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Background: As bioprosthetic valves are being widely used, the incidence of structural valve deterioration increases, as well as the need for reoperation. Transcatheter mitral valve-in-valve implantations are being increasingly adopted as an alternative to redo-surgical mitral replacement for patients with high surgical risks. This study reports a series of transcatheter mitral valve-in-valve implantations using inverted J-valves.

Methods: From April 2019 to September 2021, 17 symptomatic high-risk patients with mitral bioprosthetic valve dysfunction underwent transapical transcatheter mitral valve-in-valve implantations using inverted J-valves at our institution.

Results: The median age was 70 years, with 76.5% being female. The median Society of Thoracic Surgeons predicted risk of mortality (STS PROM) was 17.2% (8.7–82.24%). All patients had successful transapical transcatheter mitral valve-in-valve implantations except for one intraoperative death due to left ventricle rupture. Four patients underwent simultaneous transcatheter aortic valve implantation, two of which had valve-in-valve transcatheter aortic valve implantation. There was no major complication except one case of bleeding. Thirty-day mortality was 11.8% (2/17), and 90-days mortality was 23.5% (4/17). Percentages of patients with New York Heart Association class III/IV symptoms decreased from 100 (17/17) to 20% (3/15) at 30-days. Median mitral inflow velocity was 1.95 mm/s at 30 days, compared to 2.7 mm/s at baseline. Median mitral valve effective orifice area increases from 1.5 mm at baseline to 1.85 mm at 30 days.

Conclusion: Transcatheter transapical valve-in-valve implantations with J-valve can be a plausible solution to failed mitral bioprosthesis with acceptable results for high-risk patients.
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INTRODUCTION

As bioprosthetic valves are being increasingly adopted, structural valve deterioration becomes a challenge for long-term prognosis. The introduction of valve-in-valve TAVI marks the beginning of a new era for failed bioprosthetic valves (1–4). Three-year follow-up results from PARTNER 2 registry (5) demonstrate favorable survival, sustained improved hemodynamic status, and excellent functional and quality-of-life outcomes using valve-in-valve TAVR for patients with structural valve deterioration.

However, the use of valve-in-valve transcatheter mitral valve replacement (TMVIV) remains controversial compared to repeat surgical interventions (6, 7), especially in patients with small-sized failed surgical bioprostheses. Current guidelines (8, 9) acknowledge TMVIV as an alternative to surgical re-implantation in Comprehensive Valve Centers for patients with high surgical risks. Kamioka et al. (10) find similar clinical and echocardiographic outcomes after surgical redo mitral valve replacement and transcatheter mitral valve-in-valve therapy.

Usage of inverted TAVR prosthesis in TMVIV has been widely reported (11, 12). Mid-term reports from multiple cohorts have shown acceptable results using SAPIEN 3 [(Edwards Lifesciences), Melody (Medtronic, Minneapolis, MN), Lotus (Boston Scientific, Natick, MA, USA) and Direct Flow (Direct Flow Medical Inc., Santa Rosa, CA, USA)] (13–17). Most procedures are performed via a transapical or transseptal approach. The transapical route provides coaxial alignment and therefore reduces the risk of malposition and migration, along with left ventricular outflow tract obstruction. In addition, the transapical access offers an intergrated solution for patients in need of additional aortic valve intervention.

J-valve (Jie Cheng Medical Technologies, Suzhou, China) is a second-generation self-expanding bioprosthetic valve designed for transapical TAVR. It has been approved by the China National Medical Products Administration for both aortic valve stenosis and regurgitation after proved effective and safe in the multicentered study. Lu et al. (18) and Wei et al. (19) reported their experience with TMVIV using J-valve in 26 and 21 patients, respectively. In this study, we report 17 cases of TMVIV using inverted J-valves.



METHODS


Ethics Statement

The study protocol was approved by the West China Hospital Ethics Committees and Institutional Review Board, Sichuan, China. Written informed consent was obtained from all patients.



Patients

Our retrospective cohort included 17 consecutive patients with mitral bioprosthetic valve dysfunction (regurgitation and/or stenosis) who underwent transapical transcatheter mitral valve-in-valve implantations using inverted J-valves at our institution between April 2019 and September 2021. Indications for redo mitral valve replacement were based on the 2014 American College of Cardiology/American Heart Association Guideline for the Management of Patients with Valvular Heart Disease (20). Patients were deemed unsuitable for re-operative mitral valve surgery because of excessive surgical risk after heart team discussion. Inclusion criteria for the procedure were the following: presence of a dysfunctional bioprosthesis in mitral position; STS score >8% or logistic EuroSCORE >10; Exclusion criteria for the procedure included left ventricular thrombus; cardiac tumors; presence of periprosthetic leak; prosthesis label size <25 or >31; active endocarditis; myocardial infarction or stroke within 1 month; severe coronary artery disease that requires revascularization; presence of contraindications for anticoagulation. Notably, patients with left atrial thrombosis were not excluded from the cohort, as the transapical device would have little impact on the thrombosis comparing to transeptal devices.



Preprocedural Planning

All patients underwent clinical examinations, laboratory tests, echocardiography, and cardiac computed tomography before the procedure. The sizing of the J-valve was based on the label size of the previous bioprosthesis and the ring measurement on cardiac CT. Data on baseline characteristics, procedural details, and outcomes were retrospectively collected from the hospital information system. Transthoracic echocardiographic analysis was performed preoperatively, postoperatively, after implantation at 1 week and 1 month. Clinical follow-up was performed by the heart team at 1 month and 3months.



Device and Procedure

J-ValveTM prosthetic valve (Figure 1) is originally a self-expanding TAVR device approved for both aortic stenosis and aortic regurgitation. Features of the J-ValveTM system include a trifoliate porcine aortic valve, a self-expanding nitinol stent, three U-shaped anatomically oriented “graspers” for optimal positioning, and a polyester skirt covering the outer surface of the valve stent to minimize the risk of paravalvular leakage (21). The available sizes of the J-Valve were as follows: 21, 23, 25, 27, and 29 mm.
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FIGURE 1. Valve-in-valve implantation of a J-valve into different degenerated bioprosthetic valves. (A) A degenerated EDW Perimount mitral valve prosthesis under fluoroscopy. (B) J-valve deployment into a degenerated EDW Perimount mitral valve prosthesis. (C) Post-implantation. (D–F) Valve-in-valve implantation of a J-valve into a degenerated Mosaic prosthesis. (G–I) Valve-in-valve implantation of a J-valve into a degenerated Hancock II prosthesis. (J–L) Valve-in-valve implantation of a J-valve into a degenerated CE SAV prosthesis. (M–O) Valve-in-valve implantation of a J-valve into a degenerated Epic prosthesis. Note that there is no radiolucent marker on the Epic prosthesis.


Transapical implantation of the J-Valve prosthesis was performed under general anesthesia by an interdisciplinary heart team in a hybrid operating room. The technique of the TMVIV procedure was similar to that of Lu et al. (18) and Wei et al. (19). All patients were kept on warfarin therapy with an INR goal of 2–3 for 3–6 months. Patients with atrial fibrillation received long-term warfarin for anticoagulation.



Definitions

We used standardized endpoint criteria according to the Mitral Valve Academic Research Consortium (MVARC) for the data collection (22).



Statistical Analysis

Statistical analysis was performed using the SPSS 20 (IBM, Armonk, NY, USA). After the normality test, continuous variables with normal distribution were described as mean (± standard deviation of the mean), and continuous variables without normal distribution were described as median (interquartile range, IQR). Categorical data were described as numbers (percentage). A value of P < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics

From April 2019 to September 2021, 17 patients underwent transapical TMVIV procedures in our institution (Table 1). The median age of the patients was 70 years (IQR 9), with 76.5% (13/17 being female. All patients were symptomatic with New York Heart Association (NYHA) class III (17.6%)/IV (82.4%) heart failure. All patients were deemed unsuitable for conventional redo mitral valve replacement surgery by our heart team due to extreme surgical risk, with a median Society of Thoracic Surgeons predicted risk of mortality (STS PROM) of 17.2% (IQR 27.4, range 8.7–82.2%.) and median Euroscore II of 24.7 (IQR 31.6). Our patient cohort even included some critical patients. Seven patients (41.2%) were hospitalized in the Intensive Care Unit (ICU) before the procedure, and 4 of those (23.6%) were intubated. One patient had a cardiac arrest 2 days before the procedure, and she was on Extracorporeal Membrane Oxygenation (ECMO) and Continuous Renal Replacement Therapy (CRRT) support. Compassionate emergency surgery was performed on these 7 critical patients in ICU, while the other 10 patients received elective surgery.


Table 1. Baseline characteristics and procedural outcomes.
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A variety of mitral bioprosthesis failed in our patient cohort 5–15 years after implantation, with a median time from the previous procedure of 10 years (IQR 5). The mechanism of bioprosthetic valvular dysfunction was secondary to severe mitral regurgitation in 64.7% (n = 11) and stenosis in 23.5% (n = 4) patients. Two patients had combined regurgitation and stenosis. The median left ventricular ejection fraction (LVEF) was 70% (IQR 7). Median mitral inflow velocity was 2.7 mm/s (IQR 0.5), and median mitral valve EOA was 1.5 cm2 (IQR 1.2). Twelve patients (71.6%) had moderate or severe tricuspid regurgitation. Seven patients (41.2%) had previous DVR (double valve replacement, i.e., aortic and mitral valve replacement). Six patients (35.2%) implanted Hancock II bioprosthesis, 4 patients (23.6%) implanted Epic, 4 patients (23.6%) implanted Mosaic, 2 patients (11.8%) implanted Edwards Perimount, and 1 patient (5.9%) implanted CE SAV. The median size of the previous mitral bioprosthesis was 25 mm (IQR 2).



Procedural Outcomes

All 17 patients had transapical TMVIV using J-valve, among which 2 patients (11.8%) had combined TAVR and 2 patients (11.8%) had combined valve-in-valve TAVR using J-valve. The median size of the J-valve was 23 mm (IQR 2). Balloon pre-dilatation was performed in 4 patients (23.5%), and balloon post-dilatation was performed in 14 patients (82.4%). One patient died immediately after balloon post-dilation due to left ventricular perforation. We presumed that the long stent of the Hancock II prosthesis was pushed to the left ventricle posterior wall during balloon post-dilation, leading to ventricular rupture. However, this presumption was not confirmed because the family refused an autopsy. Procedural success was achieved in the other 16 patients (94.1%). The median procedural time was 82 min (IQR 27). All patients are free from stroke, new complete heart block, LVOT obstruction, or valve embolization after the procedure. One patient had a bleeding complication. Six patients (35.3%) had prolonged ventilation over 24 h.

The first patient in our cohort was admitted to ICU before the procedure, and he had poor ventilation requiring intubation. After the procedure, the patient had reintubation with a tracheotomy. The patient had a prolonged intensive care unit stay of 16 days and died on day 25 due to in-hospital pneumonia. There was no other in-hospital mortality except for one intraoperative mortality described above. No patient was lost to follow-up at 90 days. Overall, 30-day mortality was 11.8% (2/17). One patient died 75 days after the procedure due to sudden cardiac death. Another patient died 90 days post-procedure due to cerebral hemorrhage. Overall, 90 days mortality was 23.5% (4/17). There was no other mortality at the last follow-up. No reintervention, conversion to conventional surgery, second valve implantation, or IABP was required.



Hemodynamic Performance

Median mitral inflow velocity decreases from 2.7 mm/s (IQR 0.5) at baseline to 1.8 mm/s (IQR 0.5) 1-week post-procedure. At 30-days follow-up, the median mitral inflow velocity was 1.95 mm/s (IQR 0.5). Median mitral valve EOA increases to 2.1 cm2 (IQR 0.6) 1 week post-procedure, compared to a baseline level of 1.5 cm2 (IQR 1.2). The percentage of patients with NYHA functional class III and IV decreased from 100% before the procedure to 31.3% at 1 week and 20% 1 month after the procedure.




DISCUSSION

In this study, we report 17 cases of TMVIV using J-valve at West China Hospital, Chengdu, China. Our cohort included patients with higher risks (mean STS-PROM of 28.58 ± 19.96%) compared to the study from Lu et al. (18) (12.3 ± 8.3%) and Wei et al. (19) (12.03 ± 10.5%). More patients underwent concomitant TAVR or TAVIV (23.5%) in our cohort. The 30-day mortality (11.8%) was higher than what was reported in the above cohorts (0–3.8%), but it was still acceptable considering that 41.2% of our patients were hospitalized in ICU, and 23.5% were intubated, and one was on ECMO before the procedure. Our patients had a high burden of comorbidities at baseline (58.8% with diabetes mellitus, 64.7% with a history of heart failure, 82.4% with atrial fibrillation, 76.5% with pulmonary hypertension, and 52.9% with renal insufficiency), and yet the median post-operative hospitalization days (8 days) were comparable to the results in the above studies.

Mitral inflow velocity (mm/s) decreased from 2.7 (0.5) to 1.95 (0.5) mm/s at 30-days, and the mitral valve EOA (cm2) increased from 1.5 (1.2) to 1.85 (0.6) cm2. Improvement in clinical symptoms has been shown in our cohort, as the percentage of patients with NYHA functional class III and IV decreased from 100% before the procedure to 31.3% at 1 week and 20% at 1 month after the procedure, indicating that the left ventricular ejection may have appeared to be better than it was before MR correction, which is consistent with the report of previous studies (23–25). A significant and immediate reduction in pulmonary artery pressure following TMVIV implantation was observed 1 week following implantation, and the effect was continuing at a 1-month follow-up. Considering the high incidence of chronic lung disease (94.1%) in our cohort, correction of MR plays an important role in relieving pulmonary hypertension. We also observed a decrease in the percentage of patients with moderated or severe tricuspid regurgitation, from 12 (70.6%) to 5(33%) at 30 days, which may be the consequence of reduced pulmonary arterial pressure. Medvedofsky et al. (26) reported tricuspid regurgitation regression in patients with pulmonary hypertension in association with a remarkable right ventricular reverse remodeling. Sadeghi et al. (27) reported TR regression in patients undergoing successful pulmonary endarterectomy, frequently occurring despite persistent TA dilation and no change in valve coaptation. Our finding was consistent with their conclusion that functional tricuspid regurgitation may be reversed after pulmonary arterial pressure reduction. Therefore, indications for concomitant tricuspid valve intervention should be reconsidered in our cohort with 76.5% (13/17) of the patient being pulmonary hypertensive.

Importantly, significant paravalvular regurgitation was not observed following valve-in-valve implantation into mitral surgical bioprosthesis. 88.2 and 76.5% of our high-risk elderly patients were alive and well at 30-days and 90-days, respectively. One patient died intraoperatively due to left ventricular rupture during post-dilation. One patient was frail at baseline, and he died 25 days post-procedure due to a pulmonary infection. Another two patients died of sudden cardiac death and cerebrovascular hemorrhage at 75 and 90 days, respectively. Our experience with these mortality cases highlights the importance of careful decision-making when selecting very high-risk patients, and that balloon valvuloplasty should be adopted with discretion. In addition, we presumed that the long stent of the Hancock II prosthesis was pushed to the left ventricle posterior wall during balloon post-dilation, leading to ventricular rupture. This reminds cardiac surgeons not to implant the surgical bioprosthesis stent in proximity to the left ventricle posterior wall. The adverse event rate was low, and most patients have discharged within 14 days post-procedure. No structural failure of transcatheter valves or valve reoperation was observed in our relatively short follow-up. However, studies in a larger cohort with a longer follow-up are needed in the future.

We adopted transapical access in all procedures, which allows a short, direct, and coaxial route for TMVIV. Nevertheless, studies from Yoon et al. (17) showed that the procedural and clinical outcomes of the transseptal approach were comparable to those of the transapical approach, except for the more frequent requirement of closure of the iatrogenic atrial septal defect. The transapical route also allows an integrated solution to concomitant TAVR or valve-in-valve TAVR, which was performed in 4 (23.5%) patients. Also, the price and reimbursement policies make J-valve a more affordable choice compared to Sapien 3 in China. J-valve was the only commercially available device for transcatheter mitral valve replacement in China until Sapien 3 (Edwards Lifesciences) was approved by China National Medical Products Administration in June 2021. Besides a lack of experience in transseptal TMVR, the presence of a thickened fibrotic septum due to previous surgical intervention was another reason why the author favored the transapical route over the transeptal approach after reviewing the surgical records, which documented septum incision and sutures in most cases. In addition, a few patients in our cohort had left atrial thrombus identified before or during the procedure, which mandates transapical access.



CONCLUSION

Transapical TMVIV is a feasible and reproducible procedure. Our early experience with this strategy using J-valve is encouraging.
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N=17

Demographics Age (years) 700
Female (%) 13 (76.5%)
Medical history Hypertension 4(28.4%)
Diabetes melitus 10 (68.8%)
Goronary artery disease 4(28.5%)
Pulmonary hypertension 13 (76.5%)
History of heart failure 11(64.7%)
Atrial fibrillation 14 (82.4%)
Pre-operation intubation 4(23.5%)
ICU hospitalization 7(41.2%)
Tricuspid regurgitation moderate or 12 (70.6%)
higher
NYHA class ] 3(17.6%)
v 14 (82.4%)
Risk score Euroscore Il 24.731.6)
BS 17.2(27.4)
Mechanism of mitral  Regurgitation 11 (64.7%)
valve failure
Stenosis 4(23.5%)
Combined 2(11.8%)
Previous procedure  Previous MVR (%) 10 (68.8%)
Previous DVR (%) 7 (41.2%)
Time from previous procedure (years) 10(8)
Previous mitral bioprosthesis size (mm) 25(2)
Previous Device type  Hancock Il 6(35.2%)
Epic 4(23.6%)
CESAV 1(6.9%)
Mosaic 4(23.6%)
EDW Perimount 2(11.8%)
Procedural details Transapical access 17 (100%)
™Y 13 (76.5%)
TMVIV4TAVR 2(11.8%)
TMVIVATAVIV 2(11.8%)
Replacing J-valve size (mm) 23(2)
Balloon pre-dilatation 4(23.5%)
Balloon post-dilatation 14 (82.4%)
Device success 17 (100%)
Procedural Success 16 (94.1%)
Total procedure time (min) 82 (27)
Fiuoroscopy time 109 (6.4)
Gontrast dose (mi) 0(34)
Procedural outcomes  Device success 17 (100%)
Procedural Success 16 (94.1%)
Prolonged ventilation, >24h 6 (35.3%)
Reintubation 2(11.8%)
Tracheotomy 3(17.6%)
Gonversion to conventional surgery 0(0%)
LVOT obstruction 0(0%)
Valve embolization 0(0%)
Need for second valve implantation 0(0%)
Left ventricular perforation 1(6.9%)
Re-intervention 0(0%)
30-day outcomes Mitral inflow velocity (mm/s) 27(05)
(=15
Mitral valve EOA (cm?) 15(12)
Bleeding complication 1(6.9%)
NYHA class > Il 3(20%)
Stroke 0(0%)
New complete heart block 0(0%)
Procedure-related death 1(6.9%)

ICU, intensive care unit; NYHA, New York Heart Association; STS, Society of Thoracic
Surgeons; MVR, mitral valve replacement; DVR, aortic and mitral valve replacement;
TAVR, transcatheter zortic valve implantation; TAVIV, transcatheter aortic valve-in-valve
implantation; TMVIV, transcatheter mitral valve-in-valve implantation; LVOT, left ventricle
outflow tract; EOA, effective orifice area.
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