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Case Report: Neonatal Complex Congenital Heart Disease With Anomalous Origin of the Left Coronary Artery From the Right Pulmonary Artery: Analysis of Missed Diagnosis and Improvement Procedures
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The anomalous origin of the left coronary artery from the right pulmonary artery is a rare type of congenital disease. It is even rarer when combined with complex congenital heart diseases requiring surgical intervention in the neonatal period. Because it has no clinical manifestations in the neonatal period, it is easier to miss diagnosis when combined with complex congenital heart disease. To avoid a missed diagnosis of anomalous origin of the left coronary artery from the right pulmonary artery, preoperative echocardiography should routinely explore the orifice of the coronary artery. However, the preoperative examination can lead to missed diagnosis due to the influence of the examiner's experience, equipment, and other factors. After thoracotomy, exploring the orifice position of the left and right coronary arteries can avoid a missed diagnosis of the abnormal origin of coronary arteries. An exploration of the coronary artery is mainly recommended for children with complex congenital heart disease in the neonatal period and children with congenital heart disease combined with unexplained cardiac insufficiency and abnormal mitral valve development.
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INTRODUCTION

The anomalous origin of the left coronary artery from the right pulmonary artery (ALCAPA) is a rare type of congenital disease. Combined with complex congenital heart diseases (CHDs) requiring surgical intervention in the neonatal period, it is even rarer (1–3). We report a neonate with complex CHD. It was diagnosed as coarctation of the aorta with arch hypoplasia, ventricular septal defect (VSD), atrial septal defect (ASD), and patent ductus arteriosus (PDA). The preoperative examination missed the diagnosis of the ALCAPA. After the operation, it was impossible to get out of cardiopulmonary bypass due to severe left cardiac insufficiency, which eventually led to death. This report focuses on analyzing the causes of missed diagnosis and formulating improvement procedures to avoid recurrence.



CASE PRESENTATION

A female infant (38 weeks, 3.35 kg) was diagnosed with coarctation of the aorta with severe tubular arch hypoplasia and VSD by prenatal ultrasound. Transcutaneous oxygen saturation was 95% (room air) on the second day after birth. Echocardiography showed that in the coarctation of the aorta with severe tubular arch hypoplasia, the inner diameter of the arch was about 2.3 mm, the length was about 11 mm, and the blood flow was less. The VSD diameter was 5.4 mm, and the ASD diameter was 3 mm. The inner diameter of the pulmonary end of PDA was 5.3 mm, with a right-to-left shunt. The pulmonary arterial systolic pressure was 63 mmHg. No sign of the ALCAPA was found, and the valve was normal. Left ventricular ejection fraction (LVEF) was 64%. The newborn was transferred to intensive care unit (ICU). The myocardial enzyme and electrocardiogram (ECG) were normal. Lower limb transcutaneous oxygen saturation decreased on the second day after birth and improved after prostaglandin E treatment. Computed tomography angiography (CTA) was done to evaluate aortic arch dysplasia (Figure 1A), and there were no obvious abnormalities in the origin and course of left and right coronary arteries (Figures 1B,C).


[image: Figure 1]
FIGURE 1. (A) Coarctation of the aorta with severe tubular arch hypoplasia (red arrow). (B) Origin of right coronary artery (red arrow). (C) False signs of left coronary artery origin from aorta (red arrow).


On the 13th day after birth, under general anesthesia and hypothermic cardiopulmonary bypass, the children underwent a correction of the coarctation of the aorta with severe tubular arch hypoplasia, a repair of the VSD, a repair of the ASD, and a closure of the PDA. Cardiopulmonary bypass was established after median thoracotomy. The circulation was blocked; the cardioplegia solution was perfused through the aortic root, and then the heart stopped completely. The VSD was repaired, and the PDA was cut and sutured. Selective cerebral perfusion was performed, and there was no circulatory arrest. The small bend side of the aortic arch was anastomosed with the end side of the descending aorta. Finally, the ASD was repaired. The operation was completed. The aortic cross-clamping time was 100 min. After fully exhausting the gas, the block was opened for systemic perfusion. The heart beat again slowly, and it was difficult to maintain the blood pressure after reducing the flow. Transesophageal echocardiography showed severe left ventricular dysfunction. Surgical exploration was performed again. The origin and course of the right coronary artery were normal. The main trunk of the left coronary artery was located behind the main pulmonary artery and ran through the atrioventricular sulcus. The absence of the left coronary artery originating from the aorta was confirmed by gently pulling up the aorta and pressing down the right atrial appendage, which indicated the suspected ALCAPA. The aorta was blocked again, and the cardioplegia solution was perfused. It was found that the left coronary artery was poorly filled. The orifice of the left coronary artery at the beginning of the right pulmonary artery could be seen by an incision of the pulmonary artery (Figure 2A). The cardioplegia solution was also perfused into the left coronary artery. The left coronary artery was buttoned off from the pulmonary artery wall (Figure 2B), anastomosed to the corresponding position of the aorta without tension and distortion, and the right pulmonary artery and main pulmonary artery were repaired with an autologous pericardial patch. The second aortic cross-clamping time was 58 min. After reopening and blocking, the left coronary artery was well filled. However, the recovery of left ventricular function was poor. Many attempts to wean from bypass were not possible due to unknown ALCAPA. Extracorporeal membrane oxygenation adjuvant therapy was planned, but the parents refused. After prolonged cardiopulmonary bypass time, the left ventricular function did not improve, and the heart rate and blood pressure decreased. Vasoactive drugs could not be maintained, and the patient eventually died.


[image: Figure 2]
FIGURE 2. (A) The opening of the left pulmonary artery in the posterolateral wall at the beginning of the right pulmonary artery (green arrow). (B) The left coronary artery was buttoned off from the pulmonary artery wall (green arrow).




DISCUSSION

This case reports an extremely rare disease that the anomalous origin of the left coronary artery from the posterolateral wall of the right pulmonary artery (Figure 3) complicated with complex CHD in the neonatal period. In the early stage of a newborn, most children with the ALCAPA have no clinical symptoms. ECG can have no abnormal changes in Q wave and the ST-T segment, which is easy to be missed (4, 5). In the neonatal period of complex CHD, if the diagnosis of ALCAPA is missing, the myocardium in the blood supply area of the left coronary artery cannot be protected after a cardioplegia solution is perfused at the root of the aorta. If the operation lasts for a long time, it can lead to serious left ventricular dysfunction and even the heart cannot rebound (6).


[image: Figure 3]
FIGURE 3. The abnormality of left coronary artery originated from the posterolateral wall at the beginning of right pulmonary artery.


Echocardiography is an important tool for diagnosing the ALCAPA. The direct signs include that the left coronary artery is not connected with the left coronary sinus of the aorta, but with the pulmonary artery, and the blood flow of the left coronary artery retrogradely enters the pulmonary artery in diastole. Indirect signs include compensatory dilation of the right coronary artery, the formation of left and right coronary collateral circulation in the myocardium, left ventricular enlargement, mitral insufficiency, and endocardial elastic fiber hyperplasia (7, 8). In the neonatal period, due to the existence of pulmonary hypertension, the blood supply of the ALCAPA mainly or completely comes from the pulmonary artery (8). If combined with PDA or VSD, the pulmonary artery pressure and pulmonary artery oxygen partial pressure will not be significantly reduced, with no secondary changes of myocardial ischemia, and the collateral circulation of the coronary artery will not be formed (9). In this situation, echocardiography can only see the abnormal vascular opening of the pulmonary artery, while there is no opening of the left coronary artery of the aorta (10). The abnormal opening of the left coronary artery can be located at any part of the pulmonary artery. The most common location is the left posterior sinus at the root of the pulmonary artery, followed by the right posterior sinus, the posterior wall of the main pulmonary artery, and the posterior side of the beginning of the right pulmonary artery (11). The abnormal origin of the left coronary artery mostly originates from the left posterior sinus at the root of the pulmonary artery, and its trunk is far away from the main pulmonary septum. However, in rare cases, the abnormal coronary artery can originate from the right wall of the main pulmonary artery or the beginning of the right pulmonary artery, and the opening is closely adjacent to the left coronary sinus of the aorta. In addition, the left main coronary artery runs normally, which easily gives a false impression of the normal origin of the coronary artery on echocardiography (12). Especially when combined with complicated CHDs, the diagnostic focus is shifted to other significant cardiac malformations, easily resulting in a missed diagnosis.

CTA can directly display the location of the abnormal origin of the coronary artery and the abnormal density of the contrast medium in the main pulmonary artery. However, CTA has requirements for imaging conditions. ECG-gated axial scan, which can freeze the heartbeat and well show the indirect changes associated with coronary artery origin, coronary artery dilatation, internal and external collateral vessels, myocardial ischemia, cardiac cavity enlargement, and valve involvement, has a high diagnostic value (13). However, due to the rapid heart rate, the newborn above was not suitable for an ECG-gated axial scan. A spiral scan could only be used. It was sensitive to the heartbeat and difficult to show the origin of the coronary artery. In addition, due to severe pulmonary hypertension and extensive traffic of contrast medium through VSD, ASD, and PDA, there was no abnormal density change of contrast medium in the pulmonary artery. More importantly, the abnormal left coronary artery, in this case, originated from the posterolateral wall at the beginning of the right pulmonary artery, which was adjacent to the left coronary sinus of the aorta. The heart rate and respiration of the newborn with critical CHD were significantly faster, the respiratory amplitude was also increased, the application of ECG gating was limited, and artifacts were generated during coronary imaging, resulting in the illusion that the left coronary artery originated from the aorta (Figure 1C).

Neonatal complex CHD complicated with the ALCAPA is a rare and easy-to-miss diagnosis, which can lead to serious adverse events. Therefore, the origin of the coronary artery should be routinely detected by preoperative echocardiography in neonatal complex CHD. However, missed diagnosis may still occur due to the complexity of the disease, the inspector's experience, instruments, and other factors. After thoracotomy, the key step to avoid a missed diagnosis of the abnormal origin of the coronary artery is to explore the origin of the left and right coronary arteries firstly. The filling degree of left and right coronary arteries should be paid attention to when cardioplegia fluid is perfused by aortic intubation. If severe left ventricular dysfunction occurs after the operation, it is necessary to be vigilant and look for evidence of the ALCAPA. An exploration of the coronary artery is mainly recommended for children with complex CHD in the neonatal period and children with CHD with unexplained cardiac insufficiency and abnormal mitral valve development, which may be indirect signs of the ALCAPA (1, 7, 8). The above improvement procedures are strongly recommended in neonatal complex CHD surgery, which can avoid the missing diagnosis of the ALCAPA.
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