal circulation of FALD causing cirrhosis (Fig. 1)
from those caused by congestive hepatopathy from other

cardiac etiologies."' However, this modality has yet to be
clinically validated.

There is inconsistency between institutional practices of
radiological monitoring."®”'%'2 Annual ultrasound imag-
ing appears to be the consensus in the studies detailed
earlier and is also the common practice in our institution.
MRI is the preferred modality to monitor patients with
confirmed cirrhosis who are at risk for development of
HCC.%7

Elastography

Elastography is a tool validated in the adult population
for monitoring chronic LF in various noncardiac causative
factors.” 192 Liver stiffness (LS) scores are described in
kilopascals. Hepatic congestion may increase LS scores
unrelated to progression of fibrosis. This may be a con-
founding variable while trying to standardize LS scores,
which are based on other etiologies of fibrosis such as

TABLE 2. SUGGESTED HISTOLOGICAL GRADING SYSTEM FOR FONTAN-ASSOCIATED LIVER DISEASE

Scoring Sysfem Range of Scoring

Use

Metavir FO-F4
Congestive hepatic fibrosis score 0-4
Sinusoidal dilation score 0-3
Sinusoidal fibrosis score 0-3

Is used to evaluate fibrosis originating in the portal system, which differentiates
FALD fibrosis from congestive hepatopathy

A scoring system commonly used for congestive hepatopathy; used to evaluate
congestive component of FALD

Scores the percent of sinusoidal dilation present on histology

Scores the percent of sinusoidal fibrosis present on histology

Describes the use of multiple conjoined fibrosis scores to address the unique natural history of fibrosis.

Adapted from Human Pathology.> Copyright 2016, Elsevier.
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<= Serologic markers include: Aminotransferases,
albumin, Alkaline phosphatase, total bilirubin
and direct bilirubin, a-fetoprotein (AFP), GGT,
complete blood count, PT/INR.

& Calculate MELD/PELD/MELD-XI according to
patient profile.

“* Hepatitis A/B/C serology at first evaluation.
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Annual

assessment

Hepatology
evaluation

1) US with Doppler & Acoustic
Radiation Force Impulse (ARF|) [—

2) Transient elastography

MRI: 1) Tt AFP and/o
lesions on US

2) HCC monitoring in
established cirrhosis

Endoscopy if
clinically indicated

Transvenous Biops
(if clinically
indicated)

Cardiology
evaluation

Echocardiogram

Hemodynamic
studies (if
clinically
indicated)

FIG 2 Authors’ institutional algorithm for FALD patient evaluation. Abbreviations: MRI, magnetic resonance imaging; PELD, Pediatric

End-Stage Liver Disease.

hepatitis. However, LS scores are elevated at baseline in
FALD in both transient elastography and magnetic reso-
nance elastography (MRE), even compared with other
causes of congestive hepatopathy. MRE has shown
promising results from a single-center study as a screen-
ing tool for HCC."™ The main limitation of studies to

date is lack of data correlating LS scores to histology and
cardiac hemodynamics prospectively over time. Our
group is trying to bridge this knowledge gap, as are
other institutions around the world, to help assess
whether these exciting new modalities may be useful as
monitoring tools.

A A A :

FIG 3 Restoration of portal vein flow after cardiac catheterization intervention. (A) Portal flow reversal seen (arrow) in a 17-year-old
male with severe portal hypertension and esophageal variceal bleeding found to have a compromised Fontan circulation secondary to
constriction of baffle. (B) Normalization of flow in portal vein on Doppler, 2 weeks after stenting of baffle restoring Fontan circulation.
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IMPLICATIONS FOR TREATMENT

The main hepatology consideration when assessing a
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multicenter cross-sectional study. J Thorac Cardiovasc Surg 2017;
153:656-664.

. . . . 2) Romero R. Liver in congenital heart disease: implications of the fon-
patient for either heart transplant (HT) or combined liver- tan procedure for pediatric and adult liver specialists. Clin Liver Dis
heart transplant (LHT) is the ability of the liver to sustain 2013;2:210-214.

: 6

such complex procedures. Ina reVI?W by Greelnway et al'.' 3) Hilscher MB, Johnson JN, Cetta F, Driscoll DJ, Poterucha JJ, Sanchez
the authors recommended that patients suffering from fail- W, et al. Surveillance for liver complications after the Fontan proce-
ing Fontan physiology, with low Child-Pugh class A score dure. Congenit Heart Dis 2017;12:124-132.

(<7) and Model of End-stage Liver Disease (MEU?) score 4) Goldberg DJ, Surrey LF, Glatz AC, Dodds K, O'Byrne ML, Lin HC,
(<12), be listed for HT (1-year posttransplant survival rate et al. Hepatic fibrosis is universal following fontan operation, and
of 80%). Pharmacological treatments being considered are severity is associated with time from surgery: a liver biopsy and
phospodiesterase-5 inhibitors, such as sildenafil, which hemodynamic study. J Am Heart Assoc 2017:6:1-9.

improve pulmonary vasodilation and reduce afterload in 5)  Surrey LF, Russo P, Rychik J, Goldberg DJ, Dodds K, O'Byrne ML,
hepatic vein, or renin-angiotensin system inhibitors, which et al. Prevalence and characterization of fibrosis in surveillance liver
have demonstrated antifibrotic properties in addition to biopsies of patients with Fontan circulation. Hum Pathol 2016;57:

. . . . 106-115.
their reduction of systemic afterload.”> The hepatologist’s
role is to recognize liver findings suggestive of compro- 6) Greenway SC, Crossland DS, Hudson M, Martin SR, Myers RP, Prieur
mised Fontan circulation and decrease in cardiac output in T, et aI: Fontan-associated liver disease: Implications for heart trans-

. ) . . . plantation. J Heart Lung Transplant 2016;35:26-33.
patients who may benefit from interventional or surgical
revision of Fontan, possible HT, or combined LHT (Fig. 3). 7) Bradley E, Hendrickson B, Daniels C. Fontan liver disease: review of

an emerging epidemic and management options. Curr Treat Options
Cardiovasc Med 2015;17:51.
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