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Rare problems associated with the Fontan circulation
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Abstract The Fontan operation, originally described for the surgical management of tricuspid atresia, is now
the final surgery in the strategy of staged palliation for a number of different forms of congenital cardiac
disease with a functionally univentricular heart. Despite the improved technical outcomes of the Fontan
operation, staged palliation does not recreate a normal physiology. Without a pumping chamber delivering
blood to the lungs, the cardiovascular system is less efficient; cardiac output is generally diminished, and the
systemic venous pressure is increased. As a result, patients with ‘‘Fontan physiology’’ may face a number of rare
but potentially life-threatening complications including hepatic dysfunction, abnormalities of coagulation,
protein-losing enteropathy, and plastic bronchitis. Despite the staged palliation resulting in remarkable
survival, the possible complications for this group of patients are complex, involve multiple organ systems,
and can be life threatening. Identifying the mechanisms associated with each of the rare complications, and
developing strategies to treat them, requires the work of many people at many institutions. Continued
collaboration between sub-specialists and between institutions will be required to optimise the care for this
group of survivors with functionally univentricular hearts.
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T
HE FONTAN OPERATION, ORIGINALLY DESCRIBED

for the surgical management of tricuspid
atresia,1,2 is now the final surgery in the

strategy of staged palliation for a number of different
forms of congenital cardiac disease with a functionally
univentricular heart. The adoption of the staged
strategy has allowed for the survival of thousands of
infants and children who otherwise would not have
survived childhood.3,4 However, despite the improved
technical outcomes of the Fontan operation, staged
palliation does not recreate a normal physiology.
Without a pumping chamber delivering blood to
the lungs, the cardiovascular system is less efficient;
cardiac output is generally diminished, systemic
venous pressure is increased, and, as a result, patients

with ‘‘Fontan physiology’’ may face a number of rare
but potentially life-threatening complications.

The challenges after the Fontan may be cardiac
related, as in poor ventricular function or significant
atrioventricular valvar regurgitation, or the challenges
may be non-cardiac in nature though still related to
the underlying physiology. Abnormalities are described
in hepatic architecture and function, in the cascade of
coagulation, in the gastrointestinal system, and in the
lungs. In this review, we will describe some of the rare
non-cardiac complications after the Fontan operation
and discuss potential therapies.

Hepatic dysfunction

Over the past 5–10 years, as focus has shifted from
short-term survival to long-term survival and
quality of life, a number of studies have emerged
that describe the impact of the physiology of the
Fontan on the liver. By definition, hepatic venous
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pressure after the Fontan may be three to four
times higher than normal, similar to what may be
found in adults with congestive heart failure. The
implications of this elevated hepatic venous pressure
over the long term are not yet well described, but
a limited series of autopsy and biopsy studies have
shown hepatic congestion, dilated biliary ducts,
hepatic fibrosis, and hepatic cirrhosis.5–8 Despite the
possibility of these findings being mild immediately
after the Fontan operation, evidence exists to suggest
a correlation in the degree of abnormal hepatic
pathology with time from the Fontan, with cardiac
output, and with central venous pressure.5–7

In addition to hepatic congestion and hepatic
fibrosis, there are rare reports of hepatic neoplasm late
after the Fontan. Hepatocellular carcinoma and hepatic
adenomas have both been described and are thought to
result from chronic passive hepatic congestion.9,10 In
one published pathological case, the rupture of a
hepatic adenoma led to significant loss of blood and
ultimately to the demise of the patient. Despite there
being no data about the relative risk of neoplastic
transformation following the Fontan operation, the
case reports certainly indicate that while rare, the risk
of neoplasm is most likely higher than in the general
population, and may be associated with the duration
of hepatic congestion and degree of hepatic fibrosis
and cirrhosis.

The risk of hepatic fibrosis, cirrhosis, and hepatic
neoplasm suggests a role for routine hepatic screening.
Unfortunately, no current screen has shown utility in
this population. A number of screens combining
serum markers are suggested for inflammatory disease
of the liver, though the applicability of these tests to
the unique circulation of the Fontan is unknown.11–13

Similarly, evaluation of the liver using transient
elastography (Fibroscan) is of significant benefit in
patients with hepatic dysfunction associated with
hepatitis, but may not be an appropriate test in the
setting of congestive heart failure or elevated central
venous pressures, a condition that is always present
following the Fontan.14–16 Without accurate non-
invasive tests or tests of serum to evaluate hepatic
function and architecture, biopsy of the liver remains
the gold standard. Despite the reported mortality with
biopsy being low, the potential for morbidity exists,17

a potential that might be higher in children who are
unwell following palliation for functionally univen-
tricular heart. For now, ultrasonographic assessment18

of the architecture of the liver, or serial magnetic
resonance imaging,19 may be the most appropriate
as baseline testing, with more invasive testing being
reserved for those in whom the suspicion of significant
abnormalities of the liver is highest.

Unfortunately, even when diagnosed, no direct
therapy exists for the elevated hepatic pressure of

the Fontan circulation. The elevation is a direct result
of the basic physiology following the Fontan operation,
and nothing short of a new strategy for treatment
of patients with functionally univentricular hearts is
likely to have a profound impact. Nevertheless, the
potential exists to have at least a modest impact on
hepatic pressure through the development of strategies
to lower pulmonary arterial pressure. Certainly, the
enlargement or creation of a fenestration may allow for
a ‘‘pop-off’’ in the setting of elevated pulmonary
arterial pressure and is shown to improve systemic
delivery of oxygen.20 Newer medical approaches
may also have an impact. In particular, the use of
medications traditionally used for the treatment of
pulmonary hypertension may lower systemic venous
pressure by lowering pulmonary vascular resis-
tance.21,22 Limited data exist on these medications
following the Fontan operation, and no direct measure-
ments exist of their impact on hepatic pressure.
Nevertheless, it is certainly reasonable to believe that
phosphodiesterase type 5 inhibitors or therapies with
prostacyclin that lower pulmonary vascular resistance
through their effect on pulmonary vascular resistance
may reduce the degree of hepatic congestion.

Abnormalities of coagulation

Abnormalities in the cascade of coagulation remain a
vexing problem after the Fontan operation. The precise
mechanism by which children are at increased risk
for the formation of thrombus after the Fontan is
not known and is likely multi-factorial. Certainly, a
number of anatomical and physiological risk factors are
inherent in the cardiovascular system after the Fontan
operation. However, primary abnormalities also exist in
the cascade of coagulation following the Fontan that
may further impact the risk of thrombosis.

Of the anatomical and physiological differences
in the Fontan circuit, those that are likely to play a
role in the increased risk of thrombosis include:

> diminished cardiac output,
> abnormal patterns of venous flow,
> prosthetic material used to create the baffle or

conduit,
> the presence of blind pouches with low flow of

blood, such as rudimentary ventricles and over-
sewn stumps from the pulmonary artery, and

> in some children, lack of atrioventricular synchrony.

This group of risk factors is characterised by the
presence of low-velocity venous flow and the potential
exposure of the factors of clotting to prosthetic
material.

Despite the possibility of the anatomical and
haemodynamic abnormalities after the Fontan being
sufficient to explain an increased incidence of
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thrombus, a number of abnormalities in the
coagulation cascade also exist following the Fontan
that may add to the thrombotic risk. Interestingly,
studies have shown abnormalities in both pro-
thrombotic and anti-thrombotic factors of coagula-
tion, making a comprehensive understanding of
how factors of coagulation impact on formation of
thrombus difficult.23,24 Low levels of protein C,
protein S, and antithrombin III are described, which
would suggest a hypercoagulable state; meanwhile,
deficiencies in numerous factors of coagulation,
including factors II, V, VII, VIII, and X, have also
been described, which would suggest just the
opposite. In an attempt to evaluate the total effect
of abnormalities of coagulation on the propensity
to form a thrombus, a recent study was performed
in which thromboelastography was used in an
attempt to determine the net effect of the potential
alterations.25 Surprisingly, in this prospective cross-
sectional study, no difference was found between the
profiles of coagulation of 25 children following
the Fontan operation and 51 age-matched healthy
controls.

Whatever the mechanism, the risk of thrombus
and thromboembolism following the Fontan opera-
tion appears to be significant. In a review at The
Children’s Hospital of Philadelphia, Coon showed a
prevalence of thrombus of 8.8% in children after the
Fontan as diagnosed by surface echocardiography.26

Of the patients with thrombi:

> 48% were located in the Fontan circuit (on the
systemic venous side of the baffle/conduit),

> 44% were found in the pulmonary venous atrium,
> one patient had thrombus on both sides of the

baffle/conduit,
> two patients had thrombus in their hypoplastic

ventricle, and
> one had thrombus associated with an over-sewn

pulmonary arterial stump.

Despite the high prevalence of thrombus, the rate
of cerebral vascular accident, while not negligible,
was significantly lower. Overall, 15% of those with
thrombi had concomitant cerebral vascular events.

Despite the risk of thromboembolic events being
important and warranting clear guidelines, no
consensus exists on appropriate prophylactic strate-
gies. Protocols for management vary, but typically
include aspirin or warfarin, although some patients
may be on no anticoagulation at all. The reason for
this lack of uniformity is most likely related to the
relative rarity of significant thromboembolic events
and the lack of prospective studies comparing
different regimens of anticoagulation. There are a
few retrospective studies comparing strategies, but
all have a very low rate of events. However, in these

retrospective reviews, there does not appear to be
good evidence to suggest that warfarin is a useful
therapy for all patients:

> In a series of 72 patients started on aspirin on
post-operative day 1 following the Fontan,
Jacobs et al27 found no occurrences of throm-
boembolic events.

> Mahnke et al2 reviewed the data from the
Children’s Hospital of Pittsburgh. They reviewed
the records of 132 patients with a median follow-
up of 7.6 years. In their cohort, they found an event
rate for significant cerebrovascular accident of
2.3% with no association between anticoagulation
strategy and rate of event.8

On balance, enough evidence exists to suggest that
some form of anti-thrombotic therapy is useful
following the Fontan. However, there are no
prospective data to suggest whether an anticoagula-
tion strategy that targets the function of platelets,
or a more robust strategy that targets the cascade
of coagulation, should be used. Given the low
frequency of events, the absence of a proven benefit
of warfarin, the significant risks associated with
using warfarin, and the relative safety of aspirin at
low doses, we believe that treatment with aspirin is
sufficient for prophylaxis against thrombosis, unless
other risk factors are present or there is a history of a
significant thromboembolic event.

Protein-losing enteropathy

Protein-losing enteropathy is an enigmatic and
troubling complication seen after the Fontan opera-
tion.29 The disorder is primarily characterised by the
abnormal loss of elements of protein into the lumen
of the gut, resulting in hypoproteinaemia and hypo-
albuminaemia. Loss of vascular oncotic pressure leads
to the seepage of fluid into the interstitial tissues and
the development of peripheral oedema, ascites, pleural
effusions, and pericardial effusions. The break in
integrity of the enteric mucosal barrier affects a
number of bodily homeostatic systems:

> Loss of albumin leads to abnormalities in the
metabolism of calcium.

> Loss of factors of coagulation further upsets an
already abnormal cascade of coagulation.

> Abnormal flow in lymphatics, as a result of
lymphatic engorgement, may lead to lympho-
paenia and a relative immunodeficient state.

Enteric loss of protein after the Fontan operation can
be a slow and indolent process, or it can occur with
fairly rapid onset. Diarrhoea is seen when there is
marked long-standing hypoproteinaemia and the
development of oedema of the wall of the gut with
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malabsorption; however, diarrhoea is not present in
every case of protein-losing enteropathy. Just as
many patients complain of constipation and subtle
changes in bowel habits, so do those with frank
diarrhoea. The most common presenting scenario is
a child complaining of shoes feeling tight or clothes
not fitting. In young children, peri-orbital oedema
upon awakening is common.

Protein-losing enteropathy after the Fontan opera-
tion is believed to occur in anywhere from 3% to 10%
of patients.30 As recognition of the disorder has
increased, a variety of patterns of manifestation of
disease are noted. Some patients manifest the full
spectrum of the disorder and remain chronically
hypoalbuminaemic unless intervened upon. Then,
some patients manifest transient hypoalbuminaemia,
commonly 1–2 weeks following a viral syndrome.
Within 4–6 weeks, and without intervention, levels of
protein in these patients normalise. This phenomenon
also suggests that protein-losing enteropathy after the
Fontan operation may occur much more frequently
than initially thought, as many of these transient
periods of mild oedema may go unnoticed by parents,
or be ignored by adolescents and young adults.

The diagnosis is made by the presence of low
serum levels of protein or albumin in the absence
of any other source for loss of protein. Alpha-1-
antitrypsin is a protein produced by the liver that
remains intact in the circulation. This protein is
normally excreted in the stool, and can therefore be
used as a marker for abnormal enteric permeability
to protein. An increased 24-hour stool clearance of
alpha-1-antitrypsin is the ‘‘gold standard’’ assay for
diagnosis of protein-losing enteropathy. An increased
spot stool concentration of alpha-1-antitrypsin is also
diagnostic of protein-losing enteropathy; however, a
low concentration does not rule it out.

The underlying pathophysiological mechanism
that results in protein-losing enteropathy is still
poorly understood. We have postulated it to be due
to the confluence of a number of processes:

> First and foremost is the pervasive circulatory
insufficiency of the Fontan circulation.31 To
variable degrees, but in essence in all patients
with Fontan physiology, cardiac output is
diminished and central venous pressure is
increased.32 This state is physiologically similar
to a state of chronic low-level congestive heart
failure. As a result, gastrointestinal perfusion and
delivery of oxygen is diminished. In the presence
of low cardiac output, compensatory mechanisms
will increase and maintain perfusion to vital
organs, shunting blood away from the non-vital
mesenteric circulation and further limiting
delivery of oxygen delivery to the mucosa of

the gut. In support of this notion, we and others
have shown increased mesenteric vascular impe-
dance in patients with protein-losing enteropathy
after the Fontan operation as measured by Doppler
echocardiography.33,34 We found that patients with
protein-losing enteropathy have higher mesenteric
vascular impedance than those without protein-
losing enteropathy after the Fontan. Both of these
groups had higher mesenteric vascular impedance
than age-matched normal controls.

> The second mechanistic process that exists in
patients with protein-losing enteropathy after
the Fontan operation is that of inflammation.
Chronic congestive heart failure is an inflamma-
tory disease that results in an increase in
inflammatory markers. We showed the presence
of increased inflammatory markers such as
tumour necrosis factor alpha after the Fontan
operation.35 The phenomenon of new onset
protein-losing enteropathy, or a flare of symp-
toms soon after a viral syndrome, supports the
role of inflammation in the pathophysiology.36

Experience with response to various treatments
supports these two mechanistic concepts as the
foundation of the disease. Manoeuvres that increase
cardiac output and lower central venous pressure
can improve protein-losing enteropathy. Optimising
what is a markedly sub-optimal physiology can help
alleviate symptoms. Even those who have haemody-
namic data that do not suggest a ‘‘failing Fontan’’,
such as a pulmonary arterial pressure less than 15
millimetres of mercury, may benefit from actions that
improve cardiac output and increase perfusion of
organs and delivery of oxygen. Therapies such as
creating atrioventricular synchrony through pacing
when it is absent37 and creation of a fenestration38,39

are reported as successful in improving levels of serum
protein. Anti-inflammatory therapies, such as admin-
istration of unfractionated heparin40 or systemic
steroids,41 are reported to be helpful in a select few.
Table 1 lists potential therapies for protein-losing
enteropathy by disease severity.

At our centre, we have begun using a combina-
tion of controlled release budesonide, started at
9 milligrams per day and sildenafil 20 milligrams
per day, in an attempt to control inflammation and
to improve haemodynamics.42 Response, defined as
a rise in serum albumin from one category of
severity of disease to another, has occurred in most
of our patients within 4 months of initiation of this
protocol of treatment. Once an appropriate level of
serum albumin is achieved, typically greater than
3.0 grams per decilitre, controlled release budeso-
nide can begin to be weaned in a slow manner to a
low dose of 3 milligrams per day or every other day.
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To date, none of our patients who had a successful
response were able to wean completely off con-
trolled release budesonide without relapse. Hence,
it should be anticipated that low-dose controlled
release budesonide will be administered long term
to keep the disease in check. A caveat to this approach
is that while controlled release budesonide has 90% of
first pass hepatic metabolism in those with normal
hepatic function, patients with Fontan physiology
often have abnormal hepatic function, and thus may
be at risk for systemic side effects.

Plastic bronchitis

Plastic bronchitis is a rare complication seen after
the Fontan operation in which bronchial casts are
formed within the airways with potential for
obstruction and asphyxiation.43,44 Two distinctive
clinicopathological groups are proposed:

> The cast material may be cellular in nature with
inflammatory debris and infiltrate. These types
of casts can be seen in patients with severe
allergies or asthma.

> Alternatively, casts may be acellular and com-
posed of mucin and fibrin (Fig 1).

Plastic bronchitis following the Fontan operation is
most commonly of an acellular cast nature; however,
a mixed pathological picture is reported in some
patients. The bronchial mucosa typically appears
oedematous with dilated lymphatics noted upon
histology.

The cause of this complication after the Fontan
operation is unknown. In a similar manner to
protein-losing enteropathy, it is theorised that
unique features of the Fontan circulation predispose
to dysfunction of membranes and a break in the
integrity of the bronchial mucosa, leading to
leakage of proteinaceous material into the airway.

Unlike the gut, where large amounts of protein can
be continuously lost over long periods of time
without fear of obstruction in the bowel, in plastic
bronchitis, relatively small amounts of protein lost
into the airway can accrete and cause significant
obstruction if not expectorated. Hence, in protein-
losing enteropathy, the dominant clinical manifesta-
tion is hypoalbuminaemia and oedema, while in
plastic bronchitis, hypoalbuminaemia is not seen and
the dominant clinical manifestation is respiratory
distress on the basis of obstruction of the airway.

Interventions that improve cardiac output can
result in resolution of plastic bronchitis. This
finding also suggests a similar pathophysiology to
that of protein-losing enteropathy after the Fontan.
Pulmonary vasodilating agents may play a role,
by improving ventricular filling and increasing
stroke volume and cardiac output.45 Similarly, anti-
inflammatory therapy may be beneficial in reducing
severity of disease.46 Fenestration of the systemic
venous pathway has proven effective,47 as has
cardiac transplantation. Plastic bronchitis is a more
acute disorder than is protein-losing enteropathy, as
it can be life-threatening from the point of first
presentation. This fact may explain why there are

Table 1. Protein losing enteropathy: categories and therapies

Categories of severity of disease Therapy Side-effects or negative aspects

Category I (mild disease; serum Lasix Electrolyte imbalance, dehydration
albumin 2.5–3.5 g/dl) High-dose aldactone Gynecomastia

Low-fat, high MCT diet Poor compliance, commonly ineffective
Category II (moderate disease; Atrioventricular pacing Surgery, effusions, maintenance of the pacemaker
serum albumin 2.0–2.5 g/dl) Heparin Chronic subcutaneous injections, osteopaenia, commonly ineffective

Category III (severe disease;
serum albumin , 2.0 g/dl)

Systemic
corticosteroids

Hypertension, hyperglycaemia, adrenal suppression, osteopenia,
Cushingoid features

Sildenafil Hypotension
CR-budesonide Similar to corticosteroids in the face of hepatic dysfunction
Fontan surgical revision Complex operation, high mortality
Heart transplant Chronic anti-rejection medications, coronary artery disease, likely need

for re-transplantation

CR 5 controlled release; MCT 5 medium chain triglyceride

Figure 1.
An example of a bronchial cast from a patient with plastic
bronchitis.
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few studies reporting successful chronic medical
regimens, as patients either succumb to the disease
or receive more aggressive intervention at the outset.
Nevertheless, standard care includes maintenance of
clearance of the airway through the use of inhaled
steroids, albuterol, aggressive pulmonary physiother-
apy, and acetylcysteine. Bronchoscopic removal and
mechanical clearance of airways can be life-saving.44,48

An important therapy that has allowed for
improvement in clinical symptoms, but does not alter
the underlying origin of plastic bronchitis, is the use
of aerosolised tissue plasminogen activator.43,49,50

Administration of aerosolised tissue plasminogen
activator will act to dissolve bronchial casts, which
either eliminates the cast or improves the ability for
expectoration and clearance of the airway. Long-term
therapy as an outpatient is feasible while awaiting a
more effective therapy such as cardiac transplanta-
tion51; however, the agent is very expensive and it has
been difficult in the United States of America to
convince ‘‘third-party payers’’ to support this strategy.

Future direction

Following the Fontan operation, patients with func-
tionally univentricular hearts have a unique set of long-
term challenges. Despite staged palliation resulting in
remarkable survival, the possible complications for this
group of patients are complex, involve multiple organ
systems, and can be life threatening. Identifying the
mechanisms associated with each of the rare complica-
tions, and developing strategies to treat them, requires
the work of many people at many institutions. As long
as the Fontan operation continues to be the paradigm
for the care of patients with functionally univentricular
hearts, we will need to continue to improve our ability
to support this circulation. In the long term, a ‘‘Fontan
pump’’ or a ‘‘Fontan assist device’’ may usher in a new
era of ‘‘ventricular replacement’’, but while work has
started on such devices, they remain many years in the
distance.52,53 In the meantime, continued collaboration
between sub-specialists and between institutions will be
required to optimise the care for this group of survivors
with functionally univentricular hearts.
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