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ABSTRACT
Cervantes-Salazar and colleagues report the long-term surgical outcomes of 414 patients with total anomalous pulmonary venous connection (TAPVC) from January 2003 to June 2019. With an overall survival rate of 87.2% from 2003 to 2019, the authors found that an increased mortality risk was associated with infra-cardiac TAPVC, pulmonary venous obstruction (PVO), and postoperative mechanical ventilation. Their comprehensive study with a large sample size of varying age groups, and patients with late referrals for surgery, provide valuable insight into TAPVC surgical outcomes. Improved survival for these patients continues to be a major goal of clinical teams striving to transform treatment paradigms. The comprehensive and promising results of the study reported by Cervantes-Salazar and colleagues gives our field hope for a better future for these patients.



Keywords: congenital heart disease, total anomalous pulmonary venous connection, pulmonary venous obstruction, surgical outcomes



INVITED COMMENTARY
Cervantes-Salazar and colleagues report the long-term surgical outcomes of 414 patients with total anomalous pulmonary venous connection (TAPVC) that underwent cardiac surgery at one institution from January 1, 2003 to June 30, 2019.1 Most patients were male infants with a median age of 5 months and supra-cardiac TAPVC. All surgeries were performed with cardiopulmonary bypass (CPB) at a temperature of 25 degrees Celsius and blood flow of 50 cc/kg/min. Patients with infra-cardiac TAPVC were found to have had longer CPB and aortic cross-clamp times. The atrial septal defects (ASD) in all patients were closed either with direct partial closure or bovine pericardial patch with fenestrations. Pulmonary venous obstruction (PVO) occurred in 37.7%, with increased mortality risk associated with infra-cardiac TAPVC (OR 3.26), PVO (OR 2.56), and postoperative mechanical ventilation (OR 1.005). Postoperative heart failure was the most common complication in 71.3% of patients. Re-intervention rate was 9.6%, with 6.7% in the early postoperative stage. Overall survival from 2003 to 2019 was 87.2%, with mortality being more common in patients with infra-cardiac TAPVC and newborns in the early postoperative stage. The main cause of mortality was found to be cardiogenic shock (62.2%). During follow up, 6 patients had residual PVO and subsequently underwent endovascular interventions.
TAPVC comprises 1.5% of congenital heart disease, and necessitates emergent surgical repair in the neonatal or infantile period, immediately after confirmation with echocardiography.2  Mortality is virtually 100% for those having PVO and being left surgically untreated by 4 months of age.3 Therefore, the expectation for TAPVC repair, given today’s advancements and technology, is before 4 months of age. Cervantes-Salazar and colleagues are to be commended for their experience with a high congenital case volume of 5000 patients between 2003 and 2019. TAPVC repair consisted of 7.9% of their cases, which is unusual compared to most literature. Previous literature studied cohorts between the median ages of 14 and 54 days, with similar percentages of patients having supra-cardiac physiology (42.7-52%) and PVO (29-48%), and similar mortality rates (12.7-40%).2,4-6 Re-intervention rates ranged from 9 to 19%.2,4-6 
The authors of this study included a large, comprehensive cohort of 414 patients, each divided into age groups from newborns to adolescents. These patients were generally older in age than reported in previous studies, with a median age at surgical correction of 5 months. Infantile surgical correction found to be more common than neonatal correction (61.2% versus 11.8%, respectively), which is unique (Figure 1). As the authors noted, this is likely due to the nature of the national public health system in Mexico that has regional rather than local medical centers, high patient volumes, and contends with late referrals to specialized centers. Inadequate access to scarce medical facilities in Mexico limits early prenatal diagnosis, which contributes to delayed intervention and treatment. These confounding factors may indicate a selection bias toward survival that is not considered; nevertheless, the study results are compelling. 
This study provided valuable insight into TAPVC surgical outcomes. This study cohort has patients with TAPVC who survived beyond infancy without surgical intervention, and this demonstrates an uncommon outcome.3 The mortality and re-intervention rates of this study’s cohort were reasonably low in general at 12.8% and 9.6%, respectively, despite late intervention. It is important to note that early mortality was defined as death within the first 30 days of surgery, not from discharge as defined by the Society of Thoracic Surgeons. Patients in this cohort were referred for surgery past the “emergent window”, given the usual need for emergent surgery. This finding strongly indicates that persistent PVO or hypoplastic pulmonary veins are significant contributors to mortality in this patient cohort. It would be interesting to follow the long-term success of the 6 patients with residual PVO and whether frequent intervention would afford better outcomes in the small set of patients plagued by recurrent of failure of pulmonary vein regrowth.
The authors describe study limitations that could be further explored. For instance, the exclusion criteria included patients with incomplete medical records, partial APVC, or associated complex cardiac defects. Furthermore, the study did not include the number of neonates who were referred and transferred to the institution for surgery, but did not survive past diagnosis. Future studies could seek to understand the barriers associated with referrals and transfer, patient outcome improvements due to rapid advancements in treatment technology and options for patient transport to medical centers, the persistent clinical knowledge gaps about the disease states, limitations in diagnostic and imaging capabilities, and technology gaps to continue our steady trajectory of success in the care and treatment of pulmonary hypertension and congenital cardiac diseases. 
Improved survival for this obstructive disease continues to be a major goal of clinicians and clinical teams striving to transform treatment paradigms and save lives. Complex congenital heart defects, such as TAPVC combined with single ventricle physiology, requires dedication and vigilance for successful therapy and treatment.7 The comprehensive and promising results of the study reported by Cervantes-Salazar and colleagues gives our field hope for a better future for these patients.
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TABLES AND FIGURES
Figure 1. Distribution of age groups in patient cohort at the time of first surgical intervention
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