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Abstract

Background: Failing Fontan poses a significant clinical challenge. This study aims to improve
patients’ outcomes by comprehensively understanding the incidence, pathophysiology,
risk factors, and treatment of failing Fontan after total cavopulmonary connection.
Methods: We performed a retrospective analysis of patients who underwent total
cavopulmonary connection at the German Heart Center Munich between 1994 and 2022.
The onset of failing Fontan was defined as: protein-losing enteropathy, plastic bronchitis,
NYHA class IV, NYHA class III for > one year, unscheduled hospital admissions for heart
failure symptoms, and evaluation for heart transplantation. Results: Among 634 patients, 76
patients presented with failing Fontan, and the incidence was 1.48 per 100 patient-years.
Manifestations included protein-losing enteropathy (n= 34), hospital readmission (n= 28),
NYHA III (n= 18), plastic bronchitis (n= 16), evaluation for heart transplantation (n= 14),
and NYHA IV (n= 4). Risk factors for the onset of failing Fontan were dominant right ventricle
(p = 0.010) and higher pulmonary artery pressure before total cavopulmonary connection
(p = 0.004). A total of 72 interventions were performed in 59 patients, including balloon
dilatation/stent implantation in the total cavopulmonary connection pathway (n= 49) and
embolization of collaterals (n= 24). Heart transplantation was performed in four patients. The
survival after the onset of Fontan failure was 77% at 10 years. Patients with failing Fontan
revealed significantly higher zlog-NT-proBNP levels after onset compared to those without
(p = 0.021) Conclusions: The incidence of Fontan failure was 1.5 per 100 patient years.
Dominant right ventricle and higher pulmonary artery pressure before total cavopulmonary
connection were significant risks for the onset of failing Fontan. Zlog-NT-proBNP is only a late
marker of Fontan failure.

Introduction

The Fontan procedure reduces mortality in patients with univentricular hearts and allows them
to have life expectancies extending into adulthood. The current standard procedure of choice is
the total cavopulmonary connection.1,2 Despite the remarkable progress, the Fontan operation
remains a palliative procedure.1,2 Therefore, Fontan patients are at lifelong risk of complications,
such as systemic ventricular dysfunction, arrhythmias, hypoxia, protein-losing enteropathy, and
plastic bronchitis. These complications can lead to a decompensation of the Fontan circulation,
known as ‘Failing Fontan’.2–4 Recent studies have estimated the rate of Fontan failure around 7%
by the age of 20 years, increasing to 38% by the age of 40 years.5 The condition manifests in
various haemodynamic phenotypes, affecting the cardiovascular system, the intestinal and
pulmonary lymphatic system, kidneys, and liver.6 The treatment strategies vary, including
medical therapy, interventional procedures, and surgical rescue strategies.7,8 Implantation of a
ventricular assist device as a bridge to transplant and heart transplantation represents the last
therapeutic option; considering the growing population of patients with Fontan circulation due
to improved surgical techniques and medical therapy, the issue of failing Fontan becomes
increasingly important.9,10 Previous studies have been performed mainly in adult patients after
various types of Fontan procedures, and studies evaluating contemporary total cavopulmonary
connection cohort are rare. Therefore, it is essential to detect Fontan failure early, standardise
therapies, and develop new treatment strategies. One potential biomarker for improved patient
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follow-up and detecting the onset of failing Fontan could be N-
terminal pro-B-type natriuretic peptide (NT-proBNP), which is
already used in adults as a marker for heart failure.11,12

This study aims to comprehensively explore failing Fontan in
our cohort of contemporary total cavopulmonary connection
patients while focusing on its incidence, underlying pathophysi-
ology, risk factors, and contemporary treatment strategies.

Methods

Ethical statement

This study was approved by the Institutional Review Board of the
Technical University ofMunich (approval number 2023-422-S-KR
on the 14th August 2023). Because of the retrospective nature of
the study, the need for individual patient consent was waived.

Patients and data collection

This single-centre retrospective cohort study included all patients
who underwent total cavopulmonary connection at the German
Heart Center Munich from May 1994 to December 2022. Medical
records included baselinemorphology and demographics as well as
pre-, intra-, and postoperative data using digital and paper chart
reviews of each patient. The patients obtained outpatient follow-
ups with paediatric cardiologists. The follow-up duration for each
patient was defined as the time from total cavopulmonary
connection to the date of their last visit. For patients who died,
the endpoint of the survey was marked at the time of death.

Operative techniques

The operative techniques for total cavopulmonary connection
were described in previous reports.13,14 Fenestration was not
routinely performed and was only used for high-risk patients, such
as those with a one lung Fontan or patients with reduced
ventricular function.13 Lateral tunnel total cavopulmonary con-
nection was performed in 50 patients in the early era. In January
1999, extra-cardiac conduit total cavopulmonary connection was
introduced, and it has been our standard procedure since May
2002.14 Cavopulmonary support techniques with a modified
cannulation technique were described in previous reports.15

Diagnosis of failing Fontan

Patients had regular inpatient and outpatient check-ups. The onset
of failing Fontan was defined by the following categories (Table 1):
postoperative diagnosis of protein-losing enteropathy (ascites with
serum albumin <35 g/l) or plastic bronchitis (expectoration of
casts), NYHA class IV or NYHA class III for > one year,
unscheduled hospital admissions for heart failure symptoms,
and evaluation/listing for heart transplantation including ven-
tricular assist device implantation.16 Unscheduled hospital
admissions for heart failure symptoms were defined as unplanned
admissions to a hospital with decompensated heart failure
necessitating emergent therapy.

Statistical analysis

Categorical variables are presented as absolute numbers and
percentages. A chi-squared test was used for categorical data.
Continuous variables are expressed as medians with interquartile
ranges. Normally distributed variables were compared using an
independent sample t-test. For those not adhering to normal
distribution, the Mann–Whitney U test was utilised. Due to the
highly age-dependent reference intervals, age-adjusted zlog values
were used for NT-proBNP (abbreviated as “zlog-NT-proBNP”),
which are interpreted in the same way as common z-scores.17 NT-
proBNP data were collected at various time points and compared
using its age-adjusted zlog value. A competitive risk analysis for
onset of failing Fontan and death/transplantation was performed.
Pre- and perioperative factors associated with the onset of failing
Fontan were identified using Cox regression models. Factors used
in the analysis are shown in Supplementary Table S1. Transplant-
free survival after onset of failing Fontan was estimated using the
Kaplan–Meier method. Data analysis was performed using SPSS
version 28.0 for Windows (IBM, Ehningen, Germany) and R-
statistical software (state package and cmprsk package).

Results

Patient characteristics and perioperative data

A total of 634 patients were included with a median follow-up of 5.5
years, and 76 patients developed failing Fontan during a median
period of 3.6 years after total cavopulmonary connection.
Manifestations included protein-losing enteropathy in 34, hospital
readmission in 28, NYHA III for > one year in 18, plastic bronchitis
in 16, evaluation for heart transplantation in 14, and NYHA IV in
four patients. The competing plots of death and Fontan failure are
shown in Figure 1. The total incidence of failing Fontan over the
entire observation time was 1.48 per 100 patient-years. Patient
characteristics with and without failing Fontan are presented in
Table 2. In patients who developed failing Fontan, the median age
(2.7 vs. 2.3 years, p= 0.028) was older and weight (12.2 vs. 12.0 kg,
p= 0.027) at total cavopulmonary connection was higher compared
to those who did not. The patients who developed failing Fontan had
a higher prevalence of dominant right ventricle (65.8 vs. 50.7%,
p= 0.014), heterotaxy (15.8 vs. 6.6%, p = 0.005), and total/partial
anomalous pulmonary venous drainage (Total anomalous pulmo-
nary venous connection/Partial anomalous pulmonary venous
connection, 14.5 vs. 5.6%, p= 0.003). Regarding the initial palliation,
patients experiencing Fontan failure had more often pulmonary
artery banding compared to those who did not (25.0% vs. 13.1%,
p= 0.006). Cardiac catheterisation data before total cavopulmonary
connection are shown in Supplementary Table S2. Median
pulmonary artery pressure (10 vs. 9 mmHg, p< 0.001) and trans-
pulmonary gradient (4 vs. 4 mmHg, p= 0.003) were higher in
patients who developed failing Fontan compared to those who did
not. When pulmonary artery pressure was compared between 92
patients who underwent pulmonary artery banding and 542 patients
who did not, median pulmonary artery pressure was significantly
higher in patients who underwent pulmonary artery banding (11 vs.
9 mmHg, p< 0.001).

Table 1. Definition of failing Fontan based on six different criteria

NYHA
functional
class IV

NYHA functional
class III for > one
year

Unscheduled hospital admissions
for heart failure symptoms

Evaluation/ listing for
cardiac transplantation

Active protein-losing
enteropathy (PLE)

Active plastic
bronchitis (PB)
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Perioperative data are depicted in Table 3. In patients who
developed failing Fontan, the diameter for the extra-cardiac conduit
was larger (p= 0.013), median cardiopulmonary bypass time was
longer (77 vs. 66 minutes, p= 0.044), and more concomitant
procedures were performed (42.1 vs. 24.0%, p< 0.001), compared to
those without Fontan failure. In particular, pulmonary artery
reconstruction was more frequently performed in patients who
developed failing Fontan, compared to those without Fontan failure
(19.7 vs. 8.1%, p= 0.001).When the prevalence of pulmonary artery
reconstruction was compared between older patients (age at total
cavopulmonary connection older than 2.7 years, n= 213) and
younger patients (age at total cavopulmonary connection of 2.7
years or younger, n= 421), it was more frequent in older patients
(18.3 vs. 5.0%, p< 0.001). Postoperatively, patients with failing
Fontan showed prolonged median stays in the intensive care unit
(7 vs. 6 days, p= 0.038) and in the hospital (23 vs. 19 days, p= 0.004)
compared to those without failing Fontan. Furthermore, the
incidence of ascites requiring drainage in the ICU (28.9 vs. 17.7%,
p= 0.019) and the need for secondary fenestration (5.3 vs. 1.3%,
p= 0.012) were higher in patients experiencing Fontan failure.

Risk factor analysis

The results are shown in Supplementary Tables S1 and S3. The
multivariate analysis identified dominant right ventricle
(p= 0.010, hazard ratio: 2.062, 95% CI: 1.192–3.568) and higher
pulmonary artery pressure before total cavopulmonary connection
(p= 0.004, HR: 1.107, 95%CI: 1.032–3.568) as independent factors
associated with the onset of failing Fontan.

Therapy and results after onset of failing Fontan

Medical therapy was performed according to the consultant
paediatric cardiologists, included diuretics in 67 patients,

phosphodiesterase type 5 inhibitors in 35, angiotensin-converting
enzymes inhibitors/Angiotensin1-Antagonists in 30, beta-blocker
in 21, glucocorticoids in 16, anti-arrhythmic drugs in 14,
endothelin receptor antagonists in eight, and sodium glucose-
linked transporter 2 (SGLT-2) Inhibitors in seven. A total of
72 interventions were performed in 59 patients. The details are
shown in Supplementary Table S4. Surgical interventions included
eight pacemaker implantations, eight atrioventricular valve
procedures, three secondary fenestrations, and one resection of
sub-aortic stenosis. Heart transplantation was performed in four
patients. Among them, one patient underwent ventricular assist
device implantation with a newly developed Y-shaped inflow
cannula, followed by successful heart transplantation. The trans-
plant-free survival after onset of Fontan failure was 86% at 5 years
and 77% at 10 years (Figure 2).

NT-proBNP value

Zlog-NT-proBNP levels before and after onset of failing Fontan are
shown in Figure 3. While values before the onset of failing Fontan
were similar between the patients who developed failing Fontan
and those who did not (p= 0.508), after the onset, zlog-NT-
proBNP was significantly higher in patients with failing Fontan
compared to those without (p= 0.021). Zlog-NT-proBNP levels
for different types of failing Fontan criteria are shown in Figure 4.
Patients with heart failure (NYHA III or IV, heart transplantation
evaluated patients) demonstrated elevated zlog-NT-proBNP levels,
while patients with protein-losing enteropathy and plastic
bronchitis did not show elevated zlog-NT-proBNP levels.

Comment

This study demonstrated that failing Fontan was observed in our
contemporary cohort of total cavopulmonary connection with an

Figure 1. Outcome after total cavopulmonary connection (TCPC): cumulative incidence of failing Fontan (red) and mortality (blue). The gray curve indicates patients who
survived TCPC without experiencing the onset of failing Fontan.
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incidence of 1.48 per 100 patient-years, with protein-losing
enteropathy emerging as the predominant manifestation.
Dominant right ventricle and higher pulmonary artery pressure
before total cavopulmonary connection were significant risks for
failing Fontan. Survival after onset of failing Fontan was 77% at 10
years. Zlog-NT-proBNP was significantly higher in patients with
certain types of failing Fontan criteria, not before, but after the
onset of symptoms.

Incidence and manifestation of failing Fontan

Several studies with large cohorts of adult Fontan patients
investigated the incidence of failing Fontan. Kramer et al. found
a 19.6% incidence at 20 years in 198 patients, with the primary
manifestation being heart failure (56%), while protein-losing

enteropathy was observed in 27%.16 Dennis et al. involving
683 patients reported freedom from failing Fontan in 93% at age 20
and 77% at age 30, with heart failure being the predominant
manifestation and protein-losing enteropathy reported in only
10 patients.5 Our study aligns with previous research, showing
freedom from failing Fontan at 75% after 20 years postoperatively.
However, a notable difference is that protein-losing enteropathy
emerged as the most common manifestation in our study, in
contrast to previous findings. This discrepancy may be attributed
to differences in patient cohorts, as our study included
approximately 30% of patients diagnosed with hypoplastic left
heart syndrome. The cohorts in previous studies encompassed
patients operated on in an older era. Our earlier investigation
demonstrated that introducing total cavopulmonary connection
did not reduce the incidence of protein-losing enteropathy.18 These

Table 2. Baseline cohort characteristics

Variables: n (%) or median (IQR) Total cases Non-failing Fontan Failing Fontan p-value

Number of patients 634 558 (88.0) 76 (12.0)

Age at TCPC (years) 2.3 (1.8–3.3) 2.3 (1.8–3.2) 2.7 (1.8–5.4) 0.028

Weight at TCPC (kg) 12.0 (10.7–14.0) 12.0 (10.7-–14.0) 12.2 (10.8–19.9) 0.027

Primary diagnosis

HLHS 173 (27.3) 149 (26.7) 24 (31.6) 0.371

Univentricular heart (UVH) 132 (20.8) 115 (20.6) 17 (22.4) 0.723

Tricuspid atresia (TA) 98 (15.5) 91 (16.3) 7 (9.2) 0.108

DILV 93 (14.7) 83 (14.9) 10 (13.2) 0.691

PAIVS 33 (5.2) 31 (5.6) 2 (2.6) 0.282

ccTGA 32 (5.0) 29 (5.2) 3 (3.9) 0.641

UAVSD 25 (3.9) 21 (3.8) 4 (5.3) 0.529

Others 49 (7.7) 40 (7.2) 9 (11.8) 0.152

Dominant right ventricle (RV) 333 (52.5) 283 (50.7) 50 (65.8) 0.014

Associated cardiac anomaly

TGA 212 (33.4) 183 (32.8) 29 (38.2) 0.353

DORV 83 (13.1) 72 (12.9) 11 (14.5) 0.703

CoA 80 (12.6) 72 (12.9) 8 (10.5) 0.558

Dextrocardia/Situs Inversus 57 (9.0) 48 (8.6) 9 (11.8) 0.354

Heterotaxy 49 (7.7) 37 (6.6) 12 (15.8) 0.005

TAPVC/PAPVC 42 (6.6) 31 (5.6) 11 (14.5) 0.003

Systemic venous return anomaly 61 (9.6) 50 (9.0) 11 (14.5) 0.126

Palliation and pre-Fontan condition

Norwood/DKS 271 (42.7) 234 (41.9) 37 (48.7) 0.265

AP-Shunt 186 (29.3) 165 (29.6) 21 (27.6) 0.210

PAB 92 (14.5) 73 (13.1) 19 (25.0) 0.006

Number of palliative surgeries 1 (1–2) 1 (1–2) 1 (1–2) 0.615

Prior BCPS 585 (92.3) 517 (92.7) 68 (89.5) 0.330

Age at BCPS (months) 5.2 (3.6–10.0) 5.0 (3.5–9.2) 6.8 (4.6–17.2) 0.459

Weight at BCPS (kg) 5.7 (4.9–7.2) 5.6 (4.9–7.1) 6.2 (4.9–7.7) 0.420

TCPC= total cavopulmonary connection, HLHS= hypoplastic left heart syndrome, DILV= double inlet left ventricle; PAIVS= pulmonary atresia and ventricular septum; TGA= transposition of
the great arteries, ccTGA= congentially corrected TGA, UAVSD= unbalanced atrioventricular septal defect, DORV= double outlet right ventricle CoA= coarctation of the aorta; T(P)
APVC= total (partial) anomalous pulmonary venous connection, AP= aorto-pulmonary, PAB= pulmonary artery banding, BCPS= bidirectional cavopulmonary shunt, TAPVC= total
anomalous pulmonary venous connection, PAPVC= partial anomalous pulmonary venous connection.
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findings underscore the global challenge in managing an increasing
population of failing Fontan patients in the current cohort.

Mode, mechanisms, and risks of failing Fontan

When the Fontan circulation fails, there are very typical well-
defined symptoms: reduced exercise capacity; atrial arrhythmia;
pleural effusions, ascites; protein-losing enteropathy; plastic
bronchitis; thromboembolism; pulmonary veno-venous fistulae,
and Fontan-associated liver disease.19 The mechanisms that cause
symptoms are variable from simple mechanisms to complex ones.
When failing Fontan is caused by simple mechanisms, such as
Fontan pathway stenosis, surgical/catheter interventions improve
the symptoms. Cyanosis caused by pulmonary veno-venous

collaterals could dramatically improve through coil embolisation
of the fistula. When anatomical issues, such as atrioventricular
valve regurgitation, aortic valve insufficiency, or aortic coarctation
are the underlying mechanisms, symptoms might be improved
after surgical interventions. However, the main issues in the
context of failing Fontan are “pulmonary vascular resistance” and
“systemic ventricular function”. Therefore, it is of tremendous
importance in patients with threatening Fontan circulatory failure
to analyse which part of the “Fontan engine” is not working
optimally.19 When the mechanism is increased pulmonary artery
pressure, all the venous congestive symptoms of Fontan circulatory
failure might occur. It is a risk for pulmonary veno-venous
collaterals, which cause cyanosis. The lymphatic pathways are
obstructed, resulting in the development of PLE and PB.

Table 3. Perioperative variables

Variables Total Non-failing Fontan Failing Fontan p-value

634 558 (88.0) 76 (12.0)

Operative data

Type of TCPC

Intracardiac 50 (7.9) 42 (7.5) 8 (10.5) 0.363

Extra-cardiac 584 (92.1) 516 (92.5) 68 (89.5)

Conduit diameter (mm)

14 1 (0.2) 1 (0.2) 0 (0.0) 0.013

16 9 (1.5) 9 (1.7) 0 (0.0)

18 502 (86.0) 451 (87.4) 51 (75.0)

20 57 (9.8) 44 (8.5) 13 (19.1)

22 15 (2.6) 11 (2.1) 4 (5.9)

CPB time (minutes) 67 (48–101) 66 (47–99) 77 (51–123) 0.044

Aortic cross clamp (AXC) 163 (25.7) 137 (24.6) 26 (34.2) 0.071

AXC time (minutes) 46 (26–73) 43 (26–73) 53 (28–79) 0.663

Fenestration at TCPC 56 (8.8) 47 (8.4) 9 (11.8) 0.324

Concomitant procedure 166 (26.2) 134 (24.0) 32 (42.1) <0.001

DKS 17 (2.7) 11 (2.0) 6 (7.9) 0.003

AVV procedure 79 (12.5) 67 (12.0) 12 (15.8) 0.349

PA reconstruction 60 (9.5) 45 (8.1) 15 (19.7) 0.001

Atrioseptectomy 30 (4.7) 25 (4.5) 5 (6.6) 0.419

SAS/VSD enlagement 13 (2.1) 13 (2.3) 0 (0.0) 0.179

Pacemaker implant 12 (1.9) 9 (1.6) 3 (3.9) 0.161

Postoperative data

ICU stay (days) 6 (4–9) 6 (4–8) 7 (6–12) 0.038

Hospital stay (days) 20 (14–27) 19 (14–27) 23 (18–34) 0.004

Complications

Pleural effusion 305 (48.6) 261 (47.2) 44 (58.7) 0.062

Chylothorax 137 (21.9) 119 (21.6) 18 (24.0) 0.637

Ascites 120 (19.0) 98 (17.7) 22 (28.9) 0.019

Secondary fenstration 11 (1.7) 7 (1.3) 4 (5.3) 0.012

Variables were presented in n(%) or median (IQR).
RV= right ventricle, LV= left ventricle, TCPC= total cavopulmonary connection; CPB= cardiopulmonary bypass; AXC= aortic cross clamp; DKS= Dames-Kaye-Stansel anatomosis; AVV=
atrioventricular valve; PA= pulmonary artery; SAS= subaortic stenosis; VSD= ventricular septal defect.
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The elevated pulmonary artery pressure affects negatively in the
cardiac return, which might cause diastolic dysfunction of the
systemic ventricle. In the older Fontan patients, diastolic system
ventricular failure is the dominant cause of Fontan failure.20 The
age-dependent loss in left ventricular compliance seems to be
especially detrimental in the long term. Medical therapy is
essential, focusing on meticulous treatment of arterial hyper-
tension, possibly targeting an optimal blood pressure range.19

Lastly, surgical options such as assist device implantation and heart
transplantation also play significant roles in the management of
ventricular failure.21

In this study, dominant right ventricle and higher pulmonary
artery pressure before total cavopulmonary connection were
identified as risk factors for the development of failing Fontan. It is
of note that patients who underwent pulmonary artery banding

had significantly higher pulmonary artery pressure before total
cavopulmonary connection compared to those who did not.
Recent studies have shown that having a dominant right ventricle
is not associated with an increased risk of mortality after total
cavopulmonary connection. However, patients with dominant
right ventricle appear to have more postoperative morbidities
compared to those with a dominant left ventricle. Morphological
right ventricle and tricuspid valve are not suitable for maintaining
systemic circulation. Therefore, patients with dominant right
ventricle might progress ventricular dysfunction earlier than those
with dominant left ventricle, which consequently means, that
patients with dominant right ventricle need special care for late
complications. Higher pulmonary artery pressure before total
cavopulmonary connection was identified as the strongest risk for
the onset of failing Fontan, and it is not surprising. It is well-known

Figure 2. Kaplan–Meier curve showing freedom from death or transplantation after developing failing Fontan.

Figure 3. Box-and whiskers plots showing zlog-NT-proBNP
values in patients with and without failing Fontan.
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that high pulmonary artery pressure before the Fontan procedure
is a risk for mortality and morbidities in any type of Fontan
procedure. In this contemporary cohort of total cavopulmonary
connection, the main manifestations of failing Fontan were
protein-losing enteropathy and plastic bronchitis as a consequence
of obstructed lymphatic pathways due to high pulmonary artery
pressure. In patients with protein-losing enteropathy and plastic
bronchitis, ventricular function is usually preserved. Our results
demonstrated that the zlog level of NT-pro-BNP was not elevated
in these patients. Reducing pulmonary vascular resistance through
medical therapy is of high importance. The introduction of
lymphatic imaging and interventions during the observation
period has paved the way for a more targeted therapeutic approach
to address protein-losing enteropathy and plastic bronchitis.
Identifying and closing abnormal fistulas through lymphatic
interventions has shown symptom resolution for protein-losing
enteropathy/plastic bronchitis and is thus a promising treatment
option.22,23 However, these procedures do not address the
underlying pathophysiology, the high pulmonary artery pressure,
and can therefore only be a symptomatic treatment and no curative
approach. In this study, the failing group had placed a larger
conduit, which seems counterintuitive. Currently, we use 18 mm
Goretex conduit in most patients, and the typical timing for total
cavopulmonary connection was 18months of age and 10 kg. In this
study, some patients underwent total cavopulmonary connection
at older ages, especially during the early era. These patients tended
to have a larger conduit with a diameter of 20 or 22 mm. As failing
Fontan develops in a time-dependent manner, we assume that
patients who underwent total cavopulmonary connection at older
ages with larger conduits in the early era may have a higher
prevalence of failing Fontan.

Pulmonary artery reconstruction at total cavopulmonary
connection was associated with failing Fontan, and it was more
frequently performed in older patients. In the current strategy of
staged Fontan palliation of total cavopulmonary connection
followed by bidirectional cavopulmonary shunt, waiting for
Fontan for the development of the pulmonary artery is not
advisable because pulmonary artery size does not significantly
increase after bidirectional cavopulmonary shunt24. Our previous
study demonstrated that a small pulmonary artery size was
associated with chylothorax and adverse events after total
cavopulmonary connection25. Therefore, we assume that a small
pulmonary artery might cause the development of a failing Fontan.

Future prospective

Previous studies examining NT-proBNP or BNP as biomarkers for
heart failure have had inconsistent results.26,27 Our results
demonstrated that zlog-NT-proBNP increased after the onset of
failing Fontan. Although individual values and specific cut-offs
may not accurately identify suboptimal Fontan haemodynamics,
zlog-NT-proBNP is a useful parameter that may well indicate
circulatory deterioration in Fontan patients during longitudinal
follow-up, especially in patients with heart failure symptoms.
However, it has to be kept in mind that older Fontan types
including atrial tissue reveal higher NT-proBNP than patients with
extracardiac total cavopulmonary connection.28

Limitations

This study was limited by its retrospective, non-randomized and
single-centre design. Surgical and medical management may

Figure 4. Box-and whiskers plots showing zlog-NT-proBNP values in patients with failing Fontan regarding the cause of onset.
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have changed during the study period, probably influencing the
long-term outcomes. A strict diagnostic criterion for failing Fontan
is missing. Serial functional data including echocardiography and
MRI are lacking. We did not collect the data of Fontan-associated
liver disease, which might affect the development of failing Fontan.
Other studies include arrhythmia, heart failure, reduced exercise
capacity or Fontan-associated liver disease and report a substan-
tially higher incidence. The study covers a long time period with
development of new therapeutic possibilities as lymphatic imaging
and interventions, as well as new surgical techniques (e.g. thoracic
duct decompression). So current treatment modalities are much
more specific as to begin of the study.

Conclusions

Failing Fontan was observed continuously after total cavopulmo-
nary connection and incidence of Fontan failure was 1.5 per 100
patient-years. Dominant right ventricle and higher pulmonary
artery pressure before total cavopulmonary connection were
significant risks for late failing Fontan. Surgical and catheter
interventions were mandatory for the treatment of failing Fontan.
Survival after onset of failing Fontan was 77% at 10 years. Patients
with failing Fontan revealed significantly higher zlog-NT-proBNP
levels than those without. Zlog-NT-proBNPmight become a useful
marker for the onset of failing Fontan.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1047951124025782.
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