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Background: TAPVC is a rare congenital heart defect where pulmonary veins 

drain into systemic circulation instead of the left atrium, often associated with 

ASD or PDA. It can cause cyanosis, pulmonary hypertension, and rapid 

deterioration. So, early and accurate diagnosis is essential. CTA provides a 

detailed anatomical assessment and is more accurate than echocardiography, 

especially in complex cases, though data from Bangladesh are limited. 

Methods: This cross-sectional study at Ibrahim Cardiac Hospital enrolled 25 

pediatric patients (≤18 years) to compare echocardiography and CTA in 

detecting pulmonary venous anomalies and classifying TAPVC subtypes. All 

patients underwent transthoracic echocardiography and multi-slice CTA, and 

data were analyzed descriptively for detection rates, TAPVC subtypes, and 

associated septal defects. Ethical approval and parental consent were obtained. 

Results: Echocardiography detected 20 pulmonary venous anomalies, while 

CTA identified all 25 cases, demonstrating superior sensitivity. CTA also 

provided more precise characterization of TAPVC subtypes, detecting mixed 

and infracardiac forms that were underestimated by echocardiography. 

Associated septal defects were common, with secundum ASD being the most 

frequent. Echocardiography was reliable for cardiac TAPVC and septal defect 

detection. Conclusion: CTA outperforms echocardiography in detecting 

pulmonary venous anomalies and accurately classifying TAPVC subtypes, 

particularly mixed and infracardiac forms. Echocardiography remains valuable 

for PAPVC, cardiac TAPVC, and associated septal defects. Combined use of 

both modalities enables comprehensive evaluation, facilitating accurate 

diagnosis and optimal surgical planning in pediatric patients. 
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INTRODUCTION: 
Total anomalous pulmonary venous connection 

(TAPVC) is a congenital heart defect in infants and 

neonates that can resemble various cardiac and non-

cardiac conditions and requires urgent surgical 

correction [1]. In TAPVC, oxygenated blood from 

the lungs drains into the systemic veins instead of 

the left atrium. It can be cardiac, supracardiac, 

infracardiac, or mixed, depending on the site of 

abnormal connection [2]. It can cause neonatal 

cyanosis and rapid death if blood cannot pass from 

the right to left heart. Isolated TAPVC occurs with 

atrial septal defect (ASD), patent ductus arteriosus 

(PDA), or both, while complex TAPVC involves 

additional heart defects. Precise assessment of 

TAPVC and associated anomalies is essential for 

surgical planning [3].  

 

Congenital pulmonary venous anomalies can occur 

alone or with other heart defects, ranging from mild 

partial anomalies to life-threatening obstructed 

TAPVC. Precise identification of these anomalies 

and associated defects is essential for proper 

management [4]. TAPVC accounts for 1–3% of 

major congenital heart diseases, while partial 

anomalous pulmonary venous connection (PAPVC) 

occurs in about 0.5% of cases [5]. 

 

According to global studies, in a cohort of 18 

children with obstructed TAPVC, CT angiography 

(CTA) accurately identified all pulmonary venous 

drainage sites, perfectly matching surgical findings, 

while echocardiography (Echo) correctly identified 

drainage sites in only 61% of cases. CTA was 

significantly superior to Echo in detailing venous 

anatomy and detecting obstructions [6]. In a study of 

40 surgically confirmed TAPVC patients, CT 

angiography (CTA) was more accurate than 

transthoracic echocardiography (TTE) in identifying 

TAPVC subtypes (95% vs. 70%), while both 

methods were similarly effective in detecting 

associated malformations [7]. In another study of 84 

patients with anomalous pulmonary venous 

connections, echocardiography showed high 

accuracy, correctly diagnosing most cases and 

achieving 94% accuracy specifically for TAPVC 

classification [5].  A study from Pakistan found that 

echocardiography was highly sensitive for isolated 

TAPVC (81%) but much less reliable for mixed or 

heterotaxy cases (20–27%), highlighting the need 

for additional imaging like CTA in complex 

anomalies [8]. 

 

A study at Dhaka Shishu Hospital on 34 children 

with TAPVR found most presented in early infancy 

with tachypnea, cyanosis, and pulmonary 

hypertension. Supracardiac TAPVR was most 

common, and ASD/PFO were frequent associated 

defects. Early diagnosis and surgical referral were 

crucial, with 8.8% mortality before surgery [9]. In 

the Bangladeshi case report of a 1-year-3-month-old 

boy with total anomalous pulmonary venous 

connection (TAPVC) presented with repeated 

cough, tachypnea, fever, failure to thrive, and 

sweating during feeding with mild cyanosis, but no 

signs of heart failure. He underwent successful 

surgical repair, which involved connecting the 

pulmonary venous confluence to the left atrium, 

ligating the vertical vein, and closing an atrial septal 

defect (ASD). On follow-up, the child was doing 

well without symptoms [10]. 

 

Research on TAPVC in Bangladesh is limited, with 

scarce data on diagnosis, outcomes, associated 

defects, and imaging comparisons, underscoring the 

need for larger prospective studies. The aim of this 

study was to compare the diagnostic accuracy of 

echocardiography and computed tomography 

angiography (CTA) in detecting pulmonary venous 

anomalies and classifying types of total anomalous 

pulmonary venous connection (TAPVC) in pediatric 

patients. 

 

METHODOLOGY: 
Study Design and Settings: 

This was a hospital-based, observational cross-

sectional study conducted to compare the diagnostic 

accuracy of echocardiography (Echo) and computed 

tomography angiography (CTA) in detecting 

pulmonary venous anomalies and characterizing 

types of total anomalous pulmonary venous 

connection (TAPVC) in pediatric patients. The study 

was conducted at Ibrahim Cardiac Hospital, a 

tertiary-level cardiac care center providing 

specialized pediatric cardiology services over a 

period of 12 months, from July 2024 to June 2025. 

 

Study Population: 

The study included pediatric patients (age ≤18 

years) who were suspected to have pulmonary 

venous anomalies based on clinical evaluation, 

presenting symptoms, or prior imaging studies. 

Patients with contraindications to CTA, including 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)


 Journal of Molecular Science 

Volume 36  Issue 1, Year of Publication 2026, Page 218-222     

   DoI-10.004687/1000-9035.2026.027 

 

220 

severe contrast allergy or impaired renal function, 

were excluded. A total of 25 pediatric patients were 

enrolled consecutively during the study period, 

based on availability and eligibility criteria. 

 

Data Collection: 

Each patient underwent: 

Echocardiography (Echo): Performed by a 

pediatric cardiologist using standard transthoracic 

techniques. The examination assessed pulmonary 

venous connections, types of TAPVC, and 

associated cardiac anomalies, including septal 

defects. 

 

 

Computed Tomography Angiography (CTA): 

Conducted using a multi-slice CT scanner with 

intravenous contrast. CTA was performed to provide 

detailed anatomical visualization of pulmonary 

veins, confirm the presence and type of TAPVC, and 

detect associated anomalies. 

 

Variables: 

The primary outcomes measured were: 

• Presence and type of pulmonary venous 

anomaly (PAPVC, TAPVC, pulmonary vein 

stenosis) 

• Subtypes of TAPVC (supracardiac, 

infracardiac, cardiac, mixed) 

• Associated septal defects (sinus venosus ASD, 

secundum ASD, VSD) 

 

Data Analysis: 

Data were entered into Microsoft Excel and 

analyzed using SPSS version 25. Descriptive 

statistics, including frequencies and percentages, 

were used to summarize categorical variables. 

Comparative analysis between echocardiography 

and CTA findings was performed to assess the 

detection rates and concordance of both imaging 

modalities. 

 

Ethical Considerations: 

The study protocol was approved by the Institutional 

Review Board of Ibrahim Cardiac Hospital. 

Informed consent was obtained from the parents or 

legal guardians of all pediatric participants before 

enrollment. All patient information was kept 

confidential, and imaging procedures were 

performed following standard clinical safety 

protocols. 

 

RESULTS: 
A total of 25 pediatric patients with suspected 

pulmonary venous anomalies were evaluated using 

both echocardiography (Echo) and computed 

tomography angiography (CTA). The distribution of 

pulmonary venous anomalies detected by each 

modality is summarized in Table 1. 

Echocardiography identified 20 cases of pulmonary 

venous anomalies, including 10 cases of partial 

anomalous pulmonary venous connection (PAPVC), 

9 cases of total anomalous pulmonary venous 

connection (TAPVC), and 1 case of pulmonary vein 

stenosis. In comparison, CTA detected a total of 25 

anomalies, including 8 cases of PAPVC and 17 

cases of TAPVC, while no cases of pulmonary vein 

stenosis were observed.  Echocardiography 

misdiagnosed 2 cases of TAPVC as PAPVC. 

Overall, CTA identified more cases of TAPVC than 

echocardiography, suggesting higher sensitivity for 

detecting total anomalous pulmonary venous 

connections. 

 
Table 1. Number of cases with pulmonary venous anomalies 

according to Echocardiography and CTA 

Pulmonary Venous 

Anomaly 

Echocardiography 

(n) 

CTA (n) 

PAPVC 10(50%) 8(32%) 

TAPVC 9(45%) 17(68%) 

Pulmonary vein 

stenosis 

1(5%) 0(0%) 

Total 20 25 

 

The types of TAPVC detected by each modality are 

presented in Table 2. Echocardiography identified 5 

cases of supracardiac TAPVC, 3 cases of mixed 

type, 1 case of cardiac type, and no cases of 

infracardiac TAPVC. CTA, however, detected 8 

cases of supracardiac TAPVC, 6 mixed, 1 cardiac, 

and 2 infracardiac TAPVC cases. This indicates that 

CTA provided more detailed delineation of TAPVC 

subtypes, particularly for mixed and infracardiac 

forms, which were underestimated by 

echocardiography. 

 
Table 2. Types of TAPVC detected by Echocardiography and 

CTA 

TAPVC Type Echocardiography (n) CTA (n) 

Supracardiac 5(55.6%) 8(47.1%) 

Mixed 3(33.3%) 6(35.3%) 

Cardiac 1(11.1%) 1(5.9%) 

Infracardiac 0 2(11.8%) 

 

Associated septal defects detected by both 

echocardiography and CTA are shown in Table 3. 

Among the study population, sinus venosus atrial 

septal defects (ASD) were identified in 8 patients, 

secundum ASDs in 12 patients, and ventricular 

septal defects (VSD) in 2 patients. This suggests a 

high prevalence of associated atrial septal defects in 

patients with pulmonary venous anomalies. 

 
Table 3. Associated septal defects detected by both 

Echocardiography and CTA 

Septal Defect Number of cases (n) 

Sinus venosus ASD 8(36.4%) 

Secundum ASD 12(54.5%) 

VSD 2(9.1%) 

 

Table 4 summarizes the distribution of pulmonary 

venous anomalies based on CTA findings. Of the 25 
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cases, 8 had PAPVC, 8 had supracardiac TAPVC, 6 

had mixed TAPVC, 2 had infracardiac TAPVC, and 

1 had cardiac TAPVC. No cases of pulmonary vein 

stenosis were detected by CTA. These findings 

highlight the predominance of TAPVC, particularly 

the supracardiac and mixed types, in this pediatric 

cohort. 

 
Table 4. Number of patients according to type of pulmonary 

venous anomaly on CTA 

Type of Venous Anomaly Number of cases (n) 

PAPVC 8(32%) 

TAPVC (Supracardiac) 8(32%) 

TAPVC (Mixed) 6(24%) 

TAPVC (Infracardiac) 2(8%) 

TAPVC (Cardiac) 1(4%) 

Pulmonary vein stenosis 0(0%) 

 

In summary, CTA demonstrated superior detection 

of TAPVC cases and provided more precise 

characterization of TAPVC subtypes compared to 

echocardiography. Echocardiography remained 

effective in identifying cardiac TAPVC but 

underestimated infracardiac and mixed forms. Both 

modalities were useful in detecting associated septal 

defects, with secundum ASD being the most 

common. 

 

DISCUSSION: 
The present study compared echocardiography and 

computed tomography angiography (CTA) in 

detecting pulmonary venous anomalies and in 

characterizing the types of total anomalous 

pulmonary venous connection (TAPVC) in pediatric 

patients. Our findings demonstrate that CTA 

detected a higher number of pulmonary venous 

anomalies overall and was superior in identifying 

TAPVC, particularly mixed and infracardiac types, 

whereas echocardiography remained useful for 

initial screening and cardiac type TAPVC and 

associated septal defects. 

 

In this study, echocardiography identified 

pulmonary venous anomalies in 20 out of 25 

patients, while CTA detected anomalies in all 25 

cases. Notably, CTA detected almost double the 

number of TAPVC cases compared to 

echocardiography (17 vs. 9). This observation is 

consistent with the findings of Ali et al., who 

reported that although echocardiography has good 

diagnostic accuracy for TAPVC, certain subtypes—

especially infracardiac and mixed forms—can be 

missed due to limited acoustic windows and 

complex venous pathways [8]. Similar 

underdiagnosis by echocardiography has also been 

highlighted by Zhang et al., who noted that 

supracardiac TAPVC is more readily identified on 

echocardiography than infracardiac or mixed 

variants [11]. 

 

The predominance of TAPVC over PAPVC in our 

cohort aligns with regional clinical experiences 

reported by Munsi et al. in Bangladesh, where 

TAPVC constituted a significant proportion of 

complex congenital heart diseases presenting to 

tertiary pediatric cardiac centers [9]. The higher 

detection rate of TAPVC on CTA in our study further 

supports the role of advanced cross-sectional 

imaging in comprehensive anatomical evaluation, as 

also emphasized by Osama, who demonstrated the 

superiority of multislice CT angiography in 

delineating pulmonary venous anatomy and 

drainage patterns [12]. 

 

 

Regarding TAPVC subtypes, CTA detected 

supracardiac TAPVC as the most common type 

(32%), followed by mixed (24%), infracardiac (8%), 

and cardiac (4%) forms. Echocardiography failed to 

identify infracardiac TAPVC altogether and 

underestimated mixed TAPVC. These findings are 

in close agreement with the comparative study by 

Sangi et al., which showed that CTA was 

significantly more accurate than echocardiography 

in defining mixed and infracardiac TAPVC due to its 

ability to provide three-dimensional visualization of 

venous pathways and extracardiac anatomy [13]. 

Rahman et al. and other case-based reports from the 

region have also stressed that infracardiac TAPVC is 

particularly challenging to diagnose on 

echocardiography alone [10]. 

 

This may be attributed to the ease of visualizing 

anomalous pulmonary venous drainage into the right 

atrium or superior vena cava in cases of PAPVC, 

especially when associated with sinus venosus atrial 

septal defect (ASD). Wojtal et al. [14] and Surkova 

et al. [15] have similarly reported that 

echocardiography, when combined with careful 

assessment of interatrial septal morphology, is 

effective for detecting PAPVC associated with sinus 

venosus ASD, although CT or MRI is often required 

for confirmation [14,15]. 

 

Associated septal defects were common in our study 

population, with secundum ASD being the most 

frequent, followed by sinus venosus ASD. This high 

prevalence of ASDs is consistent with established 

literature, as highlighted by Surkova et al., who 

described the close embryological and anatomical 

association between pulmonary venous anomalies 

and atrial septal defects [15]. Both 

echocardiography and CTA were effective in 

identifying septal defects in our study, supporting 

their complementary roles in comprehensive 

congenital heart disease evaluation. 

 

The absence of pulmonary vein stenosis on CTA in 

our cohort contrasts with the findings of Salman et 

al., who reported that cardiac CT angiography is 
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particularly valuable in evaluating pediatric 

pulmonary vein stenosis [16]. This discrepancy may 

be due to differences in study populations, as our 

cohort primarily consisted of patients with suspected 

anomalous pulmonary venous connections rather 

than post-surgical or acquired pulmonary vein 

pathology. 

 

Overall, our findings are in line with previous 

comparative studies, including those by Öztürk et al. 

and Kumar et al., which emphasized that while 

echocardiography remains the first-line, non-

invasive, and widely available diagnostic tool in 

pediatric congenital heart disease, CTA provides 

superior anatomical detail and higher diagnostic 

confidence for complex vascular anomalies [17,18]. 

The combined use of echocardiography and CTA 

therefore offers a more accurate and comprehensive 

diagnostic approach, facilitating optimal surgical 

planning and improving clinical outcomes in 

pediatric patients with pulmonary venous anomalies. 

 

CONCLUSION:  
This study demonstrates that computed tomography 

angiography (CTA) is more accurate than 

echocardiography in detecting pulmonary venous 

anomalies and in precisely classifying TAPVC 

subtypes, particularly mixed and infracardiac forms 

that are often underestimated by echocardiography. 

CTA provides detailed anatomical visualization 

crutial for surgical planning. Utilizing both imaging 

modalities together ensures comprehensive 

evaluation, facilitating accurate diagnosis, better 

preoperative assessment, operative planning and 

improved management of pediatric patients with 

pulmonary venous anomalies. 
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