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Abstract 

Background: Tetralogy of Fallot (TOF) repair has significantly improved long-term survival in patients with 

congenital heart disease. However, pulmonary regurgitation (PR) remains a common late complication, 

leading to right ventricular (RV) dilatation, dysfunction, arrhythmias, and adverse outcomes. Pulmonary 

valve replacement (PVR) is the definitive treatment, but its timing remains a clinical challenge. 

Aim: To evaluate the prevalence and severity of PR in post-TOF repair patients and assess the clinical and 

imaging parameters indicating the need for PVR. 

Methods: This prospective observational study included 40 patients aged 10–30 years with repaired TOF. All 

participants underwent clinical assessment, electrocardiography, chest radiography, transthoracic 

echocardiography, and selected cardiac magnetic resonance imaging (CMR). Severity of PR, RV size, and RV 

function were assessed. Outcomes included symptom status, arrhythmia burden, and criteria for PVR. 

Statistical analysis was performed using SPSS version 26, with p < 0.05 considered significant. 

Results: Severe PR was observed in 42.5% of patients, moderate in 37.5%, and mild in 20%. RV dilatation 

was present in 55% and RV dysfunction in 25%. Overall, 45% of patients fulfilled indications for PVR, most 

commonly severe PR with RV dilatation (35%). 

Conclusion: PR is a major long-term sequela in repaired TOF patients, and nearly half may require PVR. 

Vigilant follow-up with multimodal imaging is essential to optimize timing of intervention and improve long-

term outcomes. 
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Introduction 

Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease, characterized by right 

ventricular outflow tract obstruction, ventricular septal defect, overriding aorta, and right ventricular 

hypertrophy. (1,2) Advances in surgical techniques and perioperative care have significantly improved survival, 

making complete repair in early childhood the standard of care. (3,4,5) However, long-term sequelae remain a 

clinical challenge, with pulmonary regurgitation (PR) being one of the most frequent and serious late 
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complications following TOF repair. PR results primarily from surgical disruption or transannular patch 

enlargement of the right ventricular outflow tract, leading to progressive right ventricular dilation, dysfunction, 

arrhythmias, exercise intolerance, and, ultimately, increased risk of sudden cardiac death. (6)  

Pulmonary valve replacement (PVR) has emerged as the definitive treatment for significant PR in these patients, 

aiming to restore valve competence, reduce right ventricular volume overload, and improve functional 

outcomes. (7) The timing of intervention remains critical, as delayed PVR may result in irreversible right 

ventricular dysfunction, whereas premature replacement exposes patients to the risk of re-interventions due to 

limited prosthetic valve durability.  

Methodology 

This prospective observational study was conducted in the Department of Cardiology and Cardiothoracic 

Surgery at a tertiary care teaching hospital. The study included 40 patients with a history of surgically repaired 

Tetralogy of Fallot (TOF), who were on regular follow-up in the outpatient clinic. Patients of both genders, aged 

between 10 and 30 years, who had undergone complete surgical correction of TOF and provided informed 

consent, were included. Exclusion criteria were patients with associated complex congenital anomalies, previous 

pulmonary valve replacement (PVR), and those unwilling to participate in the study. Ethical clearance was 

obtained from the institutional ethics committee before initiation of the study. 

All enrolled patients underwent a detailed clinical evaluation including history, physical examination, and 

assessment of functional status using New York Heart Association (NYHA) classification. Investigations 

included routine blood work, chest radiography, electrocardiography, and transthoracic echocardiography to 

assess right ventricular size, function, and degree of pulmonary regurgitation (PR). Cardiac magnetic resonance 

imaging (CMR) was performed in selected cases to obtain accurate quantification of right ventricular volumes, 

ejection fraction, and regurgitant fraction. Additionally, exercise testing was used to evaluate functional capacity 

and detect exercise-induced arrhythmias. 

The primary outcome measure was the presence and severity of PR and its correlation with right ventricular 

dilation and dysfunction. Secondary outcome measures included clinical symptoms, arrhythmia burden, and the 

need for pulmonary valve replacement. The severity of PR was graded using echocardiographic and CMR 

parameters, and indications for PVR were determined as per current guideline recommendations. Data were 

recorded in structured proformas, and statistical analysis was carried out using SPSS software version 26. 

Continuous variables were expressed as mean ± standard deviation, and categorical variables as percentages. 

Appropriate tests of significance, including Chi-square test for categorical variables and Student’s t-test for 

continuous variables, were applied, with p < 0.05 considered statistically significant. 
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Results  

Table 1: Demographic Characteristics of Study Population (n = 40) 

Parameter Frequency (n) Percentage (%) 

Age Group (years)   

10–15 12 30.0 

16–20 15 37.5 

21–25 8 20.0 

>25 5 12.5 

Gender   

Male 24 60.0 

Female 16 40.0 

 

Table 2: Clinical Profile of Patients (n = 40) 

Clinical Parameter Frequency (n) Percentage (%) 

NYHA Class I 18 45.0 

NYHA Class II 12 30.0 

NYHA Class III 8 20.0 

NYHA Class IV 2 5.0 

Presence of Arrhythmia 10 25.0 

History of Syncope 4 10.0 

 

Table 3: Echocardiographic and CMR Findings (n = 40) 

Imaging Parameter Frequency (n) Percentage (%) 

Mild Pulmonary Regurgitation 8 20.0 

Moderate Pulmonary Regurgitation 15 37.5 

Severe Pulmonary Regurgitation 17 42.5 

RV Dilatation Present 22 55.0 

RV Dysfunction (EF < 45%) 10 25.0 

RVOT Gradient > 40 mmHg 6 15.0 

 

Table 4: Indications for Pulmonary Valve Replacement (n = 40) 

Indication Frequency (n) Percentage (%) 

Severe PR with RV Dilatation 14 35.0 

Severe PR with RV Dysfunction 8 20.0 

Moderate PR with Symptoms 6 15.0 

Arrhythmia with Severe PR 5 12.5 

Progressive RVOT Obstruction + PR 3 7.5 

Total Recommended for PVR 18 45.0 
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Discussion 

In the present study, 40 patients with repaired Tetralogy of Fallot (TOF) were evaluated to determine the impact 

of pulmonary regurgitation (PR) and the subsequent need for pulmonary valve replacement (PVR). The 

demographic distribution revealed a predominance of patients in the adolescent and young adult age group, with 

the majority between 16–20 years (37.5%). A slight male preponderance (60%) was observed, consistent with 

existing literature where males are more commonly reported among TOF survivors. This demographic trend 

highlights the importance of long-term surveillance as this cohort transitions into adulthood, where the burden 

of late complications, particularly PR, becomes more clinically evident. (8)  

Clinically, almost half of the patients remained in NYHA Class I, indicating preserved functional capacity 

despite residual lesions. However, nearly one-third were in Class II and a fifth in Class III, while 5% presented 

with severe limitation (NYHA IV). These findings demonstrate the insidious progression of PR and right 

ventricular dysfunction over time. Arrhythmias were detected in 25% of cases, which correlates with the 

increased arrhythmic burden in post-TOF repair patients due to right ventricular scarring and dilation. 

Comparable findings have been reported by Geva et al. and Valente et al., who emphasized that arrhythmia risk 

increases with progressive right ventricular enlargement and dysfunction. The presence of syncope in 10% of 

patients further underscores the arrhythmic potential and its implications for sudden cardiac death risk. (9,10)  

Echocardiographic and CMR evaluation provided valuable insights into the severity of PR and right ventricular 

changes. In this study, severe PR was observed in 42.5% of patients, moderate in 37.5%, and mild in 20%. Right 

ventricular dilatation was present in more than half (55%), while 25% showed right ventricular dysfunction with 

ejection fraction <45%. These findings align with previous studies, which have shown that chronic severe PR 

leads to progressive right ventricular remodeling and contractile impairment. CMR was especially useful in 

quantifying right ventricular volumes and regurgitant fraction, which are recognized as gold standard markers 

for determining the timing of PVR. Previous reports by Oosterhof et al. and Therrien et al. demonstrated that 

right ventricular end-diastolic volume index >160 mL/m² and end-systolic volume index >80 mL/m² are 

predictors of adverse outcomes, supporting the importance of multimodal imaging in follow-up. (11)  

The indications for PVR in the present cohort highlight the clinical burden of PR. Out of 40 patients, 18 (45%) 

met the criteria for valve replacement. The most common indication was severe PR with right ventricular 

dilatation (35%), followed by severe PR with right ventricular dysfunction (20%) and symptomatic moderate PR 

(15%). Arrhythmia in association with severe PR was noted in 12.5% of cases, while a smaller subset had 

progressive right ventricular outflow tract obstruction combined with PR (7.5%). These findings are consistent 

with current guideline-based recommendations, which advocate intervention in symptomatic patients or those 

with progressive right ventricular enlargement and declining function. Similar proportions of PVR need have 

been documented in longitudinal studies, where approximately 30–50% of TOF-repaired patients eventually 

require valve replacement within two to three decades post-surgery. 

The clinical implications of these findings are significant. While surgical repair of TOF ensures long-term 

survival, the burden of late PR remains unavoidable in many cases, particularly when a transannular patch is 

used during primary correction. Chronic PR leads to right ventricular volume overload, which, if not addressed 

timely, results in irreversible myocardial damage, arrhythmias, and poor functional outcomes. This highlights 

the importance of close monitoring, ideally with structured follow-up programs incorporating echocardiography, 

CMR, and functional testing. Early detection of right ventricular dysfunction before the onset of severe 
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symptoms is key to improving long-term prognosis. Moreover, the development of percutaneous pulmonary 

valve implantation techniques offers a less invasive option for selected patients, potentially reducing the 

morbidity associated with repeat open-heart surgeries. 

Conclusion:  

In conclusion, the present study emphasizes that pulmonary regurgitation remains a major late complication in 

repaired TOF patients. Nearly half of the study cohort demonstrated indications for PVR, reflecting the 

progressive nature of this pathology. The findings underscore the importance of timely identification of right 

ventricular dilatation and dysfunction, as well as symptomatic deterioration, to guide optimal timing of valve 

replacement. Consistent with existing literature, multimodal imaging and vigilant follow-up are essential to 

balance the risk of delayed intervention against premature valve replacement. Ultimately, individualized 

decision-making guided by objective parameters can significantly  
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