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Pulmonary vascular disease in Fontan circulation—is there a 
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Abstract: The Fontan circulation is a palliative concept for patients with univentricular hearts. The 
central veins are connected directly to the pulmonary arteries (cavo-pulmonary connection) to separate the 
pulmonary and the systemic circulation. There is no sub-pulmonary ventricle that generates pressure to 
drive blood through the pulmonary arteries. Pulmonary blood flow is determined by central venous pressure 
(CVP) and pulmonary vascular resistance (PVR). The capability of the Fontan circulation to compensate for 
alterations in PVR is limited, as CVP can only be increased within narrow ranges without adverse clinical 
consequences. Consequently, systemic ventricular preload and cardiac output are dependent on a healthy 
lung with low PVR. Failure of the Fontan circulation is relatively common. In addition to ventricular 
dysfunction, maladaptive pulmonary vascular remodeling resulting in increased pulmonary resistance may 
play a key role. The pathophysiology of the maladaptive vascular processes remains largely unclear and 
diagnosis of an increased PVR is challenging in Fontan circulation as accurate measurement of pulmonary 
arterial blood flow is difficult. In the absence of a sub-pulmonary ventricle, pulmonary artery pressure will 
almost never reach the threshold conventionally used to define pulmonary arterial hypertension. There is 
a need for markers of pulmonary vascular disease complementary to invasive hemodynamic data in Fontan 
patients. In order to treat or prevent failure of the Fontan circulation, pathophysiological considerations 
support the use of pulmonary vasodilators to augment pulmonary blood flow and systemic ventricular 
preload and lower CVP. However, to date the available trial data have neither yielded enough evidence 
to support routine use of pulmonary vasodilators in every Fontan patient nor have they been helpful in 
defining subgroups of patients that might benefit from such therapies. This review discusses potential 
pathomechanisms of pulmonary vascular disease; it summarizes the current knowledge of the effects and 
efficacy of pulmonary vasodilator therapy in Fontan patients and tries to outline areas of potential future 
research on the diagnosis and treatment of pulmonary vascular disease and Fontan failure. 
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The Fontan procedure

The basic principle of the Fontan circulation is that the 
systemic venous return passes through the pulmonary 
circulation without the driving force of ventricular 
contraction, while the single functional ventricle supports 
the systemic circulation. In the current era, the creation of 
a total cavo-pulmonary connection (TCPC) is the surgical 
technique of choice. The Fontan procedure places the 
pulmonary and systemic circulation in series and, in this 
way, reduces cyanosis (Figure 1).

The Fontan procedure with its variants has been used 
as a palliative strategy for patients with a single functional 
ventricle for more than 45 years. Outcomes of single 
ventricle patients undergoing a Fontan operation improved 
over the past decades. Patient selection and introduction 
of staged surgical management as well as refinements in 
surgical and postoperative care resulted in low perioperative 
mortality. Nowadays, most patients undergoing a Fontan 
procedure will survive into adulthood (1), but mortality is 

estimated to increase by about 10% per decade (2). It can be 
expected that less than two thirds of the early survivors of 
the Fontan procedure will reach their forties or fifties (2).

The Fontan physiology

In the Fontan circulation, pulmonary blood flow is mainly 
driven by central venous pressure (CVP) as there is no sub-
pulmonary ventricle. Based on physiological considerations, 
there is a linear relationship between CVP and pulmonary 
vascular resistance (PVR), which also has been supported 
with clinical data (3). As a consequence, a mild increase 
in PVR needs to result in a marked increase in CVP to 
maintain cardiac output (3) (Figure 2). Consequently, low 
PVR is necessary to sustain adequate pulmonary blood flow 
at low CVP. However, CVP is invariably elevated even in 
well-functioning Fontan patients with an inherent risk of 
complications related to chronic venous hypertension and 
circulatory failure (4,5).

The ability to increase pulmonary blood flow and in turn 

Figure 1 The Fontan circulation. The Fontan procedure serves as a palliative procedure for a variety of complex congenital heart defects 
with a functional single ventricle. Systemic venous blood from the superior vena cava (SVC) and the inferior vena cava (IVC) drains directly 
into the left and right pulmonary arteries (LPA and RPA) ①. Pulmonary blood flow is passive and is mainly driven by central venous 
pressure (CVP) ②. Pulmonary veins (PV) drain the oxygenated blood into the atrium ③. Pulmonary venous return provides filling of the 
single ventricle. Ventricular preload is dependent upon flow through the pulmonary circulation ④. A patent fenestration in the Fontan 
tunnel results in a right-to-left shunt on the atrial level, which might improve preload of the ventricle but on the expense of enhanced 
cyanosis ⑤.
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oxygen consumption during exercise is limited in Fontan 
patients (6). Exercise tolerance is reduced already early after 
Fontan completion (7) and progressively declines with age (8,9). 
The inability to decrease PVR during exercise is a contributor 
to this (10,11). This phenomenon can at least partly be 
explained by the absence of pulsatile pulmonary arterial flow, 
which is believed to acutely recruit pulmonary capillaries 
during exercise in subjects with a biventricular circulation (12). 

If there is a surgically created communication between 
the central venous compartment and the functionally left 
atrium (Fontan fenestration), systemic venous blood can 
bypass the lungs and improve preload of the systemic 
ventricle. But this is on the expense of enhanced cyanosis 
(Figure 1). While there is some evidence that a Fontan 
fenestration improves early postoperative outcome (13,14), 
there is little evidence that a patent fenestration improves 
functional status in the longer-term (15,16). It may well 
be that the effect of blood flow through a fenestration 
on ventricular filling and systemic cardiac output is 
counterbalanced by increasing cyanosis from right-to-left 
shunting resulting in no net effect on tissue oxygenation.

Before a cavo-pulmonary connection is established in 

patients with univentricular hearts, the single ventricle is 
commonly exposed to abnormal loading conditions (17). 
The pulmonary and systemic circulations are supplied 
in parallel by the single ventricle. In malformations 
where pulmonary blood flow is increased ventricular 
volume overload can be excessive. Surgical aortic arch 
reconstruction (e.g., in patients with hypoplastic left heart 
syndrome undergoing the Norwood operation) results in 
impaired aortic elasticity and increased ventricular afterload. 
These abnormal loading conditions, which are often long-
standing and present in combination, may lead not only to 
systolic, but also to diastolic ventricular dysfunction (18). 
The latter adds to the inherent inefficacy of the Fontan 
circulation and worsens central venous congestion (3).

It becomes apparent from the above that the Fontan 
circulation is prone to fail. Systolic and/or diastolic 
ventricular dysfunction, obstructions in the Fontan 
pathways, elevated PVR all aggravate chronic systemic 
venous hypertension and lead to symptoms of heart failure 
such as ascites, peripheral edema and hepatomegaly 
or result in specific complications related to lymphatic 
dysfunction such as plastic bronchitis or protein-losing 
enteropathy (19,20). Signs of maladaptation to the Fontan 
circulation can develop in nearly every organ system (21), 
with hepatic and renal disease being particularly common 
in adult Fontan patients (19). Treatment options for failing 
Fontan patients are limited and include conventional heart 
failure therapies, Fontan conversion to improve venous 
fluid dynamics, interventions that aim to decompress the 
systemic venous compartments such as creation of Fontan 
fenestrations and more recently pulmonary vasodilator 
therapies aiming at reduction of PVR.

The pulmonary vasculature in Fontan patients

It is not possible to establish a Fontan circulation in a 
neonate as PVR is still elevated after birth. Therefore, 
many patients will experience a period of increased 
pulmonary blood flow (and sometimes increased pressure) 
either through a systemic-to-pulmonary shunt or a variably 
obstructed pulmonary artery before a cavo-pulmonary 
connection can be established. During this time period, 
increased pulmonary blood flow may enhance pulmonary 
artery growth (17). On the other hand, pulmonary over-
circulation may lead to irreversible changes in pulmonary 
vascular morphology with an increase in PVR (22). Thus, 
the pulmonary artery tree of single ventricle patients may 
already be diseased prior to the Fontan procedure—either 
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Figure 2 Relation between pulmonary blood flow (PBF), 
pulmonary vascular resistance (PVR) and central venous pressure 
(CVP). In theory, there is a strong linear relationship between CVP 
and transpulmonary gradient (TP). If PVR increases in Fontan 
patients, the TP will increase if pulmonary blood flow is constant 
(green line). Changes of CVP in relation to PVR are dependent on 
PBF. Small increments in PVR can result in a significant reduction 
of PBF (red line). In extreme cases, CVP can be in a normal range 
for Fontan patients with low cardiac output despite elevated PVRi.



1114 Becker et al. Pulmonary vascular disease in Fontan circulation

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2021;11(4):1111-1121 | http://dx.doi.org/10.21037/cdt-20-431 

as a result of reduced pulmonary blood flow resulting in a 
diminished pulmonary vascular cross-sectional area, or as a 
result of increased pulmonary flow and pressure resulting 
in adverse vascular remodeling. Both scenarios may leave 
the lung with an abnormal PVR and are a burden for the 
Fontan circulation that is to be established.

Accurate determination of PVR is difficult in the Fontan 
circulation. Hemodynamic studies performed under general 
anesthesia with a positive end-expiratory pressure might 
result in misleading central venous and pulmonary arterial 
pressure measurements. Collateral blood flow, residual 
antegrade flow across a patent pulmonary valve or a patent 
fenestration complicates quantification of pulmonary blood 
flow and in turn estimation of PVR. The most precise 
estimation of PVR might be achieved by combining cardiac 
MRI pulmonary blood flow measurement and invasive 
pressure measurements (23,24). However, combined cardiac 
catheterization and MRI suites are not universally available.

Pulmonary artery pressure in the Fontan circulation 
will almost never reach the threshold used to define 
pulmonary hypertension in patients with a biventricular 
circulation where mean pulmonary artery pressures  
>20 mmHg are defined as elevated according to the most 
recent definition from the 6th World Symposium on 
Pulmonary Hypertension held in Nice in 2018 (25). In Fontan 
patients a transpulmonary gradient >6 mmHg and a PVR index 
>3 WU × m² has been suggested as a definition for pulmonary 
hypertensive vascular disease by the European Pediatric 
Pulmonary Vascular Disease Network (EPPVDN) (26).  
If the EPPVDN-definition is applied, data published by 
Khambadkone and co-workers showed that one decade 
after their Fontan operation only a very small proportion 
of Fontan patients with good functional status have an 
elevated PVR based on invasive hemodynamic data (27).  
In contrast, Mitchell and colleagues found that PVR was 
elevated in most patients with overt Fontan failure after 
heart transplantation (28). Autopsy studies from patients 
with a long-standing Fontan circulation demonstrated 
pulmonary vascular remodeling characterized by intimal 
thickening and changes in vascular smooth muscle cells 
(22,29). It has been speculated that the Fontan circulation 
itself initiates and maintains these maladaptive processes 
within in the lung. However, the underlying processes and 
mechanisms are still poorly understood. 

Abnormal pulmonary blood flow in Fontan patients

The most pervasive hypothesis is that the lack of pulsatile 

blood flow plays a major role in the development of 
pulmonary vascular disease in Fontan patients. Pulsatile 
pulmonary arterial flow is responsible for shear stress 
mediated release of endothelium derived vasoactive factors 
in a biventricular circulation. Several studies have shown 
that the absence of pulsatile pulmonary artery flow is 
associated with pulmonary vascular changes in animals 
with a single-lung Glenn-anastomosis and in patients with 
a bidirectional Glenn-anastomosis and that these changes 
are mitigated by residual pulsatile flow (30-33). Zongtao 
and co-workers showed particularly that the expression of 
endothelial nitric oxide synthetase (eNOS) was significantly 
reduced with nonpulsatile flow (30). The eNOS is a 
vasoactive factor synthesized and secreted by pulmonary 
endothelial cells, it controls the bioavailability of nitric 
oxide (NO). A state in which eNOS enzymatic activity is 
attenuated or altered and NO bioavailability decreased is 
referred to as endothelial dysfunction (34). It is characterized 
by alterations in vascular tone and pulmonary vascular 
remodeling. Accordingly, Latus et al. demonstrated that 
pulmonary flow reserve was reduced in Fontan patients (35),  
as these showed an abnormal response to acetylcholine, 
whose action on vascular tone is mediated mainly by NO.

If absence of pulsatile pulmonary blood flow and the 
resulting endothelial dysfunction would be the only 
trigger of elevated PVR in Fontan patients, the underlying 
pathophysiology would be confined to the pulmonary 
vascular endothelium. However, absence of pulsatile blood 
flow does not only impact on the affected lung. Sage et al. 
compared piglets with either a ligated right pulmonary 
artery or a right pneumonectomy (36). They were able to 
show that pulmonary artery ligation induced changes in 
vascular function and morphology in the contralateral lung. 
These changes were absent in the pneumonectomy group. 
These results suggest that the lung with absent pulmonary 
blood flow released factors that were responsible for 
vascular remodeling in the contralateral lung.

In addition, absence of pulsatile blood flow is not the 
only factor, which leads to pulmonary vascular changes in 
single ventricle patients. Patients with cavo-pulmonary 
connections that lack hepatic venous blood flow to the 
lung (e.g., after the Kawashima-procedure) and animal 
models with a classical Glenn-Anastomosis are prone to 
develop pulmonary arterio-venous malformations, which 
usually regress when hepatic venous blood flow to the 
lung is restored (32,37). It has been hypothesized from 
this observation that the absence of a growth-modulating 
endocrine factor produced in the liver may alter the activity 
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of vascular endothelial growth factor (VEGF) or endothelin 

in Glenn- or Kawashima-patients (38,39).

Hypoxia inducible factors (HIF) in Fontan patients 

Hypoxia is defined as inadequate tissue oxygen tension 
caused by interplay of hypoxemia, low cardiac output, 
insufficient tissue vascularization, anemia and other 
factors. Each cell responds to the hypoxic environment 
with enhanced expression of a group of genes that are 
hypoxia inducible. Their hypoxic induction is mediated by 
the HIF (HIF-1α and HIF-2α, referred to simply as HIF 
in the following paragraphs) (40). Among others, HIF is 
targeting genes coding for erythropoietin, endothelin-1 and 
VEGF (41). Endothelin is a potent vasoconstrictor and is 
involved in vascular inflammation and pulmonary arterial 
hypertension, which is why endothelin-receptor antagonists 
are widely used to treat pulmonary arterial hypertension. 
VEGF is an angiogenetic factor whose role in pulmonary 
arterial hypertension is not completely understood, but there 
is growing evidence that VEGF plays an important role in the 
pathogenesis of pulmonary arterial hypertension (42). 

According to the afore mentioned definition, most 
Fontan patients must be regarded as chronically hypoxic. 
While the role of HIF and target genes is well characterized 
in hematology and oncology (43), its role in Fontan patients 
is still unclear. Erythropoiesis seems to be increased despite 
of insufficient iron stores in Fontan patients (44), which is 
most likely a result of elevated erythropoietin levels. Mori 
et al. showed that circulating angiogenetic growth factor 
levels (e.g., VEGF) are increased in Fontan patients (45). 
Suda and colleagues found that VEGF levels are elevated 
in cyanotic patients and stay elevated in patients with a 
univentricular heart even after Fontan completion (46). 
There is immunohistochemical evidence of increased levels 
of endothelin-1 (47) and the endothelin-receptor in the 
pulmonary arteries of failed Fontan patients (48) and there 
have been reports of elevated circulating plasma levels of 
endothelin-1 in early post-operative Fontan patients (49,50). 
Therefore, as the levels of HIF-regulated denominators of 
PVR (i.e., VEGF and endothelin-1) seem to be increased in 
Fontan patients, there is some evidence suggesting that the 
Fontan circulation is a state of chronic HIF activation. In 
addition to endothelial dysfunction, chronic HIF activation 
may be another maladaptive process adversely impacting 
on PVR in Fontan patients. HIF activation may even be a 
modulator of endothelial dysfunction, as NO-production 
is critically regulated by arginase-1, an enzyme whose 

induction is HIF-mediated.
While direct evidence is still scarce that levels of HIF-

regulated gene products are chronically increased in Fontan 
patients and that HIF activation is contributing to their 
pulmonary vascular changes, observations in organ systems 
other than the lung also suggest that HIF activation is one 
of the characteristic features of the Fontan circulation (51). 
It is remarkable that for example pheochromocytoma and 
retroperitoneal paraganglioma have been reported to occur 
with an unusually high incidence in Fontan patients (52,53). 
In non-cyanotic cases these rare neuroendocrine tumors are 
often associated with chronic activation of the HIF-pathway 
caused by genetic mutations—one might speculate that in 
Fontan patients chronic HIF activation caused by tissue 
hypoxia promotes development of these tumors. Another 
example is that hepatocellular carcinoma is found in Fontan 
patients with Fontan associated liver disease at a rather early 
age (54,55) which is not unlikely also due to chronic tissue 
hypoxia in the Fontan circulation, as it is well known that 
hypoxia and HIF play a significant role in the development 
of hepatocellular carcinoma (56).

HIF activation is counterbalanced by several pathways. 
One of them—the prolyl-hydroxylase-pathway—is 
dependent on iron as a cofactor (57). There is a complex 
interaction between iron status, HIF expression and HIF 
degradation. Iron supplementation can partially reverse 
pulmonary hypertension while iron depletion can aggravate 
pulmonary hypertension caused by hypoxia (58-60). In can 
be speculated from the above that the adverse effects of iron 
depletion on heart failure symptoms in Fontan patients are 
not only related to anemia and the resulting reduction in 
oxygen carrying capacity but also to its adverse effects on 
the pulmonary vasculature via reduced HIF inactivation.

To date, it remains speculative which molecules are 
promising targets for HIF-modulation in Fontan patients 
and if any of these potential therapies will improve outcome. 
Further research into the potential role of HIF activation and 
VEGF activation in the development of pulmonary vascular 
disease in Fontan patients is necessary to develop new target 
specific therapies that modulate PVR in this complex and 
vulnerable patient group (61-63) (Figure 3).

Pulmonary vascular disease in Fontan failure

Fontan failure is a term used for a devastating scenario 
that sets apart Fontan patients from all other patients with 
congenital heart disease. It is characterized by protein losing 
enteropathy, plastic bronchitis, chronic (often chylous) 
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pleural effusions, ascites or Fontan associated liver or renal 
disease. The term can also be used more broadly for Fontan 
patients with a declining clinical status, reduced health-
related quality of life and end stage heart failure ultimately 
leading to premature death. 

The pathophysiology of Fontan failure is multifactorial. 
Both systolic and diastolic ventricular dysfunction are 
frequently seen, but Fontan failure is also prevalent in 
patients with preserved ventricular function (21). Elevated 
PVR plays a critical role in Fontan failure, as increases 
in PVR cannot be compensated for by a sub-pulmonary 
ventricle. Even mild elevations in PVR will result in 
decreased pulmonary blood flow and decreased systemic 
ventricular preload. Leaving aside the methodological 
considerations of PVR determination, there is one study 
that identified Fontan patients with mild elevations in PVR 
coupled with a low cardiac index as the subgroup at high 
risk for Fontan failure (2).

Increased PVR aggravates chronic venous congestion, 
which results in an imbalance of lymphatic homoeostasis. 
Venous hypertension increases production of lymphatic 
fluid and simultaneously impairs lymphatic return to the 
central venous system. This imbalance is considered a 
contributor to conditions such as protein losing enteropathy 
or plastic bronchitis, where lymph fluid is leaking into the 

gut or the lungs, respectively (19).

Pulmonary vasodilator therapy in Fontan 
patients 

For patients with single ventricle physiology efforts to avoid 
pulmonary vascular disease start in the neonatal period. 
Neonatal management of single-ventricle patients has to 
aim at optimal preparation of the pulmonary artery bed 
for the Fontan circulation avoiding prolonged periods of 
pulmonary over-circulation, pulmonary hypertension and 
ventricular volume load, but, at the same time, it has to 
allow for sufficient pulmonary artery growth (17). Once 
the Fontan circulation is established, limitation of cyanosis 
can be of theoretical benefit as discussed above. Closure 
of a fenestration or veno-venous collaterals to reduce 
cyanosis, however, can result in an increase in CVP in turn 
promoting adverse sequelae of venous congestion.

Once pulmonary vascular disease is considered in patients 
with a Fontan circulation, pulmonary vasodilator therapies 
are often initiated. There are several drug classes established 
for the treatment of idiopathic pulmonary hypertension and 
pulmonary hypertension associated with congenital heart 
disease. PDE-5-inhibitors such as sildenafil, tadalafil or 
udenafil enhance the NO pathway by increasing intracellular 
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cyclic GMP levels. Bosentan, macitentan, and ambrisentan 
are endothelin receptor antagonists that have different 
receptor affinities: bosentan and macitentan are dual-
receptor antagonists, while ambrisentan is relatively selective 
to the type A endothelin receptor (ETA). Macitentan shows 
slow dissociation kinetics and provides non-competitive 
antagonism at the endothelin receptor. 

Hepatotoxicity is a possible side effect of endothelin 
receptor antagonists and needs to be considered when 
choosing pulmonary vasodilator therapy in Fontan 
patients keeping in mind the risk of hepatic dysfunction. 
The second-generation endothelin receptor antagonists 
ambrisentan and macitentan are thought to have 
considerably less hepatic side effects compared to bosentan.

Prostacyclin analogues such as intravenous epoprostenol, 
inhaled iloprost or subcutaneous treprostinil are very potent 
in lowering PVR, but their routine use is limited as their 
application is cumbersome. 

Several studies have evaluated the effects of PDE-5-
inhibitors (45,64-70), endothelin receptor antagonists  
(71-77) and prostacyclin analogues (78) in Fontan patients. 
So far, there is no published data on the use of riociguat, 
a stimulator of the soluble guanylate cyclase, in Fontan 
patients. Trials investigating combination therapies have not 
yet been performed. 

Prophylactic use of pulmonary vasodilators in Fontan 
patients

As PVR modulates pulmonary blood flow and systemic 
ventricular preload in Fontan patients, pulmonary 
vasodilators should improve cardiac output and trials that 
evaluated pulmonary antihypertensive drugs in Fontan 
patients have therefore focused on markers of improved 
cardiac output such as exercise capacity, New York 
Heart Association (NYHA) functional class or quality 
of life. An improvement of exercise capacity (6-minute 
walk test, anaerobic threshold, peak VO2, oxygen pulse, 
cardiopulmonary exercise test time or increase in cardiac 
index) was found in a number of smaller trials (45,64,68,73-
75,77,78) while others showed no improvement (67,69,72). 
Result from various studies have also not been consistent 
regarding NYHA functional class or quality of life 
(45,68,72,73,75-77). 

Interestingly, two recently published meta-analyses 
(79,80) yielded conflicting results due to differences 
in methods. While Li et al. concluded that pulmonary 
vasodilators appear not to be beneficial in the categories 

of pulmonary resistance, heart function, or quality of life 
and that there is no significant evidence to confirm that 
most pulmonary vasodilators improve exercise capacity 
in Fontan patients (79), Wang and co-workers found that 
there was a significant improvement in NYHA functional 
class, 6-minute walking distance and peak VO2 (80). It is 
beyond the scope of this article to discuss the inherent 
methodological problems of systematic meta-analyses, 
but even if there was a significant effect of pulmonary 
vasodilators in any of the small randomized controlled trials 
or the meta-analyses, the effect size was small.

Therefore, it was not surprising, that in the Fontan 
Udenafil Exercise Longitudinal (FUEL) Trial, a phase III 
multicentre clinical trial with 400 patients, treatment with 
the PDE-5-inhibitor udenafil was not associated with the 
primary outcome, an improvement in oxygen consumption 
at peak exercise. It was, however, associated with some 
improvement in markers of exercise performance at the 
ventilatory anaerobic threshold. But the effect size was 
again small (70). For Endothelin receptor antagonist a 
larger clinical study (RUBATO Trial) assessing the efficacy 
and safety of macitentan in Fontan patients is currently 
recruiting patients—results have not been published yet.

To date, although safe and well tolerated, there is no 
evidence that prophylactic pulmonary vasodilator therapy 
has an impact on prognosis of the entire group of Fontan 
patients. It is important though to identify subgroups 
within this patient population that might benefit from 
such therapies. There is no strong physiological basis for 
attempting to lower PVR in patients with normal baseline 
PVR. In a study assessing basal PVR and its response to 
inhaled NO during cardiac catheterization, there was no 
significant change in PVR in patients with a baseline PVRi 
<2 WU × m2 (27). Similar results were shown in a study 
combining cardiac catheterization and MRI. During peak 
exercise, inhaled NO and 100% oxygen did not result in a 
further reduction of normal baseline PVR or a change in 
cardiac output (6). In a controlled randomized crossover 
trial, an improvement in oxygen consumption at the 
anaerobic threshold was only observed in subjects treated 
with sildenafil who had elevated serum BNP levels (67).

Pulmonary vasodilators in Fontan failure

Several small cohort studies have reported the effects of 
treatment with pulmonary vasodilators in symptomatic 
patients with overt Fontan failure. Treatment with sildenafil 
improved symptoms of Fontan failure including protein 
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losing enteropathy, plastic bronchitis, chylous effusions 
or severe cyanosis in one study (66), but results have to 
be interpreted with caution as creation of a fenestration 
was part of the treatment in 5 of the 13 patients. Morchi 
and colleagues treated six failing Fontan patients with 
either persistent cyanosis or effusions with sildenafil (65). 
In this study, PVR was elevated (>3 WU × m²) in 5 of 
6 patients and sildenafil treatment resulted in increased 
arterial saturation and lower pulmonary artery pressure 
and PVR. In another small study with 24 Fontan patients 
who had a PVRi ≥2 WU × m2, treatment with Bosentan 
resulted in a reduction of PVR (77). A group from Belgium 
showed an improvement of oxygen saturations and exercise 
performance in 5 of their 10 failing Fontan patients treated 
with Bosentan over a period of 16 weeks (71). These 
patients deteriorated again when the drug was discontinued. 
Thus, while there was no significant treatment effect for the 
entire group, there was a subgroup that had a benefit from 
bosentan treatment.

Conclusions

PVR is one of the main determinants of cardiac output 
in the Fontan patient. Pathophysiological considerations 
support the use of pulmonary vasodilators in patients with 
Fontan failure and elevated PVR, but scientific evidence 
is scarce. Current published experience does not support 
proactive pulmonary vasodilator therapy in well-functioning 
Fontan patients with low pulmonary arterial pressure and 
low PVR.

Still, there is some evidence suggesting that chronic 
pulmonary vascular processes lead to progressive elevation 
of PVR in most Fontan patients. It will be important 
to understand the molecular mechanisms involved in 
these chronic vascular processes to improve the long-
term outcome of Fontan patients. Perhaps identification 
of the molecular targets will help to modulate Fontan 
physiology and avoid or ameliorate maladaptive processes 
in the Fontan circulation. Future research should focus 
on identification of better parameters to characterize the 
functional status of Fontan patients, on selection criteria 
for pharmacological and non-pharmacological therapies 
aiming at an improvement of functional status, and on the 
incorporation of new drugs into our armamentarium.
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