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Case Report: 3D Printing Guided Cardiac Autotransplantation for Treatment of a Giant Complex Primary Left Atrial Tumor
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Primary cardiac tumors are rare and complete surgical resection is the optimal treatment. However, it is a great challenge to resect some malignant or complex benign left-sided cardiac tumors situated on the posterior aspect of the heart using conventional surgical resection techniques. Previous studies reported that cardiac autotransplantation is a feasible and safe technique for resection of such cardiac tumors. We report a successful case of cardiac autotransplantation with 3-dimensional (3D) printing technique for complete resection of a giant complex primary left atrial tumor.
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INTRODUCTION

Most of primary cardiac tumors are benign and can be cured by conventional surgical resection. However, malignant or giant complex primary left cardiac tumors may present a considerable technical challenge to complete resection due to the anatomic limitation and difficult accessibility. The conventional surgical resection may result in local recurrence and poor prognosis. To overcome these technical challenges, a technique of cardiac excision, ex-vivo tumor resection with cardiac reconstruction, and cardiac reimplantation termed as cardiac autotransplantation was introduced by Cooley et al. (1) and thereafter has been successfully utilized (2–4). We report a successful case of cardiac autotransplantation using 3D printing for complete resection of a giant complex primary left atrial tumor.



CASE REPORT

A 50-year-old previously healthy female presented with dyspnea, fatigue, and 6-kg weight loss during the course of 3 months. She was found to have a giant left atrial tumor by transthoracic echocardiography (TTE). Cardiac computed tomographic angiography (CTA) (Figures 1A–C) showed an 88 × 76 mm large cardiac mass with a broad base involving the atrial septum and the anterior left atrial wall, nearly filled the entire left atrium. The right pulmonary vein orifices and the mitral valve were associated with the tumor. 18F-fluorodeoxy-glucose positron emission tomography-computed tomography (PET-CT) scan demonstrated that left atrial tumor was hypermetabolic tumor activity without signs of any distant metastases (Figure 1D). These preoperative images studies suggested that the left atrial tumor could be malignant. To better understand the adjacent anatomic relationship between left atrial tumor and surrounding tissues, a 3D printing model (Figures 1E,F) was fabricated in collaboration with Changsha Jiebo Information Technology Co., Ltd, China. It was made of photosensitive resin material by 3D printing device (Sailner J501 Series Color Multimaterial 3D printer). The duration of the print run was about 5 h. In view of the extent of the mass and the limited exposure, the conventional surgical resection approach would be difficult and risky. After careful evaluation of the 3D printed model, cardiac autotransplantation was considered to be suitable. Following median sternotomy and full heparinization, the aorta and superior vena cavae and right femoral vein were cannulated, and cavae snared, for total cardiopulmonary bypass. The heart was arrested using antegrade cardioplegic solution (Custodio HTK Solution; Dr Franz Kohler Chemie GMBH, Bensheim, Germany). The heart was excision (Figures 2A–C) and the tumor were removed (Figure 2D). The repair of the excised septum and anterior left atrial wall was performed with two bovine pericardium patches (Figure 2E). Reimplantation of the heart is similar to a bicaval orthotopic cardiac transplant (Figure 2F). Self-constructed bovine pericardial tube has been used as a graft to complete the re-anastomosis of inferior vena cavae to alleviate tension (Figure 2G). Although preoperative images suggested the left atrial tumor was malignant, the final pathology confirmed atrial myxoma. The patient recovered well and was discharged on post-operative day 12. She remains well without recurrence or arrhythmias at 9 months after surgery.
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FIGURE 1. Pre-operative images showing left giant atrial tumor and adjacent structures. (A–C) Indicate images from CTA, (D) indicates image from PET-CT, (E,F) indicate images from 3D printing model. Red asterisks indicate left atrial tumor.
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FIGURE 2. Intraoperative images showing the key surgical steps of cardiac autotransplantation. (A) The aorta was divided and the roof of left atrium was then opened to explore the tumor. (B) The heart with tumor was excised and the tumor was removed ex vivo. (C) The pericardial cavity after the resection of the heart. (D) The tumor with broad base was completely resected. (E) Bovine pericardial patch was used to reconstruct the atrial septum and the anterior wall of left atrium. (F) Reimplantation of the heart to the body. (G) Self-constructed bovine pericardial tube. SVC, superior vena cava; IVC, inferior vena cava; AMV, anterior mitral valve; PMV, posterior mitral valve.




COMMENT

Cooley and colleagues reported the first case of cardiac autotransplantation for resection of a cardiac tumor (1). In 2006, Michael J. Reardon and colleagues reported the first series results of cardiac autotransplantation for 11 consecutive patients with malignant or complex primary left-heart tumors (2). There were no operative deaths. Median overall survival was 18.5 months in patients with sarcomas. All patients with benign tumors were alive without evidence of recurrence. In 2014, they extended the series to 34 patients (4). The benign group had no operative deaths and 100% 2-year survival. For primary malignant tumors, survival at 1 and 2 years was 46 and 28%. Surgical outcomes are excellent in patients who do not require concurrent pneumonectomy. Cardiac autotransplantation for resection of complex left-sided tumors have been reported by other heart centers (5–7). These results indicated that cardiac autotransplantation is a feasible and safe technique for resection of complex left-sided tumors. However, the cardiac autotransplantation technique is a major procedure with prolonged cardiac ischemic time. It should be adopted cautiously in experienced centers.

There are few reports on successful uses of 3D printing in planning for cardiac surgery (7, 8). Menegazzo et al. firstly reported on utilization of a 3D printing model to perform cardiac autotransplantation for complete resection of primary left-heart sarcoma and left atrial reconstruction in 2019 (7). 3D printing help surgeons to better understand the spatial anatomic relationship between the tumor and surrounding structures before surgery, which may aid preoperative planning of the operation and selection of the optimal approach.

In summary, cardiac autotransplantation is a well-established cardiac surgical technique. This technique can be taken into consideration for surgical resection of left-sided malignant or complex large benign cardiac tumors. 3D printing technology is valuable to aid in the surgical treatment of complex primary left cardiac tumors with a good outcome.
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