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Use of Pulmonary Arterial Hypertension 
Therapies in Patients with a Fontan 
Circulation: Current Practice Across the 
United Kingdom
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BACKGROUND: The Fontan circulation is a successful operative strategy for abolishing cyanosis and chronic volume overload in 
patients with congenital heart disease with single ventricle physiology. “Fontan failure” is a major cause of poor quality of life 
and mortality in these patients. We assessed the number and clinical characteristics of adult patients with Fontan physiology 
receiving pulmonary arterial hypertension (PAH) therapies across specialist centers in the United Kingdom.

METHODS AND RESULTS: We identified all adult patients with a Fontan- type circulation under active follow- up in 10 special-
ist congenital heart disease centers in England and Scotland between 2009 and 2019. Patients taking PAH therapies were 
matched to untreated patients. A survey of experts was also performed. Of 1538 patients with Fontan followed in specialist 
centers, only 76 (4.9%) received PAH therapies during follow- up. The vast majority (90.8%) were treated with a phosphodies-
terase- 5 inhibitor. In 33% of patients, PAH therapies were started after surgery or during hospital admission. In the matched 
cohort, treated patients were more likely to be significantly limited, have ascites, have a history of protein- losing enteropathy, 
or receive loop diuretics (P<0.0001 for all), also reflecting survey responses indicating that failing Fontan is an important treat-
ment target. After a median of 12 months (11– 15 months), functional class was more likely to improve in the treated group 
(P=0.01), with no other changes in clinical parameters or safety issues.

CONCLUSIONS: PAH therapies are used in adult patients with Fontan circulation followed in specialist centers, targeting individu-
als with advanced disease or complications. Follow- up suggests stabilization of the clinical status after 12 months of therapy.
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One of the great successes of congenital heart 
disease (CHD) surgery has been the Fontan 
procedure, an operative strategy that abolishes 

cyanosis and chronic volume overload in patients with 
single ventricle physiology.1 The Fontan operation has 
evolved over the past few decades, leading to improved 
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long- term outcomes and a reduction in late complica-
tions, especially in patients after total cavopulmonary 
connection (TCPC).2,3 However, outcomes in patients 
after Fontan- type operations are far from optimal; a 
“failing Fontan” circulation is an almost inevitable long- 
term consequence of the altered physiology apparent 
in an increasing number of patients. The ensuing com-
plications of reduced exercise tolerance, leg edema, 
pleural effusions, ascites, liver disease, arrhythmia, 
and protein- losing enteropathy (PLE) affect quality of 
life and increase mortality in these patients.4– 8

An important determinant of Fontan failure is an 
increasing pulmonary vascular resistance (PVR).1 The 
pathophysiology of this remains uncertain but evi-
dence suggests that it may occur because of a lack 
of pulsatile flow with endothelial dysfunction in the pul-
monary vasculature,9 as well as recurrent thromboem-
bolic events.10

Many experts advocate for the use of pulmonary 
arterial hypertension (PAH) therapies in patients with 
Fontan physiology to reduce PVR and optimize cardiac 

output and systemic venous pressure. Several studies 
have addressed this topic in adult patients with Fontan 
circulation, including 6 randomized trials, some of which 
have demonstrated small but significant improvements 
in exercise capacity and hemodynamics.11– 16 Despite 
this, the indications and timing of initiation of PAH ther-
apies in the Fontan cohort are still debated.17– 19 Recent 
European and American adult CHD guidelines rec-
ommend an individualized approach and treatment in 
selected patients, although it is still unclear which pa-
tients with Fontan physiology are most likely to benefit.

In this study, we assessed contemporary patterns of 
PAH therapy prescription in adult patients after Fontan- 
type surgery, with a focus on the clinical characteristics 
of patients receiving treatment across specialist ser-
vices in the United Kingdom. A survey of experts was 
also conducted, assessing the therapeutic aims and 
current practice.

METHODS
The study materials linked to this research are avail-
able from the corresponding author on reasonable 
request. To minimize the possibility of unintentionally 
sharing information that can be used to reidentify pri-
vate information, in line with the conditions of the ethi-
cal approval, patient- level data are not available for use 
outside of this study.

Study Design and Population
A survey of current practice among specialist cent-
ers was undertaken. Physicians from 10 adult CHD 
or PAH centers in England (Royal Brompton Hospital, 
London; Queen Elizabeth Hospital, Birmingham; Royal 
Hallamshire Hospital, Sheffield; Bristol Heart Institute; 
Liverpool Heart and Chest Hospital; Yorkshire Heart 
Centre, Leeds General Infirmary; Guy’s and St Thomas’ 
Hospital, London; Southampton General Hospital; 
Freeman Hospital, Newcastle; and Golden Jubilee 
National Hospital, Glasgow) were asked to answer a 
series of questions with regard to their center’s prac-
tice in the treatment of patients with Fontan circulation 
with PAH therapies. This included questions on the 
desired outcome of treatment, indications, and timing 
of the initiation of therapies, type of therapy used, and 
monitoring of such treatment with regard to efficacy 
and safety (see Data S1 for survey methodology and 
Figure S1 for full questionnaire).

We conducted a multicenter, retrospective lon-
gitudinal study. We identified all adult patients (aged 
≥17 years) with a Fontan- type circulation under active 
follow- up between 2009 and 2019 in the participating 
centers listed above. Patients not undergoing PAH 
therapies were matched to those taking PAH therapies 
in a 1:1 or 2:1 fashion, where possible, by age (within 

CLINICAL PERSPECTIVE

What Is New?
• In most UK centers, pulmonary arterial hyper-

tension therapy was reserved for a small minor-
ity of patients with Fontan circulation who have 
more advanced disease than untreated patients 
and led to an improvement in New York Heart 
Association functional class compared with un-
treated patients.

• For most UK experts, the primary aim of pul-
monary arterial hypertension therapy in patients 
after Fontan repair is to improve quality of life 
and control heart failure and protein- losing en-
teropathy; improving exercise tolerance was an-
other commonly reported aim.

What Are the Clinical Implications?
• A shared, protocolized approach to the treat-

ment and follow- up of these patients is needed, 
along with collection of data in large registries 
that include patients from the entire spectrum of 
the Fontan physiology, many of whom have not 
been included in trials.

Nonstandard Abbreviations and Acronyms

PAH pulmonary arterial hypertension
PLE protein- losing enteropathy
TCPC total cavopulmonary connection
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2 years in 93.4%), sex, and the CHD center providing 
care. Based on the type of Fontan operation, patients 
were classified as atriopulmonary Fontan, lateral tunnel 
TCPC, extracardiac TCPC, or others, including Fontan- 
Björk modification. Patients with only a superior cavo-
pulmonary (Glenn- type) anastomosis were excluded.

Baseline data were collated from the last clinical 
assessment before starting PAH therapy for the ther-
apy group, and from a routine clinical assessment 
within a 12- month period for the matched, untreated 
group. This included detailed clinical characteristics, 
12- lead ECG, transthoracic echocardiography, and 
laboratory tests. Six- minute walk or cardiopulmo-
nary exercise testing and EmPHasis- 10 question-
naires were performed in a small minority of patients 
and so these data could not be meaningfully ana-
lyzed. Follow- up data were then collected around 
12 months from therapy initiation (treated group) or 
the concordant assessment (untreated group). Apart 
from the above variables, data on cardiac transplan-
tation, heart failure admissions, new arrhythmia, or 
PLE were gathered and compared between groups.

Ethical approval was secured from the National 
Health Service’s Health Research Authority (Integrated 
Research Application System study ID 263589). This 
was a retrospective analysis based on anonymized 
data collected for routine clinical care and administra-
tive purposes, hence individual informed consent was 
waived. The study was locally registered and approved 
at each study site.

Statistical Analysis
Statistical analyses were performed using R package 
version 3.6.3 (R Foundation for Statistical Computing). 
Continuous variables were assessed for normality 
using Q- Q plots and the Shapiro- Wilk test and pre-
sented as mean±SD or median (interquartile range), 
as appropriate. Categorical variables are presented as 
number and percentage. Comparisons of changes in 
clinical variables (baseline to follow- up) between the 
treated and untreated groups were performed using 
a generalized linear model stratified by matched group 
for paired outcome data analysis of continuous vari-
ables. To assess the difference between treatment 
groups with respect to New York Heart Association 
functional class, conditional logistic regression analy-
sis was performed using the clogit package, using 
improvement to functional class I/II as the response 
variable, stratified by matched group. Otherwise, com-
parisons were made using Student t test or Wilcoxon 
rank sum test for normally distributed and skewed 
continuous variables, respectively, and chi- square test 
or Fisher exact test for categorical variables. The chi- 
square test was used to compare the proportions of 
patients with Fontan circulation taking PAH therapy 

between the center with the greatest number of pa-
tients treated and the remainder as a pooled cohort. A 
2- tailed P value of <0.05 was used as the criterion for 
statistical significance.

RESULTS
Survey of Experts
Sixteen of 20 experts who were invited responded to 
the survey, belonging to 10 specialist centers. In all 
centers, PAH therapies were considered part of the 
management of patients with Fontan circulation; how-
ever, none of the experts started PAH therapies across 
the spectrum of patients with Fontan circulation, but 
reserve these for specific indications. Strong indica-
tions for PAH therapy were PLE refractory to other 
therapy (69% of respondents), fluid overload with an 
inadequate response to diuretics (63%), and ≥2 “heart 
failure” admissions (63%). A minority of experts (25%) 
felt that Fontan- associated liver disease was a strong 
indication for PAH therapy. Cardiac catheterization be-
fore initiation of therapy was not deemed essential by 
the majority of respondents (69%), but systemic ven-
tricular dysfunction or atrioventricular valve regurgita-
tion were seen as a strong contraindication by 56% of 
respondents (a summary of indications of PAH thera-
pies in patients with Fontan physiology from the expert 
survey are shown in Table S1).

Half of the experts surveyed believed that liver 
dysfunction was of particular concern when starting 
an endothelin receptor antagonist in patients with a 
Fontan circulation, but all experts agreed that patients 
with Fontan circulation are not at particularly high risk 
of complications from PAH therapies compared with 
other forms of PAH. All experts would start therapy 
with a phosphodiesterase- 5 inhibitor. Factors affecting 
their choice of first- line PAH therapy included national 
commissioning policy (69%), liver congestion (56%), 
history of anemia or thrombocytopenia (both 44%), or 
cost issues (19%).

The primary aim of PAH therapy most commonly 
reported by our experts was to improve quality of life in 
44% and control heart failure or PLE in 25%. The most 
common secondary aim of therapy was to improve ex-
ercise capacity (50%).

Registry Results
A total of 1538 patients with a Fontan circulation were 
managed in the study centers between 2009 and 
2019. Over this period, 76 patients were started on 
PAH therapy (4.9% of patients with Fontan physiol-
ogy under follow- up). In one center, the proportion of 
patients treated was significantly higher than the re-
mainder of our population (14% versus 3.3%, P<0.001; 
Figure).
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At the time of initiation of PAH therapy, patients 
had a median age of 29 years (23– 33 years), and 57% 
were women. In the majority of patients (67%), the sin-
gle ventricle was morphologically left. Median age at 
Fontan completion was 7 years (4– 11 years). Following 
their original Fontan surgery but before the beginning 
of the study period, 12% of patients had undergone 
TCPC conversion. Hence, at baseline, 17 (22.4%) had 
a lateral tunnel and 29 (38.2%) had an extracardiac 
TCPC.

Choice, Indications, and Timing of 
Pulmonary Vasodilator Therapy
The majority of patients (n=69, 90.8%) were started on 
monotherapy with a phosphodiesterase- 5 inhibitor and 
6 (7.9%) were started on an endothelin receptor antag-
onist. Only 1 (1.3%) patient received initial combination 

therapy. During the study period, only few patients 
(n=4, 5.3%) received sequential pulmonary vasodila-
tor therapy, adding an endothelin receptor antagonist. 
In 1 patient, the endothelin receptor antagonist was 
replaced by an inhaled prostanoid, the only instance 
where a prostacyclin analogue was used. No patients 
received triple therapy.

Pulmonary vasodilator therapy was initiated elec-
tively in most cases (n=51, 67.1%). Conversely, 20 (29%) 
patients were initiated on a pulmonary vasodilator fol-
lowing urgent admission to hospital with signs of fluid 
overload. In 5 (6.8%) patients, sildenafil was started 
following elective TCPC conversion surgery. Reasons 
given for initiation of pulmonary vasodilator therapy in-
cluded exercise intolerance, raised Fontan pressures 
at cardiac catheterization, and Fontan- associated liver 
disease (Table 1).

Side Effects of PAH Therapies in Patients 
With Fontan Circulation
Pulmonary vasodilator therapy was changed or 
stopped because of side effects in 6 patients (7.9%). 
This included just under half (5 of 11, 45%) of the pa-
tients started on endothelin receptor antagonists in the 
acute setting: 1 patient with headache taking sildenafil, 
1 patient with a constellation of side effects (headache, 
nausea, lethargy, and severe leg pain) taking sildenafil 
(and subsequently tadalafil), and 4 patients taking en-
dothelin receptor antagonists for ankle edema, itching, 
arm and leg pain, and breathing difficulties at night. No 
patients stopped therapy because of new- onset liver 
dysfunction.

Comparison With Untreated Patients
All 76 patients treated with a pulmonary vasodilator 
were matched with 108 untreated patients. The de-
mographic and clinical characteristics of the matched 
cohort at the time of assessment are shown in Table 2, 
with no significant differences in demographic and 
anatomical characteristics between groups. Patients 
with an initial TCPC repair were as likely to be treated 
as those with an atriopulmonary Fontan (40.4% versus 
42.2%, P=0.92), as were the 9.8% of patients who had 
undergone a Fontan conversion or revision procedure 
before study inclusion (50% versus 40.4%, P=0.59).

However, treated patients were significantly more 
functionally limited (higher New York Heart Association 
functional class) compared with their matched coun-
terparts, with 60.3% of the former in New York Heart 
Association functional class III or IV compared with 6% 
of the latter (P<0.0001). New or worsening fluid over-
load over the past 12 months was present in a quar-
ter of patients starting therapy and was significantly 
more common in the treated group (25.3% versus 
1.9%, P<0.0001). Ascites was only encountered in the 

Table 1. Clinical Indications for Pulmonary Vasodilator 
Therapy in UK Patients With Fontan Circulation 
(≥1 Indication Allowed per Patient)

Indication No. (%)

Exercise intolerance 28 (37)

Raised Fontan pressures at catheterization 27 (36)

Liver disease 18 (24)

Arrhythmia 10 (13)

Fluid overload 8 (11)

Protein- losing enteropathy 8 (11)

Postoperative 7 (9)

Venous thromboembolism 3 (4)

Low oxygen saturation 3 (4)

Preoperative 2 (3)

Other 1 (1)

Figure. Percentage of adult patients with Fontan started on 
pulmonary arterial hypertension therapies at each center, 
showing some variability in practice, with the majority 
of centers prescribing therapies in <10%. PH indicates 
pulmonary hypertension.
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Table 2. Baseline Characteristics

Baseline variable
PAH therapy  
(n=76)

No therapy  
(n=108) P value

Men, % 33 (43.4) 54 (50) 0.47

Age (IQR), y 28.7 (22.9– 33.1) 27.9 (22– 33.1) 0.42

Age at first Fontan, median (IQR), y 6.9 (4.4– 10.7) 6 (3.8– 9.1) 0.22

Body mass index (IQR), kg/m2 23 (20.3– 28) 24.6 (21.3– 26.8) 0.41

Resting saturations (IQR), % 92 (89– 94) 93 (90– 95) 0.08

Left ventricular morphology, n (%) 51 (67.1) 71 (65.7) 0.39

Cavopulmonary connection, n (%)

Atriopulmonary Fontan 30 (39.5) 43 (39.8) 0.16

Lateral tunnel TCPC 17 (22.4) 36 (33.3)

Extracardiac TCPC 29 (38.2) 29 (26.9)

Initial fenestration 37 (54.4) 46 (50.5) 0.75

Patent fenestration 24 (35.3) 26 (31) 0.69

Bilateral SVC connections 9 (11.8) 11 (10.2) 0.91

NYHA classification, n (%)

I 4 (5.5) 65 (65) <0.0001*,†

II 25 (34.2) 29 (29)

III 42 (57.5) 6 (6)

IV 2 (2.7) 0 (0)

History of atrial arrhythmia, n (%) 42 (56) 50 (46.3) 0.25

Previous ablation procedure, n (%) 24 (32) 24 (22.4) 0.2

Pacemaker, n (%) 20 (26.7) 26 (24.1) 0.82

Laboratory

Creatinine, median (IQR), µmol/L 74 (64.5– 82.5) 74 (65– 85) 0.96

Sodium, mean (SD), mmol/L 140 (138– 142.5) 140 (138– 141) 0.21

Albumin, median (IQR), g/L 43 (38– 46.8) 45 (42– 48) 0.02†

Bilirubin, median (IQR), µmol/L 16 (9.25– 27.5) 15.5 (10– 22.3) 0.84

ALT, median (IQR), IU/L 26 (19– 37.75) 28 (23.75– 37) 0.29

Medication

Loop diuretics, n (%) 38 (50.7) 22 (20.8) <0.0001†

Diuretic dose, median (IQR), mg‡ 40 (20– 110) 30 (20– 40) 0.06

ACEI or ARB, n (%) 37 (48.7) 45 (41.7) 0.43

β- Blocker, n (%) 35 (46.1) 28 (25.9) 0.007†

MRA, n (%) 22 (29.3) 8 (7.5) 0.0002†

Antiarrhythmic, n (%) 21 (27.6) 22 (20.6) 0.35

Warfarin, n (%) 62 (81.6) 80 (74.1) 0.31

NOAC, n (%) 3 (3.9) 2 (1.9) 0.69

Antiplatelet, n (%) 9 (11.8) 18 (16.7) 0.48

New/worsening fluid overload, n (%) 19 (25.3) 2 (1.9) <0.0001†

Ascites, n (%) 12 (16) 0 (0) <0.0001†

PLE (any history), n (%) 12 (16.2) 1 (0.9) 0.0003†

PLE (new or recurrent within 12 mo), n (%) 7 (9.3) 0 (0) 0.004†

Fontan failure, n (%) 42 (56) 8 (7.4) <0.0001†

Prior transplant assessment, n (%) 15 (19.7) 3 (2.8) 0.0004†

ACEI indicates angiotensin- converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; IQR, interquartile range; MRA, 
mineralocorticoid receptor antagonist; NOAC, nonvitamin K anticoagulant; PAH, pulmonary arterial hypertension; PLE, protein- losing enteropathy; SVC, 
superior vena cava; and TCPC, total cavopulmonary connection.

*Comparison between New York Heart Association (NYHA) class I/II and III/IV.
† P- value < 0.05 is indicative of statistical significance.
‡Reported for patients taking a loop diuretic, in milligrams of furosemide or dose equivalent.
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treated group (12% versus 0%, P<0.0001). Significantly 
more patients in the treated group had a history of PLE 
(16.2% versus 0.9%, P<0.0001) at baseline, with a re-
cent diagnosis or recurrence (within the past year) in 
9.3% of treated patients. Moreover, treated patients 
were more likely to have lower albumin levels (43 g/L 
[38– 47 g/L] versus 45 g/L [42– 48 g/L], P=0.02). A di-
agnosis of “Fontan failure,” defined as a decline in ex-
ercise tolerance to functional class III or IV, ≥1 heart 
failure admission, new fluid overload, ascites, or PLE 
diagnosis in the past 12 months, was significantly more 
common in the treated compared with the untreated 
group (56% versus 7%, P<0.0001).

There were no differences between the 2 groups 
in terms of a history of atrial tachyarrhythmia or liver or 
renal function (see Table 2 for data).

Treated patients were more likely to be taking a loop 
diuretic, eg, furosemide (P<0.0001), or a mineralocorti-
coid receptor antagonist, eg, spironolactone (29.3% ver-
sus 7%, P=0.0002), than the untreated cohort. Moreover, 
treated patients were more likely to be receiving a β- 
blocker (P=0.007). Finally, patients starting PAH ther-
apies were significantly more likely to have undergone 
prior transplant assessment compared with the controls 
(19.7% versus 2.8%, P=0.0002). Of those assessed, 11 
patients (58%) had been rejected for transplantation. 
Reasons given for formal rejection for transplantation 
included a decision to proceed to Fontan conversion 
instead, the need for 3- organ transplantation (heart- 
kidney- liver), renal dysfunction, poorly controlled diabe-
tes, and high human leukocyte antigen antibody titers.

Effects of Therapy
After a median follow- up period of 12  months (inter-
quartile range, 11– 15  months), 4 patients (5.3%) un-
derwent escalation of therapy for ongoing PLE or 
incomplete clinical response to therapy. Another 4 pa-
tients underwent late dose escalation >12 months after 
starting therapy. New York Heart Association func-
tional class was more likely to improve in the pulmo-
nary vasodilator compared with the untreated group 
(odds ratio [OR], 13.3; 95% CI, 1.7– 106.5 [P=0.01]), 
but no difference was detected between groups in 
the change in oxygen saturation, hemoglobin, or albu-
min concentration (Table 3). There was no significant 
improvement in resting oxygen saturation prepulmo-
nary versus postpulmonary vasodilator therapy (92% 
[interquartile range, 89%– 94%] versus 92% [interquar-
tile range, 89%– 95%], P=0.5). Whereas at baseline a 
history of hospitalization with heart failure in the past 
12  months was more common in the treated than 
the untreated cohort (20.3% versus 0.9%, P<0.0001), 
there was no significant difference between groups in 
heart failure admissions in the 12 months after initia-
tion of treatment (12.0% versus 5.8%, P=0.17). During Ta
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the follow- up period, there were 3 (3.9%) deaths in the 
treatment group and 2 (2.6%) underwent transplanta-
tion (1 orthotopic heart transplant, 1 heart- liver trans-
plant). None of the patients in the nontreatment group 
died or underwent transplantation during the study 
period.

DISCUSSION
Only a small proportion of adult patients with Fontan 
circulation followed in specialist centers in the United 
Kingdom receive PAH therapies. In this setting, phy-
sician expectations of these therapies focus on man-
aging complications of Fontan failure and improving 
overall quality of life. UK specialists appear to reserve 
therapy for patients with more advanced disease, 
a higher degree of limitation, and other evidence of 
Fontan failure, although centers can vary in their prac-
tice. Pulmonary vasodilator therapy appeared to be 
safe and improved functional class compared with the 
untreated Fontan group.

PVR is a critical determinant of pulmonary blood 
flow in patients with Fontan physiology, who lack a 
subpulmonary ventricle and rely on a passive pressure 
gradient for maintaining an efficient Fontan circulation. 
Even a marginal rise in PVR is poorly tolerated in this 
setting, reducing cardiac output and raising central 
venous pressure, the hallmarks of Fontan failure.9,20 In 
our study, the small proportion of patients after Fontan- 
type surgery in the United Kingdom who receive pul-
monary vasodilator therapy were more likely to exhibit 
features of a failing Fontan circulation compared with 
their age-  and sex- matched counterparts, including 
greater exercise intolerance, fluid overload, congestive 
heart failure, and PLE. Indeed, one fifth of these pa-
tients had already undergone transplant assessment, 
even though few had been listed.

Our study represents real- world practice encom-
passing patients with Fontan circulation across the 
entire clinical spectrum. PAH therapies were started 
on a nonelective basis in a third of cases in which 
pulmonary vasodilators were used, either postopera-
tively or following urgent hospital admission. This is in 
stark contrast to the population of patients with Fontan 
physiology included in randomized controlled trials 
of PAH therapy, who were clinically stable, often as-
ymptomatic, and had good exercise capacity. Indeed, 
a peak oxygen consumption ≥50% predicted was a 
requirement for inclusion in large trials in this area.16 
Providing that such therapies are safe in this popula-
tion, it is conceivable that patients with more advanced 
disease will derive a greater benefit and therefore are 
targeted by specialists. Indeed, the critical role of a low 
PVR in the normal functioning of the Fontan circulation 
supports the notion that patients with a failing Fontan 

may benefit from therapies designed to lower PVR.1 
Furthermore, patients undergoing heart transplant for 
Fontan failure have a higher PVR posttransplant, sug-
gesting that pulmonary vascular remodeling is a fea-
ture of late Fontan failure in certain patients.21

Current guidelines support this individualized ap-
proach of targeting selected patients, especially those 
with symptoms and signs of raised Fontan pres-
sures.18,19 Ideally, there should be a physiological re-
lationship between the indications for PAH therapies 
and the medication provided, supported by invasive 
hemodynamics. The largest randomized trials in this 
area that excluded unstable patients and those with 
advanced disease have either shown no benefit or 
small improvements in exercise capacity of uncertain 
clinical relevance.11,15 Perhaps more importantly, exer-
cise is a surrogate of more significant morbidity and 
mortality outcomes and therefore persistent stabili-
zation of exercise capacity might be associated with 
better long- term outcomes. However, demonstrating 
a long- term benefit in a study is a substantial chal-
lenge because of the practical realities of a clinical 
trial. Furthermore, other indications for the use of PAH 
therapies in patients with Fontan circulation, such as 
raised Fontan pressures and clinical manifestations of 
Fontan failure, either require an invasive procedure to 
gather data or cannot be easily measured in the set-
ting of a clinical trial. Multicenter registries examining 
contemporary practice can provide evidence for these 
outcomes, which are difficult to study in prospective 
clinical trials. The data from our study and the expert 
survey show that the individualized approach in the 
United Kingdom consists of a series of clinical criteria 
to identify patients experiencing ≥1 consequences of a 
deteriorating Fontan physiology not explained by other 
disease modifiers, eg, systemic ventricular dysfunction 
or atrioventricular valve regurgitation, and often not re-
sponsive to other therapies. From the expert survey, it 
appears that PAH therapy in patients after Fontan- type 
repair is used by UK centers with the aim of reducing 
complications and improving quality of life, represent-
ing a possible indication for PAH therapies beyond a 
small, short- term improvement in peak oxygen uptake 
in current practice and according to expert opinion. 
Our registry study could not, however, provide evi-
dence for an improvement in quality of life or reduction 
in complications following PAH therapies. This needs 
to be explored in future studies.

Our study findings support the safety of pulmonary 
vasodilator therapy in selected patients with Fontan cir-
culation, even when used for urgent indications and in 
those with advanced disease. There were no instances 
of pulmonary vasodilator therapy causing clinical wors-
ening or liver dysfunction requiring discontinuation. 
This was reflected in the survey responses, where all 
experts agreed that patients with Fontan physiology 
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were not at increased risk of complications from pul-
monary vasodilator therapies compared with PAH co-
horts. In our registry, few patients received endothelin 
receptor antagonists, and, in almost half of these, the 
agent had to be stopped or changed because of poor 
tolerability. However, randomized trials including larger 
numbers of participants started on endothelin receptor 
antagonists have confirmed the safety of pulmonary 
vasodilators, including endothelin receptor antago-
nists, in the Fontan population, noting a high rate of 
nonsevere side effects in both the endothelin receptor 
antagonist and placebo groups.14,16 Further random-
ized controlled trials of endothelin receptor antagonists 
in patients with Fontan circulation will establish the 
safety profile of these agents in this population.

In view of the complexity of the anatomy and physi-
ology, indications for the use of pulmonary vasodilators 
in this population should only be provided by specialist 
centers in CHD and PAH, and who have a strong un-
derstanding of Fontan physiology and the mechanisms 
of a failing Fontan circulation. We would recommend 
a shared protocolized approach to the management 
of these patients, with prospective data capture in na-
tional or international registries, to provide robust evi-
dence on long- term efficacy and safety.

Study Limitations
This is a retrospective analysis of current UK practice 
in a small number of patients with Fontan physiology 
treated with pulmonary vasodilators. A control group 
matched for age, sex, and treating center was used, 
and, even though there were no significant differ-
ences in baseline anatomical characteristics between 
groups, this cannot be compared with the rigor of a 
randomized trial. The retrospective analysis of the im-
pact of PAH medication on clinical parameters was 
exploratory and, while it may provide valuable infor-
mation in this real- life cohort, it carries significant 
limitations.

The primary scope of this work was to provide an 
overview of current practice in relation to PAH thera-
pies in patients with a Fontan circulation, as a result 
of a growing yet conflicting body of evidence in this 
area, with some positive but mostly negative random-
ized studies. We also explored differences in practice 
between the 10 centers, but this analysis was not the 
focus of the study. Finally, we conducted an expert 
survey to summarize the opinions of experts in the 
field. Even though the number of experts surveyed 
was small, there was representation from most expert 
centers in the United Kingdom to reflect differing prac-
tices. Moreover, the responses to the survey closely 
reflected the findings of the registry study and provide 
a clear idea of to which patients experts target pulmo-
nary vasodilators.

CONCLUSIONS
An individualized approach to pulmonary vasodilator 
therapy for patients with Fontan circulation is the cur-
rent practice in the United Kingdom, predominantly 
targeting patients with a failing Fontan. Further work 
is required to better identify patients who will benefit 
from these therapies and define outcomes for moni-
toring response, especially in patients with advanced 
disease. Ongoing studies will hopefully shed more light 
onto the indications, timing, and choice of pulmonary 
vasodilator therapies in this population.

APPENDIX
List of Study Group Investigators
The CHAMPION (Congenital Heart Disease and 
Pulmonary Arterial Hypertension: Improving Outcomes 
Through Education and Research Networks) Steering 
Committee is a panel of experts in pulmonary hyper-
tension and congenital heart disease: Dr Paul Clift, Dr 
Robin Condliffe, Professor Konstantinos Dimopoulos, 
Dr Katrijn Jansen, and Dr Shahin Moledina. Dr Andrew 
Constantine is the CHAMPION PhD Research Fellow.
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Survey Methodology 

The aim of the survey was to determine their practice in the treatment of Fontan patients with 

PAH therapies, including prescription patterns, perceived indications, risks and 

contraindications. The study population included physicians specializing in CHD or PH, 

working in the UK within designated PH and tertiary CHD services. Demographic and 

practice characteristics were collected. The survey questions were designed by the 

CHAMPION Steering Committee, a panel of 5 experts in PH and CHD – see Figure S1 for 

survey questions. The survey was electronically distributed using professional online survey 

software (SurveyMonkey, Paolo Alto, California, USA). An introductory email, followed by 

3 reminder emails, were sent to survey participants. All responses were anonymized. 

  



Table S1. Summary of indications of PAH therapies in Fontan patients from expert 

survey by class of recommendation. 

Class of recommendation Indications selected by experts (count) 

Class I (“is recommended”) Fluid overload refractory to diuretic therapy (1) 

Worsening cyanosis in a patient with a fenestration (1) 

Decreasing exercise capacity (1) 

Class IIa (“should be 

considered”) 

PLE refractory to other therapy (8) 

Fluid overload refractory to diuretic therapy (6) 

Decreasing exercise capacity (4) 

Multiple ‘heart failure’ admissions (4) 

Complications following TCPC conversion surgery (3) 

Class IIb (“may be considered”) PLE refractory to other therapy (7) 

New fluid overload (7) 

Fluid overload refractory to diuretic therapy (7) 

Decreasing exercise capacity (7) 

Multiple ‘heart failure’ admissions (5) 

Class III (“is not 

recommended”) 

Significant systemic ventricular dysfunction (9) 

Significant atrioventricular valve regurgitation (6) 

Hypoplasia of the pulmonary arteries (2) 

 



Figure S1. Survey Questions. 

1. Within which region of the UK do you work? 

a. North 

b. Midlands and East 

c. South 

d. London 

e. Scotland 

f. Wales 

g. Northern Ireland 

2. What is your sub-specialty (select one or more options)? 

a. Adult congenital cardiologist 

b. Paediatric congenital cardiologist 

c. Pulmonary hypertension specialist 

d. Other (please specify) 

3. How many Fontan patients are under the care of your centre? 

a. More than 100 

b. 20-100 

c. Fewer than 20 

4. In your clinical practice, in approximately what percentage of Fontan patients does 

pulmonary arterial hypertension (PAH) therapy play a role? 

a. 0 – 20 

b. 21 – 40 

c. 41 – 60 

d. 61 – 80 

e. 81 – 100 



5. Before starting PAH therapies, in approximately what percentage of patients would you 

perform cardiac catheterisation? 

a. 0 – 20 

b. 21 – 40 

c. 41 – 60 

d. 61 – 80 

e. 81 – 100 

6. Please rank the importance of each of the following haemodynamic parameters for 

patients with a Fontan/total cavo-pulmonary connection (TCPC) when considering PAH 

therapy (rank 1 – 4, additional “not important” option): 

a. Pulmonary arterial pressures / pressures in Fontan circuit 

b. Pulmonary vascular resistance by Fick 

c. Pulmonary vascular resistance by hybrid MRI 

d. Systemic ventricular end-diastolic pressure / pulmonary arterial wedge pressure 

7. Please indicate the strength of each of the following possible indications for PAH 

therapies in a teenage or adult Fontan patient (options: No, Weak, Strong) 

a. Decreasing exercise capacity 

b. New fluid overload\Fluid overload refractory to diuretic therapy 

c. Two or more ‘heart failure’ admissions over the past year 

d. New diagnosis of protein losing enteropathy (PLE) 

e. PLE refractory to other therapy 

f. Fontan-associated liver disease 

g. Complications following TCPC conversion surgery 

h. Worsening cyanosis in a patient with a fenestration 

i. Other (please specify) 



8. Please indicate the strength of each of the following possible contraindications to the 

initiation of PAH therapy in a Fontan patient (options: No, Weak, Strong) 

a. Significant systemic ventricular dysfunction 

b. Significant atrioventricular valve regurgitation 

c. Hypoplasia of the pulmonary arteries 

d. Renal dysfunction 

e. Hepatic congestion 

f. Liver cirrhosis 

g. Other (please specify) 

9. Which would you consider as first-line PAH therapy in Fontan patients? 

a. Phosphodiesterase type 5 (PDE-5) inhibitor 

b. Endothelin receptor antagonist (ERA) 

c. Prostacyclin pathway drugs (PGI2 analogue or IP receptor antagonist) 

d. Combination therapy (please specify) 

10. Please indicate which of the following would affect your choice of agent for first-line 

PAH therapy (tick all that apply) 

a. National clinical commissioning policy 

b. Regional or trust-level policy 

c. Liver congestion 

d. History of migraine 

e. Anaemia 

f. Thrombocytopenia 

g. Systemic ventricular or atrio-ventricular valve dysfunction 

h. Other (please specify) 



11. Do you think that Fontan patients are at particularly high risk of complications from PAH 

therapies compared to idiopathic PAH or other congenital heart disease-associated PAH 

patients? 

a. Yes 

b. No 

Please comment here if you wish to expand on your answer: 

________________________________________________ 

12. Is liver dysfunction of particular concern to you when starting an ERA in a Fontan 

patient? 

a. Yes 

b. No 

Please comment here if you wish to expand on your answer: 

________________________________________________ 

13. Please indicate which of the following you would consider a treatment end-point for PAH 

therapy in Fontan patients. Rank all that apply in order of importance (1 for most 

important) or mark as “not important”: 

a. Improve prognosis 

b. Improve exercise capacity 

c. Improve quality of life 

d. Control heart failure or PLE 

e. Improve resting saturations 

14. Please indicate any other aims of therapy you consider important: 

________________________________________________ 

15. Each of the following sentences have the following structure: 

PAH therapy ___ for Fontan patients with ___ (___ indication). 



Please use the options below to formulate up to 8 of your own sentences, which reflect 

your views on PAH therapies in Fontan patients.  

The tables below are a reminder of the wording adopted by international guidelines with 

respect to the level of evidence and the strength of the recommendation of management 

options. 

 Definition Suggested wording to use 

Class I Evidence and/or general agreement that a 

given treatment or procedure is beneficial, 

useful, effective. 

Is recommended/ 

is indicated 

Class II Conflicting evidence and/or a divergence of 

opinion about the usefulness/efficacy of the 

given treatment or procedure. 

 

Class IIa Weight of evidence/opinion is in favour of 

usefulness/efficacy. 

Should be considered 

Class IIb Usefulness/efficacy is less well established 

by evidence/opinion. 

May be considered 

Class III Evidence of general agreement that the 

given treatment or procedure is not 

useful/effective, and in some cases may be 

harmful. 

Is not recommended 

 

Level of evidence Criteria 

A Data derived from multiple randomized clinical trials or 

meta-analyses. 



B Data derived from a single randomized clinical trial or large 

non-randomised studies. 

C Consensus of opinion of the experts and/or small studies, 

retrospective studies, registries. 

 

Options following the phrase “PAH therapy” (dropdown box 1): 

a. Is recommended/indicated 

b. Should be considered 

c. May be considered 

d. Is not recommended 

Options following the phrase “for Fontan patients with” (dropdown box 2): 

a. Decreasing exercise capacity 

b. New fluid overload 

c. Fluid overload refractory to diuretic therapy 

d. Multiple ‘heart failure’ admissions 

e. PLE refractory to other therapy 

f. Complications following TCPC conversion surgery 

g. Worsening cyanosis in a patient with fenestration 

h. Significant systemic ventricular dysfunction 

i. Significant atrio-ventricular valve regurgitation 

j. Hypoplasia of the pulmonary arteries 

k. Renal dysfunction 



l. Hepatic congestion 

m. Liver cirrhosis 

Options preceding the word “(__ indication)” (dropdown box 3) 

a. Class I 

b. Class IIa 

c. Class IIb 

d. Class III 

My formulations (up to 8 formulations allowed):  

PAH therapy [dropdown box 1] for Fontan patients with [dropdown box 2] ([dropdown box 

3]  indication). 

  


