
 

 

International Journal of 

Innovative Technologies in 

Social Science 
 

e-ISSN: 2544-9435 

Scholarly Publisher 

RS Global Sp. z O.O. 

ISNI: 0000 0004 8495 2390 

 

Dolna 17, Warsaw, 

Poland 00-773 

+48 226 0 227 03 

editorial_office@rsglobal.pl 

 

 

 

 

ARTICLE TITLE 

VENTRICULAR SEPTAL DEFECT: A COMPREHENSIVE 

LITERATURE REVIEW OF PATHOPHYSIOLOGY, DIAGNOSIS, AND 

TREATMENT 

DOI https://doi.org/10.31435/ijitss.4(48).2025.4296 

RECEIVED 24 October 2025 

ACCEPTED 13 December 2025 

PUBLISHED 24 December 2025 

LICENSE 
 

The article is licensed under a Creative Commons Attribution 4.0 

International License. 

 
© The author(s) 2025. 

This article is published as open access under the Creative Commons Attribution 4.0 International 

License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the 

content to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including 

adaptation and commercial use, as long as proper attribution is provided. 

 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 1 

 

VENTRICULAR SEPTAL DEFECT: A COMPREHENSIVE 

LITERATURE REVIEW OF PATHOPHYSIOLOGY, DIAGNOSIS, 

AND TREATMENT 

 
Wiktoria Szumlińska (Corresponding Author, Email: wszumlinska@gmail.com) 
National Medical Institute of the Ministry of the Interior and Administration, Warsaw, Poland 

ORCID ID: 0009-0001-5286-4228 
 

Julia Procyk 

University Clinical Hospital in Wrocław, Wrocław, Poland 
ORCID ID: 0009-0009-7271-7047 

 

Marta Danuta Cendrowska 

National Medical Institute of the Ministry of the Interior and Administration, Warsaw, Poland 

ORCID ID: 0009-0008-0534-5995 
 

Aleksandra Klukowska 
Military Institute of Medicine, Warsaw, Poland 

ORCID ID: 0009-0001-0064-3829 

 

Beata Choromańska 

Mazovian Brodnowski Hospital, Warsaw, Poland 
ORCID ID: 0009-0009-1771-4265 

 

Karolina Stępień 

Private Practice, Warsaw, Poland 

ORCID ID: 0009-0002-6812-5662 
 

Justyna Berent 

District Hospital in Garwolin, Garwolin, Poland 

ORCID ID: 0009-0009-7378-556X 

 

Paulina Rzepa 

Provincial Integrated Hospital in Elbląg, Elbląg, Poland 
ORCID ID: 0009-0005-4497-0230 

 

Barbara Ponitka 
Lower Silesian Oncology Center, Wroclaw, Poland 

ORCID ID: 0009-0000-9077-9123 
 

Julia Maszewska 

Lower Silesian Oncology Center, Wroclaw, Poland 
ORCID ID: 0009-0007-0788-9470 

 

Szymon Milnerowicz 

Lower Silesian Oncology Center, Wroclaw, Poland 

ORCID ID: 0009-0004-5718-2367 
 

Łukasz Brzost 
District Hospital in Garwolin, Garwolin, Poland 

ORCID ID: 0009-0003-4119-6679 

 
 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 2 

 

 

ABSTRACT 

Background: Ventricular septal defect (VSD) is the most prevalent congenital heart defect, characterized by an abnormal 
communication between the ventricles, leading to a left-to-right shunt. Its clinical spectrum ranges from asymptomatic small 
defects to large shunts causing heart failure, pulmonary hypertension, or Eisenmenger syndrome. Early diagnosis and 
appropriate management are critical to prevent long-term complications. 
Methods: This literature review synthesizes current evidence on the classification, pathophysiology, diagnostic modalities, 
treatment options, and long-term outcomes of VSD. A comprehensive analysis of peer-reviewed articles and clinical 
guidelines was conducted to present up-to-date insights into the multidisciplinary approach to VSD care. 
Results: Anatomical subtypes of VSD vary in clinical significance, risk of complications, and management strategies. 
Advances in imaging, particularly echocardiography and cardiac MRI, have improved diagnostic precision. While small 
defects often resolve spontaneously and are managed conservatively, large or symptomatic defects may require surgical or 
transcatheter closure. Surgical repair remains the standard for most cases, but selected muscular and perimembranous defects 
can be treated percutaneously. Long-term follow-up is essential due to risks of arrhythmias, conduction block, residual 
shunts, or valve dysfunction. Emerging technologies—including biodegradable devices, minimally invasive surgery, and 
experimental gene therapy—may reshape future management paradigms. 
Conclusions: VSD management requires individualized, anatomy-guided decision-making supported by multidisciplinary 
expertise. Technological progress has expanded therapeutic options, yet lifelong surveillance remains necessary to mitigate 
late complications and optimize outcomes. 
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1. Introduction 

Ventricular septal defect (VSD) is the most frequently diagnosed congenital cardiac malformation, 

characterized by an abnormal communication between the right and left ventricles, resulting in a left-to-right 

shunt under normal hemodynamic conditions [1]. Its clinical significance lies not only in its prevalence but 

also in its potential to cause congestive heart failure, pulmonary hypertension, and growth retardation if left 

untreated [2]. 

The reported incidence of VSD varies with the sensitivity of diagnostic methods. With the advent of 

high-resolution echocardiography, VSDs are identified in up to 4 per 1,000 live births, although many small 

muscular defects close spontaneously during infancy and go undetected into adulthood [3]. While most VSDs 

are diagnosed during infancy, some remain silent until adolescence or adulthood, where they may be 

discovered incidentally or through evaluation of a murmur, stroke, or endocarditis [4]. 

Understanding the anatomy, pathophysiology, and long-term implications of VSD is essential for 

guiding patient management across the lifespan. The purpose of this review is to provide a comprehensive 

synthesis of the pathophysiology, diagnostic strategies, and evidence-based treatment options for VSD, based 

on current literature and clinical guidelines [5]. 
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2. Classification and Etiology 

Ventricular septal defects are classified according to their anatomical location within the interventricular 

septum. The most common types include perimembranous, muscular, inlet, and outlet (supracristal) defects. 

Perimembranous VSDs, located near the membranous septum and adjacent to the tricuspid and aortic valves, 

account for approximately 70–80% of all cases [6]. Muscular defects may occur anywhere along the muscular 

septum and are further subdivided into apical, central, and marginal types [7]. Inlet VSDs are associated with 

atrioventricular septal defects, while outlet VSDs—more common in East Asian populations—carry a higher 

risk of aortic valve prolapse and regurgitation [8]. 

Etiologically, most VSDs are congenital, resulting from incomplete closure of the interventricular 

septum during embryogenesis. The defect often arises from disruption in the fusion of the muscular and 

membranous septum around the 4th to 8th week of gestation [9]. Several genetic syndromes, such as trisomy 

21, 13, 18, and DiGeorge syndrome, are associated with increased incidence of VSDs, indicating a strong 

genetic component in pathogenesis [10]. 

In contrast, acquired VSDs, though rare, can occur secondary to myocardial infarction (post-infarction 

VSD), blunt chest trauma, or iatrogenic injury during interventional or surgical cardiac procedures [11]. Post-

infarction VSD is a life-threatening complication, often presenting with acute hemodynamic instability and 

requiring urgent surgical repair. 
Environmental factors, including maternal diabetes, alcohol exposure, teratogens, and rubella infection, 

have also been implicated in disrupting normal septal development during embryogenesis [12]. 

A precise understanding of the anatomical subtype and underlying etiology of VSD is vital for 

prognostication and determining the most appropriate treatment strategy, as different types carry distinct risks 

for complications such as arrhythmias, aortic valve disease, or pulmonary hypertension. 

 

3. Pathophysiology 

The primary physiological disturbance in ventricular septal defect (VSD) is the formation of a left-to-

right shunt between the ventricles, driven by the higher pressure in the left ventricle during systole. This causes 

oxygenated blood to re-enter the pulmonary circulation, leading to increased pulmonary blood flow and 

volume overload of the pulmonary vasculature and left-sided heart chambers [13]. 

Over time, this volume overload results in left atrial and left ventricular dilation, as well as elevated 

pulmonary venous return, predisposing patients to pulmonary congestion and congestive heart failure, particularly 

in infancy. The degree of overload correlates with defect size and pulmonary vascular resistance [14]. 

In moderate to large VSDs, the persistent elevation of pulmonary blood flow stimulates remodeling of 

the pulmonary vasculature. This involves medial hypertrophy, intimal proliferation, and eventually obliterative 

changes in small pulmonary arteries, increasing pulmonary vascular resistance [15]. If left uncorrected, these 

changes may lead to irreversible pulmonary arterial hypertension and ultimately to Eisenmenger syndrome, a 

life-threatening condition characterized by shunt reversal, cyanosis, and right heart failure [16]. 

The natural history of VSDs varies depending on anatomical location and size. Small muscular defects 

often close spontaneously during infancy due to the growth of surrounding myocardium or endocardial 

proliferation. This spontaneous closure may be complete or partial, leaving a restrictive residual shunt that 

requires continued surveillance [17]. 

Perimembranous VSDs frequently develop aneurysmal tissue over time, often involving the septal 

leaflet of the tricuspid valve. This tissue may partially occlude the defect, contributing to either spontaneous 

closure or creation of a "tunnel-like" shunt with altered hemodynamics [18]. 

Importantly, the atrioventricular conduction system lies adjacent to perimembranous VSDs. Progressive 

aneurysmal transformation or surgical manipulation in this area increases the risk of conduction abnormalities, 

including bundle branch block or even complete heart block, particularly following surgical closure [19]. 

In severe cases, long-standing left-to-right shunting leads to right ventricular hypertrophy and eventual 

right ventricular failure, especially when pulmonary pressures approach or exceed systemic levels. The clinical 

manifestation of Eisenmenger syndrome includes clubbing, polycythemia, hemoptysis, and significantly 

reduced life expectancy [20]. 

Thus, the pathophysiology of VSD is a dynamic interplay between hemodynamics, vascular remodeling, 

and anatomical evolution, which must be closely monitored to guide timing and modality of intervention. 
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4. Clinical Presentation 

The clinical presentation of ventricular septal defect (VSD) is influenced by the size, location, and 

hemodynamic impact of the defect, as well as the patient’s age at diagnosis [21]. In infants with large or 

nonrestrictive VSDs, symptoms typically emerge within the first weeks of life and include tachypnea, failure 

to thrive, feeding difficulties, and recurrent respiratory infections due to pulmonary overcirculation and left-

sided volume overload [22]. 

These infants may present with diaphoresis during feeding, hepatomegaly, and signs of congestive heart 

failure. On auscultation, a harsh, pansystolic murmur is commonly heard at the left lower sternal border and 

may be accompanied by a palpable thrill. The murmur is typically loudest in small restrictive defects with 

high-velocity shunting [23]. 

Small VSDs, especially muscular types, are often asymptomatic and discovered incidentally during 

routine pediatric examination. Many of these defects close spontaneously during early childhood and do not 

require intervention but warrant echocardiographic surveillance [24]. 

Despite being clinically silent, small VSDs are not without risk. Infective endocarditis has been reported 

in small or residual defects, particularly in those with persistent high-velocity jets, making prophylaxis an 

important consideration in selected patients [12]. 

In older children and adolescents, persistent or partially closed VSDs may result in exercise intolerance, 
fatigue, or subtle signs of volume overload. Outlet-type defects are especially prone to causing aortic valve 

prolapse, which can progress to aortic regurgitation due to distortion of the valve cusp [11]. 

Arrhythmias, including right bundle branch block, AV block, or supraventricular tachycardia, may be 

observed in patients with post-surgical scars or membranous aneurysmal transformation, particularly when the 

conduction system is affected [25]. 

In adults with long-standing uncorrected VSDs, especially those with large defects, progressive pulmonary 

vascular disease may result in Eisenmenger syndrome. Clinical signs include cyanosis, clubbing, polycythemia, and 

symptoms of right heart failure, typically presenting in the third or fourth decade of life [26]. 

Adults with previously undiagnosed VSDs may first present with stroke from paradoxical embolism, 

new-onset arrhythmias, or an incidental murmur noted during evaluation for unrelated complaints. These cases 

underscore the importance of lifelong cardiology follow-up, even for patients with previously minor or repaired 

defects [27]. 

 

5. Diagnosis 

The diagnosis of ventricular septal defect (VSD) begins with clinical auscultation. A harsh holosystolic 

murmur, most pronounced at the left lower sternal border, is a characteristic finding in most cases and is often 

accompanied by a systolic thrill, especially in small restrictive defects [28]. The murmur’s intensity is 

inversely related to the size of the defect, as smaller VSDs generate higher-velocity flow that produces louder 

sounds [29]. 

Transthoracic echocardiography (TTE) is the primary diagnostic modality, allowing direct visualization 

of the VSD, assessment of its size, location, and shunt direction. It also enables evaluation of cardiac chamber 

enlargement and estimation of pulmonary artery pressures through color and spectral Doppler imaging [22]. 

In cases where acoustic windows are limited, particularly in neonates, postoperative patients, or 

individuals with complex anatomy, transesophageal echocardiography (TEE) offers superior spatial resolution, 

especially for identifying perimembranous or outlet-type defects, and is routinely used during intraoperative 

or catheter-based evaluations [30]. 

Cardiac magnetic resonance imaging (MRI) plays a growing role in the noninvasive assessment of shunt 

fraction (Qp/Qs), ventricular volumes, and right heart pressures, particularly in adolescents and adults, or when 

echocardiographic views are suboptimal [31]. 

Cardiac catheterization is no longer routinely performed for diagnosis in children but remains 

indispensable for evaluating pulmonary vascular resistance (PVR) and shunt magnitude in patients with 

suspected pulmonary hypertension or uncertain operability. It provides the most accurate hemodynamic data 

for surgical decision-making [32]. 

Angiography, performed during catheterization or device closure, offers detailed visualization of 

muscular, apical, or multiple fenestrated VSDs, and is essential for selecting and deploying occlusion devices 

in transcatheter procedures [33]. 
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The differential diagnosis of a holosystolic murmur includes atrioventricular septal defects, tricuspid 

regurgitation, and ruptured sinus of Valsalva aneurysms. Distinguishing between these conditions requires 

high-resolution imaging of the septal and valvular structures using color Doppler echocardiography [34]. 

Together, a structured diagnostic approach that integrates clinical signs, echocardiography, cardiac MRI, 

and catheterization when indicated, provides the anatomical and hemodynamic clarity necessary for effective 

treatment planning. 

 

6. Treatment 

Management strategies for ventricular septal defect (VSD) are determined by the size of the defect, its 

hemodynamic significance, the presence of clinical symptoms, and the risk of complications such as 

pulmonary hypertension or endocarditis [28]. 

 

6.1 Conservative Management 

Small, hemodynamically insignificant VSDs, particularly muscular types, are often managed 

conservatively, as many of them undergo spontaneous closure within the first years of life [31]. These patients 

are monitored through regular clinical assessments and echocardiography, focusing on ventricular size, shunt 

flow, and valvular function [22]. 
Medical therapy is used in symptomatic infants with large VSDs who are not immediate surgical 

candidates. Treatment includes diuretics (e.g., furosemide) to reduce pulmonary congestion, ACE inhibitors 

to decrease afterload, and beta-blockers in selected cases to reduce myocardial oxygen demand [35]. 

Nutritional support and fluid restriction may also be necessary, especially in failure-to-thrive infants. 

With optimized medical management, some patients may stabilize enough to delay or avoid surgical 

intervention, particularly if the pulmonary vascular resistance remains favorable [36]. 

 

6.2 Interventional and Surgical Treatment 

Surgical closure remains the gold standard for large or symptomatic VSDs, especially those associated 

with left heart volume overload, failure of medical therapy, or evidence of pulmonary hypertension [29]. 

Surgery typically involves patch closure via median sternotomy and cardiopulmonary bypass. The surgical 

risk is low in isolated VSD repair, particularly in high-volume centers [24]. 

However, complications such as complete heart block, residual shunts, and valvular damage remain 

concerns, especially in defects adjacent to the conduction system or valves [30]. 

Transcatheter device closure has emerged as a viable alternative for selected patients, particularly those 

with muscular or select perimembranous VSDs, where the anatomy is favorable and proximity to the 

conduction system is minimal [33]. Devices such as the Amplatzer occluder and duct occluders have been 

used with high closure rates and low complication profiles [8]. 

However, transcatheter closure carries a risk of atrioventricular block, especially in perimembranous 

VSDs, due to mechanical pressure on the AV node region. This has led to greater caution and patient selection 

protocols to mitigate risk [34]. 

Comparative studies suggest that while surgery offers definitive repair, transcatheter approaches reduce 

hospital stay, recovery time, and eliminate sternotomy-related morbidity, though long-term outcomes are still 

under evaluation [6]. 

Therefore, treatment of VSD should be individualized based on anatomy, age, comorbidities, and 

institutional expertise. Hybrid techniques and novel devices may further expand treatment options in complex 

or high-risk patients [32]. 

 

7. Prognosis and Long-Term Outcomes 

Long-term outcomes after ventricular septal defect (VSD) closure are generally favorable, particularly 

in patients who undergo early and uncomplicated repair [37]. In children who receive surgical or transcatheter 

closure during infancy, survival rates approach those of the general population, and most individuals lead 

active, asymptomatic lives [23]. 

However, residual shunts are not uncommon, especially in patients with multiple or muscular defects, 

and may persist despite technically successful closure [38]. These may be hemodynamically insignificant but 

still require lifelong monitoring due to the risk of infective endocarditis or progressive valve dysfunction [9]. 
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One of the most serious post-surgical complications is atrioventricular (AV) block, which can occur due 

to proximity of the patch or device to the conduction tissue—particularly in perimembranous VSDs. In some 

series, permanent pacemaker implantation was required in a subset of patients following surgical repair [11]. 

Arrhythmias and ventricular dysfunction may also develop in later years, often related to surgical 

scarring, residual defects, or progressive pulmonary vascular disease. Patients with prior open-heart surgery 

are at elevated risk of atrial fibrillation and ventricular arrhythmias, necessitating periodic rhythm monitoring 

[26]. 

Even patients with previously small, untreated VSDs are not entirely free from long-term risk. In adults, 

such defects have been associated with stroke due to paradoxical embolism, infective endocarditis, and 

progressive aortic regurgitation, particularly in outlet-type defects [12]. 

Patients with Eisenmenger syndrome, resulting from long-standing uncorrected shunts, have a markedly 

reduced life expectancy. They may develop right heart failure, hemoptysis, and intractable arrhythmias, and 

are generally not candidates for defect closure in adulthood [27]. 

For all patients with a history of VSD—whether repaired or unrepaired—lifelong cardiology follow-up 

is recommended, with special attention to changes in ventricular size, function, valvular integrity, and 

arrhythmia surveillance [20]. 

 

8. Future Directions 

Ongoing advances in the diagnosis and management of ventricular septal defect (VSD) continue to 

reshape clinical strategies and patient outcomes. One major area of innovation lies in noninvasive imaging, 

particularly the refinement of three-dimensional echocardiography and fusion imaging technologies, which 

enhance spatial resolution and procedural planning without radiation exposure [39]. 

Cardiac MRI protocols are also evolving, allowing for faster acquisition, higher resolution, and 

automated quantification of shunt flow, ventricular function, and myocardial fibrosis. These advances are 

expected to improve pre-interventional assessment and post-repair surveillance, particularly in complex or 

residual VSDs [7]. 

In the field of intervention, development of next-generation occlusion devices has focused on reducing 

the risk of conduction disturbances and improving conformability in varied septal anatomies. Innovations in 

self-expanding, low-profile devices may enable safer closure of perimembranous defects and expand 

indications for transcatheter therapy [17]. 

Progress in biomaterials has led to research into resorbable scaffolds, hydrogel-based patches, and 

biodegradable occluders that could reduce long-term foreign body reactions and facilitate tissue integration. 

Some of these materials are currently in preclinical testing and may improve long-term safety profiles for 

pediatric patients [10]. 

Although still in early phases, molecular and gene therapies targeting cardiac septal development are 

under exploration. These strategies aim to modulate early cardiac morphogenesis, offering theoretical potential 

for in utero correction or postnatal prevention of shunt progression in genetically predisposed individuals [18]. 

Minimally invasive surgical techniques, including robot-assisted and thoracoscopic VSD closure, have 

demonstrated reduced morbidity, shorter hospital stays, and excellent cosmetic outcomes in select populations. 

As surgical instrumentation evolves, these approaches may become increasingly adopted, especially in older 

children and adolescents [19]. 

As these technologies mature, collaborative research efforts, clinical registries, and randomized studies 

will be essential to evaluate their safety, effectiveness, and long-term impact on patient care. 

 

9. Conclusions 

Ventricular septal defect (VSD) remains the most common congenital heart malformation, with 

significant variability in anatomical presentation, natural history, and clinical outcomes [15]. Early diagnosis 

through advanced imaging modalities has markedly improved the ability to stratify risk, monitor progression, 

and guide timely interventions [4]. 

Surgical repair continues to serve as the gold standard for large and hemodynamically significant 

defects, while transcatheter approaches offer promising alternatives for muscular and select perimembranous 

VSDs. Innovations in device technology and minimally invasive techniques are progressively shifting the 

paradigm toward less invasive management with comparable efficacy [14]. 
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Despite these advances, patients remain at risk for late complications, including arrhythmias, conduction 

abnormalities, and valve dysfunction. Lifelong surveillance is therefore imperative, even in those with closed 

or spontaneously resolved defects, to detect evolving sequelae or emerging hemodynamic burden [16]. 

Future directions emphasize the integration of biomaterials, gene-based therapies, and personalized care 

pathways supported by longitudinal data and collaborative registries. A multidisciplinary approach, tailored to 

anatomical and physiological complexity, will remain central to optimizing outcomes in VSD care [40]. 

 

Acknowledgements 

Ethical consideration: This review is based exclusively on previously pub-lished data, all of which are 

publicly accessible through academic databases and journal publications. As no new patient data was collected 

or analyzed, ethical approval was not required. 

Conflict of interest statement: The authors declare no conflict of interest. 

Funding sources: There are no sources of funding to declare. 

 

REFERENCES 

 
1. Heiberg J, Nyboe C, Hjortdal VE. Impaired ventilatory efficiency after closure of atrial or ventricular septal defect. 

Scand Cardiovasc J. 2017;51(4):221–7. doi:10.1080/14017431.2017.1326623. 

2. Fong LS, Youssef D, Ayer J, Nicholson IA, Winlaw DS, Orr Y. Correlation of ventricular septal defect height and 

outcomes after complete atrioventricular septal defect repair. Interact Cardiovasc Thorac Surg. 2022;34(3):431–7. 

doi:10.1093/icvts/ivab263. 

3. Kamalı H, Sivaslı Gül Ö, Çoban Ş, et al. Experiences of two centers in percutaneous ventricular septal defect closure 

using konar multifunctional occluder. Anatol J Cardiol. 2022;26(4):276–85. doi:10.5152/AnatolJCardiol.2021.464. 

4. Goldberg SL, Don CW. The ongoing — and resurgent — challenge of post-infarct ventricular septal defect 

management. Cardiovasc Revasc Med. 2020;21:1097–8. doi:10.1016/j.carrev.2020.06.033. 

5. Spicer DE, Hsu HH, Co-Vu J, Anderson RH, Fricker FJ. Ventricular septal defect. Orphanet J Rare Dis. 2014;9:144. 

doi:10.1186/s13023-014-0144-2. 

6. Gordin Kopylov L, Dekel N, Maymon R, et al. Prenatally diagnosed isolated perimembranous ventricular septal 

defect: Genetic and clinical implications. Prenat Diagn. 2022;42(4):461–8. doi:10.1002/pd.6128. 

7. Soquet J, Houeijeh A, Richardson M, et al. Hybrid closure of ventricular septal defect and implantation of systemic 

right ventricular assist device. ESC Heart Fail. 2022;9:3636–8. doi:10.1002/ehf2.13953. 

8. Mostefa-Kara M, Houyel L, Bonnet D. Anatomy of the ventricular septal defect in congenital heart defects: a random 

association? Orphanet J Rare Dis. 2018;13:118. doi:10.1186/s13023-018-0861-z. 

9. Yoo S-J, Saito M, Hussein N, et al. Systematic approach to malalignment type ventricular septal defects. J Am Heart 

Assoc. 2020;9(19):e018275. doi:10.1161/JAHA.120.018275. 

10. Nguyen HL, Phan QT, Doan DD, et al. Percutaneous closure of perimembranous ventricular septal defect using 

patent ductus arteriosus occluders. PLoS ONE. 2018;13(11):e0206535. doi:10.1371/journal.pone.0206535. 

11. Hanson CM, Tibesar MT, Pansegrau TL. Acquired ventricular septal defect secondary to aortic valve endocarditis. 

J Cardiothorac Surg. 2025;20:149. doi:10.1186/s13019-024-03244-2. 

12. Gao C, Yang M, Wang G, et al. Totally endoscopic robotic ventricular septal defect repair in the adult. J Thorac 

Cardiovasc Surg. 2012;144(6):1404–7. doi:10.1016/j.jtcvs.2012.01.027. 

13. Krishnasamy S, Sivalingam S, Dillon J, et al. Syndrome of ventricular septal defect and aortic regurgitation — a 22-

year review of its management. Braz J Cardiovasc Surg. 2021;36(6):807–16. doi:10.21470/1678-9741-2020-0207. 

14. Schubert S. Current and new perspectives for interventional closure of ventricular septal defect. Kardiol Pol. 

2021;79(4):378–9. doi:10.33963/KP.15950. 

15. Jung H, Cho JY, Lee Y. Progression of aortic regurgitation after subarterial ventricular septal defect repair: optimal 

timing of the operation. Pediatr Cardiol. 2019;40(8):1696–702. doi:10.1007/s00246-019-02206-z. 

16. Magro P, Soeiro A, Guerra N, et al. Post-infarction ventricular septal defect surgery in Portugal. Rev Port Cardiol. 

2023;42(11):775–83. doi:10.1016/j.repc.2022.10.010. 

17. Beerman LB, Park SC, Fischer DR, et al. Ventricular septal defect associated with aneurysm of the membranous 

septum. J Am Coll Cardiol. 1985;5(1):118–23. doi:10.1016/S0735-1097(85)80368-6. 

18. Ren C, Wu C, Pan Z, Li Y. Minimally invasive closure of transthoracic ventricular septal defect: postoperative 

complications and risk factors. J Cardiothorac Surg. 2021;16:30. doi:10.1186/s13019-021-01415-z. 

19. Soquet J, Lee MGY, Brizard CP. Direct closure of ventricular septal defect for left ventricular outflow tract 

obstruction in interrupted aortic arch. J Thorac Cardiovasc Surg. 2017;154(6):2041–3. 

doi:10.1016/j.jtcvs.2017.07.076. 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

20. Silverman NH, Gerlis LM, Ho SY, Anderson RH. Fibrous obstruction within the left ventricular outflow tract 

associated with ventricular septal defect: a pathologic study. J Am Coll Cardiol. 1995;25(2):475–81. 

doi:10.1016/0735-1097(94)00379-5. 

21. Riko M, Toyoshima K, Shimokaze T, Kumagai T, Suzuki H. Clinical presentation of preterm infants with ventricular 

septal defect. Tohoku J Exp Med. 2020;252(4):281–6. doi:10.1620/tjem.252.281. 

22. Kumar SR. Collateral benefit in pulmonary atresia with ventricular septal defect? J Thorac Cardiovasc Surg. 

2018;156(3):1205–6. doi:10.1016/j.jtcvs.2018.04.030. 

23. Savaş G, Yazıcı S, Kılıç Ö, Terzi S. Percutaneous closure of an iatrogenic ventricular septal defect associated with 

transcatheter aortic valve implantation. Turk Kardiyol Dern Ars. 2022;50(1):70–8. doi:10.5543/tkda.2022.21093. 

24. Tsai PY, Fan YF, Wu SJ, Chen MR. Spontaneous closure of large ventricular septal defect after aortoplasty and 

pulmonary artery banding in an infant with interrupted aortic arch. Asian J Surg. 2023 Jul;46(7):2948-2949. doi: 

10.1016/j.asjsur.2023.02.019. Epub 2023 Feb 13. PMID: 36792468. 

25. Tetsuhara K, Muraji S, Muraoka M, Fujii S. Takotsubo cardiomyopathy in a toddler with pulmonary atresia and 

ventricular septal defect. BMJ Case Rep. 2022;15:e251323. doi:10.1136/bcr-2022-251323. 

26. Ling Y, Wang Y, Fan Q, Qian Y. Combined perventricular closure of ventricular septal defect and atrial septal defect 

via lower ministernotomy. J Cardiothorac Surg. 2018;13:125. doi:10.1186/s13019-018-0815-5. 

27. Hosseinsabet A, Forozannia K. A ventricular septal defect with a continuous left-to-right shunt mimicking a ruptured 

sinus of Valsalva aneurysm. Turk Kardiyol Dern Ars. 2020;48(4):448. doi:10.5543/tkda.2020.04688. 

28. Eckerström F, Nyboe C, Maagaard M, Redington A, Hjortdal VE. Survival of patients with congenital ventricular 

septal defect. Eur Heart J. 2023;44:54–61. doi:10.1093/eurheartj/ehac618. 

29. Haliti E, Bytyçi B, Henein MY, Bajraktari G, Bytyçi I. Ventricular septal defect associated with aortic regurgitation 

and ascending aortic aneurysm: a case report. J Med Case Rep. 2023;17:446. doi:10.1186/s13256-023-04167-7. 

30. Eckerström F, Nyboe C, Redington A, Hjortdal VE. Lifetime burden of morbidity in patients with isolated congenital 

ventricular septal defect. J Am Heart Assoc. 2023;12:e027477. doi:10.1161/JAHA.122.027477. 

31. Li X, Ren W, Song G, Zhang X. Prediction of spontaneous closure of ventricular septal defect and guidance for 
clinical follow-up. Clin Cardiol. 2019;42(5):536–41. doi:10.1002/clc.23173. 

32. Miller LR, Nemeth M, Flamm SD, Sung C, Stainback RF. Supracristal ventricular septal defect. Tex Heart Inst J. 

2006;33(1):96–7. 

33. Asschenfeldt B, Evald L, Salvig C, et al. Altered cerebral microstructure in adults with atrial septal defect and 

ventricular septal defect repaired in childhood. J Am Heart Assoc. 2022;11:e020915. 

doi:10.1161/JAHA.121.020915. 

34. Bian C, Ma J, Wang J, et al. Perimembranous ventricular septal defect with aneurysm: Two options for transcatheter 

closure. Tex Heart Inst J. 2011;38(5):528–32. 

35. Mostefa-Kara M, Bonnet D, Belli E, Fadel E, Houyel L. Anatomy of the ventricular septal defect in outflow tract 

defects: similarities and differences. J Thorac Cardiovasc Surg. 2015;149(3):682–8. doi:10.1016/j.jtcvs.2014.11.087. 

36. Alshahrani D, Linnane N, McCrossan B, et al. Transfemoral perimembranous ventricular septal defect device 

closure in infants weighing ≤10 kg. Pediatr Cardiol. 2023;44(5):1176–82. doi:10.1007/s00246-023-03100-5. 

37. Kovárník T, Bělohlávek J, Zemánek D, Lambert L. Post MI ventricular septal defect treated by percutaneous 

implantation of Figulla Flex ASD occluder. JACC Cardiovasc Interv. 2021;14(15):e191–3. 

doi:10.1016/j.jcin.2021.04.045. 

38. Hsu DT. Closure is not correction: Late outcomes of ventricular septal defect surgery. J Am Coll Cardiol. 

2015;65(18):1952–3. doi:10.1016/j.jacc.2015.02.054. 

39. Ling Y, Bian X, Wang Y, Qian Y. Does tricuspid valve detachment improve outcomes compared with the non-

tricuspid valve detachment approach in ventricular septal defect closure? Interact Cardiovasc Thorac Surg. 

2021;32(3):483–8. doi:10.1093/icvts/ivaa289. 

40. Heiberg J, Nyboe C, Hjortdal VE. Permanent chronotropic impairment after closure of atrial or ventricular septal 

defect. Scand Cardiovasc J. 2017;51(5):271–6. doi:10.1080/14017431.2017.1337216. 


	1. Introduction
	2. Classification and Etiology
	3. Pathophysiology
	4. Clinical Presentation
	5. Diagnosis
	6. Treatment
	6.1 Conservative Management
	6.2 Interventional and Surgical Treatment
	7. Prognosis and Long-Term Outcomes
	8. Future Directions
	9. Conclusions
	Acknowledgements



