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Abstract
BACKGROUND
Tetralogy of Fallot (TOF) is one of the most common congenital heart defects, and surgery is the primary treatment. There are no precise guidelines on the treatment protocol for tricuspid regurgitation (TR) as a common complication of TOF repair. The timing for treatment in patients presenting with valve regurgitation after TOF repair is often difficult to determine. Here, we report the first case of sequential treatment of pulmonary and TR using interventional therapy.

CASE SUMMARY
We present the case of a 52-year-old female patient, who had a history of TOF repair at a young age. A few years later, the patient presented with pulmonary and TRs. The symptoms persisted and TR worsened following percutaneous pulmonary valve implantation. Preoperative testing revealed that the patient’s disease had advanced to an intermediate to advanced stage and that her general health was precarious. Because open-heart surgery was not an option for the patient, transcatheter tricuspid valve replacement was suggested. This procedure was successful, and the patient recovered fully without any adverse effects. This case report may serve as a useful resource for planning future treatments.

CONCLUSION
Treatment of both valves should be considered in patients with tricuspid and pulmonary regurgitations following TOF repair. The interventional strategy could be an alternative for patients with poor general health.
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Core Tip: Tetralogy of Fallot (TOF) is a common congenital heart disease. Complications following TOF repair, including pulmonary regurgitation, tricuspid regurgitation (TR), and cardiac arrhythmia, can have a negative impact on the prognosis. In this case, the patient had been treated with percutaneous pulmonary valve implantation after TOF repair, but developed TR progression and was treated with transcatheter tricuspid valve replacement. No standardized treatment guidelines for similar patients exist, and the timing and modalities of treatment remain controversial. Therefore, whether patients who develop both types of valve regurgitation after TOF repair should be treated simultaneously or sequentially is important. A treatment plan should be developed based on the patient’s overall condition, with interventional techniques being the optimal option for patients with poor baseline conditions.

INTRODUCTION
Tetralogy of Fallot (TOF) is one of the most common cyanotic congenital heart diseases accounting for 7%-10% of all congenital heart diseases[1]. Four distinct anatomical features characterized it: Ventricular septal defect, pulmonary outflow tract obstruction, overriding aortic root, and right ventricular hypertrophy. Surgery is the primary treatment with a 30-year survival rate of patients after surgery of approximately 90%[2-4]. However, the outcomes after TOF are strongly affected by postoperative complications, including pulmonary regurgitation (PR), tricuspid regurgitation (TR), heart failure, and arrhythmias, which are closely linked to death[5,6]. These patients often undergo multiple surgeries, and percutaneous intervention is an attractive option because the procedure can be complicated by multiple sternotomies[7,8]. Challa et al[9] described a case of successful percutaneous insertion of a transcatheter 29 mm Edwards Sapien XT valve into the tricuspid valve in a patient who underwent TOF repair[9]. Seckeler et al[10] reported the case of a high-risk patient with complex adult congenital heart disease who underwent successful percutaneous tricuspid valve-in-ring placement with a SAPIEN 3 valve. Roberts et al[11] described 15 patients with congenital heart disease who had successful percutaneous tricuspid valve replacement with Melody valves, one of whom had TOF. Although numerous publications have described the percutaneous insertion of bioprosthetic tricuspid valves in patients with congenital heart disease, this is the first case described involving a LuX-Valve used in a patient after TOF repair and percutaneous pulmonary valve implantation (PPVI).

CASE PRESENTATION
Chief complaints
A 52-year-old female patient was admitted because of poor cardiac function and massive pleural and abdominal effusions.

History of present illness
Two years prior, she underwent PPVI with a Venus P-valve device[12] at another hospital because of severe PR and TR. The patient improved immediately after treatment but soon developed recurrent right heart failure with severe TR, pulmonary hypertension, and extensive pleural effusion and ascites. In the previous year, she had been hospitalized multiple times for recurrent ascites with early cirrhotic changes on liver ultrasonography. The symptoms keep getting worse, presenting with progressive shortness of breath on exertion, orthopnea, paroxysmal nocturnal dyspnea, and bilateral lower limb swelling. The symptoms were severe enough to make conversation difficult and limited her activities of daily life.

History of past illness
She was admitted with a 20-year TOF repair history and a 2-year history of PPVI. The patient was diagnosed with TOF at an early age and did not undergo corrective surgery until she was an adult because of her poor financial status. Postoperative complications, such as PR, TR, and right heart failure, had progressively worsened in recent years. Cardiac ultrasonography showed ventricular septum repair, despite the patient’s inability to recall details of the procedure.

Personal and family history
The patient did not have a family history of congenital heart disease, heart failure, or respiratory illness.

Physical examination
A physical examination revealed reduced bilateral breathing sounds with slight tremor. Dilatation of the jugular vein and pitted edema of the lower extremities. From a cardiac perspective, the New York Heart Association functional class was IV. Comprehensive preoperative evaluation included the 6-minute walking distance of 221 meters; a Kansas City Cardiomyopathy Questionnaire result of 58 for quality of life assessment; and an The Society of Thoracic Surgeons score of 15.57% for surgical risk evaluation.

Laboratory examinations
Laboratory examinations revealed varying degrees of reduction in peripheral blood cytopenia, liver and kidney function impairment, and a significant increase in B-type natriuretic peptide (517.2 pg/mL) and N-terminal pro B-type natriuretic peptide (1490 pg/mL).

Imaging examinations
Transthoracic echocardiography (Figure 1A) indicated torrential TR (121 mL), a dilated right heart, and a preserved left ventricular ejection fraction (LVEF) of 56%. The tricuspid annular plane systolic excursion (TAPSE) was 11 mm, and the fractional area change (FAC) was 49%. Preoperative computed tomography (CT) (Figures 2A and B) showed an enlarged right heart and a widened inferior vena cava.

FINAL DIAGNOSIS
The final diagnosis was severe TR.

TREATMENT
Owing to massive pleural and abdominal effusions, the patient was admitted to the hospital and underwent closed drainage of the thorax and abdomen. Torasemide (10 mg twice daily) and sacubitril valsartan (25 mg twice daily) were administered. After one month of medication adjustment, the patient underwent transcatheter tricuspid valve intervention and replacement.
After evaluation by a multidisciplinary team, the patient was deemed unsuitable for a second surgery because of her poor physical condition and inability to withstand the trauma of traditional surgery. Based on the patient’s anatomy and condition, we decided to use the LuX-Valve developed by the team for transcatheter tricuspid valve replacement (TTVR), and a size of 30-55 was chosen (Figures 2C and D). The Institutional Review Board of Changhai Hospital approved the study protocol and data publication (No. CHEC2018-136).
The procedure was performed in the digital subtraction angiography operating room under transesophageal echocardiography and X-ray fluoroscopy guidance. We chose a minimally invasive right-fifth intercostal thoracotomy to create the delivery channel. Following angiography to determine the TR volume, the delivery system was sent to the right heart until it reached the tricuspid valve. The valve delivery system was gently retracted, and the prosthesis was released to capture the anterior leaflet. The delivery system was adjusted to ensure the graspers were in good contact with the valve leaflet and released into the right atrial disc. Finally, the anchor was secured to the ventricular septum until the valve was adjusted to minimize perivalvular leakage. The delivery system was removed, and angiography showed satisfactory valve function with no regurgitation or paravalvular leakage (Figures 2E and F). The pressure in the right atrium immediately decreased from 41 mmHg to 34 mmHg.

OUTCOME AND FOLLOW-UP
Transthoracic echocardiography 1 mo after the operation showed that the valve was in position with no obvious regurgitation or paravalvular leakage, with an LVEF of 57% (Figure 1B), and the enlargement of the right atrium was significantly improved (from 327 mL to 253 mL). The TAPSE and FAC became 13mm and 38%, respectively. The mean abdominal circumference reduced from 916.51 mm to 810 mm.

DISCUSSION
PR, a common complication of TOF repair, is a major cause of distant cardiac insufficiency and death[7]. Up to 36% of patients who undergo early TOF repair require pulmonary valve replacement within 30 years of surgery[13]. Compensatory cardiac mechanisms can maintain early homeostasis after TOF repair. However, with disease progression, prolonged exposure to PR and chronic right heart volume overload can lead to right heart dysfunction, progressive right ventricular dilatation, an enlarged tricuspid annulus, and worsening TR[14,15]. The incidence of moderate-to-severe TR after TOF repair is 32%[16]. Owing to delayed treatment for PR, although patients with combined TR improve immediately after pulmonary valve replacement, TR worsens and even leads to arrhythmias and sudden death in more than 15% of patients during long-term follow-up[17]. Numerous studies have discussed the type of treatment that is more beneficial for patients who have undergone TOF repair and subsequently develop pulmonary and tricuspid valve lesions. Most authors believe that tricuspid valve repair should be performed concurrently with pulmonary valve replacement in patients with combined moderate-to-severe TR. In the first multicenter study, the Surgical Correction of Tricuspid Insufficiency in Adult Congenital Patients requiring Pulmonary Valve Replacement (SCOTIA-PVR) and concurrent tricuspid valve intervention was shown to be safe and to improve early tricuspid valve function more than pulmonary valve replacement alone in patients with significant TR after TOF[18]. However, some studies concluded that the long-term results of pulmonary valve replacement with simultaneous tricuspid valve repair are controversial. Studies have shown no statistical difference at 6 mo between patients who underwent concurrent tricuspid valve repair and those who underwent pulmonary valve replacement alone[19]. Our patient underwent PPVI after TOF repair when she developed PR and TR. However, the patient's symptoms did not improve significantly, and right heart failure continued to progress after treatment. The reasons are as follows: (1) Although we could not obtain information about her past treatment, we speculated that the repair resulted in adhesion between the tricuspid valve and the ventricular patch. Therefore, treatment with PR does not make any sense for TR; (2) As described previously, pulmonary valve replacement alone may not improve TR, and treatment is still required. This finding indicates that both PR and TR should be considered after TOF repair; and (3) Infective endocarditis. Several studies have reported endocarditis after valve placement. Patel et al[20] described 4 cases of endocarditis after transcatheter pulmonary valve replacement. This may have been caused by the eccentric turbulence and thrombogenesis. Butera et al[21] also reported 2 cases of endocarditis following valve placement. Valve implantation is a risk factor for the development of infective endocarditis, making early monitoring and anti-infective therapy after the interventions indispensable[22].
Lesions after TOF repair are often amenable to transcatheter intervention. In selected cases, PR can be treated with transcatheter valve insertion[23]. Regarding sequential or concurrent therapy that should be used in managing PR and TR, ongoing monitoring of RV function is an important part of clinical assessment. Meanwhile, multicenter large-scale clinical studies or randomized controlled studies may help clarify whether concurrent tricuspid valve repair can improve patient prognosis.
The LuX-Valve is a novel radial-force-independent TTVR device that we previously designed. Its skirt-shaped, self-expandable, nitinol-valved stent can adapt well to an enlarged annulus and effectively prevent perivalvular leakage. The radial force-independent anchoring concept can minimize damage to the conduction bundle and reduce the occurrence of an atrioventricular block. Pre-clinical and early clinical trials[24-26] have shown that the LuX-Valve is a relatively safe and effective treatment for patients with severe TR via right atrial access. Patients who reach an advanced stage of the disease are in poor general condition and cannot tolerate conventional open heart surgery. Based on our experience, interventional treatment may be a preferable option and should be considered when managing patients with TOF with advanced disease and a challenging clinical status.
PR, a common complication of TOF repair, is a major cause of distant cardiac insufficiency and death[7]. Up to 36% of patients who undergo early TOF repair require pulmonary valve replacement within 30 years of surgery[13]. Compensatory cardiac mechanisms can maintain early homeostasis after TOF repair. However, with disease progression, prolonged exposure to PR and chronic right heart volume overload can lead to right heart dysfunction, progressive right ventricular dilatation, an enlarged tricuspid annulus, and worsening TR[14,15]. The incidence of moderate-to-severe TR after TOF repair is 32%[16]. Owing to delayed treatment for PR, although patients with combined TR improve immediately after pulmonary valve replacement, TR worsens and even leads to arrhythmias and sudden death in more than 15% of patients during long-term follow-up[17]. Numerous studies have discussed the type of treatment that is more beneficial for patients who have undergone TOF repair and subsequently develop pulmonary and tricuspid valve lesions. Most authors believe that tricuspid valve repair should be performed concurrently with pulmonary valve replacement in patients with combined moderate-to-severe TR. In the first multicenter study, the SCOTIA-PVR and concurrent tricuspid valve intervention was shown to be safe and to improve early tricuspid valve function more than pulmonary valve replacement alone in patients with significant TR after TOF[18]. However, some studies concluded that the long-term results of pulmonary valve replacement with simultaneous tricuspid valve repair are controversial. Studies have shown no statistical difference at 6 mo between patients who underwent concurrent tricuspid valve repair and those who underwent pulmonary valve replacement alone[19]. Our patient underwent PPVI after TOF repair when she developed PR and TR. However, the patient’s symptoms did not improve significantly, and right heart failure continued to progress after treatment. The reasons are as follows: (1) Although we could not obtain information about her past treatment, we speculated that the repair resulted in adhesion between the tricuspid valve and the ventricular patch. Therefore, treatment with PR does not make any sense for TR; (2) As described previously, pulmonary valve replacement alone may not improve TR, and treatment is still required. This finding indicates that both PR and TR should be considered after TOF repair; and (3) Infective endocarditis. Several studies have reported endocarditis after valve placement. Patel et al[20] described 4 cases of endocarditis after transcatheter pulmonary valve replacement. This may have been caused by the eccentric turbulence and thrombogenesis. Butera et al[21] also reported 2 cases of endocarditis following valve placement. Valve implantation is a risk factor for the development of infective endocarditis, making early monitoring and anti-infective therapy after the interventions indispensable[22].
Lesions after TOF repair are often amenable to transcatheter intervention. In selected cases, PR can be treated with transcatheter valve insertion[23]. Regarding sequential or concurrent therapy that should be used in managing PR and TR, ongoing monitoring of RV function is an important part of clinical assessment. Meanwhile, multicenter large-scale clinical studies or randomized controlled studies may help clarify whether concurrent tricuspid valve repair can improve patient prognosis.
The LuX-Valve is a novel radial-force-independent TTVR device that we previously designed. Its skirt-shaped, self-expandable, nitinol-valved stent can adapt well to an enlarged annulus and effectively prevent perivalvular leakage. The radial force-independent anchoring concept can minimize damage to the conduction bundle and reduce the occurrence of an atrioventricular block. Pre-clinical and early clinical trials[24-26] have shown that the LuX-Valve is a relatively safe and effective treatment for patients with severe TR via right atrial access. Patients who reach an advanced stage of the disease are in poor general condition and cannot tolerate conventional open heart surgery. Based on our experience, interventional treatment may be a preferable option and should be considered when managing patients with TOF with advanced disease and a challenging clinical status.

CONCLUSION
Attention should be paid to the treatment of patients with postoperative complications of TOF. Multiple clinical studies are meaningful, and the formulation of relevant guidelines is helpful for the diagnosis and treatment of the disease.
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Figure Legends
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Figure 1 Transthoracic echocardiography images. A: Preoperative transthoracic echocardiography showed an enlarged right heart and massive tricuspid regurgitation;.  B: Postoperative transthoracic echocardiography 1 mo showed the valve in place with no obvious regurgitation or paravalvular leakage.
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Figure 2 Preoperative computed tomography and intraoperative digital subtraction angiography images. A and B: Computed tomography of the right ventricle revealed an enlarged right heart and tricuspid annulus; C and D: Simulating the morphology of the prosthetic tricuspid valve after placement; E: The guide wire passed through the tricuspid valve into the right ventricle and angiography indicated massive tricuspid regurgitation; F: Release of the artificial tricuspid valve.
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