Total anomalous pulmonary venous connection without interatrial communication
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INTRODUCTION
The presence of atrial septal defect (ASD) is well-known for survival in total anomalous pulmonary venous connection (TAPVC) [1]. We present an interesting case of TAPVC without interatrial communication associated with a ventricular septal defect (VSD) and patent ductus arteriosus (PDA). 
Informed consent was obtained from the parents of this patient to publish this case report and the institutional ethics committee waived the need for a formal approval provided the patient identity was not disclosed. 
CASE REPORT 
A 14-month-old female child (weight 6.8 Kg) was referred to our hospital with a history of cyanosis and anasarca since 1 month ago. Oxygen saturation was 77% on room air, and physical examination revealed conducted sounds in both lung fields. The chest X-ray showed cardiomegaly with obviously pulmonary vascularization. The electrocardiogram showed right axis deviation and right ventricular hypertrophy. On transthoracic echocardiography, there was non-obstructed TAPVC (cardiac type) with the common chamber opening into a dilated coronary sinus (CS) (Fig. 1A). However, no shunting could be demonstrated at the atrial level (Fig. 1B). A 10 mm perimembranous VSD with right-to-left shunt and a 3.1 mm PDA with bidirectional shunt were visualized. The right atrium and right ventricle were dilated with poor right ventricular function and severe pulmonary arterial hypertension. The predicted pulmonary artery pressure was 91 mmHg estimated by tricuspid regurgitation. The left ventricle (LV) was compressed and pancaked extremely (Fig. 1C). The mitral valve annulus was 9 mm (normal for body surface area, 11 mm), and the tricuspid valve annulus was 16 mm. Computed tomographic angiography also showed the right and left pulmonary vein united to drain into dilated CS with intact interatrial septum (Fig. 1D). 
The child was planned for surgery after cardiotonic and diuresis therapy. A transesophageal echocardiogram was conducted in the operating room, showed a small left atrium (LA) and LV with trivial flow across the mitral valve. The operation was performed through a median sternotomy, with moderate hypothermia and cold cardioplegic cardiac arrest. Under cardiopulmonary bypass with aorto bi-caval cannulation, the PDA was ligated. The right atrium was opened, and the opening of common pulmonary venous chamber to the CS with absence of interatrial communication were confirmed. A large perimembranous VSD partially restricted by the tricuspid tissue and outlet multiple crevasses was closed with a bovine pericardial patch (Balance Medical Inc, Beijing, China) using running suture. The interatrial septum was incised broad-mouthed, and then pulmonary venous return was redirected into the LA with an autologous pericardial patch sutured to the edges of the large opening using running suture. The baby was weaned off cardiopulmonary bypass with acceptable hemodynamics and LA pressures of 10 mm Hg. Postoperative transesophageal echocardiogram showed a fair sized LA and LV with good biventricular function and normal flow across the mitral valve. The baby was extubated on postoperative day 5, and subsequent course was uneventful. Echocardiography carried out before the discharge, revealed no pulmonary venous obstruction with drainage into the LA, no residual shunts through the atria (Fig. 2A), and normal left ventricular function. A follow-up examination undertaken after 1 year showed the baby to be living a normal life with no signs of any complication. The echocardiogram showed no pulmonary arterial hypertension (Fig. 2B).
DISCUSSION
The extreme situation of an intact interatrial septum has been believed to be incredible with TAPVC. An extensive search of the English medical literature has revealed only two surgical cases. Mishra [2] described a 9-month-old infant with obstructed supracardiac TAPVC and a large PDA without interatrial communication. Talwar [3] reported a 5-month-old TAPVC infant with VSD and intact atrial septum. Typically, TAPVC requires urgent surgical correction within the first few months of life due to a high mortality rate of 80% by 1 year, if left unrepaired. However, parents of our case identified cyanosis with anasarca 1 year later. In our case, the presence of VSD and PDA resulted in both pulmonary and systemic circulations being propelled mostly by the right ventricle, which in turn produced excessive pulmonary venous return to mix with the systemic venous return. In the absence to an interatrial shunt, it produced a physiology similar to a VSD with occlusion to the mitral inflow, leading to rapid development of pulmonary congestion and hemodynamic deterioration. Surgical repair is technically challenging due to the dynamic function of mitral annulus, in case that extracorporeal membrane oxygenation would be used. Prognosis and outcome of this child may have been improved by the presence function of LV which could be trained with incorporation of the systemic circulation after a prolonged recovery period on follow-up.  
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	Figure 1. Preoperative echocardiography revealed (A).dilated coronary sinus, (B). intact atrial septum, and (C). ventricular septal defect with right-to-left shunt. Computed tomography angiography also showed above items (D). LA, left atrium; RA, right atrium; IAS, intact atrial septum; CS, coronary sinus; RV, right ventricle; LV, left ventricle; VSD, ventricular septal defect; PV, pulmonary venous
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	Figure 2. Postoperative echocardiography revealed (A). new atrial septum, and (B). none pulmonary artery hypertension. PVC, pulmonary venous confluence; CS, coronary sinus; RA, right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle; PA, pulmonary artery
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