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Abstract

discussed, as is the role of pulmonary vasodilators.

Background: The Fontan circulation is a palliative procedure for patients born with a single ventricle physiology.
The Fontan circulation is associated with significant late morbidity commonly including atrial arrhythmias.

Case presentation: We report a case of an adult Fontan patient who developed protein losing enteropathy (PLE)
following persistent atrial arrhythmias. Treatment with a pulmonary vasodilator, sildenafil, resolved the PLE.

Conclusions: The importance of a low pulmonary vascular resistance to maintain wellbeing in the Fontan patient is
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Background
It is more than 50 years since Francis Fontan and the
Kreutzer brothers performed their initial series of surgi-
cal palliation of the single ventricle circulation, now
known as the Fontan operation [1, 2]. The concept of
bypassing the systemic venous return from the systemic
ventricle and allowing passive flow to the pulmonary ar-
teries was simple and remarkably effective. Prior to Fon-
tan surgery the life expectancy for patients with a single
ventricle circulation was poor and patients rarely sur-
vived beyond childhood years, the challenges of pro-
found cyanosis and a volume loaded single ventricle
leading to circulatory failure in early life. Subsequent
modifications of the procedure have improved outcomes
[3, 4] and patients routinely survive to adult life, even in
the most complex forms of single ventricle circulations
[5].

The Fontan circulation is unique and poses many chal-
lenges (Fig. 1a and b). Patients, whilst overall well, are
prone to developing arrhythmias and exercise
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intolerance. Critical to a healthy Fontan circulation is
the rapid transit of the systemic venous return through
the pulmonary circulation in order to maintain pre-load
in the systemic circulation. Therefore, even small in-
creases in the pulmonary vascular resistance may lead to
a deterioration in exercise capacity. In the classical atrio-
pulmonary Fontan operation, a rise in pulmonary resist-
ance may lead to increased right atrial chamber pres-
sures and, in combination with multiple surgical scars,
predispose to atrial arrhythmia. Such arrhythmias may
become life threatening in this population and can lead
to rapid clinical deterioration. Moreover, elevation of the
systemic venous pressure is an unavoidable feature of
the Fontan circulation and is increasingly recognised as
a contributory factor to morbidity, including arrhythmia,
hepatic fibrosis and the development of protein losing
enteropathy (PLE).

We report a case in which pulmonary vasodilator ther-
apy was used successfully to treat PLE in an adult Fon-
tan patient.

Case presentation
A 28-year-old patient presented with PLE and recurrent
persistent atrial arrhythmias. She had been born with
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Fig. 1 Panel a The normal biventricular circulation. Panel b The Fontan circulation

tricuspid atresia and had undergone initial palliation in
infancy with a central systemic arterial shunt (aorta to
pulmonary artery anastomosis). She subsequently under-
went a single stage atrio-pulmonary Fontan operation at
the age of 4 years. Her only long-term medication was
oral anticoagulation with warfarin. She maintained good
international normalised ratio (INR) control.

Prior to this presentation she had been asymptomatic
(World Health Organization Functional Class 1) with a
normal (age, sex sized matched to general population)
peak oxygen consumption on cardiopulmonary exercise
testing. She presented to her local hospital with breath-
lessness, fatigue and a recent history of intermittent

palpitations. She was in a scar-related macro re-entrant
atrial tachycardia, and examination demonstrated
dependent oedema and ascites. Her albumin was mildly
reduced at 29 g/l. She underwent direct current cardio-
version under brief general anaesthesia, and sinus
rhythm was restored.

In cases such as this, it is necessary to exclude acute
causes of deterioration and triggers for arrhythmia, such
as infection (including endocarditis), thyrotoxicosis,
valvular heart disease, ventricular dysfunction and
thrombosis within the Fontan circulation. Transthoracic
echocardiography showed normal systemic left ventricu-
lar function and no mitral valve incompetence or left
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ventricular outflow tract obstruction. Thyroid function
and inflammatory markers were normal, and there was
no clinical evidence of endocarditis. A pregnancy test
was negative.

3A transoesophageal echocardiogram (Fig. 2) showed
no thrombus within the Fontan circulation, but there was
marked spontaneous contrast within the atrio-pulmonary
Fontan chamber. There was no pulmonary venous com-
pression and the Fontan pathway was unobstructed.

PLE was confirmed by elevated faecal alpha-1 antitryp-
sin levels and a serum albumin level of 29 g/l. She
remained in PLE despite maintaining sinus rhythm, with
persistent ascites and peripheral oedema. We therefore
elected to perform cardiac catheterisation under local
anaesthesia. Mean Fontan chamber pressure was
13 mmHg and there was no gradient on pullback from
the pulmonary arteries to the Fontan chamber. The pul-
monary capillary wedge pressure was 12 mmHg, demon-
strating a low transpulmonary gradient, hence,
suggesting a low pulmonary vascular resistance.

Despite the haemodynamic findings we elected to
commence targeted pulmonary vasodilator therapy with
the oral phosphodiesterase inhibitor sildenafil. After tol-
erating an initial test dose of 12.5 mg we increased this
to 25 mg tds. There was rapid resolution of the ascites
and oedema, and albumin normalised within 4 weeks.

She remained well under follow up until 7 years later,
when she had a reoccurrence of PLE with an albumin of
32 g/l, dependent oedema and ascites despite being in
sinus rhythm. There were no new findings on repeat in-
vestigations, with preserved ventricular function, no mi-
tral incompetence and no evidence of Fontan pathway
obstruction. We increased her sildenafil to 100 mg tds
with full resolution of the PLE within two weeks. She re-
mains well under follow up.
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Discussion

PLE is a poor prognostic sign in patients with a Fontan
circulation. Whilst the pathophysiology of the condition
is not fully understood, it is postulated that increased
systemic venous pressures lead to increased pressure
within the thoracic duct, and an increase in gut lymph-
atic pressure resulting in protein loss in the gastrointes-
tinal tract. Any factor leading to increased systemic
venous pressures in the Fontan circulation could lead to
the development of PLE. Multiple factors leading to ele-
vation in pulmonary venous pressure such as
arrhythmia, atrioventricular valve incompetence or ven-
tricular failure could lead to an increase in pulmonary
artery pressure and therefore systemic venous pressure.
Similarly pulmonary vascular remodelling with a modest
increase in pulmonary vascular resistance or narrowing
of any part of the Fontan pathway could do the same, or
a combination of any of these factors.

In this case we believe that despite the apparent good
haemodynamics, the combination of an arrhythmia and
mild pulmonary vascular remodelling may have triggered
the onset of PLE and could respond to targeted pulmon-
ary vasodilator therapy. Our practice has been to use a
phosphodiesterase V inhibitor (PDEVi) as first line ther-
apy, due to the rapid onset of action and availability and
the lack of evidence base for all therapies at that time.
We employed a strategy of increasing dose of sildenafil
due to the known potential tachyphylaxis associated with
sildenafil and following discussions with the patient,
who preferred this strategy.

Given the nature of the Fontan circulation, small
changes in pulmonary vascular resistance whilst dimin-
ishing transpulmonary blood flow will not necessarily in-
crease the measured pulmonary arterial pressure, due
the large capacitance available in the venous circulation.

Fig. 2 Transoesophageal echocardiogram demonstrating spontaneous contrast in the Fontan circuit
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In addition it could be argued that in a serial circulation
such as this, increases in pulmonary vascular resistance
would be reflected by a matched increase in the ven-
tricular end diastolic pressure and the transpulmonary
gradient would change little or not at all. Therefore even
the best conducted cardiac catheterisation may not allow
us to demonstrate significant haemodynamic changes. In
the absence of identifiable factors leading to impairment
of the Fontan circulation, pulmonary vascular remodel-
ling can be considered a potential cause of deterioration.

A number of investigators have reported improvement
using pulmonary vasodilator therapy in patients with
evidence of Fontan failure at various ages [6-9]. This
has led to a number of groups conducting open label
studies of targeted pulmonary vasodilators with varying
results [10-14]. Given that endothelin receptor antago-
nists (ERA) have a recognised potential class effect on
liver transaminase levels, there has been understandable
concern on the impact ERAs may have in Fontan pa-
tients with pre-existent liver fibrosis. Recent studies
have, however, demonstrated ERAs to be safe in this set-
ting, encouraging further clinical trials [15].

The TEMPO study was a rigorously conducted rando-
mised placebo-controlled study on the impact of the
ERA bosentan on exercise capacity in adult Fontan pa-
tients. There was a small but significant increase in peak
VO, after 14 weeks of treatment, with an associated im-
provement in functional class [16, 17]. However, the ma-
jority of patients included were asymptomatic,
potentially limiting the study’s ability to assess the im-
pact of therapy on exercise capacity and symptoms.

It could be argued that, in the absence of pulmonary
vascular remodelling, Fontan patients are unlikely to
benefit from targeted pulmonary vasodilator therapy.
Yet, accurately measuring pulmonary vascular resistance
in Fontan patients who have a low cardiac output and
who may have multiple sources of pulmonary blood flow
is difficult. Earlier studies of patients undergoing cardiac
transplantation for Fontan failure showed that pulmon-
ary vascular resistance was consistently underestimated
in the Fontan patient [18] and pulmonary vascular
changes were present even in infants with early Fontan
failure [19, 20]. In our case, pulmonary vasodilator ther-
apy was used successfully to treat a patient with a failing
Fontan circulation but no evidence of a raised pulmon-
ary vascular resistance, suggesting that the indications
for using such therapies may go beyond invasive haemo-
dynamics, and should be based on the overall clinical
picture. In our case we presumed in the absence of other
attributable causes of PLE and Fontan failure that eleva-
tion of the pulmonary vascular resistance may be con-
tributing and warranted a trial of therapy.

Therefore, a pragmatic trial design, with exclusion cri-
teria that remove all other likely causes of Fontan failure,
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was developed for the RUBATO study, for which we are
currently recruiting [21]. This is a randomised placebo-
controlled study assessing the efficacy of the ERA maci-
tentan on exercise capacity in symptomatic adults and
adolescents following total cavopulmonary connection
Fontan surgery. The primary endpoint is change in peak
oxygen consumption (VO, max) after 16 weeks of
treatment.

At this stage, there is insufficient evidence to recom-
mend the routine use of pulmonary vasodilator therapy
in Fontan patients and we await the results of ongoing
studies. However, available evidence suggests that it may
be worth considering a trial of such agents in Fontan pa-
tients refractory to conventional therapy, in whom no
other reversible cause has been demonstrated.

Conclusions

The Fontan circulation is dependent on systemic venous
hypertension and a low pulmonary vascular resistance to
function optimally. The lack of a sub-pulmonary ven-
tricle leads to a reduced cardiac output on exercise,
which patients often tolerate well, allowing survival to
adult life in most cases. In the absence of identifiable
causes for late Fontan failure, it may be reasonable to as-
sume that pulmonary vascular remodelling is present
and contributes to an increase in resistance within the
Fontan circulation. In our case, we have highlighted the
benefit of targeted pulmonary vasodilator therapy in an
adult with atrio-pulmonary Fontan with symptomatic
deterioration and PLE. Routine use of pulmonary vasodi-
lators cannot be advised in the absence of robust trial
evidence, but is reserved for patients with Fontan failure
in whom standard therapy has failed who are under ex-
pert care.
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