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Abstract

The Patient Registry for Adolescents and Adults with Stable Fontan Circulation aims to
describe a contemporary cohort of Fontan patients who could be eligible for a clinical trial
investigating macitentan, an endothelin receptor antagonist. This international, non-interven-
tional, multicentre, cross-sectional, observational registry enrolled patients with “stable”
Fontan circulation ≥10 years following extra-cardiac conduit or lateral tunnel procedure.
Main exclusion criteria were NYHA functional class IV, reoperation of Fontan circulation,
or signs of disease worsening. Patient characteristics at enrolment are described; available data
were collected during a single registration visit. Of the 266 screened patients, 254 were included
in this analysis. At enrolment, median (interquartile range) age was 24 (20;30) years, 37%/63%
of patients were from the USA/Europe, 54% were male, 54%/47% had undergone extra-cardiac
conduit/lateral tunnel procedures, and 95% were in NYHA functional class I or II. History of
arrhythmia was more common in older patients and patients with lateral tunnel; overall preva-
lence was 19%.Most laboratory values were within the normal range but mean creatinine clear-
ance was abnormally low (87.7 ml/min). Angiotensin-converting enzyme inhibitors were used
by 48% of patients and their use was associated with creatinine clearance <90 ml/min
(p = 0.007), as was Fontan completion at an older age (p = 0.007). 53.4% of patients had clinical
characteristics that could potentially meet an endothelin receptor antagonist trial’s eligibility
criteria. The PREpArE-Fontan registry describes a cohort of patients who could potentially par-
ticipate in an endothelin receptor antagonist trial and identified early subtle signs of Fontan
failure, even in “stable” patients.

The Fontan procedure is a palliative surgery for patients with a single functional ventricle. Since
its first description in 1971, it has evolved from the atrio-pulmonary to the total cavo-pulmonary
connection Fontan, with the first total cavo-pulmonary connection developed being the intra-
atrial lateral tunnel procedure, followed by the alternative extra-cardiac conduit procedure.1–3

As a result, survival rates have improved such that a child born today with a univentricular heart
who undergoes a successful total cavo-pulmonary connection can expect to live well into adult-
hood, provided appropriate care is given.1,4

It is now possible to observe long-term outcomes of Fontan palliation, and this is crucially
important given the difficulties in managing this rare and heterogeneous condition. The
Australian and New Zealand Fontan registry of more than 1400 patients has provided valuable
insights into the outcomes of all Fontan patients in the 2 countries.5 However, the evidence from
large-scale, multicentre, randomised, placebo-controlled clinical trials involving Fontan survi-
vors is limited, with two key studies to date: the “Treatment With Endothelin Receptor
Antagonist in Fontan Patients, a Randomized, Placebo-Controlled, Double-Blind Study
Measuring Peak Oxygen Consumption” (TEMPO) study (75 patients from Denmark and
Sweden)6 and the “Fontan Udenafil Exercise Longitudinal” (FUEL) trial (400 patients from
North America and the Republic of Korea).7

The Patient Registry for Adolescents and Adults with Stable Fontan Circulation aimed to
describe the clinical characteristics, at enrolment, of “stable” patients at least 10 years following
modern Fontan surgery, with the ultimate aim of identifying a global cohort of patients who
could potentially be eligible for recruitment into a large, placebo-controlled trial such as the
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Clinical Study Assessing the Efficacy and Safety of Macitentan in
Fontan-Palliated Subjects (RUBATO) trial (NCT03153137).8

Materials and method

Study design

The PREpArE-Fontan registry is an international, multicentre,
cross-sectional, non-interventional study (Supplementary Table 1).
The study was conducted in compliance with Good
Pharmacoepidemiology Practice guidelines9 and the Declaration
of Helsinki as revised in 2013,10 and ethical approvals were obtained
as required by local legislation in each participating country.

The registry enrolled patients aged ≥12 years who underwent
lateral tunnel or extra-cardiac conduit Fontan surgery at least 10
years prior to enrolment. Patients were “stable”, meaning they
are not in acute decline. As such, major exclusion criteria included
NYHA functional class IV, re-intervention/reoperation of the
Fontan circulation, severe stenosis in the Fontan circulation
(>50% of the cross-sectional area), protein-losing enteropathy,
plastic bronchitis, hepatic encephalopathy, or severe hepatic
impairment at enrolment. Full eligibility criteria are provided in
Table 1. Patients were invited to enrol by participating physicians
at face-to-face clinic visits and patients and/or their legal guardians
gave written informed consent prior to study enrolment.

Patient and public involvement

There was no patient or public involvement in the research/design
of the study.

Data collection

Data were extracted from patients’ medical charts during a single
routine clinic visit, which served as the registration visit/study
enrolment. The following data were collected as part of routine
clinical care at the time of enrolment or, if not available at study

enrolment, within the previous 2 years: presence/occurrence of
comorbidities, medications, laboratory parameters (haemoglobin
level, iron deficiency (serum ferritin saturation <20%), platelet
count, creatinine clearance, serum albumin and protein), and
cardiopulmonary assessments, including vital signs (resting heart
rate, systolic and diastolic blood pressure, and oxygen saturation at
rest and during exercise), arrhythmia, physician assessment of
NYHA functional class, and invasive haemodynamics (inferior
and superior caval vein pressures, right and left pulmonary artery
pressures, pulmonary artery wedge pressure, cardiac index, and
pulmonary vascular resistance). The percentage of patients with
normal haemoglobin levels (13–17 g/dl for males; 12–15 g/dl for
females), platelet counts (150–400 × 109/L), creatinine clearance
(97–137 ml/min for males and 88–128 ml/min for females), serum
albumin (35–50 g/L), and protein (60–80 g/L) were estimated
based on collected data. The following data were collected where
available at study enrolment: demographic characteristics (height
and weight at enrolment or latest measurement within the previous
year), relevant medical history, historic details of the Fontan oper-
ation, and relevant ongoing or initiated treatments. For women of
childbearing potential, additional specific information was also
collected, such as whether they were currently pregnant and the
outcomes of any previous pregnancies. The events or conditions
listed in Supplementary Table 2 were defined as relevant medical
history and any instances of these, as judged by the investigator,
were recorded in the electronic case report forms. For the majority
of events/conditions, any instances that were reported in the
patients’ medical records within the previous 2 years were also
recorded in the electronic case report forms (Supplementary
Table 2). Participating physicians also recorded whether relevant
tests, including cardiopulmonary exercise testing, had been per-
formed within the previous year.

This study also calculated the percentage of registrants who
could potentially be eligible for the RUBATO trial, which aims
to assess the effect of macitentan on exercise capacity through
cardiopulmonary exercise testing.8 Not all of the information
required to fully determine patients’ eligibility for RUBATO was
collected in the electronic case report form as part of the
PREPARE registry. Moreover, some information was not taken
into account for determining potential eligibility since some crite-
ria (e.g., NYHA functional class, oxygen saturation, and ascites)
can change or occur before screening for the clinical trial.
Hence, the estimate provided is the percentage of patients who
could be potentially eligible for the RUBATO clinical trial.

Statistical analyses

Statistical analyses were performed using SAS® version 9.2 (SAS
Institute, Cary, NC, United States of America), and listings and
tables were formatted using AdClin® version 3.3.1 (AdClin,
Paris, France). Missing observations were recorded as such and
assessments that were not undertaken by the physician were
recorded as “not done”. Data were summarised by descriptive sta-
tistics for the overall study population. Parameters of interest were
summarised by descriptive statistics for patients stratified by
region (Europe, USA), Fontan surgical method (extra-cardiac con-
duit, lateral tunnel), and age (12–17, 18–25, 26–35, >35 years).

Post hoc exploratory analyses were performed to examine cor-
relations and associations between clinical characteristics and renal
dysfunction, stratified by creatinine clearance (<90, ≥90 ml/min).
Analyses included unpaired t-test (or Mann–Whitney–Wilcoxon
test when assumptions were not met) for continuous variables,

Table 1. Full eligibility criteria

Inclusion criteria Exclusion criteria

Aged ≥12 years old NYHA FC IV

Patient had a modern type of
Fontan surgery (LT or ECC)

Re-intervention/reoperation due
to failure of Fontan circulation

Patient completed Fontan surgery
≥10 years before the registration
visit

Severe stenosis in Fontan circula-
tion (>50% of the cross-sectional
area)

Patient and/or legal guardian pro-
vided written informed consent

Protein-losing enteropathy

Plastic bronchitis

Liver cirrhosis

Severe hepatic impairment,
defined as Child-Pugh score C*

Registered for heart transplant

Patient currently enrolled in an
interventional randomised clinical
trial

ECC= extra-cardiac conduit; LT= lateral tunnel; n= number of patients; NYHA FC=New York
Heart Association functional class
*Based on a measurement of total bilirubin, serum albumin, and international normalised
ratio (or prothrombin time for patients treated with anticoagulants), as well as presence/
severity of ascites and hepatic encephalopathy
%, percentage of patients out of those excluded from the analysis population
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the chi-squared test (or Fisher’s exact test when assumptions were
not met) for categorical nominal variables, and the Mann–
Whitney–Wilcoxon or Cochran–Mantel–Haenszel test for cat-
egorical ordinal variables. The multivariate relationship between
creatinine clearance and clinical parameters (patient and treatment
characteristics) that were associated with creatinine clearance in
univariate regression (p < 0.25) was assessed using logistic regres-
sion, applying a backward/forward algorithm to select parameters.
Diagnostic tests for collinearity were performed. All statistical tests
were two-sided at the 5% significance level, unless otherwise stated.

Results

The PREpArE-Fontan registry screened 266 patients at 7 sites
across Denmark, Germany, Switzerland, the UK, and the USA
between February, 2016 and April, 2017 (Supplementary Table 1).
Of the 266 patients, 254 were included in this analysis. Reasons for
exclusion were missing NYHA functional class (n= 6), other
Fontan surgery type (n= 3), or Fontan surgery <10 years before
the registration visit (n= 3).

Patient demographics and clinical characteristics

Patient characteristics by region are shown in Tables 2 and 3. The
most common underlying diagnoses were double inlet left ven-
tricle, tricuspid valve atresia, and pulmonary valve atresia.
Overall, 136 (53.5%) patients underwent extra-cardiac conduit
and 118 (46.5%) underwent lateral tunnel, and a greater time
had elapsed since Fontan procedure completion if a lateral tunnel
procedure was performed compared with an extra-cardiac conduit
(median of 22.0 and 15.1 years, respectively). In total, 130 patients
experienced at least 1 concomitant procedure: of those, 89 patients
(68.5%) had fenestration, 16 (12.3%) had a systemic-to-pulmonary
shunt, 12 (9.2%) had pulmonary artery banding, and 30 (23.1%)
had other concomitant procedures (Table 3).

Fontan completion and assessments in the previous year by
region

The mean (SD) age of patients at the time of Fontan completion
was 6.1 (5.5) years for patients from Europe and 7.9 (8.3) years
for patients from the USA. The assessments performed within
the year prior to or at the registration visit are summarised for
patients by region in Figure 1. The largest differences between
Europe and the USA were the percentages of patients who under-
went any quality of life questionnaire (18.4% versus 0.0%) or an
abdominal ultrasound scan (35.2% versus 50.5%).

Patient characteristics by age group

Parameters of interest are summarised by age group in Tables 4–6.
Median body mass index was within the normal range overall, and
increased with age, as did the percentage of patients classed as
either overweight or obese. Nearly, all patients were NYHA func-
tional class I (60.6%) or II (34.6%). Mean (SD) oxygen saturation
was 93% (4) at rest and 89% (6) with exercise in the overall pop-
ulation, but decreased with age. Across age groups, laboratory
parameters were mostly within normal ranges (haemoglobin:
55%–71%; platelet count: 40%–88%; serum albumin: 72%–94%
of patients with available data normal, depending on age group),
whereas creatinine clearance rates were abnormal in a greater pro-
portion of patients (46%–58% of patients with available data
abnormal, depending on age group).

A total of 19% of patients had a history of an arrhythmia within
the previous 2 years and 24% had a pacemaker, both with increas-
ing prevalence with older age (Table 5). Mean (SD) time since
pacemaker implantation was 12.5 (4.0), 9.6 (5.9), 15.3 (8.2), and
13.9 (6.9) years for the age groups 12–17, 18–25, 26–35, and
>35 years, respectively. In general, there was a trend towards
higher medication use with increasing age (e.g., anti-platelet
therapy and anti-arrhythmic medication such as beta-blockers),
but the use of oral anticoagulants decreased with age (Table 6).

Patient characteristics by surgical method

A greater percentage of patients who underwent lateral tunnel had
experienced arrhythmias within the 2 years prior to the registration
visit compared with those who underwent extra-cardiac conduit
(23.9% versus 14.5%, respectively). Similar percentages of patients
were NYHA functional class I/II between the two surgical proce-
dures (61.0% and 33.1% for lateral tunnel versus 60.3% and 36.0%
for extra-cardiac conduit, respectively). Pacemaker prevalence was
similar between the surgery types: 26.3% and 22.1% for lateral tun-
nel and extra-cardiac conduit, respectively.

Patient characteristics by creatinine clearance category

Overall, median (interquartile range) creatinine clearance was 89.0
(75.5; 90.0) ml/min. Exploratory analyses of renal dysfunction
(using creatinine clearance categories of <90 and ≥90 ml/min at

Table 2. Demographics by region

Europe
n= 159

USA
n= 95

Overall population
n= 254

Age, n (%)

12–17 years 38 (23.9) 0 (0.0) 38 (15.0)

18–25 years 76 (47.8) 31 (32.6) 107 (42.1)

26–35 years 35 (22.0) 50 (52.6) 85 (33.5)

>35 years 10 (6.3) 14 (14.7) 24 (9.4)

Missing, n 0 0 0

Gender, n (%)

Male 96 (60.4) 42 (44.2) 138 (54.3)

Female 63 (39.6) 53 (55.8) 116 (45.7)

Missing, n 0 0 0

BMI, n (%)*

Underweight
(<18.5 kg/m2)

10 (9.2) 3 (3.2) 13 (6.4)

Normal
(≥18.5–<25 kg/m2)

70 (64.2) 57 (60.0) 127 (62.3)

Overweight
(≥25–<30 kg/m2)

20 (18.3) 22 (23.2) 42 (20.6)

Obese (≥30 kg/m2) 9 (8.3) 13 (13.7) 22 (10.8)

Missing, n 0 0 0

Not done, n 0 13 13

BMI = body mass index
*Total number of patients were n= 109 (Europe), n= 95 (USA), and n= 204 (overall) for BMI
The denominator for percentages is the number of patients with data available; patients with
missing measurements or measurements not done are not included in percentage
calculations
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registration) were undertaken in 156 patients with available infor-
mation. Patients with a creatinine clearance value <90 ml/min
(n= 81) were less likely to have normal serum albumin or protein
levels at enrolment (χ2 p< 0.001 and p= 0.072, respectively) com-
pared with those with a creatinine clearance of ≥90 ml/min

(n= 75). Of themedications that were ongoing or initiated at regis-
tration, angiotensin-converting enzyme inhibitors, anticoagulants,
antiplatelet therapy, and anti-arrhythmic medications were found
to be associated with creatinine clearance category (Supplementary
Table 3). Patients with creatinine clearance <90 ml/min were

Table 3. Clinical characteristics by region

Europe
n= 159

USA
n= 95

Overall population
n= 254

Underlying diagnosis, n (%)

Double inlet left ventricle 39 (24.5) 25 (26.3) 64 (25.2)

Tricuspid valve atresia 41 (25.8) 18 (18.9) 59 (23.2)

Pulmonary valve atresia 29 (18.2) 17 (17.9) 46 (18.1)

Hypoplastic left heart syndrome 24 (15.1) 13 (13.7) 37 (14.6)

Double outlet right ventricle 12 (7.5) 21 (22.1) 33 (13.0)

Atrioventricular septal defect 19 (11.9) 4 (4.2) 23 (9.1)

Mitral valve atresia 13 (8.2) 1 (1.1) 14 (5.5)

Other 30 (18.9) 29 (30.5) 59 (23.2)

Missing, n 0 0 0

Fontan surgery type, n (%)

ECC 108 (67.9) 28 (29.5) 136 (53.5)

LT 51 (32.1) 67 (70.5) 118 (46.5)

Missing, n 0 0 0

Time since Fontan completion, n (%)

≤15 years 64 (40.3) 10 (10.5) 74 (29.1)

>15–≤20 years 63 (39.6) 24 (25.3) 87 (34.3)

>20–≤25 years 25 (15.7) 35 (36.8) 60 (23.6)

>25 years 7 (4.4) 26 (27.4) 33 (13.0)

Missing, n 0 0 0

Selected medications initiated or ongoing at registration visit, n (%)

Any cardiovascular medication* 93 (58.5) 78 (82.1) 171 (67.3)

Anti-arrhythmic 7 (4.4) 24 (25.3) 31 (12.2)

Beta-blocker 27 (17.0) 38 (40.0) 65 (25.6)

ACE inhibitor 74 (46.5) 49 (51.6) 123 (48.4)

ARB 1 (0.6) 8 (8.4) 9 (3.5)

Diuretic 23 (14.5) 26 (27.4) 49 (19.3)

PH medication 2 (1.3) 11 (11.6) 13 (5.1)

Missing, n 0 0 0

Concomitant procedures, n (%)**

Any concomitant procedure 62 68 130

Fenestration 59 (95.2) 30 (44.1) 89 (68.5)

Pulmonary artery banding 0 12 (17.6) 12 (9.2)

Systemic-to-pulmonary shunt 0 16 (23.5) 16 (12.3)

Other concomitant procedure 3 (4.8) 27 (39.7) 30 (23.1)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ECC = extra-cardiac conduit; LT = lateral tunnel
*Defined as an ACE inhibitor, ARB, beta-blocker, diuretic, anti-arrhythmic medication, or medication for pulmonary hypertension
**A patient may have had more than one procedure
The denominator for percentages is the number of patients with data available; patients with missing measurements or measurements not done are not included in percentage calculations
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more likely to use angiotensin-converting enzyme inhibitors
(χ2 p= 0.007), anticoagulants (χ2 p= 0.002), and anti-arrhythmic
medication (χ2 p= 0.028), but less likely to receive antiplatelet
therapy (χ2 p= 0.004), than those with creatinine clearance
≥90 ml/min. Patients with creatinine clearance <90 ml/min were,
on average, more likely to have Fontan procedure completion at an
older age (Wilcoxon p= 0.007). The majority of patients in the
<90 ml/min creatinine clearance category had undergone extra-
cardiac conduit procedure (65.4%), whereas the majority of
patients in the ≥90 ml/min creatinine clearance category had
undergone lateral tunnel procedure (65.3%) (χ2 p< 0.001). The
two creatinine clearance categorieswere similar with respect to other
laboratory and cardiopulmonary parameters (Supplementary
Table 3). The results of a logistic regression analysis assessing the
multivariate relationship between creatinine clearance categories
and clinical variables are shown in Supplementary Table 4.

Patients eligible for enrolment in a clinical trial at
registration

Of the 266 patients in the PREpArE-Fontan registry, 142 (53.4%)
had clinical characteristics that indicated clinical stability and
could be potentially eligible for enrolment in the RUBATO clinical
trial. The main medical reasons for being ineligible were having a
pacemaker (49.2%), relapsing tachyarrhythmia within the 3
months preceding the registration visit (8.9%), and known valvular
defects (7.3%).

Discussion

The PREpArE-Fontan registry characterises “stable” Fontan
patients who could potentially be eligible for recruitment into a
placebo-controlled clinical trial, such as the RUBATO trial. The
overall clinical characteristics are consistent with the study selec-
tion criteria being designed to identify “stable” Fontan patients: the
majority were NYHA functional class I or II patients, with no
recent history of arrhythmias and laboratory values mostly within

the normal range. Notably, however, their renal function was
mildly impaired. Subgrouping this cohort according to their age,
region, and type of Fontan repair revealed some differences that
warrant further investigation.

The prevalence of arrhythmias, a known complication of
Fontan palliation,11 is slightly lower in this registry than previously
reported.12 Notably, fewer patients who had undergone the extra-
cardiac conduit procedure reported a history of arrhythmia com-
pared with the lateral tunnel in our study, and this concurs with the
results of two recent meta-analyses that demonstrated a lower risk
of late arrhythmias with the extra-cardiac conduit procedure.12,13

Overall, in this study of “stable” (and, consequently, quite young)
Fontan patients, the majority (81%) had no record of arrhythmia
within the 2 years prior to registration.

Pacemaker use in this study (24.0%) is lower than a previous
single-centre study including only adult Fontan patients, in
which 53 (43.1%) of patients had a pacemaker in situ.14 Our
results suggest that pacemaker implantation could be occurring
at a younger age than previous decades, given that time since
pacemaker insertion is only slightly less in the youngest age group
compared with the oldest age group (150 versus 167 months,
respectively).

Medication use tended to increase with age; however, the use of
angiotensin-converting enzyme inhibitors in this study was sur-
prisingly high overall (123 [48%] patients), and highest in the
18–25-year-old age group. This is slightly higher than findings
from themuch larger Australian andNewZealand Fontan registry,
in which 36% of 1268 surviving patients were being treated with an
angiotensin-converting enzyme inhibitor in 2015,15 despite a lack
of evidence on the safety and efficacy in single-ventricle
patients.15,16 Reasons for prescription were not captured, so it is
difficult to interpret the use of angiotensin-converting enzyme
inhibitors by age group, and there was little variation between
regions (51.6% versus 46.5% of patients in the USA and Europe,
respectively).

Overall, renal function, as indicated by creatinine clearance,
was mildly impaired in PREpArE-Fontan patients. Exploratory
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analyses showed that patients with reduced creatinine clearance
were more likely to be on additional medications such as angioten-
sin-converting enzyme inhibitors, suggesting that they were a
“sicker” population that required medication, and in whom
impaired organ function was more likely. It is not possible to make
a valid interpretation without a larger sample size, but the finding
of mild renal impairment is consistent with recent findings. Renal
dysfunction is now known to be relatively common in Fontan
patients, with an estimated glomerular filtration rate <90 ml/
min/1.73 m2 being reported in 10–53% of long-term survivors,
in whom it is associated with poor prognosis.17–20 Furthermore,
a recent systematic review of the factors associated with long-term
mortality after the Fontan procedure identified renal failure as the
fourth most common cause of late death.21 This is due to elevated
central venous pressure and impaired cardiac output resulting in a

cascade of pathophysiological consequences in Fontan patients,
including a progressive decline in renal function.22 It is possible
to speculate on the high levels of poor renal function observed,
but the results from this registry, and previous studies, suggest a
need for further investigation and increased screening for signs
of chronic kidney disease in Fontan patients.

There were a few substantial differences between Europe and
the USA in terms of Fontan surgery type, prescriptive practices,
and assessments performed within the previous year. The
differences in assessments performed within the year prior to regis-
tration may be explained by differences in local guidelines, health-
care systems, and resources available to each of the sites. It is
reassuring that over 90% of PREpArE-Fontan patients from both
continents had received an echocardiogram in the previous year,
given the recent recommendations for echocardiographic

Table 4. Clinical characteristics by age group

12–17 years
n= 38

18–25 years
n= 107

26–35 years
n= 85

>35 years
n= 24

Overall population
n= 254

BMI, kg/m2

Mean (SD) 20.8 (4.7) 23.1 (4.3) 24.2 (4.7) 25.2 (3.3) 23.4 (4.6)

Missing, n 0 1 0 1 2

Not done, n 1 7 2 1 11

NYHA FC, n (%)

I 18 (47.4) 71 (66.4) 51 (60.0) 14 (58.3) 154 (60.6)

II 19 (50.0) 33 (30.8) 28 (32.9) 8 (33.3) 88 (34.6)

III 1 (2.6) 3 (2.8) 6 (7.1) 2 (8.3) 12 (4.7)

SpO2 at rest, %

Mean (SD) 94 (3) 93 (4) 93 (4) 91 (7) 93 (4)

Missing, n 0 0 1 0 1

Not done, n 0 4 1 1 6

SpO2 during exercise, %

Mean (SD) 90 (6) 90 (5) 89 (5) 87 (9) 89 (6)

Not done, n 23 72 44 10 149

Laboratory parameters*

Haemoglobin, g/dl

Mean (SD) 15.4 (1.5) 15.9 (1.9) 15.5 (1.8) 14.9 (2.0) 15.6 (1.8)

Not done, n 4 20 18 4 46

Serum albumin, g/L

Mean (SD) 44.5 (4.8) 47.5 (4.1) 46.5 (4.2) 45.0 (4.1) 46.4 (4.4)

Not done, n 5 24 22 6 57

Creatinine clearance, ml/min

Mean (SD) 77.6 (14.2) 89.4 (23.2) 89.8 (23.7) 78.6 (18.6) 87.7 (22.8)

Not done, n 31 36 26 5 98

Platelet count, 109/L

Mean (SD) 233 (75) 171 (52) 170 (71) 149 (54) 179 (67)

Not done, n 5 21 20 4 50

BMI = body mass index; SpO2 = oxygen saturation; NYHA FC = New York Heart Association functional class
*Overall, two patients had iron deficiency (serum ferritin saturation <20%)
Data are themost recentmeasurement recordedwithin the previous 2 years or at registration visit. N – numbers shown in column headings are the total numbers of patients in these age groups,
but not every variable wasmeasured in every patient. Missing data are only presented for parameters where data aremissing for at least one patient in the overall population. The denominator
for percentages is the number of patients with data available; patients with missing measurements or measurements not done are not included in percentage calculations
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assessment to be performed annually at a minimum.23–26 The 2019
statement from the American Heart Association recommends
regular hepatic screening, so the percentage of Fontan patients
having an abdominal ultrasound may rise in the future (50.5%
American and 35.2% European PREpArE registrants). As the
registry design allowed for the collection of information extending
only 1 year prior to registration, it should be noted that patients
could have been just outside this window for assessments to be
declared in this registry. For other disparities between the regions
in surgery type and prescriptions, we cannot exclude the possibility
that underlying age differences are partly responsible.

The percentage of PREpArE-Fontan adults who were over-
weight or obese (31%) was lower than that observed in the general
American (70%) or European (53%) population.27,28 This is

relevant because being overweight is associated with poor prog-
nosis of Fontan-palliated patients,29,30 and being underweight can
also be a sign of poor medical condition.30 However, as this regis-
try included a “stable” survivor group, those with cardiac cachexia
may have been already excluded, but “sick” survivors with Fontan
failure whose BMI would be overestimated due to fluid rather
than true body mass may have been incorrectly included.

Importantly, 53.4% of patients had clinical characteristics of
stability and were potentially eligible for the RUBATO trial,
investigating the safety and efficacy of macitentan in Fontan
patients. The lack of a subpulmonary ventricle in Fontan physi-
ology means that a low pulmonary vascular resistance is
required to maintain cardiac output, hence the importance of
investigating pulmonary vasodilators in Fontan patients.

Table 5. Relevant medical history by age group

12–17 years
n= 38

18–25 years
n= 107

26–35 years
n= 85

>35 years
n= 24

Overall population
n= 254

Presence of other medical history, n (%)

Pacemaker at visit 5 (13.2) 17 (15.9) 26 (30.6) 13 (54.2) 61 (24.0)

Arrhythmia 4 (10.5) 12 (11.8) 21 (24.7) 10 (43.5) 47 (19.0)

Unknown, n 0 5 0 1 6

Aortic regurgitation 5 (13.2) 21 (20.0) 11 (13.4) 5 (21.7) 42 (16.9)

Unknown, n 0 2 3 1 6

Neurological deficit at visit 1 (2.7) 15 (14.0) 8 (9.4) 0 (0.0) 24 (9.5)

Unknown, n 1 0 0 0 1

Relapsing tachyarrhythmia 0 (0.0) 9 (8.4) 5 (5.9) 3 (12.5) 17 (6.7)

Severe extra-cardiac congenital defect at visit 3 (7.9) 1 (0.9) 2 (2.4) 0 (0.0) 6 (2.4)

Severe ventricular dysfunction with elevated single ventricular end
diastolic pressure (>12 mmHg)

1 (2.6) 1 (1.0) 2 (2.5) 1 (4.5) 5 (2.0)

Unknown, n 0 3 4 2 9

Ascites 1 (2.6) 0 (0.0) 1 (1.2) 2 (8.3) 4 (1.6)

Clinically significant peripheral oedema 0 (0.0) 2 (1.9) 2 (2.4) 0 (0.0) 4 (1.6)

Significant collateral circulation 0 (0.0) 2 (18.2) 1 (7.1) 0 (0.0) 3 (10.0)

Severe atrioventricular valve regurgitation 0 (0.0) 2 (1.9) 1 (1.2) 0 (0.0) 3 (1.2)

Unknown, n 0 1 2 1 4

Life-threatening arrhythmia 0 (0.0) 1 (0.9) 2 (2.4) 0 (0.0) 3 (1.2)

Thromboembolic event 0 (0.0) 1 (0.9) 1 (1.2) 0 (0.0) 2 (0.8)

Syncope during exercise 0 (0.0) 1 (1.0) 0 (0.0) 0 (0.0) 1 (0.4)

Unknown, n 0 5 3 1 9

Stenosis in Fontan circulation 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0) 1 (0.4)

Unknown, n 0 0 1 0 1

Valvular defect due to systemic inflammatory disease 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0) 1 (0.4)

Unknown, n 0 1 1 1 3

Initiation or change in diuretic medication 3 (8.1) 3 (2.8) 6 (7.1) 4 (16.7) 16 (6.3)

Unknown, n 1 0 1 0 2

Relevantmedical history is defined as any of the above-listed events or conditions being either ongoing at registration visit or reportedwithin the 2 years prior to the registration visit. Exceptions
to this are severe extra-cardiac congenital defect, neurological deficit, and use of a pacemaker, which were only included if they were ongoing at registration visit. N – numbers shown in column
headings are the total numbers of patients in these age groups, but not every variable was measured in every patient. Missing data are only presented for parameters where data aremissing for
at least one patient in the overall population. The denominator for percentages is the number of patients with data available; patients with missing measurements or measurements not done
are not included in percentage calculations
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However, adequately powered clinical trials are difficult to con-
duct, given the rarity and severity of the condition, and the evi-
dence so far is limited.6,7

This cross-sectional study provides real-world data on “sta-
ble” Fontan-palliated patients across two continents. These
findings do not reflect the prognosis of the entire and diverse
real-world Fontan population, due to the sickest patients being
excluded to achieve the study’s aim. The study has limitations
inherent to its observational design (clinical assessments per-
formed as per routine clinical practice) and limitations related
to its cross-sectional design (retrospective data collection and a
lack of follow-up assessments). In addition, data collection was
based on investigators’ holistic review of patients’ medical
records and the formula used to calculate creatinine clearance
was not captured. A cohort of 254 adult Fontan patients repre-
sents a reasonable size given that patients were enrolled over 14
months, but the relatively low number of patients in this study,
compared with the Australian and New Zealand registry that
had a much longer period of recruitment,5 is a limitation.
However, this registry has the advantage of being international,
and therefore able to highlight differences between Europe and
the USA. Further work is required to better understand Fontan
pathophysiology and develop novel therapeutic strategies.

Conclusions

The PREpArE-Fontan registry characterises a sizeable cohort of
“stable”, long-term survivors of modern Fontan surgery who could
potentially be eligible for recruitment in a placebo-controlled clini-
cal trial, such as the RUBATO trial. Moreover, some patients pre-
sented with functional limitations and subtle clinical signs
suggestive of early Fontan failure, highlighting the importance
of considering renal function in clinical practice. Data from this
registry demonstrate that further study is needed to better under-
stand the issues Fontan-palliated patients experience following
modern surgery.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951121002791.
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