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ABSTRACT 

 

 
ARTICLE DETAILS 

 
Background: Hypoplastic Left Heart Syndrome (HLHS) represents one of the most severe congenital 

cardiac malformations, characterized by underdevelopment of left-sided heart structures, necessitating a 

complex surgical and medical management strategy. Despite advancements in staged palliation and 

neonatal care, outcomes remain suboptimal for a significant subset of patients. Recent progress in 

molecular biology, regenerative medicine, and surgical innovations offers novel approaches that may 

transform the clinical trajectory of these patients. 

Objectives: This article explores emerging strategies for HLHS management, including stem cell therapy, 

tissue engineering, genomic medicine, hybrid procedures, and long-term monitoring protocols facilitated 

by artificial intelligence (AI). 

Methods: A comprehensive review of contemporary literature was conducted, focusing on the 

translational application of novel therapies and their integration into current staged palliation frameworks. 

Results: Early-stage studies demonstrate promise for stem cell therapies and myocardial regeneration in 

improving ventricular function. Advances in 3D printing and bioengineering have facilitated patient-

specific surgical planning and the development of biocompatible grafts. Furthermore, AI-driven 

algorithms provide personalized risk assessment and optimized perioperative management strategies. 

Conclusions: The integration of multidisciplinary and translational approaches offers an opportunity to 

redefine HLHS management, potentially improving survival and quality of life for affected individuals. 

However, further clinical trials and international collaboration are essential to establish these novel 

therapies as standard of care. 
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INTRODUCTION 

Hypoplastic Left Heart Syndrome (HLHS) represents a 

critical congenital heart defect characterized by 

underdevelopment of the left ventricle, mitral valve, aortic 

valve, and ascending aorta, resulting in severe systemic 

outflow obstruction. This condition accounts for 

approximately 2–3% of all congenital heart defects but is 

responsible for a disproportionately high mortality rate in 

neonatal and pediatric cardiac populations. The current 

standard of care involves staged surgical palliation, including 

the Norwood, Glenn, and Fontan procedures, aimed at 

redirecting systemic and pulmonary blood flow. Despite 

significant advances in perioperative care and surgical 

techniques, the long-term prognosis remains limited, with 

many patients experiencing complications such as ventricular 
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dysfunction, protein-losing enteropathy, arrhythmias, and 

eventual heart failure.1,2 

In recent years, significant advancements in regenerative 

medicine, genomic technologies, and surgical innovation 

have created unprecedented opportunities to address the 

fundamental limitations of current HLHS management 

strategies. Stem cell therapies, tissue-engineered conduits, 

hybrid surgical approaches, and AI-driven decision-making 

tools are among the promising modalities under investigation. 

These novel approaches aim to improve ventricular function, 

reduce surgical morbidity, and enhance long-term 

outcomes.1,2 

This article seeks to provide a comprehensive review of these 

emerging strategies, focusing on their potential to transform 

the HLHS care paradigm. By bridging the gap between 

current clinical practices and translational science, we hope 

to identify actionable pathways that enhance survival and 

quality of life for this high-risk population.3 

 

EPIDEMIOLOGY 

Hypoplastic Left Heart Syndrome (HLHS) is a rare and 

severe congenital cardiac malformation that accounts for 

approximately 2–3% of all congenital heart defects but is 

responsible for 25–40% of all neonatal cardiac deaths. Its 

estimated prevalence is approximately 2 to 4 per 10,000 live 

births, making it one of the less common yet most critical 

congenital heart conditions encountered in pediatric 

cardiology. HLHS exhibits no clear predilection for sex, 

though some studies suggest a slightly higher incidence in 

males. Ethnically, variations have been reported, with lower 

prevalence in African and Asian populations compared to 

Caucasians, although these differences might reflect 

disparities in diagnosis and reporting practices.3,4 

The condition arises from impaired development of left-sided 

heart structures during embryogenesis, including the left 

ventricle, mitral valve, aortic valve, and ascending aorta. The 

underlying etiology remains multifactorial, involving genetic 

and environmental contributions. Approximately 20–25% of 

cases are associated with identifiable genetic syndromes or 

chromosomal anomalies, such as Turner syndrome, trisomy 

13, or trisomy 18. However, most cases occur sporadically, 

with no discernible familial pattern.5 

Advances in prenatal imaging, particularly with the 

widespread use of fetal echocardiography, have led to earlier 

detection, with most cases now diagnosed in utero. Detection 

rates vary based on healthcare accessibility and expertise, 

with some countries reporting prenatal diagnostic rates 

exceeding 70–80%. Early diagnosis is critical as it facilitates 

parental counseling, delivery planning at specialized centers, 

and immediate postnatal management, which significantly 

impacts survival outcomes.5 

Survival rates have improved substantially over the past few 

decades, largely due to advances in surgical techniques, 

perioperative care, and intensive care unit (ICU) protocols. 

Historically, HLHS was universally fatal without 

intervention. With the advent of the Norwood procedure in 

the 1980s and subsequent refinements in staged surgical 

palliation, early survival rates improved from 30–50% to 

approximately 75–85% in high-volume centers. However, 

10-year survival rates remain between 50–70%, with 

significant variation depending on anatomical factors, 

comorbidities, and institutional expertise.6 

Geographic and socioeconomic disparities in outcomes are 

significant. High-income countries with access to advanced 

surgical and critical care resources demonstrate markedly 

better survival and quality-of-life metrics. Conversely, in 

low- and middle-income countries, the lack of specialized 

centers, financial constraints, and delayed diagnosis 

contribute to poorer outcomes. Global efforts are underway 

to address these inequities through knowledge sharing, 

telemedicine, and international collaboration in research and 

training.6 

In terms of disease burden, HLHS imposes substantial 

physical, emotional, and financial strain on patients, families, 

and healthcare systems. Long-term survivors often face 

complications, including arrhythmias, heart failure, 

thromboembolic events, and neurodevelopmental delays. 

These challenges underscore the need for innovative 

approaches that go beyond surgical palliation to include 

regenerative medicine, personalized therapies, and 

comprehensive, multidisciplinary care models.6 

Overall, while significant progress has been made in the 

management of HLHS, its epidemiological impact highlights 

persistent challenges. Understanding the distribution, 

determinants, and outcomes of HLHS is essential for guiding 

future innovations aimed at reducing morbidity and mortality 

in this vulnerable population.6 

 

CLINICAL MANIFESTATIONS 

Hypoplastic Left Heart Syndrome (HLHS) is a critical 

congenital heart defect characterized by the 

underdevelopment of left-sided cardiac structures, including 

the left ventricle, mitral valve, aortic valve, and ascending 

aorta. The resulting severe obstruction to systemic blood flow 

manifests as life-threatening circulatory insufficiency within 

the neonatal period. Without timely intervention, HLHS is 

uniformly fatal. The clinical manifestations of HLHS are 

predominantly determined by the degree of obstruction, the 

dependence on ductal patency for systemic perfusion, and the 

neonate's adaptive capacity to hypoxia and acidosis.7 

Neonatal Period 

In the immediate postnatal period, most neonates with HLHS 

appear well initially, as systemic blood flow is maintained 

through a patent ductus arteriosus (PDA). However, as the 

ductus arteriosus begins to close, typically within 24–72 

hours of birth, systemic perfusion becomes critically 

compromised. Clinical signs of HLHS during this transitional 

phase include:7 
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1. Cyanosis: HLHS is often associated with central 

cyanosis due to mixing of oxygenated and 

deoxygenated blood at the atrial level. The severity 

of cyanosis may depend on the degree of atrial septal 

defect (ASD) patency and the efficiency of 

pulmonary-to-systemic blood flow redistribution.7 

2. Poor perfusion: Closure of the PDA leads to 

diminished systemic perfusion, resulting in cold 

extremities, delayed capillary refill time, and weak 

peripheral pulses. Mottling and pallor are common, 

reflecting systemic hypoperfusion. 

3. Heart failure: The inability of the diminutive left 

ventricle to support systemic circulation leads to 

acute heart failure, manifesting as tachycardia, 

tachypnea, hepatomegaly, and poor feeding.7 

4. Metabolic acidosis: Impaired tissue perfusion 

results in anaerobic metabolism, leading to lactic 

acidosis. This may present clinically as irritability, 

lethargy, or seizures due to hypoxic-ischemic 

encephalopathy.7 

5. Shock: As the ductus arteriosus closes further, 

neonates rapidly progress to cardiogenic shock. 

Signs include profound hypotension, oliguria or 

anuria, and altered mental status, necessitating 

urgent prostaglandin E1 (PGE1) administration to 

maintain ductal patency.7 

Beyond the Neonatal Period 

Without surgical intervention, most neonates succumb to 

HLHS within days or weeks. However, those who undergo 

staged palliation may experience a variety of clinical 

manifestations over time, including:8 

1. Persistent cyanosis: Cyanosis often persists to 

varying degrees following initial palliation due to 

systemic venous blood mixing with pulmonary 

venous blood at the atrial level.8 

2. Exercise intolerance: Reduced cardiac output and 

ventricular function limit exercise capacity in later 

life stages.8 

3. Arrhythmias: Atrial tachycardia, atrioventricular 

(AV) block, and ventricular arrhythmias are 

common, particularly in patients with significant 

scarring from multiple surgeries.8 

4. Protein-losing enteropathy (PLE): Chronic 

venous hypertension from the Fontan circulation 

predisposes to intestinal protein loss, manifesting as 

diarrhea, hypoalbuminemia, and edema.9 

5. Thromboembolic complications: Altered 

hemodynamics and Fontan physiology increase the 

risk of thrombus formation, potentially leading to 

stroke or pulmonary embolism.9 

6. Neurodevelopmental delay: Due to perinatal 

hypoxia, intraoperative circulatory arrest, and 

chronic hypoperfusion, many children with HLHS 

experience cognitive, motor, and behavioral 

challenges.9 

Long-Term Complications 

As HLHS survivors age, additional complications emerge, 

including: 

1. Fontan failure: The Fontan circuit, while initially 

effective, often leads to progressive dysfunction, 

manifesting as ascites, pleural effusions, and 

exercise intolerance.9 

2. Heart failure: The systemic right ventricle in 

Fontan physiology is prone to failure over time, 

presenting with fatigue, dyspnea, and peripheral 

edema.9 

3. Hepatopathy: Fontan-associated liver disease 

(FALD) is a common long-term complication, 

characterized by hepatic congestion, fibrosis, and 

cirrhosis.9 

Understanding the clinical manifestations of HLHS is critical 

for timely diagnosis and comprehensive management. This 

complex condition necessitates a multidisciplinary approach 

to address the acute and chronic challenges faced by patients 

and their families. Novel strategies such as regenerative 

therapies, hybrid interventions, and personalized 

management hold promise for improving outcomes and 

mitigating the clinical burden of this life-threatening 

condition.9 

Diagnostic Methods 

The diagnosis of Hypoplastic Left Heart Syndrome (HLHS) 

is critical for optimizing prenatal counseling, delivery 

planning, and immediate postnatal management. Advances in 

diagnostic imaging and genetic screening have significantly 

enhanced early detection rates and improved the precision of 

anatomical and functional assessment. Comprehensive 

diagnostic evaluation involves a combination of prenatal and 

postnatal methods, supported by genetic and biochemical 

studies when indicated.10 

Prenatal Diagnosis 

Prenatal detection of HLHS has become increasingly 

common due to advances in fetal echocardiography, often 

performed as part of routine obstetric ultrasonography. The 

prenatal diagnosis provides critical insights into the 

anatomical and physiological characteristics of the condition, 

enabling early intervention planning.11 

1. Fetal Echocardiography 

○ Two-dimensional imaging: Allows 

visualization of cardiac anatomy, showing 

hallmark features of HLHS, such as 

hypoplastic left ventricle, mitral valve 

atresia or stenosis, and aortic valve 

hypoplasia or atresia. 

○ Doppler studies: Evaluate blood flow 

patterns, including retrograde flow in the 
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aortic arch and abnormal flow across the 

foramen ovale.11 

○ Four-chamber view: Often reveals 

disproportionate chamber sizes, with the 

left heart appearing significantly 

underdeveloped compared to the right.11 

○ Pulmonary venous Doppler: Assesses left 

atrial hypertension secondary to restricted 

atrial septal flow.11 

2. Advanced Imaging Techniques 

○ 3D/4D echocardiography: Provides 

spatial and temporal detail of cardiac 

structures, aiding in surgical planning.11 

○ Fetal MRI: Complements 

echocardiography by offering detailed 

visualization of extracardiac structures and 

pulmonary vasculature.11 

3. Biochemical and Genetic Testing 

○ Amniocentesis or chorionic villus 

sampling may identify chromosomal 

anomalies (e.g., Turner syndrome, 

trisomies 13 or 18) or syndromic 

associations.11 

○ Molecular testing, such as whole-exome 

sequencing, may reveal de novo mutations 

or rare genetic variants associated with 

HLHS. 

4. Maternal Risk Factor Assessment 

○ Comprehensive evaluation of maternal 

health, including diabetes, infections, and 

teratogen exposure, may provide context 

for HLHS pathogenesis.11 

Postnatal Diagnosis 

In cases where prenatal diagnosis is missed, HLHS becomes 

clinically apparent shortly after birth as the ductus arteriosus 

begins to close, leading to systemic hypoperfusion. Postnatal 

diagnostic methods confirm the diagnosis and provide 

detailed anatomical and functional assessments.10,12 

1. Transthoracic Echocardiography (TTE) 

○ Two-dimensional imaging: Confirms 

structural abnormalities, including the 

hypoplastic left ventricle, mitral valve, and 

ascending aorta. 

○ Doppler studies: Evaluate blood flow 

dynamics, such as retrograde flow in the 

aortic arch and interatrial shunting through 

an atrial septal defect. 

○ Bubble contrast studies: Help assess 

atrial-level communication and pulmonary 

venous return patterns.12 

2. Chest X-ray 

○ May reveal cardiomegaly and increased 

pulmonary vascular markings secondary to 

elevated pulmonary venous pressure. 

3. Electrocardiography (ECG)12 

○ Typically demonstrates right atrial 

enlargement and right ventricular 

hypertrophy, consistent with the dominant 

right-sided circulation. 

4. Pulse Oximetry Screening 

○ Low oxygen saturation levels and 

differential cyanosis are suggestive of 

ductal-dependent systemic perfusion.12 

5. Cardiac MRI/CT 

○ Offers high-resolution imaging of cardiac 

anatomy and extracardiac structures, such 

as pulmonary and systemic vasculature. 

○ Particularly valuable in complex cases 

where additional congenital anomalies are 

suspected.12 

6. Cardiac Catheterization 

○ Performed selectively to measure 

pulmonary artery pressures, systemic 

vascular resistance, and oxygen 

saturations. 

○ Provides direct hemodynamic data that 

guide surgical planning or confirm 

suspected anatomical abnormalities.12 

Genetic and Biochemical Testing 

In both prenatal and postnatal settings, genetic testing plays a 

pivotal role in the comprehensive evaluation of HLHS: 

● Cytogenetic analysis: Detects chromosomal 

anomalies such as Turner syndrome or trisomy 

18.12 

● Molecular testing: Identifies single-gene mutations 

associated with HLHS. 

● Biochemical markers: Assess metabolic 

derangements associated with hypoxia and 

acidosis.13 

Emerging Diagnostic Strategies 

1. Artificial Intelligence (AI) and Machine 

Learning 

○ AI-driven image analysis algorithms are 

increasingly employed to enhance the 

accuracy of fetal echocardiographic 

interpretation and risk stratification.13 

○ Predictive models using machine learning 

can identify subtle anatomical variations 

and optimize individualized management 

plans. 

2. 3D Printing 

○ Patient-specific cardiac models derived 

from imaging data aid in surgical planning, 

particularly for complex anatomical 

variants.13 
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3. Advanced Molecular Diagnostics 

○ Epigenetic profiling and gene expression 

analysis may offer insights into the 

pathophysiology of HLHS, potentially 

guiding novel therapeutic approaches. 

The diagnostic evaluation of HLHS has evolved significantly 

with the integration of advanced imaging modalities, genetic 

analysis, and emerging technologies such as AI and 3D 

printing. Accurate and early diagnosis is essential to optimize 

clinical outcomes by enabling precise surgical planning, 

timely medical interventions, and comprehensive parental 

counseling. As diagnostic capabilities continue to improve, 

they will play an increasingly central role in the development 

and implementation of innovative strategies for managing 

this life-threatening condition.13 

Treatment Methods 

The management of Hypoplastic Left Heart Syndrome 

(HLHS) is among the most complex in congenital cardiology, 

requiring a multidisciplinary approach that encompasses 

surgical, interventional, pharmacological, and emerging 

regenerative therapies. The primary goal of treatment is to 

ensure adequate systemic perfusion and oxygenation, which 

is typically achieved through staged surgical palliation. 

However, advances in hybrid interventions, regenerative 

medicine, and mechanical support have expanded the 

therapeutic landscape. This section provides a comprehensive 

review of traditional and novel treatment strategies for 

HLHS.14 

Initial Stabilization 

Neonates with HLHS require immediate postnatal 

stabilization to maintain ductal patency and systemic 

perfusion. Key components of initial management include: 

1. Prostaglandin E1 Infusion 

○ Administered intravenously to maintain the 

patency of the ductus arteriosus (PDA), 

ensuring systemic blood flow.14 

○ Dosage titration minimizes side effects 

such as apnea and hypotension. 

2. Respiratory Support 

○ Intubation and mechanical ventilation are 

often required to optimize oxygen delivery 

and minimize metabolic demand.14 

○ Hyperoxia is avoided to prevent pulmonary 

overcirculation and systemic 

hypoperfusion.14 

3. Inotropic Support 

○ Agents such as dopamine or epinephrine 

are used to augment cardiac output in cases 

of hemodynamic instability.14 

4. Atrial Septostomy 

○ Performed via balloon catheterization to 

ensure unobstructed interatrial 

communication when the atrial septum is 

restrictive.14 

Staged Surgical Palliation 

The current standard of care involves a series of three staged 

surgical procedures to reconstruct the heart and redirect blood 

flow, ultimately creating a single-ventricle circulation.14 

1. Norwood Procedure (Stage 1) 

○ Performed in the neonatal period (first 

week of life). 

○ Objectives: 

■ Reconstruct the hypoplastic aortic 

arch to allow systemic perfusion. 

■ Establish a non-restrictive source 

of pulmonary blood flow via a 

modified Blalock-Taussig (BT) 

shunt or a right ventricle-to-

pulmonary artery (RV-PA) 

conduit.14 

○ Outcomes: 

■ This procedure has high surgical 

complexity, with perioperative 

mortality rates ranging from 15% 

to 25%.14 

2. Glenn Procedure (Stage 2) 

○ Typically performed at 4–6 months of age. 

○ Objectives: 

■ Replace the BT shunt or RV-PA 

conduit with a superior 

cavopulmonary anastomosis, 

directing superior vena cava 

(SVC) blood flow directly to the 

pulmonary arteries.14 

○ Outcomes: 

■ Reduces ventricular workload and 

improves oxygenation, preparing 

the child for the final stage. 

3. Fontan Procedure (Stage 3) 

○ Performed between 2 and 4 years of age. 

○ Objectives: 

■ Complete the single-ventricle 

circulation by redirecting inferior 

vena cava (IVC) blood flow to the 

pulmonary arteries, bypassing the 

heart.14 

○ Outcomes: 

■ Provides palliation for cyanosis 

but is associated with long-term 

complications, such as Fontan 

failure and protein-losing 

enteropathy.14 

Hybrid Approach 

The hybrid strategy is an alternative to the Norwood 

procedure for high-risk neonates. 
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● Components: 

○ Placement of bilateral pulmonary artery 

bands to restrict pulmonary blood flow.14 

○ Stent placement in the ductus arteriosus to 

maintain systemic perfusion. 

● Advantages: 

○ Avoids cardiopulmonary bypass in fragile 

neonates. 

○ Provides a bridge to definitive surgical 

intervention.14 

Heart Transplantation 

Heart transplantation remains the definitive treatment for 

some HLHS cases, particularly in patients with failed surgical 

palliation or severe ventricular dysfunction.14 

● Challenges: 

○ Limited donor availability. 

○ Lifelong immunosuppression with 

associated risks of infection and 

rejection.14 

● Outcomes: 

○ Survival rates have improved, with 1-year 

survival exceeding 80% in experienced 

centers.14 

Mechanical Circulatory Support 

Mechanical support devices are increasingly used as a bridge 

to transplantation or recovery.14 

1. Extracorporeal Membrane Oxygenation 

(ECMO) 

○ Provides temporary cardiopulmonary 

support in cases of acute 

decompensation.14 

2. Ventricular Assist Devices (VADs) 

○ Emerging role in bridging to 

transplantation for patients with single-

ventricle physiology.14 

Pharmacological Management 

1. Afterload Reduction 

○ Medications such as ACE inhibitors are 

used to reduce ventricular workload and 

improve systemic circulation.14 

2. Anticoagulation 

○ Lifelong anticoagulation is often necessary 

in Fontan physiology to prevent 

thromboembolic complications.14 

Emerging Therapies 

1. Regenerative Medicine 

○ Stem Cell Therapy: Early-phase trials 

suggest that stem cell injections may 

promote myocardial regeneration and 

improve ventricular function. 

○ Tissue Engineering: Efforts to develop 

bioengineered cardiac patches and valves 

hold promise for future interventions.14 

2. Gene Therapy 

○ Targeted gene editing techniques aim to 

correct underlying genetic defects 

associated with HLHS.14 

3. 3D Printing and Virtual Reality 

○ Patient-specific 3D models and virtual 

reality simulations enhance preoperative 

planning and surgical precision.14 

4. Artificial Heart Technology 

○ Development of total artificial hearts for 

pediatric patients may revolutionize the 

treatment of end-stage HLHS.14 

The management of HLHS continues to evolve with 

advancements in surgical techniques, hybrid interventions, 

and novel therapies such as regenerative medicine and 

mechanical circulatory support. While staged palliation 

remains the cornerstone of treatment, emerging strategies aim 

to address the limitations of current approaches and improve 

long-term outcomes for this challenging congenital 

condition. A multidisciplinary and individualized approach 

remains paramount in optimizing care for patients with 

HLHS. 

 

CONCLUSION 

Hypoplastic Left Heart Syndrome (HLHS) represents one of 

the most challenging congenital cardiac conditions due to its 

profound anatomical and physiological abnormalities, 

requiring intricate surgical interventions and lifelong medical 

management. The evolution of treatment strategies has 

transformed HLHS from a universally fatal diagnosis into a 

condition with increasing survival rates and improving 

quality of life. However, the journey from diagnosis to long-

term management remains complex, demanding a 

multidisciplinary approach that integrates advances in 

surgical techniques, interventional cardiology, medical 

therapies, and innovative research. 

The traditional three-stage surgical palliation has established 

itself as the cornerstone of HLHS management, offering a 

pathway for survival in the absence of a functional left 

ventricle. While outcomes have improved, these procedures 

are not without significant risks, including perioperative 

mortality, long-term complications, and the eventual decline 

of Fontan physiology. The development of hybrid strategies, 

incorporating both surgical and interventional approaches, 

provides an alternative for high-risk neonates, minimizing the 

burden of invasive procedures during the most vulnerable 

stages of life. Heart transplantation continues to serve as a 

definitive option for select cases, but it remains limited by 

donor scarcity and the lifelong challenges of 

immunosuppression. 
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Recent advancements in regenerative medicine and 

biotechnology offer unprecedented opportunities for 

reimagining HLHS treatment paradigms. Stem cell therapies 

and tissue engineering hold promise for myocardial 

regeneration and the development of bioengineered cardiac 

structures, which could potentially alleviate the need for 

staged palliation. Furthermore, emerging molecular and 

genetic insights into the pathogenesis of HLHS may pave the 

way for targeted therapies aimed at addressing the underlying 

etiology. The integration of artificial intelligence, 3D 

printing, and virtual reality into clinical practice enhances 

diagnostic precision, surgical planning, and patient-specific 

care, further optimizing outcomes. 

Despite these advancements, significant challenges persist. 

Long-term survivors of HLHS face a spectrum of 

complications, including arrhythmias, thromboembolic 

events, neurodevelopmental delays, and progressive 

ventricular dysfunction. Addressing these issues requires 

ongoing research into the natural history of the disease, 

improved surveillance strategies, and the development of 

novel therapies aimed at preventing or mitigating late 

sequelae. Moreover, the psychosocial impact of living with 

HLHS on both patients and families underscores the 

importance of holistic care that addresses physical, 

emotional, and social well-being. 

Looking ahead, the future of HLHS management lies in a 

multidisciplinary, precision medicine approach that combines 

surgical innovation, advanced diagnostics, and cutting-edge 

research. Collaborative efforts among cardiologists, cardiac 

surgeons, geneticists, and bioengineers will be essential in 

developing and implementing these novel strategies. Equally 

important is the integration of patient-centered care models 

that prioritize quality of life and long-term health over 

procedural success alone. 

In conclusion, the management of HLHS has transitioned 

from a palliative model to a dynamic and evolving field that 

embraces innovation and multidisciplinary collaboration. 

While the journey remains fraught with challenges, the 

relentless pursuit of new strategies and technologies offers 

hope for improved survival and quality of life for patients 

with HLHS. The ongoing commitment to advancing our 

understanding and treatment of this complex condition will 

undoubtedly shape the next era of congenital cardiology and 

bring us closer to achieving optimal outcomes for all affected 

individuals. 
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