THE FONTAN PATIENT

Definition

The Fontan operation is a generic term for a group of operations that redirect the systemic
venous return to the pulmonary arteries without passing through a subpulmonary ventricle."?
31t is usually the final operation for “univentricular heart” conditions described in the
relevant Chapter. The classic Fontan consisted of a valved conduit between the right atrium
and pulmonary artery. It was subsequently modified to a direct anastomosis of the right
atrium to a divided pulmonary artery (Figure 1A). The intracardiac lateral tunnel consists of
an end-to-side anastomosis of the superior vena cava to the undivided right pulmonary artery,
and a composite intraatrial tunnel that uses the right atrial lateral wall and prosthetic material
to channel inferior vena caval flow to the pulmonary artery (Figure 1B). The “extracardiac”
variant of the total cavopulmonary connection Fontan consists of directing inferior vena caval
flow to the pulmonary artery by means of an external conduit (Figure 1C).** An estimated
global population of 70 000 patients have undergone the Fontan procedure and are alive

today, most of whom are <25 years of age.®

Pathophysiology

Fontan is usually offered to patients with single-ventricle physiology, ie a functionally single
ventricle or when biventricular repair is not feasible. Thus, nowadays the so-called Fontan
physiology consists of staged approaches that eventually end-up in a single functional
ventricle that maintains both the systemic and the passive pulmonary circulation. Symptoms
develop when the single functional ventricle fails. The 12-year survival after various types of
operation is 70-90%."7 Extracardiac conduit total cavopulmonary connection, and lack of
clinical arrhythmia or right heart failure are good prognostic signs, whereas exercise
intolerance is not associated with long-term mortality.® Considerable mortality is still
observed during the first years of life among patients with single ventricle. Atrioventricular
valve failure (moderate or greater regurgitation, or valve operation) after Fontan is a risk
factor for adverse outcomes.’ In patients with a functionally univentricular heart undergoing
the Fontan procedure, RV dominance is the most important risk factor for death but only

before biderictetional superior cavopulmonary anastomosis. '

Clinical Problems

In the current ear, 10-, 20-, and 30-year survival after the Fontan operation was 74%, 61%,
and 43%, respectively.!! The Fontan Outcomes Network, now part of the Single Ventricle
Outcomes Network, represents one of the largest prospective, multicenter clinical registries of

individuals with a Fontan circulation, enrolling >1100 patients across the United States and



Canada within its first 2 years. The first 2 years report demonstrated a high prevalence of
Fontan-related complications, including age-associated arrhythmias and thromboembolic
events, as well as substantial noncardiac comorbidity across the lifespan.'?

Pulmonary complications are common post-Fontan procedure, including restrictive lung
disease, sleep abnormalities, plastic bronchitis, and cyanosis.'* Decompensated patients
present with classic right heart failure. There is a nonpulsatile high JVP (10 cm) with single
S2, and a murmur only if subaortic obstruction or significant systemic AV valve
regurgitation. Fontan-associated liver disease encompasses a spectrum of hepatic
abnormalities that are a consequence of the Fontan circulation. End-stage complications can
include cirrhosis, with or without portal hypertension, and potential development of
hepatocellular carcinoma.'* Fontan screening for liver disease includes recommendations for
at least annual imaging and laboratory evaluation, including alpha-fetoprotein."> Routine
imaging, transient elastography, and serum biomarkers are unable to accurately assess
severity of liver fibrosis.'® Surveillance biopsies have demonstrated that virtually 100% of
these patients develop clinically silent fibrosis by adolescence.® Luminal protein loss can
manifest as either a break in the integrity of the intestinal mucosa with the development of
protein loosing enteropathy or as a break in the bronchial mucosa with accumulation of
proteinaceous material in the airways forming bronchial casts, or plastic bronchitis."
Oedema and ascites may be seen as a sign of protein loosing enteropathy that occurs in 5%
to 15% of patients following the Fontan operation, and carries a 5-year mortality >10%.8
Other problems are arrhythmias due to post-op atrial scarring such as intra-atrial reentrant
tachycardia, atrial flutter and fibrillation. The most frequent of these is intra-atrial reentrant
tachycardia particularly seen with atrio-pulmonary connections. With modern techniques its
incidence has been reduced to 7%.'° Catheter ablation is cumbersome due to multiple circuits
and should be attempted only at experienced centers. Sick sinus syndrome and AV block,
thromboembolic complications, progressive AV valve deterioration, liver fibrosis and renal
dysfunction, venous insufficiency and neurocognitive deficits may also occur.'” Obstruction
of the Fontan connection or the pulmonary artery branches are being dealt with by stent-
based transcatheter pulmonary valve implantation. Brain abnormalities and neurocognitive
impairment are common in people living with a Fontan circulation and appear more
prominent in adults. Clinical factors such as longer inpatient days, younger age at Fontan
surgery, and longer time since Fontan completion were associated with worse neurocognitive

function.?”

Prognosis

Among perioperative survivors of the Fontan operation, in addition to age at Fontan,

haemodynamic parameters obtained around 1 year after the operation, such as oxygen



saturation, CVP, ejection fraction, and mean arterial pressure, are important for predicting
long-term survival. The occurrence of Fontan-associated morbidities during follow-ups, such
as advanced heart failure, severe cyanosis, PLE, and new-onset arrhythmias, provides
incremental prognostic information to the baseline risk.?! Among patients with congenital
heart disease, those Patients with single ventricles have the highest risk of early mortality in
the ACHD population. Mild ventricular dysfunction and dilatation by cardiac magnetic
resonance, NYHA functional class, and history of protein-losing enteropathy/plastic

bronchitis are predictors of sudden cardiac events and death.?

Therapy

Recommendations are presented in Tables 1-3. There is considerable late morbidity and
premature death in adults who underwent the Fontan procedure early in life, particularly
following aortopulmonary connections, and the onset of SVT may signal the need to assess
the Fontan circulation.?® The Fontan is typically not the final stage of single-ventricle
palliation. In Fontan survivors, two thirds of patients require surgical or catheter-based
reintervention by 20 years.?* In patients with exercise intolerance, bosentan improves exercise
capacity, exercise time and functional class in Fontan patients without serious adverse events
or hepatotoxicity.? In the FUEL trial, udenafil (87.5 mg bd), a long-acting phosphodiesterase
type 5 inhibitor, was not associated with an improvement in oxygen consumption at peak
exercise but was associated with improvements in multiple measures of exercise performance

at the ventilatory anaerobic threshold.?

Pregnancy

Pregnancy is associated with maternal and fetal complications and must be discouraged or
undertaken with great deliberation (Table 4).?”2® The most common cardiovascular
complications in patients with Fontan physiology—associated pregnancy are arrhythmia and
heart failure. Miscarriages were highly prevalent as was prematurity and intrauterine growth
restriction, but no maternal deaths were reported. Anticoagulation is recommended during
pregnancy but postpartum hemorrhage seems to be the most common obstetric
complication.” Thus, in patients with a Fontan circulation and saturations <85%, depressed
ventricular function, moderate—severe AV regurgitation, refractory arrhythmia, or protein-

losing enteropathy, pregnancy is not recommended.



References

1. Fontan F, et al. Outcome after a "perfect" Fontan operation. Circulation. 1990;81:1520-36.

2. Sommer RJ, et al. Pathophysiology of congenital heart disease in the adult: part III: Complex congenital
heart disease. Circulation. 2008;117:1340-50.

3. H. O. Adult patients w1th Fontan circulation: What we know and how to

manage adults with Fontan circulation? . J Cardiol 2016 Sep;68(3):181-9. .

4. Khairy P and Poirier N. Is the extracardiac conduit the preferred Fontan approach for patients with

univentricular hearts? The extracardiac conduit is not the preferred Fontan approach for patients with
univentricular hearts. Circulation. 2012;126:2516-25; discussion 2525.

5. Rijnberg FM and al. e. Energetics of Blood Flow in Cardiovascular Disease. Concept and Clinical
Implications of Adverse Energetics in Patients With a Fontan Circulation. Circulation. 2018.

6. Mahmoodi BK, et al. Association of Factor V Leiden With Subsequent Atherothrombotic Events: A
GENIUS-CHD Study of Individual Participant Data. Circulation. 2020;142:546-555.

7. Atz AM and al. e. Longitudinal Outcomes of Patients With Single Ventricle After the Fontan Procedure.
Journal of the American College of Cardiology. 2017;96.

8. Diller GP, et al. Predictors of morbidity and mortality in contemporary Fontan patients: results from a
multicenter study including cardiopulmonary exercise testing in 321 patients. Eur Heart J. 2010;31:3073-83.

9. G. K and al. e. Atrioventricular Valve Failure in Fontan Palliation. JACC. 2019.

10. d'Udekem Y, et al. Predictors of survival after single-ventricle palliation: the impact of right ventricular
dominance. Journal of the American College of Cardiology. 2012;59:1178-85.

11. Pundi KN JJ, Dearani JA, Pundi KN, Li Z, Hinck CA, Dahl SH, Cannon and BC OLP, Driscoll DJ,

Cetta F. . 40-Year Follow-Up After the Fontan
Operation: Long-Term Outcomes of 1,052 Patients. . J Am Coll Cardiol 2015 Oct
13;66(15):1700-10.

12. Glenn TM, et al. The Fontan Outcomes Network: Findings After 2 Years and 1121 Participants.
Circulation. 2026;153:1182-1195.

13. Abdulkarim A and al e. Pulmonary Complications in Patients With Fontan Circulation: JACC Review
Topic of the Week

2023.

14. Lam CZ, et al. Liver Cirrhosis and Hepatocellular Carcinoma After the Fontan Operation: Reaching
Clarity in the Face of Uncertainty. Circulation. 2021;144:1977-1980.

15. Gurvitz M, et al. 2025 ACC/AHA/HRS/ISACHD/SCAI Guideline for the Management of Adults With

Congenital Heart Disease: A Report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Journal of the American College of Cardiology. 2025.

16. Munsterman ID, et al. The clinical spectrum of Fontan-associated liver disease: results from a
prospective multimodality screening cohort. Eur Heart J. 2019;40:1057-1068.

17. Goldberg JRaDJ. Late Consequences of the Fontan Operation. Circulation 2014;130:1525-1528.

18. Anitha S. John M, PhD; Jennifer A. Johnson, MD; Munziba Khan, MPH; David J. Driscoll, MD; Carole

A. Warnes, MD; Frank Cetta, MD. Clinical Outcomes and Improved Survival in Patients With Protein-Losing
Enteropathy After the Fontan Operation J Am Coll Cardiol 2014;64(1):54 doi:10.1016/j.jacc.2014.04.025.

19. Stephenson EA, et al. Arrhythmias in a contemporary fontan cohort: prevalence and clinical associations
in a multicenter cross-sectional study. Journal of the American College of Cardiology. 2010;56:890-6.

20. Verrall CE, et al. Neurocognitive Dysfunction and Smaller Brain Volumes in Adolescents and Adults
With a Fontan Circulation. Circulation. 2021;143:878-891.

21. Inai K, et al. Predictors of long-term mortality among perioperative survivors of Fontan operation. Eur
Heart J. 2022;43:2373-2384.

22. Wolfe NK, et al. Cardiac MRI Predictors of Arrhythmic Sudden Cardiac Events in Patients With Fontan
Circulation. Journal of the American College of Cardiology. 2024;84:2417-2426.

23. Dennis M and al. e. Clinical Outcomes in Adolescents and Adults After the Fontan Procedure. Journal
of the American College of Cardiology. 2018.

24, Downing TE, et al. Surgical and Catheter-Based Reinterventions Are Common in Long-Term Survivors
of the Fontan Operation. Circulation Cardiovascular interventions. 2017;10.

25. Hebert A ea. Bosentan Improves Exercise Capacity in Adolescents and Adults After Fontan Operation:
The TEMPO Study. Circulation. 2014 (E-Pub).

26. Goldberg DJ, et al. Results of the FUEL Trial. Circulation. 2020;141:641-651.

27. Brickner ME. Cardiovascular Management in Pregnancy: Congenital Heart Disease. Circulation.
2014;130:273-282.

28. De Backer J, et al. 2025 ESC Guidelines for the management of cardiovascular disease and pregnancy.
Eur Heart J. 2025.

29. Garcia Ropero A, et al. Pregnancy in Women With a Fontan Circulation: A Systematic Review of the
Literature. Circ Cardiovasc Qual Outcomes. 2018;11:¢004575.



