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Abstract

OBJECTIVES: Fontan patients are at lifelong risk for developing complications, which may result in Fontan failure. Survival rates after heart
transplantation (HTX) are still unsatisfying in these patients. Long-term survival of extracardiac Fontan patients in the modern era was in-
vestigated. The objective of this study was to investigate if surgical and interventional procedures in patients with protein-losing enteropa-
thy (PLE) and/or plastic bronchitis (PB) and a failing Fontan circulation can postpone or avoid HTX.

METHODS: Retrospective data collection of all children who underwent a Fontan procedure between January 1999 and July 2021 at our
centre was performed. Patients were surveyed regarding the occurrence of PLE or PB and their outcome was reported descriptively. HTX-
free survival of patients who underwent a rescue procedure due to PLE/PB was evaluated.

RESULTS: Three hundred and seventy [94.1% (95% confidence interval, 91.4-96.3)] Fontan patients were free of HTX or death at last
follow-up after a median follow-up time of 6.7 years. PB/PLE was diagnosed in 34 patients during the observation period. A rescue
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procedure was undertaken in 16 pts. at a median time of 6.5 months (range: 1 day to 9.4 years) since the initial diagnosis of PLE/PB. In these
patients, HTX-free survival was 75% (95% confidence interval, 47.6-92.7) at a median follow-up time of 4.0 years after the procedure.

Range: 3.5 months to 13.9 years.

CONCLUSIONS: Extracardiac Fontan patients in the modern era expect reasonable HTX-free survival rates. Surgical and/or interventional
rescue strategies for Fontan failure can postpone HTX for a sustained period of time.

Keywords: Fontan operation - Single ventricle palliation * Fontan failure « Plastic bronchitis « Protein-losing enteropathy

ABBREVIATIONS

Cl Confidence interval

HTX Heart transplantation

PB Plastic bronchitis

PLE Protein-losing enteropathy
INTRODUCTION

In children with functional single ventricle heart defects a step-
wise palliation therapy with the establishment of a Fontan circu-
lation, first performed by Fontan and colleagues, is pursued [1].
As this circulation is driven by only 1 ventricle with passive, in se-
ries perfusion of the lungs, Fontan patients are at lifelong risk for
developing Fontan-associated complications, which may result in
Fontan failure. Early postoperative Fontan failure is rarely seen,
but can lead to Fontan takedown, listing for heart transplantation
(HTX) or death before hospital discharge or within 30 postopera-
tive days [2]. The experience in long-term treatment of Fontan
patients rises and confronts us with possible serious complica-
tions late after Fontan surgery [3, 4]. Protein-losing enteropathy
(PLE), plastic bronchitis (PB) and functional single ventricle failure
are, among others, common reasons for a late failing Fontan cir-
culation [5, 6]. The management spectrum of a failing Fontan cir-
culation ranges from Fontan take down, Fontan conversion
procedures in atriopulmonary Fontan patients [6, 7], to lymphatic
interventions [8-10], fenestration reopening or decompression of
the thoracic duct [11] in PLE- and PB-associated Fontan failure.

The ultimate therapy option for the treatment of Fontan failure
is an orthotopic HTX. Fontan patients have a high risk for periop-
erative complications at HTX and survival rates after 5 and
10years (=66-73% and 45-57%) are still unsatisfying [12, 13].
Furthermore, a growing population of patients with Fontan circu-
lation, as well as patients with contraindications for HTX have to
be considered for future therapeutic algorithms. Therefore, new
surgical and catheter interventional therapy strategies have to be
established and evaluated.

The objective of this study was to investigate if surgical and in-
terventional procedures in patients with PLE and/or PB can post-
pone or avoid HTX. Long-term survival of extracardiac Fontan
patients in the modern era—after the advances of staged superior
cavopulmonary shunt, extracardiac Fontan baffle creation and
the use of a fenestration, was investigated.

PATIENTS AND METHODS
Ethics statement

This retrospective study was approved by the ethics committee
of the Medical Faculty at Johannes Kepler University Linz on 13

October 2021 (EK Nr: 1270/2021); written patient informed con-
sent was waived.

All children receiving a Fontan procedure at our centre be-
tween January 1999 and July 2021 were included in this study
(=total study cohort). HTX-free survival was evaluated; therefore,
patient records were followed retrospectively until their last clini-
cal follow-up visit, date of HTX or death.

Patients were surveyed regarding the occurrence of PLE and/
or PB during the observation period. PB/PLE patients were
treated by enforced medication and, if applicable, with catheter
interventions regarding residual anatomic problems. If the dis-
ease progressed to a late Fontan failure, a surgical or interven-
tional rescue procedure was undertaken.

Clinical outcome and HTX-free survival after the rescue ther-
apy were evaluated as main objective of this study. Subgroup
analysis between patients with PLE and PB was performed.

Late Fontan failure was defined for patients with chronic ven-
tricular failure leading to HTX or death or patients acquiring se-
vere PLE and/or PB and refractory ascites, pleural effusions,
hypoxaemia, which led to HTX, a rescue procedure or death.

Fontan procedure

All but one of our patients received an extracardiac Fontan oper-
ation [99.7%]. A 20 mm in diameter polytetrafluoroethylene pros-
thesis [Gore-Tex® (W. L. Gore & Associates, Inc., Flagstaff, Arizona,
USA)] was used whenever suitable and a fenestration was created
in patients without excessive pulmonary arterio-venous malfor-
mations [89% (95% confidence interval (Cl), 85.8-92.2)] based on
the visual impression at preoperative angiography scans and hae-
matocrit level in combination with the degree of preoperative
cyanosis. Standard closure of the fenestration was usually per-
formed 6 months after Fontan completion. Fontan patients re-
ceive Warfarin until 3-month post-fenestration closure at our
centre, which is then switched to acetylsalicylic acid. Those with
poor ventricular function, coagulation disorder, atrioventricular
valve insufficiency or history of thrombosis receive Warfarin or
Edoxaban lifelong.

Diagnostic and therapeutic algorithm

PB/PLE patients underwent early cardiac catheterization with
morphologic and functional assessment. Detected residual ana-
tomic problems were treated either in the catheterization labora-
tory or surgically to achieve an anatomically optimal Fontan
pathway.

Oral medication with angiotensin-converting enzyme inhibi-
tors, pulmonary vasodilator therapy, diuretics and Budesonid
was initiated or escalated. Bronchoscopy with bronchial lavage
was performed in PB patients for cast evacuation. If this conser-
vative therapy failed to relieve their PB/PLE symptoms, the
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Figure 1: Open fenestration after Fontan procedure.

Figure 2: Lymphatic fistula draining into the intestine.

indication for either a Fontan rescue procedure or primary HTX
was evaluated.

The following measures were alternatively undertaken as a res-
cue procedure: A surgical or interventional refenestration proce-
dure was performed during the whole study period to lower the
Fontan pressure, maintain cardiac preload and reduce lymphatic
congestion (Fig. 1). Lymphatic intervention was performed since
March 2016 to close lymphatic fistulas to extralymphatic compart-
ments (Fig. 2). Since March 2019, direct decompression of the tho-
racic duct via an anastomosis draining the innominate vein into
the common atrium as described by Dr Hraska [11] was

Figure 3: Thoracic duct decompression procedure, reprinted from Bauer et al.
[14] by permission of the European Society of Cardiology.

established in patients with PB/PLE at our centre (Fig. 3). In one of
these cases, a left internal jugular vein banding was necessary to
decrease the amount of venous shunt into the common atrium.

Cardiac catheter details were collected and compared prior to
the Fontan operation, at the time of fenestration closure and af-
ter onset of PLE/PB. Catheterization data were evaluated to cal-
culate the cardiac index and the pulmonary vascular resistance
index using the Fick principle with assumed oxygen consumption
(VO2) [15, 16] as described in other studies [17-19].

Patients were surveyed regarding physical activity (good exer-
cise tolerance, moderate exercise tolerance, poor exercise toler-
ance), failing Fontan-related symptoms (oedema, ascites, cough,
casts, diarrhoea and dyspnoea) and laboratory abnormalities (e.g.
total protein levels).

The study design was retrospective and all Fontan procedures
were undertaken at a single centre.

Statistical analysis

Categorical variables are expressed using absolute numbers (n)
and relative numbers (%).

All data of continuous variables were checked for normal dis-
tribution (test of normality: Kolmogorov-Smirnov with Lilliefors
significance correction, type | error=10%) and in the case of nor-
mal distribution also for variance heteroscedasticity (Levene test,
type | error=5%). In the case of normality and variance homoge-
neity, the independent 2-sample t-test was used for group
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Table 1: Patient details: total study cohort

Variable Patients (n=393)
Median age, years 3.6
Male sex, n 258  (66%)
Type stage | operation, n
Norwood 250  (64%)
Shunt/PDA stent 66 (17%)
PAB 30 (8%)
No stage | 47 (12%)
Extracardiac conduit, n 392 (99%)
Fenestration, n 351 (89%)
20-mm baffle prosthesis, n 346  (88%)
Median time to fenestration clo- 6.3 (range: 0d—4.7y)
sure, months
Long-term complications, n
PLE 21 (53%) [3.3-8.1,95%Cl]
PB 11 (2.8%) [1.4-5.0,95% Cl]
PB + PLE 1 (03%) [0.0-1.4,95%Cl]
Ventricular failure 8 (20%)  [0.9-4.0,95% Cl]
Ventricular failure + PLE 1 (0.3%) [0.0-1.4, 95% Cl]
Cause of death, n 16
Early postoperative Fontan 2 (12.5%)
failure
Chronic ventricular failure 4 (25%)
Fontan failure/PLE 5 (31%)
Sepsis 3 (19%)
Sudden death 2 (12.5%)

Cl: confidence interval; PAB: pulmonary artery banding; PB: plastic bron-
chitis; PDA: patent ductus arteriosus; PLE: protein-losing enteropathy.

comparisons. For variables without normally distributed data and
for variables measured on ordinal scales the exact Mann-
Whitney U-test was used. For the comparison of the occurrence
of exitus/HTX, depicted by Kaplan-Meier plots, the log-rank test
was used. A competing risk analysis regarding the occurrence of
PB/PLE was performed.

Missing data were not replaced. The type | error was not ad-
justed for multiple testing. Therefore, the results of inferential sta-
tistics are descriptive only. Statistical analyses were performed
using the open-source R statistical software package, version 4.0.5
(The R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

In total, 370/393 [94.1% (95% Cl, 91.4-96.3)] Fontan patients were
free of HTX or death at last follow-up after a median follow-up time
of 6.7years. Patient details are listed in Table 1. Total observation
time was 2797 patient-years (range: 2 days to 21.9 years). Early mor-
tality (in hospital or 30 days) occurred in 4 (=1.0%) patients whereas
late death after Fontan completion was observed in 12 (=3.1%)
patients. Seven (=1.8%) patients had to undergo HTX. Thirty-four
patients acquired either PB or PLE during follow-up. A competing
risk analysis of the total Fontan cohort regarding the occurrence of
PB/PLE adjusted for death or HTX showed a risk of 13% (95% Cl:
7.49%; 20.60%) at 10 years after the Fontan procedure.

Outcome of patients diagnosed with protein-losing
enteropathy/plastic bronchitis (n = 34)

Median time from Fontan operation to diagnosis of PLE or PB
was 2.5years (95% Cl, 1.6-4.7; Table 2: PLE/PB patients). Long-

Table 2: Protein-losing enteropathy/plastic bronchitis
patients
Variable Patients
(n=34)

Male sex, n 21 (62%) [43.6-77.8,95% Cl]
Mean age at diagnosis, years 73 (range: 3.0-17.3)
Median time Fontan to PB/PLE 2.5 [1.6-4.7, 95% Cl]
Mean time PB/PLE to follow-up, 5.6 [4.2-6.9,95% ClI]

years
Fenestration closed at diagnosis 27 (79%) [62.1-91.3,95% Cl]
Underlying anatomy, n

HLHS 26 (76%)

Single ventricle 3 (8.8%)

TA 1 (29%)

DORV (MS/MA) 2 (5.9%)

DILV, TGA 1 (2.9%)

Unbalanced CAVC 1 (2.9%)

Type of systemic ventricle, n

Right 29  (85%)
Left 2 (5.8%)
Single ventricle/undefined 3 (8.8%)
Type stage | operation, n
Norwood 30  (88%)
BT shunt 1 (2.9%)
PAB 2 (5.9%)
No stage | 1 (2.9%)
Cardiac catheterization details
Pre Fontan
Mean cardiac index, 5.1 [4.5-5.7,95% Cl]
Lmin' m?
Mean PVRI, WU*m? 1.9 [1.5-2.4, 95% ClI]
Fenestration closure
Mean cardiac index pre-clo- 43 [3.7-4.8,95% Cl]

sure, L min™' m™

Mean cardiac index post-clo- 3.6
sure, Lmin' m™
At diagnosis of PLE/PB

[2.7-4.4, 95% Cl]

Mean Fontan pressure, 13 (range: 6-20)
mmHg
Mean cardiac index, L min” 2.9 [2.3-3.4,95% Cl]
2
m
Mean PVRI, WU*m? 24 [1.9-2.9, 95% Cl]

BT: Blalock-Taussig; CAVC: complete atrioventricular canal defect; Cl: confi-
dence interval; DILV: double inlet left ventricle; DORV: double outlet right
ventricle; HLHS: hypoplastic left heart syndrome; MA: mitral atresia; MS:
mitral stenosis; PAB: pulmonary artery banding; PB: plastic bronchitis; PLE:
protein-losing enteropathy; PVRI: pulmonary vascular resistance index; TA:
tricuspid atresia; TGA: transposition of the great arteries; WU: wood units.

term survival is shown in Fig. 4A. The majority of these patients
had hypoplastic left heart syndrome (n=26 [76.5%]) and 14
[41.2%)] had needed at least one additional operation or cardiac
intervention other than the staged procedures before their
Fontan operation. In 3 patients (=8.8%), an episode of CPR was
documented at a previous palliation stage.

Retrospective cardiac catheterization haemodynamic evalua-
tion has shown a steady decrease of the cardiac index in patients
with PLE/PB from prior Fontan procedure [mean 5.11/min/m?
(95% Cl, 4.5-5.7)], prior fenestration closure [mean 4.3 1/min/m?
(95% Cl, 3.7-4.8)], after fenestration closure [mean 3.6 |/min/m?
(95% Cl, 2.7-4.4)] until the time of PLE/PB onset [mean 2.9 [/min/
m? (95% Cl, 2.5-3.4)]. Inversely, an increase in pulmonary vascu-
lar resistance index from mean 1.9 wood units*m? (95% ClI,
1.5-2.4) to mean 2.4 wood units*m? (95% Cl, 1.9-2.9) occurred.
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Figure 4: (A, B) Long-term survival after diagnosis of PLE/PB. HTX: heart transplantation; PB: plastic bronchitis; PLE: protein-losing enteropathy.

In 14 PB/PLE patients enhancement of medical therapy and in-
terventional treatment of residual anatomic problems was suffi-
cient to improve their clinical status significantly. The following
anatomic interventions were undertaken in order to optimize
Fontan physiology: 11 patients underwent left pulmonary artery
stenting (n=7), isthmus stenting (n=2), combined right and left
pulmonary artery stenting (n=1) and pacemaker implantation
(n=1). A combination diuretic therapy (spironolactone/furose-
mide) was prescribed to all but one of these patients after the ini-
tial diagnosis. Angiotensin-converting enzyme inhibitors were
used in 12 patients and at least 1 pulmonary vasodilator was
used in 6 patients. In 13 of these patients, symptoms of PLE/PB
disappeared and total protein levels returned to normal in 11
patients. PLE/PB is still under remission after a median follow-up
time since beginning of treatment of 4.9 years (range 2.8 months
to 11.3 years). Thirteen patients or their parents stated a good ex-
ercise tolerance at the last follow-up visit and the remaining fe-
male patient with additional Fanconi anaemia had a moderate
exercise tolerance.

Two PB/PLE patients with preserved ventricular function and
an open fenestration were primarily transplanted 1.8 and
3.7years after initial diagnosis of PB/PLE without rescue

procedure. Another 2 PB/PLE patients died 4months and
4.7 years after diagnosis without further surgery.

Sixteen of 34 PB/PLE patients underwent a rescue procedure at
a median time of 6.5month (range: 1day to 9.4 years) since the
initial diagnosis of PLE (n=9) or PB (n=7) Fig. 4B. Median time
from Fontan operation was 4.7 years (range 22 days to 15.2 years).
All of these patients had had a Norwood procedure as stage | palli-
ation with a systemic right ventricle in the majority (n =15, 93.8%).

Rescue therapy patients diagnosed with PB showed a signifi-
cant (P<0.05) larger decrease in cardiac index between prior
Fontan and time of PB/PLE onset compared to patients with PLE.

A total of 19 rescue procedures (see Table 3) were undertaken
in these 16 patients implying that one patient received an addi-
tional lymphatic intervention after a refenestration procedure
and one patient had to undergo a thoracic duct decompression
and lymphatic intervention after a refenestration procedure due
to a persisting chylothorax. Additional surgical/interventional
procedures treating residual anatomic problems were necessary
in 11 [68.8%] patients either combined during the rescue proce-
dure or as an independent procedure.

HTX-free survival in recue therapy patients is 75% (95% Cl,
47.6-92.7) at a median follow-up time of 4.0years after the
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Table 3: Rescue procedures

Results patients (n=16)

Male sex, n 11 (=69%)
Rescue procedures, n 19
Refenestration 11
Lymphatic intervention 5
Thoracic duct decompression 3
Additional procedures, n
Recurrent aortic arch repair 1
Tricuspid valve repair 1
Right pulmonary artery 2

or Left pulmonary
artery reconstruction

Atrioseptectomy 1
Epicardial pacemaker 3
Isthmus stenting 3
Left pulmonary artery stenting 4
Fenestration closure 1
Medication, n
Spironolactone + furosemide 1
Furosemide 4
ACE inhibitor 16
Pulmonary vasodilator 8
HTX-free survival, n 12 (=75%) [47.6-92.7,95% Cl]
Median follow-up time, years 4.0 [2.2-8.2,95% Cl]
Follow-up
Exercise tolerance
Good, n 8 (=67%)
Moderate, n 2 (17%)
Poor 2 (17%)
PB/PLE symptoms
Present, n 2 (=17%)
Absent, n 10  (=83%)

ACE inhibitor: angiotensin-converting enzyme inhibitor; Cl: confidence in-
terval; HTX: heart transplantation; PB: plastic bronchitis; PLE: protein-losing
enteropathy.

procedure. Range: 3.5months to 13.9years, 64 cumulative pa-
tient-years (Fig. 5).

All patients who received a lymphatic intervention due to PB
(n=2) or PLE (n=1) as well as our patient with PB who received a
refenestration procedure with subsequent lymphatic intervention
are alive with their Fontan circulation at a median time of 4 years
(range: 1.8-7.6 years) after the rescue procedure. Symptoms re-
garding PLE/PB resolved, total protein levels are normal and 3
patients stated good and T moderate exercise tolerance.

Thoracic duct decompression procedures were undertaken in
2 patients with PLE and 1 patient with PB. Follow-up times are
2.4years, 10 and 4 months. Symptoms resolved in the first 2
patients, but total protein levels are below the normal range. One
of them is clinically stable at home, but currently listed for HTX.
The patient with PB received an additional thoracic duct decom-
pression after a refenestration procedure with postoperatively
persisting chylothorax. Unfortunately, thrombosis of the innomi-
nate vein occurred during selective thoracic duct embolization
which was nevertheless clinically successful.

Nine solitary refenestration procedures were performed in
patients with PLE (n=5), PB (n=3) and PLE with ventricular failure
(n=1). Five patients were alive with their Fontan circulation at last
follow-up (median time since rescue procedure 8.2 years; range:
2.4-13.9) and have a complete remission of their symptoms regard-
ing PLE/PB. Exercise tolerance is good in 4 and moderate in 1 at last
follow-up. One patient received successful HTX 8.1 years after the
refenestration procedure due to a recurrent fulminant episode of

PB. Three patients died 2months, 3 and 8.4 years after a refenestra-
tion procedure due to progressive PLE resulting in Fontan failure.

DISCUSSION

Fontan patients are at lifelong risk for serious cardiopulmonary
and other organ complications. Therefore, cardiac institutions
worldwide are challenged with an increasing population of failing
Fontan patients [20, 21]. Among our patients, the leading cause for
a failing Fontan circulation was PLE, PB or chronic ventricular fail-
ure of the single ventricle. Arrhythmias, which were described as
the most prevalent indication (=43.6%) for a failing Fontan surgery
in 1 European multicentre study [6] was not as frequently seen in
our extracardiac Fontan cohort. However, they might be responsi-
ble for 2 unexpected late sudden deaths in our Fontan cohort.

Fontan patients frequently suffer not only from cardiopulmo-
nary complications but also from other organ malfunctions due
to increased central venous pressure and chronic low cardiac
output. They are therefore at high risk when undergoing HTX.
Moreover, the staged single ventricle palliation therapy plus
eventual unplanned reoperations [22] lead to multiple sternoto-
mies making HTX a much more difficult procedure compared to
other patients. The immunologic situation after several blood
transfusions might be a possible contraindication for HTX. Even
after successful transplantation lifelong immunosuppressive ther-
apy can lead to infectious, malignant and organ failure complica-
tions. Therefore, there is need for successful treatment of Fontan-
related complications to postpone or avoid HTX.

Ventricular failure (n=8) was a main reason for late mortality
and listing for HTX in our cohort. Timely surgical treatment of re-
sidual anatomic problems as well as reducing additional work-
load by coiling of aorto-pulmonary collateral arteries is crucial in
Fontan patients to preserve ventricular function. Advances in the
use of mechanical assist devices for failing Fontan patients can
help in bridging more patients to HTX and will have to be
inserted in future strategy algorithms [23, 24]. Two patients of our
entire Fontan cohort received a mechanical assist device due to
chronic ventricular failure as bridge to transplant therapy.

The survival of patients diagnosed with PLE has improved in the
current era but the risk of PLE causing a failing Fontan within
5years at the Children’s Hospital of Philadelphia was still described
as high as 40% [25]. Similarly, John et al. [26] have shown that the
mortality in patients diagnosed with PLE was 12% at 5 years.

Low cardiac index (<2.51 min™ m™? and high pulmonary vas-
cular resistance index (>2 wood units*m?) have been described
as independent risk factors for Fontan failure [19]. Maintaining
sufficient cardiac output and lowering the central venous pres-
sure are therefore 2 important approaches to postpone or avoid
an otherwise necessary HTX for Fontan failure. This has to be
considered especially at the time of fenestration closure and
standardized catheterization protocols should be established to
avoid a preventable low cardiac output state.

Since 1999, 16 of our failing Fontan patients were eligible for a
rescue procedure. The refenestration procedure was performed
at our centre throughout the observation period in cases of PLE/
PB causing Fontan failure as ultimate therapy option before list-
ing for HTX. Clinical improvement could be achieved in 5 out of
9 patients resulting in satisfying follow-up conditions.

The introduction of new therapeutic possibilities as lymphatic
imaging and interventions during the observation period has led
to a more targeted therapy option for PLE/PB. When identifying
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Long-term survival after Fontan rescue therapy n=16
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Figure 5: Long-term survival after Fontan rescue therapy. HTX: heart transplantation.

abnormal fistulas, lymphatic interventions have shown resolution
of PLE/PB symptoms and therefore are promising treatment
options [8-10]. In our cohort, all 4 patients receiving lymphatic
interventions due to a Fontan failure had a relief of symptoms
and therefore HTX could be avoided.

The decompression of the thoracic duct technique by redirect-
ing the innominate vein to the common atrium as first described
by Dr Hraska [11] has shown to be a sufficient therapeutic option
and therefore should be considered for lymphatic complications
of persistent chylothorax, PB and PLE [27]. We introduced this
procedure at our centre in March 2019 and demonstrate our first
experience with this technique in this study. Although symptoms
regarding PLE could be averted in 2 patients, one of these
patients remained on the transplantation list. In the patient with
PB receiving a thoracic duct decompression, PB and chylothorax
have ceased after thoracic duct embolization, which unfortu-
nately led to innominate vein thrombosis.

Regarding our experience, in 76.5% of PLE/PB patients, Fontan
failure could be prevented by medication, surgical and interven-
tional procedures treating residual anatomic problems and
Fontan rescue procedures. Twenty-one (61.8%) patients had
good exercise tolerance and the vast majority was free of their
Fontan complications at last follow-up.

For this reason, our effort in patients with Fontan long-term
complications as PLE/PB is to follow an algorithm in terms of suf-
ficient clarification of the underlying reason by cardiac catheteri-
zation, haemodynamic evaluation, exclusion of anatomic issues
and escalation of medical treatment. If there is no sufficient relief
of the patients’ symptoms deliberately applied rescue procedures
may postpone HTX for a sustained period of time, frequently
with satisfactory clinical outcome.

Limitations

The small cohort group of patients with rescue procedures and the
short follow-up period makes conclusions difficult and therefore
this study is predominantly descriptive. The development of new
therapeutic possibilities as lymphatic imaging and interventions as
well as new surgical techniques (e.g. thoracic duct decompression)
during the observation period are further limitations to this study.

Data collection, based on the studies design, was retrospective
and cardiac catheterization calculation was achieved using as-
sumed oxygen consumption (VO2) as direct measurement was
not possible at our centre.

CONCLUSION

Extracardiac Fontan patients in the modern era expect reason-
able HTX-free survival rates (94.1%). A significant proportion of
these patients develop long-term complications after the Fontan
procedure as PLE and/or PB [10years risk of 13% (95% Cl: 7.49%;
20.60%)]. Surgical and/or interventional rescue strategies for
Fontan failure can postpone HTX for a sustained period of time.
Long-lasting effects on exercise tolerance and against Fontan-as-
sociated complications could be achieved after a rescue proce-
dure at our centre.
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