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Aims To evaluate the late outcomes of adults (above 35 years) with a Fontan-type circulation, for whom current data on mor
bidity and mortality are lacking.

Methods 
and results

Data were collected retrospectively on consecutive patients with Fontan circulation above the age of 35 years followed in 
three European specialist centres. Overall, 115 Fontan patients were included [median age 35 (range 35–48) years, 47.8% 
female]. The most common underlying congenital heart disease diagnosis was tricuspid atresia (n = 58, 50.4%), and the age at 
first Fontan completion was 9.1 (interquartile range 5.0–15.8) years. Almost two-thirds (61.7%) of patients had undergone 
an atriopulmonary Fontan, and 23.5% had received a total cavopulmonary connection. One-third required repeat surgery or 
intervention. Most patients (55.9%) were in New York Heart Association functional class II or class I (30.6%), 76 (66.1%) 
patients had experienced at least one arrhythmia, and eight (7.0%) protein-losing enteropathy. At a median follow-up of 
5.0 (2.4–10.3) years, 15 (13.0%) patients were referred for transplantation assessment and 19 (16.5%) patients died, mainly 
from heart failure (84.2%). Univariable predictors of death or transplantation included lower serum albumin level [hazard 
ratio (HR) 1.09 per g/L decrease, 95% confidence interval (CI): 1.04–1.15, P = 0.0009], prior heart failure admission (HR 
4.28, 95% CI:1.75–10.44, P = 0.001), prior atrial tachycardia or flutter (HR 3.02, 95% CI: 1.23–7.38, P = 0.02), and baseline 
pulmonary vasodilator therapy (HR 8.59, 95% CI:1.05–70.13, P = 0.04). Lower serum albumin and prior atrial tachycardia or 
flutter remained significant on bivariable analysis.

Conclusion Our study highlights the significant morbidity and mortality in older adults with a Fontan-type circulation, emphasizing the 
need for lifelong specialist surveillance with frequent risk stratification, close monitoring, and early consideration for trans
plantation assessment.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Lay summary This study sheds light on the complex medical journey of adults living with the outcomes of Fontan surgery—a procedure per
formed in early childhood. These individuals have reached the milestone of their forties and beyond, yet they confront an array of 
significant health challenges that necessitate lifelong, individualized congenital heart disease care. The key findings are as follows:  

• While adults with Fontan circulation are living longer, they are at high risk of death, mainly due to heart failure. They also 
face a host of other health issues, including the need for additional surgeries or interventions. Nearly two-thirds have 
experienced some form of heart rhythm problem, and a substantial number eventually require evaluation for a heart 
transplant.
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• Heart transplants within this group were rare, which may be linked to the various barriers to transplantation in the Fontan 
population. Moreover, those with multiple indicators of advanced disease have a heightened risk of life-threatening 
events, reinforcing the critical need for personalized and continuous specialist care designed to meet their distinct health 
requirements. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Introduction
Congenital heart disease (CHD) affects ∼1% of live births, while a smal
ler proportion, around 1 in 3000 infants, are born with a functionally 
single ventricle.1 The Fontan procedure has become the operative 
strategy of choice for patients with this condition. Initially performed 
in 1968 as an atriopulmonary (AP) connection, Fontan-type surgeries 
have undergone substantial modifications, now involving a total cavo
pulmonary connection (TCPC).

Advances in surgical techniques, and especially for patients with 
single-ventricle physiology, have resulted in a growing population of 
adults with complex CHD.2 In a recent US study, 81.4% of individuals 
with any CHD survived to 35 years of age, though only 21.5% of those 
with hypoplastic left heart syndrome and 53.5% with other single- 
ventricle defects survived to this age. Long-term follow-up studies fo
cusing on adult survivors with a Fontan-type circulation have reported 
a survival of 80–90% at 30 years of age.3–5 The likelihood of being free 
from morbidity over time, however, remains quite low: Heart failure, 
thromboembolism, arrhythmias, liver disease, and protein-losing enter
opathy (PLE) are common complications in these patients and may con
tribute to premature death.6,7

Improved survival following the Fontan procedure has prompted inter
est in long-term outcomes, yet the outcome of this population over the 
age of 35 years remains unclear. To address this knowledge gap, we con
ducted a retrospective study on adult Fontan patients from three 
European centres entering the fourth decade of life. Our primary object
ive was to evaluate morbidity and mortality in this specific age group.

Methods
Data were collected retrospectively on consecutive patients with 
Fontan-type circulation ≥35 years under specialist follow-up at one of three 
specialist adult CHD centres (Royal Brompton Hospital in London, 
Southampton General Hospital, IRCCS Policlinico San Donato, Milan) 
over the past 15 years. Patients for whom survival status was unknown 
were excluded. The study was approved by the UK Health Research 
Authority and the Ethics Committee of the Policlinico San Donato. This 
was a retrospective analysis based on anonymized data collected for routine 
clinical care and administrative purposes; hence, individual informed con
sent was waived.

Baseline demographic and clinical characteristics of patients who turned 
35 years old from 2005 onwards were collected from dedicated clinical da
tabases and including type of Fontan connection, New York Heart 
Association (NYHA) functional class, physical examination, blood tests, 
medications, history of pregnancy, previous history of arrhythmias, heart 
failure, thromboembolic, Fontan-associated liver disease (FALD), PLE, and 
plastic bronchitis. Kawashima procedure was defined as a bilateral, bidirec
tional superior cavopulmonary connection in the context of left atrial isom
erism with interruption of the inferior vena cava with azygous continuation. 
Patients were classified as having FALD based on liver ultrasound or other 
non-invasive imaging when there was evidence of cirrhosis and/or portal 
hypertension, splenomegaly, or ascites. Systemic ventricular function on 
echocardiography was reported in a semi-quantitative fashion as normal, 
mild, moderate, and severe systolic impairment and systemic atrioventricu
lar valve regurgitation (as absent, mild, moderate, and severe). Information 

from cardiopulmonary exercise testing (CPET) was also collated from stud
ies performed as part of routine clinical evaluation. Data from the test clos
est to the date of the patient’s 35th birthday and the latest follow-up were 
included.

Variables of interest during the period of follow-up included new-onset 
arrhythmias, thromboembolic events, new diagnosis of FALD, Fontan fail
ure, need for cardiac surgery, transplantation, or referral for transplantation 
assessment. Fontan failure was defined in accordance with previously pub
lished criteria,8 if any of the following were present: referral for transplant
ation (including heart), Fontan revision, conversion or takedown, PLE, 
plastic bronchitis, or NYHA functional class III or IV. ‘Fontan conversion’ re
ferred to patients with a classic AP connection who were converted to a 
TCPC in one of the following patterns: lateral tunnel (LT) or extra-cardiac 
conduit (ECC). The term ‘Fontan revision’ referred to surgical procedures 
aimed at optimizing the Fontan circuit and improving symptomatology, e.g. 
enlargement of the pulmonary arteries, removal of intra-atrial thrombus, 
and/or conduit replacement.

Statistical analysis
Statistical analyses were performed using R version 4.3.1 (R Foundation for 
Statistical Computing, Vienna, Austria). Continuous variables are presented 
as mean ± standard deviation or median [interquartile range (IQR)], unless 
stated otherwise, and categorical variables are presented as number (per
centage). For continuous variables with a normal distribution, paired and 
unpaired Student’s t-test was used. For variables not normally distributed, 
the Wilcoxon signed-rank test for paired samples and the Mann– 
Whitney U test for independent samples were used. Categorical variables 
for two independent groups were compared using the χ2 test or Fisher’s 
exact test, according to sample size. Univariable logistic regression analysis 
was performed to assess the relation between baseline demographic and 
clinical variables and the occurrence of arrhythmia during follow-up. For 
survival analysis, rates of freedom from death or heart transplantation (re
ceipt) were estimated using Kaplan–Meier cumulative event curves. Patients 
were censored if they were lost to follow-up (>3 years between last clinic 
attendance and date of data collection). Univariable and bivariable Cox re
gression analysis was used to identify predictors of the combined endpoint 
of death or transplantation. A two-sided P-value of <0.05 was considered 
indicative of statistical significance.

Results
In total, 115 Fontan patients who turned 35 years old during the study 
period were included [median age 35 (range 35–48) years, 47.8% fe
male]. Baseline characteristics of the cohort are shown in Table 1. 
The most common underlying CHD diagnosis was tricuspid atresia 
(n = 58, 50.4%), followed by double inlet left ventricle (n = 27, 23.5%) 
and double outlet right ventricle (n = 11, 9.6%). Median age at first 
Fontan procedure was 9.1 (IQR 5.0–15.8) years: 73 (63.5%) had under
gone an AP Fontan, 26 (22.6%) received a TCPC (LT in 12%, ECC in 
10%), 12 (10.4%) had undergone a Björk–Fontan procedure, and 4 
(3.5%) a Kawashima procedure. Repeat surgical or interventional pro
cedures had been required in 59 (51.3%) patients with the following 
being performed: Fontan revision (11, 9.6%), Fontan conversion 
(28, 24.3%), fenestration closure (7, 6.1%), branch pulmonary artery 
stenting (3, 2.6%), embolization of collateral vessels (3, 2.6%), aortic 
valve and root replacement (2, 1.8%), atrioventricular valve intervention 
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(2, 1.8%), conduit dilatation (1, 0.9%), left superior vena cava ligation (1, 
0.9%), and failed Fontan conversion (1, 0.9%).

Clinical status of Fontan patients beyond 
35 years of age
At the first assessment beyond the age of 35, most patients were symp
tomatic in NYHA functional class II (62, 55.9%), with 34 (30.6%) in func
tional class I and 14 (12.6%) in functional class III. Most patients (92, 
81.4%) were being prescribed anticoagulation (97% warfarin, 1% dabi
gatran), while 17 (15.2%) were on antiplatelet therapy with aspirin, 

clopidogrel, or both. Antiarrhythmic medication was prescribed to 
42 (37.5%) patients. Angiotensin-converting enzyme inhibition or 
angiotensin receptor blockade was used in 44 (38.6%) patients, 44 
(38.6%) were prescribed beta-blockers, and 27 (23.7%) were on a min
eralocorticoid receptor antagonist. A total of 45 (39.5%) patients were 
on loop diuretics. Results of blood testing, echocardiography, and car
diopulmonary exercise testing are shown in Table 2.

At baseline, many patients had a history of adverse clinical events 
(Table 3). A total of 76 (66.1%) patients had experienced at least one 
arrhythmia at a median age of 29.0 (25.0–35.2) years, with atrial tachy
cardia/flutter being the most common (42, 55.3%), followed by atrial 
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Table 1 Baseline characteristics of adults with a Fontan-type circulation age 35 years and above

Characteristic All, n = 115 AP, n = 50 TCPC, n = 53 Björk–Fontan and Kawashima  
procedure, n = 12

P valuea

Male sex 60 (52.2) 26 (52) 32 (60.4) 2 (16.7) 0.15

Ventricular morphology 0.09

Left 94 (81.7) 49(98) 39 (73.6) 6 (50)
Right 11 (9.6) 1 (2) 8 (15.1) 2 (16.7)

Biventricular 10 (8.7) 0 (0) 6 (11.3) 4 (33.3)

BMI, kg/m2 23.9 ± 5.4 24.4 ± 7.1 23.8 ± 3.6 22.3 ± 4.7 0.54
Resting oxygen saturation, % 93 [88.2–96] 92 [88–95] 94 [90.8–96] 95 [89–96.5] 0.3

Pre-Fontan surgery 74 (64.3) 33 (66) 35 (66) 6 (50) 0.88

Arterial shunt (Blalock–Taussig) 40 (34.8) 18 (36) 19 (35.8) 3 (25) 0.98
Pulmonary arterial banding 18 (15.7) 8 (16) 10 (18.9) 0 (0) 0.54

Central shunt (Waterston) 14 (12.2) 6 (12) 6 (11.3) 2 (16.7) 0.99

Other pre-Fontan surgeries 4 (3.5) 0 (0) 4 (7.5) 0 (0) 0.09
Age at Fontan procedure, years 10 [5.6–16.4] 9.3 [6.1–13.6] 9.8 [5.4–18.6] 11.9 [3.7–16.8] 0.58

Fontan type at first completion <0.0001
AP 74 (64.3) 50 (100) 24 (45.3) 0 (0)
LT 13 (11.3) 0 (0) 13 (24.5) 0 (0)

ECC 12 (10.4) 0 (0) 12 (22.6) 0 (0)

Other (Björk, Kawashima) 16 (13.9) 0 (0) 4 (7.5) 12 (100)
Fenestration at completion 23 (20.5) 5 (10.6) 16 (30.2) 2 (16.7) 0.03
NYHA functional class 0.03

I 34 (30.6) 16 (33.3) 14 (27.5) 4 (33.3)
II 62 (55.9) 23 (47.9) 34 (66.7) 5 (41.7)

III 14 (12.6) 9 (18.8) 2 (3.9) 3 (25)

IV 1 (0.9) 0 (0) 1 (2) 0 (0)
Anticoagulant therapy 92 (81.4) 44 (88) 37 (72.5) 11 (91.7) 0.05

Antiplatelet therapy 17 (15.2) 4 (8.2) 12 (23.1) 1 (9.1) 0.06

Antiarrhythmic therapy 0.62
Amiodarone 26 (23.2) 13 (26) 10 (20) 3 (25) 0.96

Sotalol 8 (7.1) 3 (6) 3 (6) 2 (16.7) 0.57

Flecainide 2 (1.8) 2 (4) 0 (0) 0 (0)
‘Heart failure’ therapy

ACE-I or ARB 44 (38.6) 18 (36) 22 (42.3) 4 (33.3) 0.58

Beta-blocker 44 (38.6) 19 (38) 21 (40.4) 4 (33.3) 0.87
MRA 27 (23.7) 13 (26) 11 (21.2) 3 (25) 0.72

Loop diuretic 45 (39.5) 20 (40) 21 (40.4) 4 (33.3) 0.99

Pulmonary vasodilator 2 (1.8) 1 (2) 1 (1.9) 0 (0) 0.99

Categorical variables displayed as n (%). Numeric variables shown as mean ± SD (if normally distributed) or median [IQR] (non-normally distributed). P < 0.05 indicates statistical 
significance (shown in bold font). 
ACE-I, angiotensin-converting enzyme inhibitor; AP, atriopulmonary; ARB, angiotensin receptor blocker; BMI, body mass index; ECC, extra-cardiac conduit; LT, lateral tunnel; MRA, 
mineralocorticoid receptor antagonist; NYHA, New York Heart Association. 
aP value for comparison between TCPC and non-TCPC Fontan.
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fibrillation (14, 18.4%). Patients with an AP Fontan or its modifications 
were more likely to have experienced an arrhythmia by the age of 35 years 
than those with a TCPC (76.1% vs. 33.3%, P = 0.0001). Ablation proce
dures had been carried out in 41 (35.7%) patients, with 12 (10.4%) 
patients having had 2 and 2 (1.7%) patients having had 3 procedures. 
Prior to the age of 35 years, 4 (3.5%) patients had been diagnosed 
with an atrial thrombus. Only two patients had a history of a thrombo
embolic event: one stroke and one pulmonary embolism. Protein-losing 
enteropathy had been diagnosed in 8 (7.0%) patients.

Outcomes from 35 years onwards
Overall, 113/115 (98.3%) patients were included in the survival analysis. 
The median follow-up period after the age of 35 was 5.0 (2.4–10.3) 
years. Results of Fontan investigations and complications at follow-up 
are shown in Table 4. Freedom from death or transplantation is shown 
in Figure 1A. Transplant-free survival at 40 years was 85% for AP vs. 
92.6% for TCPC (log-rank P = 0.16, Figure 1B). At 45 years, survival 
was 69% for AP vs. 84.6% for TCPC. Overall, 19 (16.5%) patients 
died. The cause of death was ascertained in 16 (84.2%) patients: 
Heart failure was the commonest cause of death (10, 62.5%), with 
each of the following causing one patient death: hepatocellular carcin
oma on a background of FALD, sepsis secondary to an implantable car
dioverter defibrillator lead infection, pulmonary embolism, and 
malignancy not related to the cardiac condition. No patient in our co
hort died suddenly. Overall, 15 (13.0%) patients were referred for heart 
transplantation, of whom 2 (13.3%) patients died on the transplant list 
and only 3 (20.0%) patients underwent a successful orthotopic heart 
transplant.

Atrial arrhythmia in the follow-up period occurred in 47 (40.9%) pa
tients. On univariable logistic analysis, Fontan type was predictive of ar
rhythmias after the age of 35 years [OR 2.31 for non-TCPC, 95% 
confidence interval (CI): 1.08–5.07, P = 0.03]. At least 1 new ablation 
procedure was undertaken in 21 (18.3%) patients after the age of 35. 
New device (pacemaker) implantation occurred in 5 (4.3%) patients.

On univariable analysis for the combined endpoint of death or trans
plantation (n = 22), lower serum albumin level [hazard ratio (HR) 1.09 
per unit decrease, 95% CI:1.04–1.15, P = 0.0009], prior heart failure ad
mission (HR 4.28, 95% CI: 1.75–10.44, P = 0.001), prior atrial tachycar
dia or flutter (HR 3.02, 95% CI: 1.23–7.38, P = 0.02), and pulmonary 
vasodilator therapy at baseline (HR 8.59, 95% CI: 1.05–70.13, 
P = 0.04) were associated with death or heart transplantation. Age at 
first Fontan (HR 0.94, 95% CI: 0.89–1, P = 0.06) and a lower iron level 
(HR 1.08 per unit decrease, 95% CI: 0.98–1.19, P = 0.12) were not re
lated to outcome. Right ventricular morphology was also not associated 
with the primary endpoint. On bivariable analysis, lower serum albumin 
and prior atrial tachycardia or flutter remained significant predictors of 
adverse outcome. When using univariable predictors in an additive 
fashion, a significantly poorer outcome was observed in patients with 
two or more risk factors (Figure 1C and D).

Discussion
An increasing number of Fontan patients are surviving to the fourth 
decade of life and beyond, despite significant morbidity and mortality 
from a young age.5,9 Older patients with a Fontan-type circulation 
have a substantial mortality, with heart failure being the most common 
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Table 2 Results of baseline investigations of Fontan patients at 35 years of age

Investigation result All, n = 115 AP, n = 50 TCPC, n = 53 Björk–Fontan and Kawashima 
procedure, n = 12

P valuea

Haemoglobin, g/L 151 ± 21 152 ± 21 152 ± 21 146 ± 29 0.74

MCV, fL 90.6 [86.2–93] 91 [88–95] 90 [86.8–92] 87 [80.3–94] 0.42

Urea, mmol/L 5.8 [4.4–9] 6.4 [4.4–8.3] 5.7 [4.2–10.2] 5.8 [4.7–6] 0.96
Creatinine, µmol/L 78 [63.4–88] 76.1 [62.8–87.3] 79.6 [66.3–88.5] 78 [59–84] 0.36

eGFR, mL/min/1.73 m2 99.6 [83.4–118.1] 99.6 [75.6–116.3] 107.6 [88.6–121.3] 94.4 [78.5–102.3] 0.22

Bilirubin, µmol/L 18 [14–26] 19 [12.5–24] 18 [14–27] 19 [14.5–31.8] 0.81
ALP, IU/L 81 [58.5–114] 81 [62–113.8] 81 [56–98] 100.5 [70.5–138.8] 0.14

ALT, IU/L 27 [20.5–32.5] 25 [22–40] 26 [20–31.3] 27 [22–29] 0.46

Albumin, g/L 42 [38–46] 42 [36.3–44.8] 44 [40–47] 41 [40.3–45] 0.08
Serum iron, µmol/L 15.5 ± 7.3 15.1 ± 7.1 17.1 ± 7.7 11.4 ± 5.9 0.24

TIBC, µmol/L 70 [64.5–75] 70 [68–75] 65 [58–73] 73 [69.3–73] 0.14

Peak VO2, mL/kg/min 19.1 ± 6.6 20.9 ± 6.6 17.6 ± 6.7 18.4 ± 6 0.24
VE/VCO2 slope 36 [30.6–44] 35 [30.6–40] 40.5 [30.5–47.6] 37.5 [32.5–43] 0.5

Peak heart rate, b.p.m. 141.8 ± 32.4 142.3 ± 33.8 137.7 ± 33.9 153.6 ± 21.3 0.3

Systemic ventricular function 0.99
Normal 79 (69.9) 36 (72) 36 (70.6) 7 (58.3)

Mild 23 (20.4) 9 (18) 10 (19.6) 4 (33.3)

Moderate 6 (5.3) 3 (6) 3 (5.9) 0 (0)
Severe 5 (4.4) 2 (4) 2 (3.9) 1 (8.3)

Moderate/severe systemic AV valve 

regurgitation

15 (13.5) 7 (14.3) 4 (8) 4 (33.3) 0.21

Categorical variables displayed as n (%). Numeric variables shown as mean ± SD (if normally distributed) or median [IQR] (non-normally distributed). P < 0.05 indicates statistical 
significance. 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AP, atriopulmonary; AV, atrioventricular; eGFR, estimated glomerular filtration rate; MCV, mean corpuscular volume; TCPC, 
total cavopulmonary connection; TIBC, total iron-binding capacity; VE/VCO2, minute ventilation/carbon dioxide production; VO2, oxygen uptake. 
aP value for comparison between TCPC and non-TCPC Fontan.
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cause of death. Despite the high prevalence of arrhythmias in this age 
group, death directly related to arrhythmia was not observed in our co
hort. Only a small fraction of Fontan patients with heart failure were 
referred for heart transplantation, and only three individuals were 
transplanted. Patients with two or more markers of advanced disease, 
including previous heart failure admissions, low albumin, atrial arrhyth
mia, or pulmonary arterial hypertension (PAH) therapy, had the highest 
risk of adverse events. Our results underscore the importance of close 
monitoring and individualized management strategies in a specialist ser
vice for adults with Fontan circulation.

Although there have been significant improvements in the survival of 
patients who have undergone a Fontan operation,10 mortality is high 
after the age of 35 years, with ∼1 in 10 patients dying within 5 years 
and 1 in 5 patients dying within 10 years. Patients with a Fontan-type 
circulation are only now reaching the fourth and fifth decades of life, 
and data on outcomes beyond this age are very limited. Moreover, 
most of the patients were operated in the early surgical experience 
with Fontan surgery and when Fontan surgery was itself evolving. 
Atriopulmonary Fontan procedures have now been abandoned due 
to the high long-term morbidity and mortality,4,11 and the patients de
scribed in this study are the long-term survivors of this population, who 
are likely at the best end of the spectrum, both in terms of pre-Fontan 
anatomy (allowing late Fontan completion) and Fontan haemodynam
ics. Still, mortality and morbidity are high in this population, and the pre
dictors of outcome identified can assist specialist services in their 
management.12 It is likely that, as patients with more modern versions 
of the Fontan circulation (i.e. TCPC) who were operated on earlier 
reach this age, their outcomes may differ. However, patients with 
more complex forms of single-ventricle physiology, e.g. systemic right 
ventricle (who were a small minority in our population) or hypoplastic 
left heart syndrome, are benefitting from Fontan-type surgery, and 
these patients are entering adulthood with a high burden of morbidity 
and healthcare resource utilization.13–15

In our study, heart failure was the most prevalent cause of death.5

The term Fontan failure is currently used to describe Fontan patients 
with a chronically low cardiac output state and systemic venous conges
tion, who typically develop multiorgan involvement. In our study popu
lation, one in eight patients had a previous admission for heart failure 

therapy. Furthermore, heart failure was the single commonest cause 
of death in Fontan patients beyond the age of 35, complementing the 
findings in younger Fontan cohorts.6 Multiple clinical variables act as 
physiological drivers of a failing Fontan circulation: inefficiencies or ob
structions within the Fontan circuit, diastolic (and less commonly sys
tolic) systemic ventricular dysfunction, ventricular myocardial fibrosis, 
atrioventricular valve dysfunction, chronotropic incompetence, and 
neurohormonal activation can result in worsening systemic venous 
hypertension and a drop in cardiac output, fluid overload, cyanosis, 
and exercise intolerance.16–18 This is compounded by insidious, extra- 
cardiac organ dysfunction, including FALD, renal, and pulmonary vascu
lar disease. The assessment of adults with a Fontan-type circulation 
therefore requires regular, routine surveillance in specialist centres by 
clinicians with significant expertise in managing these patients. Close 
collaboration between specialties (e.g. in joint clinics and involvement 
in multidisciplinary team meetings) is required in cases of progressive 
extra-cardiac organ dysfunction, with early consideration of referral 
for transplantation assessment in patients with a failing Fontan circula
tion. Indeed, even though transplantation is advocated in patients with a 
failing Fontan, few patients in our cohort underwent heart transplant
ation. Multiple barriers to transplantation exist, including multiorgan in
volvement (particularly of the liver), high levels of anti-human leukocyte 
antigen (HLA) antibodies in patients who have undergone multiple pre
vious surgeries, extensive aortopulmonary collateral arteries that carry 
a high risk of bleeding, or the difficulty in identifying the right timing for 
referral.

Previous atrial tachycardia or flutter was also a strong predictor of 
death or transplantation, though a history of arrhythmia did not identify 
patients at a higher risk of new arrhythmic events, suggesting that in this 
older Fontan population, most patients have a propensity for atrial ar
rhythmia. Organized arrhythmias are common in these patients and 
only later degenerate into atrial fibrillation.4,19,20 These arrhythmias 
are more common in patients with an AP Fontan and large right atria 
and reflect long-standing severely raised pressures in the Fontan circu
lation.20,21 This adverse haemodynamics status is also related with a 
higher risk of heart failure and thromboembolic events, which can be 
catastrophic in a Fontan patient. Most centres currently prefer estab
lishing patients with an AP Fontan on full-dose thromboprophylaxis.22

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Complications prior to study inclusion in adults with a Fontan-type circulation

Complication All, n = 115 AP, n = 50 TCPC, n = 53 Björk–Fontan and  
Kawashima procedure, n = 12

P valuea

History of atrial arrhythmia 76 (66.1) 39 (78) 29 (54.7) 8 (66.7) 0.03
Atrial tachycardia/flutter 42 (36.5) 19 (38) 18 (34) 5 (41.7) 0.74

Atrial fibrillation 15 (13) 10 (20) 3 (5.7) 2 (16.7) 0.06
Catheter ablation for arrhythmia 41 (35.7) 23 (46) 14 (26.4) 4 (33.3) 0.09

Pacemaker implantation 41 (35.7) 15 (30) 24 (45.3) 2 (16.7) 0.07

Any re-intervention or re-operation 59 (51.3) 18 (36) 36 (67.9) 5 (41.7) 0.002
Fontan revision 11 (9.6) 6 (12) 0 (0) 5 (41.7) 0.004
Fontan conversion to TCPC 28 (24.3) 0 (0) 28 (52.8) 0 (0) <0.0001
Fenestration closure 7 (6.1) 4 (8) 3 (5.7) 0 (0) 0.99

Thromboembolism/atrial thrombus 6 (5.2) 5 (10) 1 (1.9) 0 (0) 0.29

PLE 8 (7) 5 (10) 2 (3.8) 1 (8.3) 0.38

FALD 22 (19.3) 10 (20) 8 (15.4) 4 (33.3) 0.46
Previous admission for HF therapy 15 (13.2) 10 (20) 4 (7.7) 1 (8.3) 0.19

Categorical variables displayed as n (%). P < 0.05 indicates statistical significance (shown in bold font). 
AP, atriopulmonary; FALD, Fontan-associated liver disease; HF, heart failure; PLE, protein-losing enteropathy; TCPC, total cavopulmonary connection. 
aP value for comparison between TCPC and non-TCPC Fontan.
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Recurrent atrial tachycardia or atrial fibrillation has been an indication 
for Fontan conversion,23 although this practice is rarely adopted now
adays because of the significant peri-operative risk. Catheter ablation is 
increasingly used in this population, but requires high levels of expertise, 
and often needs to be repeated due to recurrence.24 In our population, 
even though arrhythmic events were not uncommon, they were never 
a direct cause of death but were more likely to reflect the underlying 
anatomy and haemodynamics.

A raised pulmonary vascular resistance is one of the many ways in 
which the Fontan circulation may fail and has been a treatment target 
for patients with a Fontan circulation. Unfortunately, results from trials 
have been mixed, and consensus is lacking regarding the role of PAH 
therapies in the Fontan population.25–30 Even though studies have 
mainly focused on stable patients, most experts use PAH therapies in 
this context in patients with advanced disease and evidence of Fontan 
failure.8 In our paper, the association between PAH therapies and out
come was likely to reflect the use of these therapies in patients with ad
vanced disease where other therapies have failed, as well as the impact 
of pulmonary vascular disease on the Fontan circulation, which relies on 
a low pulmonary artery pressure to sustain transpulmonary flow and 
cardiac output.

Study limitations
Our study, while offering key insights into Fontan patients aged over 
35 years, has limitations, including its retrospective nature. The patients 
included in the study were, by definition, survivors reflecting the experi
ence of specialist centres. Despite a sizable cohort, smaller subgroups, 
especially those with Björk–Fontan or Kawashima procedures, limit the 
ability to draw conclusions about these patients. Despite a significant 
event rate, the small sample size did not allow full multivariable model
ling and adequately powered subgroup survival analysis, e.g. by type of 
Fontan or ventricular morphology. Indeed, larger registries have ex
plored the differences in prognosis of various types of Fontan circula
tion.5 Additionally, even with bivariable analysis, residual confounding 
due to unavailable variables such as genetic factors, imaging data, and 
neurohormonal markers is a possibility. Finally, even though using the 
four univariable variables in an additive fashion identified a group of pa
tients at very high risk of adverse outcomes, full multivariable analysis 
could not be performed due to the limited number of events. 
Moreover, validation of our model is required before recommending 
its broad clinical utilization. Despite these limitations, our study pro
vides valuable data for future studies aimed at improving the outcomes 
of these patients.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Results of Fontan investigations and complications at follow-up

Type of first Fontan procedure All, n = 115 AP, n = 50 TCPC, n = 53 Björk–Fontan and  
Kawashima procedure,  

n = 12

P valuea

Haemoglobin, g/L 147.3 ± 21.2 145.2 ± 18.5 146 ± 19.9 161 ± 32 0.92

MCV, fL 91.1 [88.8–96] 90.5 [88.8–97] 91.1 [89–95] 93 [87–96.5] 0.64
Urea, mmol/L 5.5 [4.1–7.6] 5.5 [4.3–8.1] 5.3 [3.9–6.9] 5.5 [4.7–6.6] 0.3

Creatinine, µmol/L 76 [61–94.5] 76 [62.5–99] 79.3 [61.8–88.4] 61.5 [58.8–74.3] 0.89

eGFR, mL/min/1.73 m2 98.6 [78.3–121.3] 95 [74–108.2] 104.7 [85.1–132.6] 95.9 [91.2–101.8] 0.1
Bilirubin, µmol/L 19 [12.8–27] 19.5 [15–25.8] 17.6 [12–24] 20.5 [13.8–30.8] 0.64

ALP, IU/L 93.5 [76–138.2] 94 [74–144] 90 [75–118] 111 [87.8–180] 0.39

ALT, IU/L 28 [21.2–36] 25 [21.5–34] 29 [20–40] 29 [22.8–35.3] 0.33
Albumin, g/L 43 [38.5–46] 41.5 [37.8–45] 43 [39–47] 44 [43.3–46.5] 0.36

Serum iron, µmol/L 16.5 ± 7.4 14.4 ± 5.7 19.1 ± 8.7 15.8 ± 7.1 0.07

TIBC, µmol/L 68 [60–73] 70 [65–73] 65 [53–73.5] 69 [63.3–73.5] 0.15
Peak VO2, mL/kg/min 18.8 ± 6.6 19.4 ± 6.2 16.7 ± 5.9 21.4 ± 8.4 0.21

VE/VCO2 slope 35 [30.9–47.8] 33.5 [30.8–35.5] 36 [30.5–48.3] 45 [40.3–52] 0.82

Peak heart rate, b.p.m. 128.7 ± 36.9 121.8 ± 42.7 125.9 ± 32.5 144.3 ± 34.2 0.9
Systemic ventricular function 0.8

Normal 64 (55.7) 27 (54) 29 (54.7) 8 (66.7)

Mild 27 (23.5) 12 (24) 12 (22.6) 3 (25)
Moderate 5 (4.3) 2 (4) 3 (5.7) 0 (0)

Severe 1 (0.9) 0 (0) 1 (1.9) 0 (0)

At least moderate systemic AV valve regurgitation 22 (22.9) 9 (22.5) 9 (20) 4 (36.4) 0.69
New episode of atrial arrhythmia 47 (40.9) 25 (50) 16 (30.2) 6 (50) 0.05

New episode of Thromboembolism/atrial thrombus 7 (6.5) 4 (8.7) 3 (6.1) 0 (0) 0.99

New diagnosis of PLE 7 (6.5) 6 (13) 0 (0) 1 (8.3) 0.03
New diagnosis of FALD 40 (37.4) 18 (39.1) 17 (34.7) 5 (41.7) 0.74

Categorical variables displayed as n (%). Numeric variables shown as mean ± SD (if normally distributed) or median [IQR] (non-normally distributed). P < 0.05 indicates statistical 
significance (shown in bold font). 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AP, atriopulmonary; AV, atrioventricular; eGFR, estimated glomerular filtration rate; FALD, Fontan-associated liver disease; 
MCV, mean corpuscular volume; PLE, protein-losing enteropathy; TCPC, total cavopulmonary connection; TIBC, total iron-binding capacity; VE/VCO2, minute ventilation/carbon 
dioxide production; VO2, oxygen uptake. 
aP value for comparison between TCPC and non-TCPC Fontan.
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Conclusions
In conclusion, our study highlights the significant morbidity and mortal
ity experienced by older adult patients with Fontan circulation. It em
phasizes the importance of specialized, lifelong follow-up of these 
patients and provides valuable insights into potential risk factors for 
poor outcomes. As the management of patients with univentricular 
heart disease evolves, with earlier surgical intervention and optimal 
paediatric and adult care, more patients will be reaching the fourth dec
ade of life and beyond and require accurate risk stratification, close 
monitoring, and early consideration for transplantation.
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