Implantation of Total Artificial Heart in Congenital Heart Disease
Challenge A 17-year-old male with a history of multiple surgeries for congenitally corrected transposition of great arteries  developed profound dysfunction of a systemic right ventricle.  He also had significant aortic insufficiency and obstruction of a left ventricle-pulmonary arterial conduit.  Given the complexity of cardiac lesions, the total artificial heart (TAH) was deemed a preferred device over the ventricular assist devices that would require multiple concomitant procedures. Despite unusual arrangement of ventricles and great arteries, the TAH could be implanted successfully. He was bridged to heart transplantation 5 months later.    This report highlights the TAH is feasible even in patients with structurally abnormal hearts, with technical modification.   

Innovation The right and left pumps were implanted in a parallel orientation, instead of the normal criss-cross arrangement. The major determinants of this unusual orientation were l-looped ventricles (a morphologic left ventricle on the right side and vice-versa) and transposed great arteries (the aorta anterior to the pulmonary artery).

Technique

1. After a 5th repeat median sternotomy, the heart was completely dissected out.

2. Cardiopulmonary bypass was established with bicaval cannulation.
3. Cardiectomy was performed, leaving a small rim of the ventricular wall around the AV groove.

4. Due to considerable thickness of the ventricular septum, ventricular mass below the right and left atrioventricular (AV) valves was dissected.

5. A felt-strip was stitched to the ventricular muscular rim all round except the septum on the right and left sides of the ventricular muscle cuffs.

6. The atrial quick-connect were sewed to the right and left sides of the muscle cuffs.
7. The device was tunneled left of the midline and the outflow grafts were trimmed to appropriate size.

8. The aortic and PA cuffs were sewed and MPA was trimmed after excision of the calcified LV to PA conduit.

9. After securing the anastamoses, the left and right pumps were brought back.

10. As the PA graft was not in the normal criss-crossed orientation to the aortic graft due to the anatomical defect, the pumps were oriented parallel rather than crossed.

11. The left-sided inflow and outflow grafts were inserted followed by the right-sided grafts.
12.  An active root vent was inserted in the ascending aorta and complete rewarming was initiated.
13. CPB was stopped and the rate of the machine was increased.

14. After ensuring hemodynamic stability the heart was decannulated and hemostasis was regained. 

Results 
Patient tolerated the procedure well.  He was discharged home with the Freedom Driver 3 months after the device implantation. A suitable donor heart became available at 5 months and he was successfully bridged to transplantation.
Pros 
1. TAH provides simpler solution compared to support with VADs when there are concomitant cardiac lesions that need to be surgically addressed (e.g. aortic insufficiency and conduit obstruction). 
Cons 
1. TAH is designed for patients with a normally structured heart.  Hence, technical modification may be necessary when using this device for congenitally malformed hearts.  
Conclusion 
With adequate surgical management, the TAH could be used to support a patient with congenitally corrected transposition of great arteries. In the light of exponentially increasing number of adult patients with heart failure due to congenital heart disease, this case should represent the beginning of the new era of mechanical circulatory support for those with malformed hearts. 
