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Abstract

Purpose of Review The majority of individuals who have undergone Fontan palliation are surviving into adulthood, yet com-
plications are common. This review will focus on late complications—cardiac and extra-cardiac—which may present insidiously.
Recent Findings Recent meta-analysis of patients after Fontan operation suggests that over 80% will survive 20 years beyond
surgery. This group is at risk for structural complications, arrhythmias, vascular complications, and heart failure. Not all forms of
Fontan failure are the same, and categorization into separate entities such as failure with preserved versus reduced function may
help guide therapies. Pulmonary vasodilators in particular may be useful to improve hemodynamics. Novel therapies aimed at
lymphatic complications are emerging and promising. Late hepatic complications including ascites and liver cancer may be seen,
and scoring systems may identify patients at higher risk.

Summary Individuals who have undergone a Fontan surgery face challenges as they age which include both cardiac and non-
cardiac systems.

Keywords Fontan procedure - Single ventricle - Survival - Cirrhosis - Congenital heart disease - Hepatocellular carcinoma -

Pulmonary vasodilators - Lymphatic complications

Introduction

In 1971, Dr. Francois Fontan successfully completed an oper-
ation that forever changed the lives of patients with congenital
single ventricle heart disease. He connected the systemic ve-
nous return directly to the pulmonary arteries (PA), thereby
bypassing the need for a subpulmonary ventricle. Fontan’s
innovation made possible the long-term survival of patients
with the most severe types of congenital heart disease. Since
1971, the number of patients who have undergone and sur-
vived Fontan palliation has steadily increased with most pa-
tients now surviving to adulthood. These patients increasingly
seek care from general providers, cardiologists, and non-
cardiac subspecialists for preventive, acute, and subspecialty
care. These varied clinicians require a basic understanding of
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Fontan physiology in order to identify late complications of
Fontan palliation and common illnesses and treatments that
may be detrimental to Fontan physiology.

In this article, we will review the basics of single ventricle
heart disease, modern day Fontan procedures, Fontan physi-
ology, physiologic conditions detrimental to Fontan circula-
tion, and long-term cardiac and non-cardiac complications of
Fontan circulation.

The Physiology Behind Fontan Circulation

“Single ventricle heart disease” refers to a variety of cardiac
defects including tricuspid atresia, unbalanced atrioventricular
septal defects, hypoplastic left heart syndrome, double inlet
left ventricle, and pulmonary atresia with a hypoplastic right
ventricle. The term “single ventricle” is a misnomer, as most
forms have a functionally univentricular heart with a dominant
functional ventricle and one smaller rudimentary ventricle.
Each of these defects precludes the heart’s ability to support
biventricular cardiopulmonary circulation. “Single ventricle
palliation” is a broad term encompassing both the Glenn pro-
cedure that connects the superior vena cava (SVC) to the PA’s
and the Fontan procedure that connects the inferior vena cava
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to the PA’s. Ultimately, the Fontan procedure takes a function-
ally univentricular system and creates a circulation in series,
separating the systemic and pulmonary venous return by (1)
establishing passive pulmonary blood flow separate from the
systemic circulation and (2) creating a functional single atrium
and ventricle that receive the oxygenated pulmonary venous
return and delivers it to the systemic circulation.

Fontan circulation depends on passive blood flow through
the pulmonary vascular bed to the systemic ventricle. This is
accomplished in part through sustained increase in central
venous pressure that drives the systemic venous return back
to the pulmonary arteries. This differs from biventricular cir-
culation in which the systemic venous pressure is lower than
the pulmonary venous pressure and pulmonary blood flow is
maintained through the subpulmonary ventricle.

Although the Fontan circulation lacks a subpulmonary ven-
tricular pump, it does benefit from two “pumps” that help
maintain constant systemic venous return to the pulmonary
vascular bed: (1) the “muscle pump,” or contraction of skeletal
muscles, and (2) the “respiratory pump,” or negative intratho-
racic pressure created by normal breathing and diaphragmatic
excursion. Both of these pumps help deliver deoxygenated
blood from the systemic venous system to the pulmonary
arteries where it ideally flows unimpeded through the pulmo-
nary capillaries to the single systemic ventricle.

Adequate pulmonary blood flow is critical to provide suf-
ficient preload for a successful Fontan circulation, as the sys-
temic ventricle alone is limited in its ability to increase cardiac
output in the presence of systemic venous congestion and
decreased preload. A number of factors may adversely affect
Fontan circulation: intravascular volume depletion, loss of
systemic venous tone, loss of the muscle and diaphragmatic
pump, elevated pulmonary vascular resistance, and elevated
cardiac filling pressures. Conditions such as dehydration, sep-
tic shock, use of paralytic agents for sedation, positive pres-
sure ventilation, and pulmonary infections can decrease pul-
monary blood flow and consequently cardiac preload and car-
diac output [1e°].

Many Fontan procedures will include the creation of a
fenestration within the Fontan circuit. A fenestration is a
surgically created shunt between the systemic venous re-
turn and the systemic arterial circulation, typically within
the atrium. This allows deoxygenated blood returning
from the body to “pop off” to the systemic arterial circu-
lation and preserve cardiac output during times of subop-
timal Fontan hemodynamics. In some patients, this fenes-
tration may close spontaneously over time. In other pa-
tients, it may be electively closed through a future trans-
catheter procedure. If Fontan hemodynamics remain sub-
optimal, the fenestration may intentionally be left open to
maintain adequate cardiac output. Although fenestrations
in the peri-operative period decrease complications such
as pleural effusions, they increase the risk for paradoxical
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embolism. Patients with persistent fenestrations should
remain on anti-coagulation or anti-platelet therapy.

Survival Following Fontan Palliation

A recent meta-analysis by Poh et al. reviewed the late survival
of 7536 Fontan patients with a mean follow-up duration of
114+ 95 months [2e¢]. In this group, there were 688 (11%)
late deaths. Including studies published between 1990 and
2015, the estimated mean survival at 5, 10, and 20 years post
Fontan surgery were 95%, 91%, and 82%. Causes of death
included late Fontan failure, sudden cardiac death, periopera-
tive death, thromboembolism, sepsis, respiratory failure,
multi-organ failure, bleeding, cancer, protein losing enteropa-
thy (PLE), and liver failure. The authors identified a number
of predictors of late death following Fontan palliation, the
most significant of which were prolonged duration of pleural
effusions following Fontan palliation, development of protein
losing enteropathy, and need for permanent pacemaker.

Cardiac Complications After Fontan Palliation

The American Heart Association/American College of
Cardiology recently released guidelines for management of
adults with congenital heart disease that highlight the need
for close surveillance of cardiac complications following
Fontan palliation [3<¢]. These complications include structural
disease, arrhythmias, Fontan failure, lymphatic complications,
and thromboembolic events (Fig. 1a, Table 1).

Structural Complications of Fontan Circulation

Structural complications following Fontan palliation include
obstruction of the Fontan circuit, abnormal vascular forma-
tions, and valvular dysfunction. Fontan obstruction presents
as systemic venous congestion which may be asymptomatic
or manifest with edema or ascites, exercise intolerance, and
sometimes hypoxemia. In the absence of a subpulmonary ven-
tricle, even mild obstruction may cause significant symptoms
[4]. While echocardiography is relatively inexpensive and eas-
ily employed, it has limited ability to detect obstructions, par-
ticularly in the distal Fontan conduit or branch pulmonary
arteries. Diagnosis of obstruction typically requires three-
dimensional imaging by CT, MRI, or direct angiography.
Definitive management of obstruction can usually be accom-
plished through catheter-based procedures, although some pa-
tients may require surgery [1ee].

Abnormal vascular connections include veno-venous col-
laterals, pulmonary arteriovenous malformations (PAVM),
and aortopulmonary collaterals [5, 6]. Veno-venous collaterals
and PAVM function as right-to-left shunts of deoxygenated
blood from the systemic venous system directly to the pulmo-
nary venous return. Patients present with new onset and often
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a Cardiac Complications

b Extra-Cardiac Complications

2

Fig. 1 a Fontan palliation connecting the IVC and SVC to the pulmonary
arteries. There is a fenestration (*) present. Potential cardiac
complications include (1) anatomical obstruction or (2) thrombotic
complications that may occur anywhere in the passive venous circuit;
(3) elevated pulmonary vascular resistance; (4) arrhythmias; (5)

insidious hypoxemia. PAVM may be encountered more com-
monly in Fontan patients in whom IVC blood flows preferen-
tially to one lung rather than equally to both lungs. PAVM
more commonly form in the lung with diminished IVC flow
[7]. Cardiac MRI flow mechanics identify IVC flow imbal-
ance and are increasingly being used to guide surgical revision
of Fontan connections to equalize distribution of hepatic flow
to both lungs as treatment for PAVM [8].

Aortopulmonary collaterals (APCs) are left-to-right shunts
that recirculate oxygenated blood from the aorta to the pulmo-
nary arteries. Up to 30% of individuals post-Fontan may have
persistent significant APCs [9]. Significant APCs present as
volume overload, pulmonary congestion, or peripheral edema.
In rare cases, hemoptysis may be a life-threatening presenta-
tion of APCs and may require urgent intervention. Advances
in MRI imaging increasingly allow for quantification of the
volume of flow through collateral vessels, helping guide treat-
ment decisions for APCs [10, 11].

Most abnormal vascular connections (veno-venous
collaterals, PAVM, and APCs) can be embolized in the cardiac
catheterization lab, although each carries a high likelihood of
recurrence after embolization. Patient symptoms and the he-
modynamic effect of the abnormal vascular connections drive
decisions to intervene.

Valvular dysfunction includes atrioventricular (AV) valve
regurgitation and stenosis and semilunar valve insufficiency
and stenosis. AV insufficiency in particular is poorly tolerated
and is associated with increased morbidity and mortality in
Fontan patients [12]. Valvular dysfunction presents with vol-
ume overload and exercise intolerance. Medical therapy may
be attempted for symptom management but does not address
the underlying structural problem. Refractory symptoms or
progressive cardiac dysfunction may necessitate surgical and
possibly transcatheter interventions [3¢°]. In some cases if AV
valve regurgitation is accompanied by significant ventricular

valvular dysfunction; (6) ventricular dysfunction; and (7) lymphatic
complications. b Extra-cardiac complications include (1) Fontan-
associated liver disease, (2) pulmonary disease, and (3) developmental
and neuropsychiatric complications

dysfunction or other concerns, such patients may benefit from
consideration of cardiac transplantation rather than high-risk
AV valve surgery.

Arrhythmia

Arrhythmias, especially atrial arrhythmias, are a frequent late
complication in Fontan patients. Lasa et al. evaluated a con-
temporary cohort of 434 Fontan patients and found an overall
prevalence of late arrhythmias of 31%, with bradyarrhythmias
being more common (30%) that tachyarrhythmias (4%) [13].
Tachyarrhythmias commonly encountered include atrial flut-
ter (also called intra-atrial reentrant tachycardia), atrial fibril-
lation, ectopic atrial tachycardia, and re-entrant supraventric-
ular tachycardia. Although rare, sudden cardiac death due to
ventricular arrhythmias does occur in 5-10% of Fontan pa-
tients, occurring at a mean age of 20 years in independent
studies [14].

Arrhythmias may be insidious in Fontan patients. For ex-
ample, many patients adapt to sinus node dysfunction and
underreport symptoms of exercise intolerance and bradycar-
dia. Similarly, tachyarrhythmias (especially intra-atrial reen-
trant tachycardias) may be mistaken for sinus rhythm as pa-
tients often have slower heart rates than those reported in non-
Fontan patients due to the macro re-entrant circuit associated
with the flutter. Routine surveillance for arrhythmia compli-
cations includes annual or biennial periodic outpatient rhythm
monitoring (e.g., Holter) and exercise stress testing as well as
a low threshold to assess for occult arrhythmias [3¢¢]. When
present, arrhythmia symptoms include thromboembolic com-
plications, exercise intolerance, syncope, or new onset heart
failure including new onset ascites. Providers should conduct
a thorough arrhythmia evaluation in any patient who presents
with any of these unexplained symptoms. Treatment options
for arrhythmias include anti-arrhythmic medications, catheter-
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Table 1 Late cardiac complications after Fontan palliation

Complication Diagnosis Signs/symptoms Management
AV valve regurgitation Echocardiogram Exercise intolerance Surveillance
Volume overload Afterload reduction
Repair/replacement
Aortic insufficiency Echocardiogram Exercise intolerance Surveillance
Afterload reduction
Repair/replacement
Fontan obstruction Echocardiogram Venous congestion Stent/balloon angioplasty

Cardiac CT/MRI
Cardiac catheterization
Echocardiogram
CT/MRI
Cardiac catheterization
Veno-venous collaterals Oxygen

Saturation

Cardiac catheterization
Pulmonary arteriovenous malformations Oxygen
Saturation
Cardiac catheterization
Cardiac CT/MRI
Cardiac catheterization

Arrhythmia ECG

Branch PA stenosis

Aortopulmonary collaterals

Exercise intolerance

Lymphatic complications

Venous congestion
Exercise intolerance

Desaturation
Exercise intolerance

Desaturation
Exercise intolerance

Hemoptysis
Exercise intolerance

Palpitations

Periodic outpatient rhythm monitoring Syncope

Holter monitor
Exercise test
Echocardiogram
Cardiac CT/MRI

Sinus node dysfunction

Fontan failure: reduced ejection fraction

Fontan failure: diastolic dysfunction Echocardiogram
Cardiac CT/MRI

Cardiac catheterization

Fontan failure: circulatory dysfunction Echocardiogram

Cardiac catheterization

Volume overload
Exercise intolerance

Exercise intolerance
Syncope

Exercise intolerance
Volume overload

Exercise intolerance
Volume overload

Ascites
Venous congestion
Exercise Intolerance

Fontan failure: lymphatic complications Albumin, stool alpha-1 anti-trypsin Cough
Bronchoscopy Diarrhea
MR lymphangiogram Ascites, edema

Surgical revision

Stent/balloon angioplasty
Surgical revision

Surveillance
Percutaneous embolization

Surveillance
Percutaneous embolization

Surveillance
Percutaneous embolization

Anti-arthythmic medication
Cardioversion

Ablation

Consider anticoagulation

Pacemaker

Afterload reduction
Diuretics
VAD/transplant

Diuretics
Afterload reduction
Transplant

Pulmonary vasodilators
Diuretics

Transplant

Pulmonary vasodilators

Budesonide
Percutaneous embolization

based ablation, or surgical ablation (usually done at the time of
a concomitant surgery). In many cases, several treatment mo-
dalities are required to control the arrhythmia burden over the
patient’s lifespan.

Fontan Failure

Shortly after the advent of Fontan palliation, Dr. Fontan
warned that even the best Fontan procedure imposed on pa-
tients “a gradually declining functional capacity and prema-
ture late death after an initial period of often excellent pallia-
tion” [15]. A 2014 report from the Australia and New Zealand
Fontan registry of over 1000 patients found that freedom from
Fontan failure, defined as NYHA class III/TV symptoms,
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lymphatic failure, death, transplant, or need for Fontan take-
down or conversion, was 83% at 15 years, 70% at 20 years,
and 56% at 25 years [16]. Fontan failure can present with a
variety of clinical symptoms including exercise limitation,
pulmonary or systemic congestion, and lymphatic
abnormalities.

A recent review by Book and colleagues introduced the
concept that not all forms of Fontan failure are the same and
categorized failure into four distinct phenotypes: (1) Fontan
failure with reduced ejection fraction, (2) Fontan failure with
preserved ejection fraction, (3) Fontan circulatory failure, and
(4) lymphatic failure [17¢¢, 18<¢]. Once a patient’s particular
phenotype of Fontan failure is identified, providers should
institute therapies that target the underlying pathophysiology
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of that type of failure. For example, Fontan failure with re-
duced ejection fraction is more likely to benefit from diuretics
and afterload reduction whereas Fontan circulatory failure
may be more likely to benefit from pulmonary vasodilators.

Many evidence-based treatments for heart failure manage-
ment in non-Fontan patient populations either have not been
well studied or have not been shown to be effective in slowing
or preventing Fontan failure. For example, ACE inhibitors and
beta-blockers are a cornerstone of heart failure management in
patients with systolic ventricular dysfunction. For Fontan pa-
tients, however, studies have not shown a conclusive benefit
of either medication class in improving or slowing the pro-
gression of Fontan failure with reduced systolic function
[1 79, 18, 19, 20]. Pulmonary vasodilator therapy is drawing
increasing attention as a potentially effective therapy for
Fontan failure [21]. A recent meta-analysis by Wang et al.
reviewed the results of nine randomized controlled trials of
pulmonary vasodilators in Fontan patients. Overall, they
found that pulmonary vasodilators improved Fontan hemody-
namics and NYHA class [22].

Present management of Fontan failure consists of optimiz-
ing hemodynamics by addressing structural Fontan complica-
tions, eliminating arrhythmias, and attempting medical thera-
py targeted at the particular features of dysfunction. Failing
this, patients should be referred for advanced heart failure
therapies such as mechanical support and heart transplant
when feasible.

Lymphatic Failure

Although not traditionally thought of as a manifestation of
heart failure in other disease states, lymphatic complications
are a worrisome presenting sign of Fontan failure. These com-
plications are thought to be due to the increased central venous
pressure of Fontan circulation that in turn triggers increased
liver and central lymphatic flow. Lymphatic complications
include protein losing enteropathy (PLE), chylous effusions,
and plastic bronchitis. The reported incidence of lymphatic
complications varies by clinical series with plastic bronchitis
reported to occur in 0.5-4% of Fontan patients and PLE oc-
curring in 5-15% of patients [23-26].

Plastic bronchitis is the result of abnormal pulmonary lym-
phatic flow that leads to extravasation of proteinaceous mate-
rial into the airways. This material solidifies into casts of the
airways and leads to cough and airway obstruction. Symptoms
can be missed until a patient expectorates a cast. Diagnosis is
established through bronchoscopic visualization of casts in the
airway or expectoration of typical airway casts. One recent
case control analysis found that patients with plastic bronchitis
were more likely to have a prior history of chylothorax at prior
surgery or have required diaphragm plication [26]. Although a
number of medical treatment options have been tried, the most
successful targeted therapy to date has come from Dori et al.

who have performed selective lymphatic embolization of ab-
normal lymphatic networks identified through MR lymphan-
giography [27]. In a series of 18 patients with plastic bronchi-
tis referred for embolization, 16 of the 18 were found to have
abnormal lymphatic flow from the thoracic duct to the lung
parenchyma. Of the 17 that underwent intervention, 88% had
significant symptom improvement at a median follow-up
around 1 year [28¢].

PLE is a condition in which there is excessive lymphatic
drainage to the intestines that results in protein wasting.
Patients present with hypoalbuminemia, ascites, and edema
due to low oncotic pressure. They may also develop immuno-
deficiency due to loss of gamma globulin and hypercoagula-
bility due to the loss of anti-thrombotic proteins. Although
Fontan obstruction should always be considered as a cause
of new onset PLE, it is rarely found in patients with PLE
outside of the perioperative period. Instead, causes of late-
onset PLE are thought to include abnormal hepatoduodenal
lymphatic connections, altered mesenteric hemodynamics,
and gastrointestinal inflammation. A variety of treatments
are available including pulmonary vasodilators, oral
budesonide, and embolization procedures, each of which has
some documented success. Prior to modern treatment strate-
gies, the 5-year survival of Fontan PLE patients was estimated
to be 50%; with modern therapies, this has improved to 88%
[29]. Ultimately, however, if lymphatic complications cannot
be overcome, the definitive treatment is heart transplantation.

Thromboembolic Complications

Fontan circulation increases the risk of venous and arterial
thromboembolic complications. Passive flow through the
Fontan circuit is low velocity and predisposes patients to ve-
nous thrombosis. This risk increases if the patient has under-
lying arrhythmias, liver dysfunction, residual cyanosis that
causes reactive polycythemia, or inherited hypercoaguable
states [30¢]. The reported incidence of thromboembolism
ranges from 3 to 33% [30e, 31, 32]. Symptoms of thrombo-
embolism depend on the location and effect of the thrombus.
Venous thrombi may be asymptomatic or may cause obstruc-
tion to pulmonary flow leading to systemic venous congestion
and reduced cardiac output. In patients with residual intracar-
diac shunts, venous thromboembolism may result in paradox-
ical emboli to the arterial circulation. Primary arterial thrombi
are less common. Risk factors for arterial thrombi include
sustained arrhythmias and decreased cardiac function.
Arterial thrombi can be silent or may present as stroke or
systemic emboli.

Fontan patients treated with either aspirin or warfarin have
fewer thromboembolic events than those who do not receive
any anticoagulation or antiplatelet treatment. No study to date
has shown superiority of either aspirin or warfarin in the pre-
vention of thromboembolic complications [33]. Appropriate
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anticoagulation decisions are based on individual patient risk
factors. Once a patient develops a thrombus or atrial arrhyth-
mias, however, indefinite treatment with warfarin is typical
[3¢]. The use of novel oral anticoagulants is an area of current
investigations with early reports suggesting these may be an
alternative agent for Fontan patients [34e, 35].

Extra-Cardiac Fontan Complications

As long-term survival of individuals following Fontan surgery
has become expected, it has been increasingly recognized that
clinicians must be aware of extra-cardiac complications of this
circulation in addition to the aforementioned cardiac issues.
There are a number of organ systems that may be affected
including the liver, lungs, and long-term neuro-cognitive ef-
fects among others (Fig. 1b, Table 2).

Fontan-Associated Liver Disease

Hemodynamic studies of post-Fontan circulation estimate that
central venous pressure rises 2—6 times above baseline values
immediately following Fontan completion causing post-
sinusoidal portal hypertension, liver congestion, and fibrosis.
This condition is known as Fontan-associated liver disease
(FALD). While the majority of Fontan patients develop hepatic
fibrosis, some patients will progress to decompensated cirrhosis
with refractory ascites, varices, and even hepatocellular carcino-
ma [36¢]. In light of this, the American College of Cardiology
released a consensus statement recommending baseline screen-
ing for FALD beginning 5 years after Fontan palliation [37e].
This screening includes both laboratory assessment and imaging
evaluation (primarily done by ultrasound) with further testing if
significant abnormalities are found.

The detection and management of FALD presents numer-
ous clinical challenges [38]. Typical physical exam findings,
lab abnormalities, and imaging findings used in the identifica-
tion and staging of non-FALD hepatic disease do not reliably
identify FALD or its progression. For example, physical exam
findings of advancing cirrhosis, such as jaundice, gynecomas-
tia, palmar erythema, and spider angiomata are typically only
seen in Fontan patients once end-stage FALD is present.
Similarly, unlike other forms of non-FALD liver disease, syn-
thetic liver function is typically preserved until the final stages
of liver disease making hypoalbuminemia and coagulopathy
unreliable markers of hepatic dysfunction. Lab abnormalities
frequently seen in FALD include mild hyperbilirubinemia,
mild transaminitis, elevations in GGT, and thrombocytopenia.
However, the degree of these lab abnormalities does not cor-
relate with severity of underlying FALD [39].

Two scoring systems have been developed to assess the
severity of portal hypertension and liver disease in Fontan
patients: the VAST score and the MELD-XI score. Both of
these scores identify patients at increased risk of death and
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transplant. The VAST score uses a 4-point system with 1 point
being given for the presence of varices, ascites, splenomegaly,
and thrombocytopenia. Patients with a score of 2 or greater are
at increased risk of adverse cardiovascular outcomes [40]. The
MELD-XI score is a variation of the model for end-stage liver
disease that does not include a measurement of INR. It is
calculated using a patient’s creatinine and bilirubin. This score
has been shown to correlate with severity of liver fibrosis and
adverse cardiac events [41].

FALD predisposes Fontan patients to the development of
hepatocellular carcinoma (HCC). A recent multicenter case se-
ries found a 1.3% incidence of HCC in Fontan patients [42]. The
median age of diagnosis was 30 years and ranged from 12 to
52 years. Accordingly, the ACC guidelines recommend that
HCC screening begin 5 years after Fontan completion.
Symptoms of HCC include abdominal pain, jaundice, ascites,
shortness of breath, and fever, though in the early stages HCC
may be asymptomatic. Screening for HCC should consist of
yearly imaging such as ultrasound or three-dimensional imaging
that may be combined with measurement of alpha-fetoprotein in
order to increase the sensitivity of HCC screening. AFP is ele-
vated in 80% of HCC cases. Clinical or pathologic diagnosis is
made by CT, MRI, or biopsy. Treatment of HCC depends on
stage of disease and may include chemotherapy, radiation, sur-
gical resection, and liver transplant.

Management of FALD consists of primary prevention of
liver disease through optimization of Fontan circulation, vacci-
nation against viral hepatitis, surveillance for HCC, and avoid-
ance of hepatic toxins. Limited or no alcohol use may be pru-
dent. If significant liver disease is identified, patients should be
referred for cardiac catheterization to evaluate for Fontan ob-
struction and suboptimal hemodynamics contributing to in-
creased post-sinusoidal portal hypertension. Patient with signif-
icant liver disease should also be referred to a hepatologist who
is familiar with Fontan physiology and can guide decisions
about invasive evaluations such as screening for varices and
liver biopsy [37¢]. In some cases, progressive liver disease
may necessitate heart or combined heart and liver transplant.

Pulmonary Disease

Fontan circulation functions best in patients with healthy lung
parenchyma, normal respiratory mechanics, and low pulmo-
nary vascular resistance. Unfortunately, this triad of pulmo-
nary health is rarely present in Fontan patients. Recent studies
have reported that the incidence of significant pulmonary dys-
function in Fontan patients is as high as 40-50% [43].
Opotowsky et al. found that 46% of pediatric Fontan patients
ages 6—18 had reduced forced vital capacity, and these patients
had a higher incidence of decreased exercise capacity [44].
Pulmonary dysfunction may be due to a patient’s underlying
cardiac disease, surgical history, or primary pulmonary dis-
ease [43, 45, 46]. Cardiac causes of pulmonary disease include
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Table2  Non-cardiac complications associated with increased morbidity and mortality in Fontan patients

Complication Diagnosis

Signs/symptoms

Management

Fontan-associated liver disease Clinical findings

Laboratory evaluation (AST, ALT, GGT,
platelets, AFP, albumin, total and fractionated

bilirubin) Imaging

Biopsy
Pulmonary disease (restrictive, Pulmonary function tests
obstructive, sleep-disordered Ciliary biopsy
breathing, parenchymal) Sleep study

Neurodevelopmental disability Neurodevelopmental testing

Psychiatric disorders Psychiatric testing

Ascites
Increased transaminases,
bilirubin

Wheezing

Impaired exercise tolerance
Snoring

Frequent infections

Learning disability
Cognitive dysfunction

Depression
Anxiety

Avoidance of hepatic
insults (medications,
hepatitis viruses)

Limited to no alcohol use

Supportive care

Dependent on underlying
pathology:
Bronchodilators

Airway clearance
maneuvers

Early intervention services
Occupational therapy
Physical therapy

Counseling
Medications

Attention-deficit disorders

restrictive lung disease due to multiple thoracic surgeries,
plastic bronchitis (detailed above), and iatrogenic diaphrag-
matic paralysis. Primary pulmonary disease in Fontan patients
includes obstructive pulmonary disease, frequent pulmonary
infections, and sleep-disordered breathing. In addition, clini-
cians should be aware of the co-existence of primary ciliary
dyskinesia with congenital heart disease, especially in individ-
uals with heterotaxy syndrome [47]. Disorders of ciliary mo-
tility may be identified through ciliary biopsy.

Evaluation and aggressive management of pulmonary dis-
ease is critical to the maintenance of a healthy Fontan circu-
lation [48]. In particular, consideration should be given to
respiratory training to improve cardiorespiratory performance
with exercise, as some studies indicate this improves aerobic
capacity in Fontan patients [48, 49].

Neurodevelopment and Mental Health

Critical congenital heart disease increases patients’ risk for
neurodevelopmental disabilities, and neurodevelopmental
screening is an essential component of routine well patient
care in all single ventricle patients [50]. A prospective study
recently showed that Fontan patients score lower than healthy
peers on neuropsychological tests and have a higher incidence
of structural brain abnormalities detected by MRI [51].
Besides neurodevelopmental abnormalities, Fontan patients
also have an increased risk for and undertreatment of psychi-
atric disease [52, 53]. Adolescents with single ventricle heart
disease have a higher lifetime incidence of anxiety, depres-
sion, and psychosocial concerns than peers without congenital
heart disease (65% vs. 22%) [54]. A study by the Pediatric
Heart Network found that more than 50% of parents of Fontan
patients report that their children struggle with anxiety, depres-
sion, and behavior problems [55]. Given this, screening and

early intervention for mental health disorders should be in-
cluded in routine Fontan follow-up care.

Transitions to Adult Care

Transition from pediatric to adult care should include education
regarding age-appropriate awareness of one’s health condition
and the skills needed for self-care. Current studies indicated that
gaps of care occur in 40-60% of congenital heart disease pa-
tients, with the first gap occurring around age 19 [56]. Over 25%
of patients with complex congenital heart disease had at least a
3-year gap in care. Patients with significant gaps in care are more
likely to require acute interventions at the time of presentation to
adult care [57]. In order to prevent these gaps and provide age-
appropriate care that addresses the medical and psychosocial
aspects of transition, the American Heart Association has pub-
lished best practice guidelines [58]. The guidelines suggest spe-
cific transition preparation begin at age 12 and include attention
to medical, psychosocial, emotional, educational/vocational,
and family needs.

Conclusion

Despite the comorbidities faced by single ventricle patients
following Fontan palliation, the long-term survival of these
patients is a testament to the dedication of the many physicians
and families who have cared for them. As we look towards the
next 50 years of Fontan management, patients, families, and
physicians must continue to work together to improve our
understanding of the challenges facing patients. This article
has reviewed not only modern Fontan palliation and its under-
lying physiologic implications, but also the current under-
standing and management of late Fontan complications.
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With ongoing research and multi-disciplinary approaches, the
next 50 years of Fontan care will undoubtedly improve ther-
apy for the late complications of Fontan palliation and a better
quality of life for Fontan patients.
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