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ABSTRACT 

 

 

ARTICLE DETAILS 

 
The modified Fontan procedure, a pivotal surgical intervention for patients with single-ventricle 

congenital heart defects, has drastically improved survival rates and quality of life for individuals 

who would otherwise face limited options. Despite these advancements, patients with modified 

Fontan physiology experience a unique set of hemodynamic challenges that require vigilant long-

term follow-up. The Fontan circulation, characterized by passive venous return to the pulmonary 

arteries without a ventricular pump, predisposes patients to a variety of late complications, 

including Fontan-associated liver disease (FALD), arrhythmias, protein-losing enteropathy (PLE), 

thromboembolic events, and systemic venous hypertension. This review aims to evaluate the 

outcomes and long-term complications associated with modified Fontan patients, emphasizing the 

importance of early detection, multidisciplinary care, and individualized management strategies. 

The article explores current evidence on surveillance protocols, pharmacological treatments, and 

surgical interventions, as well as emerging therapeutic options like Fontan conversion, catheter-

based therapies, and heart transplantation. This comprehensive analysis seeks to provide 

healthcare providers with a roadmap for optimizing care and improving the long-term prognosis 

of these patients. 
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INTRODUCTION 

The modified Fontan procedure, which was first introduced 

in the 1970s and later refined through several iterations, has 

revolutionized the management of patients with single-

ventricle congenital heart defects. The procedure aims to 

provide a functional circulatory pathway by connecting the 

inferior vena cava and superior vena cava to the pulmonary 

arteries, bypassing the dysfunctional or absent right ventricle. 

Although this surgical approach has allowed many patients to 

survive into adulthood, it does not provide a cure for the 

underlying congenital heart defect. The Fontan circulation, a 

unique cardiovascular state, places patients at risk for a 

variety of long-term complications due to chronic venous 

congestion and impaired cardiac output. 

Long-term follow-up in patients with modified Fontan is 

critical to identifying and managing these complications. The 

most significant of these include Fontan-associated liver 

disease (FALD), which is characterized by hepatic fibrosis 

and cirrhosis, and protein-losing enteropathy (PLE), a 

condition that leads to malnutrition, edema, and 

gastrointestinal dysfunction. Additionally, arrhythmias, 

particularly atrial arrhythmias, are common and can lead to 

significant morbidity and mortality. Thromboembolic events, 

including strokes, are also a concern due to the altered 

hemodynamics and the increased risk of clot formation in the 

Fontan circuit.1,2 

Effective long-term management requires a multidisciplinary 

approach, involving cardiologists, hepatologists, 
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gastroenterologists, and other specialists. Surveillance 

strategies, such as regular imaging, laboratory tests, and 

functional assessments, are essential to detect complications 

early and optimize treatment plans. In recent years, there has 

been increasing interest in the potential role of Fontan 

conversion, a procedure that aims to restore more normal 

circulatory dynamics, as well as novel pharmacological 

therapies aimed at mitigating the complications associated 

with the Fontan circulation.1,2 

As the population of modified Fontan survivors continues to 

expand, it is crucial to develop comprehensive, individualized 

follow-up protocols that focus not only on prolonging 

survival but also on enhancing quality of life. This article 

aims to provide an in-depth exploration of the long-term care 

of modified Fontan patients, discussing current clinical 

guidelines, emerging treatments, and the evolving landscape 

of Fontan management. Through careful monitoring and 

timely intervention, we can continue to improve the outlook 

for these patients, ensuring they live as healthy and fulfilling 

lives as possible.1,2 

 

BACKGROUND 

The modified Fontan procedure, developed as a palliative 

surgical intervention for patients with single-ventricle 

congenital heart defects, has dramatically changed the 

prognosis for individuals previously faced with limited 

treatment options. First introduced in the early 1970s by Dr. 

Francis Fontan, this procedure was designed to address the 

physiological challenges posed by the absence of a functional 

right ventricle in patients with congenital heart anomalies, 

such as hypoplastic left heart syndrome or tricuspid atresia. 

The procedure aims to provide a stable circulatory pathway 

by redirecting venous return directly to the pulmonary 

arteries, bypassing the right ventricle entirely. This 

modification has allowed patients to survive well into 

adulthood, a demographic that was previously not expected 

to live beyond infancy or early childhood. However, despite 

its life-saving benefits, the Fontan procedure is not without 

its long-term complications, requiring careful and ongoing 

management.3 

In the modified Fontan circulation, systemic venous return 

from the inferior and superior vena cavae is directed into the 

pulmonary arteries via a total cavopulmonary connection 

(TCPC). Unlike a normal circulatory system, where the heart 

actively pumps blood to the lungs, the Fontan procedure 

relies on passive flow of blood through the pulmonary arteries 

under the pressure from systemic veins. This altered 

hemodynamic configuration, while offering immediate 

improvements in oxygenation and survival, also imposes 

chronic stresses on various organ systems, particularly the 

liver, lungs, and cardiovascular system. Over time, the Fontan 

circulation can lead to venous hypertension, impaired 

ventricular function, and systemic sequelae that require 

lifelong monitoring.3 

One of the most significant long-term complications of the 

modified Fontan is Fontan-associated liver disease (FALD), 

which is characterized by a spectrum of hepatic 

abnormalities, ranging from mild fibrosis to cirrhosis. The 

underlying pathophysiology of FALD is thought to involve 

elevated venous pressure, which impairs hepatic blood flow 

and leads to hepatocellular injury, inflammation, and eventual 

fibrosis. This condition is often asymptomatic in the early 

stages, making routine surveillance critical for timely 

intervention.3 

Another major concern for Fontan patients is the 

development of arrhythmias, particularly atrial arrhythmias 

such as atrial fibrillation and flutter. These arrhythmias are 

commonly associated with the structural and electrical 

remodeling of the atria, which are subjected to chronic stretch 

and altered hemodynamics due to the Fontan procedure. 

Arrhythmias can significantly impact the quality of life and 

are linked to an increased risk of thromboembolic events, 

including stroke. The altered flow dynamics and the stagnant 

blood within the Fontan circuit predispose these patients to 

thrombus formation, further complicating their long-term 

management.4 

Protein-losing enteropathy (PLE) is another potentially 

devastating complication that can occur in Fontan patients. 

PLE is characterized by excessive loss of protein into the 

gastrointestinal tract, leading to hypoalbuminemia, edema, 

malnutrition, and impaired immune function. The exact 

etiology of PLE remains poorly understood, but it is thought 

to be related to altered lymphatic drainage and venous 

congestion that affects the gut mucosa. PLE is often difficult 

to manage, as it requires a multifaceted approach involving 

nutritional support, medications, and sometimes surgical 

interventions.5 

Thromboembolic events, including both arterial and venous 

clots, also represent a major concern for patients with 

modified Fontan circulation. The abnormal hemodynamics of 

the Fontan pathway, combined with a prothrombotic state, 

place patients at an increased risk for clot formation. This can 

lead to devastating complications, such as stroke, deep vein 

thrombosis, or pulmonary embolism. Anticoagulation 

therapy is often used in an attempt to mitigate this risk, 

although the optimal management remains a subject of 

debate.5 

The challenges of long-term follow-up in modified Fontan 

patients are compounded by the fact that many of these 

patients are surviving into adulthood, a demographic for 

which specific evidence-based guidelines for care are still 

evolving. As the population of modified Fontan survivors 

grows, there is an increasing need for structured, 

multidisciplinary follow-up to address the complex and 

evolving health needs of these patients. This includes routine 

cardiac assessments, liver function monitoring, surveillance 

for arrhythmias, screening for protein-losing enteropathy, and 

management of thromboembolic risks.5 
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As the clinical management of Fontan patients has 

progressed, there has been growing interest in potential 

interventions aimed at improving the long-term outcomes of 

this patient population. These interventions range from 

catheter-based therapies, which aim to optimize blood flow 

dynamics within the Fontan circuit, to the possibility of 

Fontan conversion, a procedure that seeks to alter the flow 

pattern of blood to improve hemodynamics. Pharmacological 

approaches, including the use of anticoagulants, diuretics, 

and agents to improve liver function, are also actively being 

explored. In some cases, heart transplantation or other 

surgical interventions may be necessary when conservative 

management fails.5 

In summary, the modified Fontan procedure has successfully 

extended the lives of many patients with complex congenital 

heart defects, but it has also given rise to a host of long-term 

complications that require ongoing surveillance and 

management. The modified Fontan circulation, while life-

sustaining, imposes significant challenges on the 

cardiovascular, hepatic, gastrointestinal, and 

thromboembolic systems, necessitating a comprehensive, 

lifelong follow-up strategy. This article seeks to provide an 

overview of the current understanding of these long-term 

complications, the management strategies employed to 

address them, and the emerging therapeutic options that hold 

promise for improving the lives of Fontan survivors.6 

Current Paradigms in Long-Term Follow-Up for 

Modified Fontan Patients 

The long-term management of patients who have undergone 

the modified Fontan procedure is a rapidly evolving field that 

requires a nuanced understanding of the unique physiological 

changes imposed by the Fontan circulation. The procedure, 

which is typically performed on patients with congenital 

single-ventricle defects, has allowed many individuals to 

survive into adulthood, a population that was once considered 

ineligible for long-term survival. However, despite the 

significant improvements in survival rates, these patients face 

a complex array of long-term complications due to the 

inherent hemodynamic changes associated with the Fontan 

circulation. As such, the paradigms for long-term follow-up 

are continuously evolving in response to new clinical findings 

and therapeutic advancements.6 

1. Hemodynamic Monitoring and Circulatory 

Optimization 

One of the primary challenges in the long-term 

follow-up of Fontan patients is the management of 

the altered hemodynamics resulting from the Fontan 

procedure. The Fontan circulation eliminates the 

role of the right ventricle, relying instead on passive 

venous return for pulmonary blood flow. This leads 

to chronic elevated venous pressure and impaired 

systemic venous return, resulting in systemic 

congestion and a reduction in cardiac output. These 

changes predispose patients to complications such 

as arrhythmias, liver disease, and thromboembolic 

events.6 

Modern paradigms advocate for meticulous hemodynamic 

monitoring, including periodic echocardiographic 

assessments, cardiac MRI, and right heart catheterization 

when necessary, to evaluate the functionality of the Fontan 

circulation and monitor for early signs of ventricular 

dysfunction or venous hypertension. Additionally, advances 

in catheter-based interventions, such as balloon angioplasty 

or stent placement, have been explored as potential methods 

to alleviate obstructive changes in the Fontan circuit, further 

optimizing hemodynamics and improving patient outcomes. 

The use of pharmacologic agents to enhance venous return, 

such as sildenafil or prostacyclin, is being investigated as part 

of a multi-pronged approach to optimize the circulatory 

dynamics and reduce the risk of complications.6,7 

2. Management of Fontan-Associated Liver Disease 

(FALD) 

Fontan-associated liver disease (FALD) is one of the 

most significant long-term complications in this 

patient population and has become a major focus of 

research and clinical care. The underlying 

pathophysiology of FALD is related to the chronic 

venous congestion that affects the liver’s 

microcirculation. Over time, this results in hepatic 

fibrosis, which can progress to cirrhosis and, in 

severe cases, liver failure. The prevalence of FALD 

is high, with studies showing that more than 30% of 

adult Fontan survivors develop significant hepatic 

fibrosis.8 

Current paradigms recommend regular liver function 

surveillance, including non-invasive methods like transient 

elastography (FibroScan) to assess liver stiffness, which 

correlates with hepatic fibrosis. Serum markers of liver 

injury, such as gamma-glutamyl transferase (GGT), alanine 

aminotransferase (ALT), and aspartate aminotransferase 

(AST), should also be monitored. Advanced cases of FALD 

may require a multi-disciplinary approach, involving 

hepatologists and interventional radiologists for the 

management of complications such as portal hypertension, 

varices, and ascites. In some cases, liver transplantation may 

be considered for patients with end-stage liver disease. Novel 

treatments such as antifibrotic agents are also under 

investigation, offering hope for future management of FALD 

in this population.8 

3. Arrhythmia Surveillance and Management 

Arrhythmias are a common and significant 

complication in Fontan patients. The chronic 

hemodynamic alterations in the Fontan circulation, 

particularly the enlargement and structural 

remodeling of the atria, predispose these patients to 

atrial arrhythmias, including atrial fibrillation and 

atrial flutter. These arrhythmias are associated with 

an increased risk of stroke and significantly impact 
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the patient’s quality of life. Moreover, arrhythmias 

may exacerbate other complications, such as 

thromboembolic events and exercise intolerance.9 

In current practice, arrhythmia surveillance is a crucial 

component of long-term follow-up. Holter monitoring, along 

with periodic ECGs, is used to detect arrhythmias early. 

Patients who develop symptomatic arrhythmias may require 

antiarrhythmic therapy, such as beta-blockers or amiodarone, 

to control the heart rate and prevent complications. In more 

refractory cases, catheter ablation or even pacemaker 

implantation may be indicated. Recent advances in 

electrophysiology, including the use of advanced mapping 

techniques, have improved the outcomes of arrhythmia 

management in this population. Furthermore, the role of 

anticoagulation therapy for stroke prevention is an important 

aspect of care for Fontan patients with atrial arrhythmias, 

though the risks and benefits must be carefully weighed.9 

4. Protein-Losing Enteropathy (PLE) and 

Gastrointestinal Surveillance 

Protein-losing enteropathy (PLE) is another 

significant complication associated with the Fontan 

procedure. It is characterized by the excessive loss 

of proteins, including albumin, through the 

gastrointestinal tract, leading to hypoalbuminemia, 

edema, and malnutrition. The pathophysiology of 

PLE is believed to be related to lymphatic and 

venous congestion in the intestinal wall, which 

disrupts the normal absorption process.9 

Current guidelines emphasize the importance of early 

recognition of PLE through clinical monitoring of weight, 

nutrition, and serum albumin levels. Patients with PLE often 

require nutritional supplementation and the use of diuretics to 

manage edema. Management may also include the use of 

somatostatin analogs or corticosteroids in cases of refractory 

PLE. In severe cases, surgical interventions such as bowel 

resection or Fontan conversion may be considered. 9 

Additionally, close gastrointestinal surveillance is necessary, 

as patients with PLE are at risk for bacterial overgrowth and 

subsequent malabsorption, which complicates the 

management of their nutritional status.10 

5. Thromboembolic Risk and Anticoagulation 

Thromboembolic events, including both venous and 

arterial clots, are a major concern in Fontan patients 

due to the altered hemodynamics of the Fontan 

circuit. The stagnant flow within the systemic veins 

and pulmonary arteries predisposes patients to 

thrombus formation, which can lead to severe 

complications such as stroke, deep vein thrombosis, 

and pulmonary embolism.10 

Long-term anticoagulation therapy is frequently used to 

mitigate the risk of thromboembolic events in Fontan 

patients. Aspirin is often the first-line therapy, but more 

potent anticoagulants, such as warfarin or direct oral 

anticoagulants, may be indicated in certain high-risk patients. 

In addition to pharmacological prevention, strategies such as 

the use of mechanical thromboprophylaxis and the careful 

monitoring of coagulation parameters are also important. The 

decision to start or modify anticoagulation therapy must take 

into account the patient’s individual risk factors, including the 

presence of arrhythmias, prior thromboembolic events, and 

other comorbidities.11 

6. Heart Failure and the Need for Heart 

Transplantation 

As patients with modified Fontan circulation age, 

some may develop progressive heart failure. The 

unique hemodynamics of the Fontan circulation, 

along with the wear and tear on the heart and lungs 

over time, may result in diminished cardiac output 

and increased systemic venous pressure, leading to 

heart failure. When heart failure becomes refractory 

to medical management, heart transplantation may 

be considered. However, this is a complex decision 

due to the high risk of complications in this 

population.12 

Current paradigms in the management of heart failure in 

Fontan patients include a careful assessment of transplant 

candidacy, consideration of mechanical circulatory support, 

and optimization of pharmacologic therapy aimed at 

improving ventricular function and controlling symptoms. In 

some cases, the possibility of a Fontan conversion procedure 

or other surgical interventions may be explored to restore 

more normal circulatory dynamics and improve heart 

function.13,14 

The long-term follow-up of patients with modified Fontan 

circulation is a multifaceted process that requires an 

individualized, patient-centered approach. Current paradigms 

emphasize the need for comprehensive surveillance to 

monitor for complications such as Fontan-associated liver 

disease, arrhythmias, protein-losing enteropathy, 

thromboembolic events, and heart failure. 14 

Through a combination of early detection, advanced 

therapeutic options, and multidisciplinary care, outcomes for 

Fontan survivors can be optimized, allowing them to lead 

more fulfilling lives. Continued research into new 

interventions and better understanding of the 

pathophysiology of Fontan-related complications will play a 

critical role in further improving long-term care for this 

unique patient population.15 

 

CONCLUSION 

The long-term follow-up of patients who have undergone the 

modified Fontan procedure represents a critical aspect of 

congenital heart disease management, as these individuals 

continue to survive into adulthood, a feat previously 

unachievable for many with complex single-ventricle heart 

defects. Despite the undeniable success of the Fontan 

procedure in prolonging life and improving functional status, 

patients face a range of chronic complications that necessitate 
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ongoing, comprehensive care. These complications, 

including Fontan-associated liver disease (FALD), 

arrhythmias, protein-losing enteropathy (PLE), 

thromboembolic risks, and progressive heart failure, pose 

substantial challenges to the long-term health and quality of 

life of Fontan survivors. 

The underlying pathophysiology of the modified Fontan 

circulation, which bypasses the right ventricle and relies on 

passive venous return for pulmonary circulation, results in 

altered hemodynamics that continuously affect various organ 

systems. Chronic venous hypertension, impaired circulatory 

dynamics, and stagnant blood flow predispose these patients 

to severe complications that evolve over time. As the 

population of Fontan survivors grows, it is imperative that 

clinicians adopt a multifaceted, proactive approach to their 

care, which integrates routine surveillance, early detection of 

complications, and timely intervention to optimize patient 

outcomes. 

Current paradigms in long-term follow-up emphasize the 

importance of regular, multidisciplinary monitoring. 

Hemodynamic assessments, such as echocardiography, 

cardiac MRI, and right heart catheterization, are essential 

tools in evaluating the functioning of the Fontan circulation 

and detecting early signs of systemic venous hypertension or 

ventricular dysfunction. Given the high incidence of 

arrhythmias in this population, continuous surveillance for 

atrial arrhythmias is a cornerstone of care, with timely use of 

antiarrhythmic medications, catheter ablation, or pacemaker 

implantation as necessary. Additionally, the management of 

Fontan-associated liver disease, through liver function 

surveillance and intervention, is of paramount importance, as 

early stages of fibrosis can progress to end-stage liver disease 

if left undetected. 

The management of protein-losing enteropathy (PLE) 

remains one of the more challenging aspects of long-term 

follow-up, requiring an individualized approach that 

combines nutritional support, pharmacologic therapies, and, 

in severe cases, surgical interventions. Likewise, 

thromboembolic events, resulting from altered 

hemodynamics and venous stasis, necessitate careful 

management, often involving anticoagulation therapy 

tailored to the patient’s specific risk factors. The role of 

anticoagulation remains a complex issue, balancing the risks 

of bleeding with the need for stroke prevention and 

management of thromboembolic events. 

In cases where progressive heart failure occurs, heart 

transplantation may be considered when all other options 

have been exhausted. However, this decision must take into 

account the unique challenges posed by the Fontan 

circulation and the inherent risks of transplantation in this 

patient population. Recent advances in heart failure 

management, mechanical circulatory support, and Fontan 

circuit optimization offer promising options for improving 

long-term outcomes and delaying the need for 

transplantation. 

As the understanding of the long-term consequences of the 

modified Fontan procedure continues to evolve, ongoing 

research into novel therapies, including antifibrotic agents for 

FALD, improvements in arrhythmia management, and 

innovations in surgical or catheter-based interventions to 

optimize circulatory dynamics, will play a crucial role in 

improving the outcomes for Fontan survivors. The advent of 

personalized medicine, guided by genetic and molecular 

profiling, may also offer new avenues for tailoring therapies 

to individual patients, thereby enhancing the precision of 

care. 

In conclusion, the long-term follow-up of patients with 

modified Fontan circulation is an evolving, complex process 

that requires a personalized, multidisciplinary approach. By 

addressing the various complications associated with the 

Fontan procedure in a proactive manner, healthcare providers 

can significantly improve the long-term survival and quality 

of life of these patients. The expanding population of Fontan 

survivors necessitates continued research, collaboration, and 

innovation in clinical care to ensure that these patients receive 

optimal treatment throughout their lifetimes. Ultimately, the 

goal is to empower Fontan survivors to lead fulfilling lives 

while minimizing the risks and challenges posed by their 

congenital heart disease and its surgical management. 
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