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ABSTRACT
Background: Tetralogy of Fallot (TOF) remains the most common cyanotic congenital heart disease and a cornerstone of 
congenital cardiology. While advances in surgical repair have dramatically improved survival, the condition increasingly 
presents as a lifelong clinical challenge characterized by evolving complications and ongoing care needs.
This review aims to synthesize current evidence on contemporary management strategies and long-term outcomes in 
patients with TOF, with particular focus on surgical approaches, late complications, and lifelong follow-up.
Design and Data Sources: A narrative literature review was conducted using a structured search of PubMed, Scopus, 
Web of Science, and Google Scholar for studies published between 2016 and 2026. Eligible studies included clinical 
cohorts, registry analyses, systematic reviews, meta-analyses, and international guidelines addressing TOF management 
and outcomes A thematic narrative synthesis approach was applied to integrate findings across heterogeneous studies. In 
total, 36 studies met the inclusion criteria and were included in the final synthesis.
Results: Despite excellent survival after repair, long-term morbidity remains significant, driven by right ventricular 
dysfunction, pulmonary regurgitation, and arrhythmias. Management is individualized, with cardiac magnetic resonance 
central to follow-up. Neurodevelopment and quality of life are increasingly recognized, while disparities in access to 
care continue to influence outcomes.
Conclusion: TOF should be regarded as a chronic condition requiring coordinated, multidisciplinary, and lifelong 
management. Optimizing long-term outcomes will depend on improved risk stratification, timely intervention, and 
equitable access to specialized care.
Keywords: Arrhythmias; Congenital heart disease; Lifelong care; Long-term outcomes; pulmonary regurgitation; 
Tetralogy of Fallot. 
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INTRODUCTION 

Tetralogy of Fallot (TOF), the most prevalent cyanotic 
congenital cardiac disease, is characterized by ventricular 
septal defect, overriding aorta, right ventricular outflow 
tract obstruction, and right ventricular hypertrophy (1,2). 
TOF is a major focus in pediatric and adult congenital 
cardiology due to its anatomical intricacy.

TOF management has altered dramatically in recent 
decades. Surgical procedures, perioperative care, and 
cardiac imaging have improved survival, with most 
patients now living to adulthood (3,4). As a result, the 
clinical focus has switched from survival after repair to 
long-term clinical outcomes, functional capacity, and 
quality of life (3-5).

The fact that surgical repair does not cure is 
becoming increasingly apparent. Repair is just the start 
of a chronic illness path that requires ongoing monitoring 
and personalized treatment. International guidelines 
recommend risk-based follow-up and early intervention 
to prevent late consequences (1,2).

Managing late postoperative sequelae is a daily 
therapeutic issue. Pulmonary regurgitation, increasing 
right ventricular dilatation, ventricular dysfunction, and 
arrhythmias sometimes require further treatment (6-8). 
Arrhythmias are a prominent cause of morbidity and 
abrupt cardiac death in people with corrected TOF (9).

Beyond cardiovascular outcomes, TOF’s impact 
on patients’ lives is becoming clearer. Increasing data 
suggests that congenital cardiac disease, especially 
TOF, may cause neurodevelopmental and psychological 
problems into adolescence and adulthood (10-12). These 
are now crucial to complete treatment.

These data suggest that TOF management involves 
surgical decision-making, sophisticated imaging, rhythm 
surveillance, and patient-centered outcomes rather than 
lifelong care ideas. However, variations in access to 
specialized care, particularly in low- and middle-income 
countries, continue to affect outcomes and highlight 
the need for a global health perspective (13). This 
study presents a comprehensive synthesis of surgical 
techniques, long-term clinical outcomes, and systemic 
determinants, establishing Tetralogy of Fallot as a 
complicated illness need coordinated and contextually 
tailored therapy.

Aim and Objectives

The aim of this review is to synthesize current evidence 
on the contemporary management and long-term 
outcomes of patients with Tetralogy of Fallot, with 
particular emphasis on advances in therapeutic strategies, 
lifelong surveillance, and the persistent challenges 
related to complications and quality of life. To address 
this aim, the review provides an integrated evaluation 
of the anatomical, physiological, and diagnostic 
features relevant to clinical management; critically 

examines current surgical and catheter-based treatment 
approaches across diverse patient populations; evaluates 
both short- and long-term outcomes following repair, 
including ventricular function, pulmonary regurgitation, 
arrhythmias, and the need for reintervention; and explores 
broader patient-centered outcomes, including quality of 
life, neurodevelopment, and the complexities inherent in 
lifelong care.

Theoretical framework 

The interpretation of contemporary management and 
long-term outcomes in Tetralogy of Fallot (TOF) is 
best understood by framing the condition as a chronic, 
evolving disease rather than a one-time surgical event. 
The Life-Course Model emphasizes that early anatomical 
features and surgical decisions influence outcomes across 
the lifespan (14), supported by evidence showing that, 
despite excellent survival, patients remain at risk for 
pulmonary regurgitation, right ventricular dysfunction, 
arrhythmias, and heart failure (3-5,15). 

The Biopsychosocial Model extends this perspective 
by highlighting neurodevelopment, psychological well-
being, and quality of life (16), with studies indicating 
potential cognitive and psychosocial challenges in affected 
individuals (10-12). The Risk Stratification Model 
supports individualized management by accounting for 
variability in clinical presentation and long-term risk (17), 
where factors such as right ventricular dilation, severity 
of pulmonary regurgitation, and arrhythmia burden guide 
follow-up and reintervention (6,7,9). Finally, a Chronic 
Care and Systems-Based Perspective underscore the need 
for continuous, multidisciplinary care and structured 
follow-up (18,19), while international guidelines and 
global evidence highlight the importance of access to 
specialized services and healthcare system organization 
in determining long-term outcomes (1,2,13).

MATERIALS AND METHODS

This study was conducted as a narrative literature 
review aimed at synthesizing current evidence on the 
contemporary management and long-term outcomes 
of Tetralogy of Fallot. Although narrative in design, 
a structured and transparent approach was adopted to 
enhance reproducibility and methodological rigor.

Data Sources and Search Strategy

A comprehensive literature search was performed across 
four major electronic databases: PubMed, Scopus, Web 
of Science, and Google Scholar.

The search strategy combined Medical Subject 
Headings (MeSH) and free-text terms. The core search 
string used in PubMed was: (“Tetralogy of Fallot” OR 
“TOF”) AND (“surgical repair” OR “management”) AND 
(“long-term outcomes” OR “pulmonary regurgitation” 
OR “arrhythmias” OR “right ventricular dysfunction” 
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OR “pulmonary valve replacement” OR “adult congenital 
heart disease”). This strategy was adapted for use in other 
databases using equivalent indexing terms and Boolean 
operators (AND, OR).

The search was limited to studies published between 
January 2016 and January 2026, and only articles 
published in English were considered. A manual search 
of reference lists of key articles and relevant reviews was 
conducted to identify additional eligible studies.

Eligibility Criteria

Studies were selected based on predefined inclusion 
criteria. Eligible studies included clinical studies (such 
as cohort, multicenter, and registry-based studies), 
systematic reviews and meta-analyses, international 
guidelines and scientific statements, as well as narrative 
reviews addressing key aspects of Tetralogy of Fallot 
management and outcomes.

Included studies focused on surgical or interventional 
management, short- and long-term outcomes, 
postoperative complications such as arrhythmias, 
pulmonary regurgitation and heart failure, as well as 
imaging, follow-up strategies, neurodevelopment, and 
quality of life.
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¥ completeness and transparency of reporting  
Studies with significant methodological limitations, insufficient clinical data, or lack of relevance were 
excluded during full-text screening. 

Data Extraction 

Data from included studies were systematically extracted into a structured framework including: 
¥ Author, year, and country  
¥ Study design and population  
¥ Clinical focus or intervention  
¥ Outcomes measured  
¥ Key findings 

These data were summarized in Table 1 to facilitate comparison across studies. 

 
 

Figure 1. PRISMA flow diagram 
 

Data Synthesis 

Due to heterogeneity in study designs, populations, and reported outcomes, a quantitative meta-analysis was 
not feasible. Instead, a thematic narrative synthesis was conducted. The evidence was grouped into key 

Studies were excluded if they did not specifically 
address Tetralogy of Fallot, lacked clinical relevance to 
management or outcomes, were published outside the 
predefined time frame, or consisted of case reports or 
studies with insufficient methodological detail.

Study Selection

The process of choosing studies was organized in a way 
that met PRISMA 2020 guidelines. We found a total of 
430 records by searching databases and other sources. 
After getting rid of 90 duplicates, there were 340 records 
left to screen. We looked at the titles and abstracts and 
threw out 190 records that didn’t satisfy the criteria we 
had set up. 

We looked for 150 full-text articles to get back, but 
we couldn’t find 10 of them. As a result, 140 full-text 
papers were evaluated for eligibility. We didn’t include 
104 of these studies because they had methodological 
problems, didn’t have meaningful outcomes, or didn’t 
have enough clinical data. In the end, 36 papers met the 
criteria for inclusion and were incorporated in the final 
synthesis. The study selection process is illustrated in 
Figure 1.

Figure 1. PRISMA flow diagram
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Quality Appraisal

Although a formal scoring system was not applied due to 
the narrative design, methodological quality was assessed 
using criteria adapted from established appraisal tools 
(Newcastle-Ottawa Scale and AMSTAR principles), 
including:

•	 clarity of study design 
•	 adequacy of sample size 
•	 relevance and definition of outcomes 
•	 completeness and transparency of reporting 

Studies with significant methodological limitations, 
insufficient clinical data, or lack of relevance were 
excluded during full-text screening.

Data Extraction

Data from included studies were systematically extracted 
into a structured framework including:

•	 Author, year, and country 
•	 Study design and population 
•	 Clinical focus or intervention 
•	 Outcomes measured 
•	 Key findings

These data were summarized in Table 1 to facilitate 
comparison across studies.

Data Synthesis

Due to heterogeneity in study designs, populations, and 
reported outcomes, a quantitative meta-analysis was 
not feasible. Instead, a thematic narrative synthesis was 
conducted. The evidence was grouped into key clinical 
domains, including surgical strategies and timing of 
repair, long-term outcomes, right ventricular function 
and pulmonary valve disease, arrhythmias, imaging and 
follow-up, neurodevelopment and quality of life, as well 
as adult outcomes and healthcare system factors.

This approach enabled the identification of consistent 
patterns across studies, areas of agreement, and existing 
gaps in the current evidence base.

RESULTS

Guidelines and Long-Term Management

Current evidence highlights the central role of 
international guidelines in the management of patients 
with repaired Tetralogy of Fallot. Both European and 
American recommendations emphasize risk-based 
follow-up strategies and timely intervention tailored to 
evolving clinical findings (1,2).

These guidelines consistently underline the 
importance of risk stratification, particularly in relation 
to arrhythmias, ventricular function, and the progression 
of right ventricular outflow tract (RVOT) dysfunction. 
More recent scientific statements further reinforce the 
need for targeted monitoring of arrhythmic risk and 

neurodevelopmental outcomes as part of comprehensive 
care pathways(9,10).

Surgical Strategies and Timing of Repair

Across the included studies, surgical management 
strategies have evolved significantly, particularly in 
neonates and infants. Contemporary data suggest that 
both primary repair and staged palliation remain viable 
options, with the choice largely dependent on patient 
characteristics such as age, weight, and clinical stability 
(20-22).

Several studies indicate that early repair during 
infancy is feasible and may be beneficial in selected 
patients, although it carries increased perioperative risk 
in certain high-risk groups (23,24). In contrast, staged 
palliation may provide clinical stabilization prior to 
complete repair, particularly in symptomatic or low-
weight neonates (25,26).

Large registry data also demonstrate variability in 
surgical practices across centers, reflecting differences in 
institutional expertise and patient selection (27).

Short- and Long-Term Clinical Outcomes

Overall survival following repair of Tetralogy of Fallot 
is reported to be excellent across most studies. However, 
morbidity remains clinically significant, particularly 
over long-term follow-up. Cohort and registry studies 
consistently show that reintervention, especially related 
to RVOT dysfunction, is common over time (3,4).

Long-term outcomes are influenced by anatomical 
variability, surgical technique, and the presence of genetic 
conditions, with certain subgroups demonstrating higher 
rates of complications and mortality (5).

In addition, evidence suggests that ventricular 
dysfunction, including left ventricular involvement, is 
associated with worse cardiovascular outcomes (28).

Right Ventricular Function and Pulmonary Valve 
Disease

Right ventricular dysfunction and pulmonary 
regurgitation emerge as central determinants of long-
term outcomes. Multiple studies highlight the progressive 
nature of RV dilation and its association with adverse 
clinical outcomes (6).

Pulmonary valve replacement (PVR) is identified 
as a key intervention for managing late complications, 
although optimal timing remains a matter of ongoing 
debate (7,29).

Both surgical and percutaneous approaches are 
used in clinical practice, with evidence suggesting 
that each has specific advantages depending on patient 
characteristics (30,31).
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Arrhythmias and Electrophysiological Complications

Arrhythmias represent one of the most significant 
late complications following TOF repair. Ventricular 
tachycardia and the risk of sudden cardiac death remain 
major concerns, particularly in adult populations (9).

Electrophysiological studies demonstrate that 
anatomical isthmuses created during surgical repair 
serve as substrates for ventricular arrhythmias (32). 
Noninvasive tools, including electrocardiography, may 
aid in identifying high-risk patients (33).

These findings support proactive rhythm surveillance 
and early risk-directed intervention in vulnerable 
subgroups.

Imaging and Follow-Up Strategies

Advanced imaging plays a critical role in both diagnosis 
and long-term follow-up. Cardiac magnetic resonance 
(CMR) is widely regarded as the gold standard for 
assessing right ventricular size and function, as well as 
pulmonary regurgitation (34).

Multimodality imaging, including echocardiography 
and CT, provides complementary information and 
supports comprehensive patient evaluation (35).

Emerging techniques such as 3D imaging further 
enhance anatomical and functional assessment, 
particularly in complex cases (34,35).

Neurodevelopment and Quality of Life

Beyond cardiovascular outcomes, several studies 
highlight the importance of neurodevelopmental and 
psychosocial aspects. Evidence suggests that patients 
with TOF may experience cognitive and behavioral 
challenges, particularly those with complex clinical 
histories (11).

Despite these challenges, overall quality of life 
is generally reported to be favorable in many patients, 
although variability exists depending on treatment 
strategies and long-term complications (12).

Adult Outcomes and Chronic Disease Burden

As survival improves, an increasing number of patients 
with repaired TOF reach adulthood, bringing new 
clinical challenges. Long-term follow-up studies indicate 
that while mortality remains relatively low, morbidity 
is substantial, with a high burden of arrhythmias, heart 
failure, and need for reintervention (15,36).

Heart failure is increasingly recognized as a major 
complication in this population, particularly in the 
presence of ventricular dysfunction (8).

Global and Health System Perspectives

Finally, disparities in access to care significantly influence 
outcomes. Studies focusing on low- and middle-income 
countries highlight delays in diagnosis, limited access to 

surgery, and challenges in long-term follow-up (13).
In contrast, reports from specialized centers, 

including regional data, demonstrate improved outcomes 
when appropriate surgical expertise and follow-up 
systems are available ).

DISCUSSION

Interpretation of Main Findings

The present review confirms that, although surgical 
repair of Tetralogy of Fallot has led to excellent survival, 
the condition remains associated with substantial long-
term morbidity (3,4). Across the included studies, a 
consistent pattern emerges: patients increasingly survive 
into adulthood, but many develop late complications 
that necessitate continuous risk-based monitoring and 
intervention (15,36). 

However, the available evidence remains 
heterogeneous. Most studies are observational cohort or 
registry-based analyses, with limited comparative data, 
which restricts the ability to draw definitive conclusions 
regarding optimal management strategies.

These findings support the view that TOF should be 
interpreted as a chronic clinical trajectory rather than a 
definitively corrected defect, in line with international 
guidelines (1,2). The shift toward evaluating functional 
status, complication burden, and patient-centered 
outcomes reflects a broader transformation in congenital 
heart disease care.

Surgical Strategies and Timing of Repair

One of the central issues identified in this review is the 
ongoing debate regarding optimal surgical strategy and 
timing of repair. The evidence suggests that both primary 
repair and staged palliation remain valid approaches, 
with decisions largely guided by patient-specific factors 
such as age, weight, and clinical stability (20,21).

Early repair during infancy has become increasingly 
common and may offer advantages in terms of 
physiological correction and avoidance of prolonged 
cyanosis (38). However, this approach may be associated 
with higher perioperative risk in vulnerable groups, 
particularly low-weight or symptomatic neonates (23,24).

In contrast, staged palliation may provide a safer 
pathway for selected high-risk patients, allowing 
stabilization before complete repair (25,26). The 
variability observed across studies and centers (39), 
highlights the absence of a universally optimal strategy, 
reinforcing the importance of individualized surgical 
planning rather than a uniform approach (2).

Long-Term Outcomes and Reintervention

Although survival following repair is consistently 
reported as excellent, long-term outcomes are 
characterized by progressive morbidity and a high rate 
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of reintervention, particularly related to right ventricular 
outflow tract dysfunction (3,4).

Nevertheless, the strength of this evidence is 
influenced by several limitations. Most studies originate 
from high-income settings and specialized centers, 
potentially limiting generalizability. In addition, 
heterogeneity in surgical techniques, follow-up duration, 
and patient selection contributes to variability in reported 
outcomes.

While ventricular dysfunction has been consistently 
associated with adverse prognosis (28), uncertainty 
persists regarding optimal thresholds and timing 
for intervention, particularly for pulmonary valve 
replacement, highlighting a persistent gap in current 
evidence.

Arrhythmias and Risk Stratification

Arrhythmias remain one of the most clinically significant 
late complications following TOF repair, with ventricular 
tachycardia and sudden cardiac death representing major 
concerns (9).

Although electrophysiological mechanisms are 
increasingly understood, much of the evidence is based 
on observational and mechanistic studies rather than 
prospective trials (32). As a result, risk stratification 
strategies, while improving, remain imperfect and may 
vary across clinical settings (33). This limits the precision 
of current risk prediction models and underscores the 
need for standardized, evidence-based stratification tools.

Beyond Cardiac Outcomes: Neurodevelopment and 
Quality of Life

Increasing attention has been directed toward outcomes 
beyond traditional cardiovascular parameters. Evidence 
suggests that patients with Tetralogy of Fallot may 
experience neurodevelopmental and psychosocial 
challenges, particularly in complex clinical cases or 
following early-life interventions (11).

Despite these challenges, quality of life is often 
reported as favorable, indicating the potential for 
successful long-term adaptation (12). However, 
variability across studies suggests that these outcomes are 
influenced by a combination of medical, psychological, 
and social factors.

This highlights the need to integrate 
neurodevelopmental assessment and psychosocial 
support into routine clinical pathways rather than 
considering them secondary outcomes.

Lifelong Care and Health System Challenges

The increasing survival of patients with repaired TOF has 
shifted the burden toward long-term disease management 
within healthcare systems. As survival improves, an 
increasing number of adults with repaired TOF require 
specialized long-term care. Despite relatively low 
mortality, morbidity remains substantial, with a high 

burden of arrhythmias, heart failure, and repeated 
interventions (8,15,36).

This highlights the importance of dedicated adult 
congenital heart disease services and structured transition 
from pediatric to adult care.

At the same time, important disparities in access 
to care persist. Evidence from low- and middle-income 
countries indicates delays in diagnosis, limited access to 
surgical treatment, and challenges in long-term follow-up 
(13), whereas outcomes are generally more favorable in 
settings with established multidisciplinary care systems.

Although data from the Albanian context remain 
limited, available evidence suggests that satisfactory 
outcomes can be achieved when appropriate expertise and 
infrastructure are in place (37) , emphasizing the need for 
further regional research and system-level development.

Clinical and Research Implications

This review supports the recognition of Tetralogy of 
Fallot as a lifelong condition requiring structured, 
risk-based follow-up. Continuous rhythm monitoring 
and advanced imaging, particularly cardiac magnetic 
resonance, are essential for the early detection of right 
ventricular dysfunction, pulmonary regurgitation, and 
arrhythmic risk. Optimizing long-term outcomes requires 
multidisciplinary care and a well-coordinated transition 
from pediatric to adult services.

The identification of neurodevelopmental and 
psychosocial challenges further supports the integration 
of patient-centered care, including early screening and 
targeted interventions to improve quality of life.

From a research perspective, the predominance 
of observational studies limits the strength of current 
evidence. Future research should focus on developing 
standardized risk stratification models, refining the 
timing of key interventions such as pulmonary valve 
replacement, and conducting multicenter studies that 
include diverse populations, particularly from low- and 
middle-income settings.

Lastly, integrating clinical outcomes with patient-
reported measures is essential to better capture the overall 
burden of disease and to guide personalized, lifelong 
management strategies.

Limitations 

This review has several limitations that should be 
considered when interpreting the findings. First, the 
narrative design does not allow for quantitative synthesis 
or formal comparison across studies, which may limit 
the strength of conclusions. Second, the included studies 
were heterogeneous in terms of design, population, 
and outcomes, making direct comparisons challenging. 
Finally, the limited availability of data from certain 
regions, particularly low- and middle-income countries, 
may affect the generalizability of the findings.
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CONCLUSION 

Tetralogy of Fallot should be understood as a condition 
characterized by progressive clinical complexity rather 
than a definitively corrected defect. Despite excellent 
survival, the persistent burden of late complications 
underscores the need for risk-guided intervention, 
improved stratification strategies, and integrated long-
term care models. Addressing existing evidence gaps 
and disparities in care will be essential to optimizing 
outcomes across diverse healthcare settings.
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Table 1. Article selected for narrative review.
Author 
(Year)

Country Study Type Population Intervention / Focus Outcomes 
Measured

Key Findings

Baumgartner 
et al. (2021)
(2)

Europe ESC 
Guideline

Adults with 
congenital heart 
disease

ACHD management Follow-up, 
reintervention, 
arrhythmias, imaging

Provides European 
recommendations for lifelong 
ACHD care, including 
repaired TOF.

Stout et al. 
(2019) (1)

USA AHA/ACC 
Guideline

Adults with 
congenital heart 
disease

ACHD management Surveillance, risk 
stratification, 
intervention

Defines structured follow-up 
and management principles for 
adult TOF patients.

Krieger et al. 
(2022) (9)

USA AHA 
Scientific 
Statement

Repaired TOF 
patients

Arrhythmias VT, sudden death 
risk, ECG, ablation, 
ICD

Arrhythmias remain a major 
late complication after TOF 
repair.

Sood et al. 
(2024) (10)

USA AHA 
Scientific 
Statement

CHD patients Neurodevelopment Cognitive, 
behavioral, 
psychosocial 
outcomes

CHD patients need 
neurodevelopmental risk 
stratification and long-term 
monitoring.

Clarke et al. 
(2023) (27)

USA Registry study Pediatric TOF 
patients

Surgical care patterns Repair type, 
palliation, mortality, 
morbidity

Contemporary TOF care 
shows changing surgical 
strategies across centers.

Ishigami et 
al. (2024) (3)

Australia Retrospective 
cohort

Repaired TOF 
patients

Long-term surgical 
outcomes

Survival, reoperation, 
RVOT gradient

Excellent long-term survival, 
but reoperation remains 
common over time.

Smith et al. 
(2019) (4)

USA Registry 
cohort

Pediatric repaired 
TOF

Long-term outcomes Survival, mortality 
risk, staged repair

Long-term survival is 
excellent; staged and non-
valve-sparing repair linked 
with worse survival.

Blais et al. 
(2021) (5)

Canada Population 
cohort

TOF patients Native anatomy/
genetics

30-year outcomes, 
morbidity, mortality

Outcomes vary by anatomy 
and genetic conditions.

Roy et al. 
(2024) (29)

Canada Cohort study Pediatric TOF 
patients

Pulmonary valve 
replacement

Reintervention, valve 
outcomes

Pediatric PVR is important 
for managing late RVOT 
dysfunction.

Goldstein 
et al. (2021) 
(20)

USA Multicenter 
cohort

Symptomatic 
neonates

Primary repair vs 
staged repair

Mortality, 
complications, 
reintervention

Management strategy 
influences early risk and later 
outcomes.

Qureshi et al. 
(2022) (21)

USA/
Multicenter

Multicenter 
cohort

Neonates <2.5 kg Repair vs palliation Mortality, morbidity, 
complete repair

Low-weight neonates require 
individualized treatment 
strategy.

Law et al. 
(2022) (25)

USA/
Multicenter

Cohort study Symptomatic 
neonates

Palliation before 
repair

Complete repair, 
outcomes

Palliation can help stabilize 
high-risk neonates before full 
repair.

Geva et al. 
(2024) (6)

USA AHA 
Scientific 
Statement

Repaired TOF 
patients

RVOT dysfunction PR, RV dilation, 
PVR timing

Provides updated guidance for 
long-term RVOT dysfunction 
management.

Ye et al. 
(2024) (22)

Australia Cohort study Young symptomatic 
infants

Shunt vs primary 
repair

Mortality, morbidity, 
reintervention

Treatment should be tailored 
according to infant risk profile.

Giacobbe et 
al.(2025) (26)

UK/Europe Cohort study TOF patients Palliation and repair Survival, 
reintervention, 
outcomes

Initial palliation followed by 
repair can achieve acceptable 
outcomes.

Callahan et 
al. (2025) 
(39)

USA/
Multicenter

Multicenter 
study

AVSD–TOF 
patients

Surgical 
management

Early mortality, 
complications

Complex AVSD–TOF has 
improving early outcomes 
with specialized care.

Yang et al. 
(2019) (38)

USA Database 
study

Infants with TOF Timing of repair In-hospital 
outcomes, mortality, 
complications

Timing of repair influences 
inpatient outcomes.

Martins et al. 
(2018) (23)

Brazil Observational 
study

Infants 0–12 
months

Timing of corrective 
surgery

Early outcomes, 
complications

Early repair during infancy 
may be beneficial when 
clinically appropriate.
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Ho et al. 
(2018) (24)

UK Retrospective 
study

Infants <3 months Primary early repair Mortality, morbidity, 
recovery

Primary repair under 3 months 
can be feasible in selected 
patients.

Egbe et al. 
(2019) (28)

USA Systematic 
review/meta-
analysis

TOF patients LV systolic 
dysfunction

Mortality, CV 
outcomes

LV dysfunction is associated 
with adverse cardiovascular 
outcomes.

Koppel et al. 
(2020) (40)

Netherlands Meta-analysis TOF patients Coronary anomalies Prevalence, surgical 
relevance

Coronary anomalies are 
clinically important for 
surgical planning.

Kordopati-
Zilou et al. 
(2022) (11)

Greece/
Europe

Systematic 
review

TOF patients Neurodevelopment Cognitive, motor, 
behavioral outcomes

TOF patients may have 
neurodevelopmental 
vulnerabilities.

Kapel et al. 
(2017) (32)

Europe Electrophysi-
ology study

Repaired TOF 
patients

VT substrate Anatomical 
isthmuses, VT

Anatomical isthmuses are 
key substrates for ventricular 
tachycardia.

Brouwer et 
al. (2018) 
(33)

Netherlands Observational 
EP study

Repaired TOF 
patients

Noninvasive VT 
assessment

ECG, VT-related 
isthmuses

ECG may help identify VT-
related anatomical substrates.

Valente & 
Geva (2017) 
(34)

USA Expert review Repaired TOF 
patients

Imaging follow-up CMR, RV size/
function, PR

CMR is essential for 
monitoring repaired TOF.

Ramírez & 
de Isla (2020) 
(35)

Spain Review TOF patients Cardiac imaging Echo, CT, CMR Multimodality imaging 
supports diagnosis and follow-
up.

Leonardi et 
al. (2019) 
(41)

Italy Observation-
al/review 
imaging study

Repaired TOF 
patients

3D imaging Anatomy, RV 
assessment

3D imaging improves 
anatomical and functional 
evaluation.

Egbe et al. 
(2020) (28)

USA Observation-
al/database 
study

TOF patients Pulmonary valve 
replacement

Trends, outcomes PVR use and outcomes 
are central to late TOF 
management.

Aguirreza-
balaga et al. 
(2020) (30)

Spain Review Repaired TOF 
patients

Surgical vs 
percutaneous PVR

PR, RV remodeling, 
reintervention

Both surgical and 
percutaneous approaches are 
important for PR management.

Mongeon et 
al. (2019) (7)

Canada Meta-analysis/
guideline 
report

Adults with TOF Pulmonary valve 
replacement

Mortality, RV 
function, symptoms

PVR improves selected 
outcomes, but timing remains 
complex.

Mueller et al. 
(2020) (8)

USA Review Adults with TOF Heart failure HF mechanisms, 
outcomes

Heart failure is an increasing 
concern in aging repaired TOF 
patients.

Woo et al. 
(2021) (36)

USA Review Aging TOF 
population

Adult complications Arrhythmias, HF, 
PVR, morbidity

Repaired TOF is now a 
chronic lifelong condition with 
late morbidity.

Dennis et al. 
(2017) (15)

Australia Cohort study Adults with 
repaired TOF

Adult outcomes Mortality, morbidity, 
complications

Mortality is low, but morbidity 
remains high into middle age.

Nicholson 
et al. (2025) 
(12)

USA/
Multicenter

Cohort study Neonatally treated 
TOF patients

Quality of life HRQoL, functional 
outcomes

Quality of life after neonatal 
treatment is generally 
favorable but variable.

Dib et al. 
(2024) (13)

LMIC/global Review TOF patients in 
LMICs

Health systems/
access to care

Surgery access, 
outcomes, disparities

LMIC settings face delays, 
resource limitations, and 
follow-up challenges.

Prifti (2017) 
(37)

Albania Clinical/
surgical report

AVSD with TOF Surgical repair in 
Albanian context

Technical repair, 
perioperative 
considerations

Useful for addressing the 
Albanian/regional surgical 
context.


