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Abstract: 

Severe tricuspid regurgitation (TR) is a prevalent and challenging condition associated with poor survival outcomes and 

significant morbidtiy. Medical therapy alone often fails to provide adequate symptom relief, and standalone surgical 

intervention is liked to high mortality rates, making it a less favorable option unless combined with left-sided valve surgery.   

The advent of transcatheter tricuspid interventions has provided new therapeutic possi-bilities, particularly for high-risk 

patients who are ineligible for conventional surgery. However, many patients remain unsuitable for transcatheter tricuspid 

repair, or achieve only limited benefits from such procedures. In this context, Transcatheter tricuspid valve replacement 

(TTVR) has rapidly emerged as a promising alternative, offering the po-tential for more effective treatment outcomes. This 

review explores the latest advance-ments in TTVR devices, highlights key clinical experiences, and discusses the chal-

lenges and limitations of this evolving strategy. Additionally, we address patient selec-tion criteria, procedural outcomes, 

and future directions in the field, emphasizing the potential of TTVR to transform the management of severe TR. 
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Introduction 

Tricuspid regurgitation (TR) is a prevalent form of valvular heart disease 

with extensive research establishing its severity as an independent 

predictor of mortality[1]. The European Society of Cardiology / European 

Association for Cardio-Thoracic Surgery (ESC/EACTS) guidelines 

recommend tricuspid valve repair or replacement for patients with 

moderate to severe primary or secondary TR, especially when performed 

in conjunction with left-sided heart surgery, as a Class I indication[2]. 

However, managing isolated TR, particularly when accompanied by right 

ventricular dysfunction, remains challenging, with perioperative 

mortality rates reaching up to 10%[2]. 

Transcatheter tricuspid valve intervention (TTVI) offers an innovative 

therapeutic approach aimed at mitigating the risks associated with 

conventional surgical procedures. Moreover, compared to treatment with 

oral medications alone, TTVI may be associated with higher survival rates 

and lower rates of heart failure rehospitalization[3]. Recent advancements 

have introduced various TTVI techniques, providing minimally invasive 

alternatives that have shown promising initial results. The spectrum of 

TTVI includes both transcatheter tricuspid valve repair (TTVr) and 

replacement (TTVR), each tailored to specific patient needs. While TTVr 

has demonstrated commendable safety and efficacy, anatomical 
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considerations such as unfavorable tricuspid valve morphology, or 

excessive annular dilatation with large coaptation gap may preclude the 

use of edge-to-edge repair. For these individuals, TTVR sometimes 

represents the only potential alternative[4]. 

This review will comprehensively examine the different types of valves 

currently available and their respective statuses in clinical trials. 

Furthermore, it will analyze the ongoing challenges and developmental 

trends in the field of TTVR, emphasizing its potential to significantly 

advance the therapeutic landscape for TR. 

Transcatheter Tricuspid Valve Replacement-Current Landscape 

Since the first-in-human implantation, TTVR has advanced rapidly[5]. 

Early devices were temporarily set aside due to technical limitations and 

the complex anatomy of the tricuspid valve, which posed challenges in 

initial design and clinical application. However, with advancements in 

imaging navigation, catheter technology, and materials science, TTVR 

techniques have gradually improved, now encompassing two primary 

approaches: orthotopic and heterotopic replacement. Orthotopic 

replacement involves directly implanting a new valve at the tricuspid 

valve site, while heterotopic replacement positions the valve stent within 

the vena cava[6]. Multiple new devices are currently entering clinical 

trials, with some demonstrating significant efficacy in high-risk patients, 

thereby promoting the standardization and diversification of TTVR 

techniques. Table 1 shows the orthotopic and heterotopic tricuspid valve 

replacement devices currently under development and tested. 

Device Manufacturer Access Anchoring Trials 

Orthotopic     

VDyne VDyne Transfemoral Septal anchor NCT05797519 

Cardiovalve Venus MedTech Transfemoral TV leaflets NCT04100720 

LuX-Valve 

Lux-Valve Plus 

Jenscare 

Biotechnology 

Transatrial 

Transjugular 

Septal anchor and 

anterior leaflet grasp 

NCT05436028 

NCT05436028 

EVOQUE* Edwards 

Lifescience 

Transfemoral TV leaflets/ 

annulus 

NCT04221490 

NCT04482062 

Intrepid Medtronic Transfemoral Perimeter oversizing NCT04433065 

Trisol Trisol Medical Transjugular Tricuspid annulus NCT04905017 

TRiCares TRiCares Transfemoral Tricuspid annulus NCT05126030 

NaviGate NaviGate Cardiac 

Structures 

Transatrial TV leaflets/ 

annulus 

N/A 

Heterotopic     

Sapien XT Edwards 

Lifescience 

Transfemoral Preceding stent 

implantation 

NCT02339974 

TricValve P+F Products + 

Features 

Transfemoral N/A NCT04141137 

Tricento MEDIRA Transfemoral N/A N/A 

Table 1: Orthotopic and heterotopic tricuspid valve replacement devices currently under development and tested. The Evoque valved stent received 

CE mark*. The scaffolds of these valved stents are made of nitinol. TV: tricuspid valve 

Orthotopic Transcatheter Tricuspid Valve Replacement 

VDyne 

The VDyne valve (VDyne, Inc., Maple Grove, MN, USA, Fig. 1A) 

consists of a dual-frame nitinol prosthesis, housing a 30 mm porcine tri-

leaflet valve. The outer frame is asymmetrically designed (like an oyster, 

pear-like) with five different fixation mechanisms: a tab at the right 

ventricular outflow tract, small tabs at the lateral or free wall of the right 

ventricle (RV), a small tab at the postero-septal wall, and a large tab 

beyond the posterior annulus. This design aims to anatomically conform 

to the native annulus while allowing for minor oversizing (larger atrial 

and ventricular hub). The valve is available in five sizes, suitable for any 

tricuspid annulus with a circumference of up to 180 mm. Additional sizes 

under development. The valve is deployed using a single 28Fr catheter 

and features a unique side-loading delivery system in which the prosthesis 

is crimped vertically rather than radially. Even after full expansion and 

positioning it can be fully recaptured[7]. 

The initial thirteen patients receiving the 3rd generation of human implants 

were all successfully treated[7]. Early feasibility trials are currently 

underway in multiple regions globally (VISTA, NCT05797519), and the 

device has been designated as a breakthrough device by the U.S. Food 

and Drug Administration (FDA). 

Cardiovalve 

The Cardiovalve (Venus MedTech, Hangzhou, China, Fig. 1B) device 

comprises a self-expanding nitinol stent and bovine pericardial leaflets. It  

features an atrial flange to assist with anchoring and incorporates leaflet 

capture technology to prevent valve migration. The valve is delivered via 

a low-profile 28F delivery system through the femoral vein. The 

Cardiovalve is suitable for patients with an annulus diameter ranging from 

36 to 55 mm and a right ventricular length exceeding 45 mm[8]. 

Currently, an early feasibility study of Cardio valve is being conducted in 

the United States (NCT04100720), enrolling 15 patients. The primary 

endpoints include the absence of device- or procedure-related adverse 

events within 30 days post-procedure. However, this study has been 

intermittently interrupted due to technical issues. The new TARGET trial 

has commenced (NCT05486832), aiming to enroll 100 patients to 

evaluate the safety and performance of the Cardio valve system. 

LuX-Valve 

The LuX-Valve (Jenscare Biotechnology, Ningbo, China, Fig. 1C) is a 

self-expanding bovine pericardial valve also mounted on a nitinol stent. 

It stands out from traditional stent devices with its unique anchoring 

mechanism, which secures placement through anterior leaflet clamps and 

a ventricular anchor, significantly reducing stress on the cardiac walls and 

minimizing the risk of complications. 
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This innovative bioprosthesis is available in four sizes, ranging from 30 

to 55 mm, and includes eight skirted atrial disc options, making it suitable 

for native tricuspid annulus diameters from 25 to 50 mm. Implantation is 

facilitated by a flexible 32Fr delivery system via a transatrial approach, 

enhancing procedural adaptability and patient recovery[9]. 

In clinical evaluations, Lu et al.[9] documented the first deployment of 

the LuX-Valve for transcatheter tricuspid valve replacement in patients at 

high risk for tricuspid regurgitation. The procedure was successful in all 

12 patients, with 90.9% exhibiting no residual tricuspid regurgitation at 

the 30-day postoperative follow-up.  

Additionally, Sun et al.[10] observed a significant reduction in tricuspid 

regurgitation severity over a 12-month period in a similar patient cohort, 

although one patient succumbed to right heart failure within three months 

post-operation. 

The second-generation LuX-Valve is transitioning to a transjugular 

approach. The first-in-human study of the LuX-Valve Plus demonstrated 

significant results, with all patients successfully receiving the implant and 

achieving none/trace TR within 30 days[11]. Results from 76 patients 

under early compassionate use showed that at 1 month, 95.0% of patients 

had TR of ≤2+, and 86.8% had TR of ≤1+[12]. 

Currently, multiple studies (NCT06568003, NCT05436028) are 

evaluating the safety and efficacy of transjugular tricuspid valve 

replacement using the LuX-Valve Plus system. 

Evoque 

The EVOQUE tricuspid valve replacement system (Edwards Lifescience, 

Irvine, CA, USA, Fig. 1D) features a self-expanding nitinol stent, bovine 

pericardial leaflets, an intra-annular sealing skirt, and anchoring devices. 

This system is available in three sizes: In 44 mm, 48 mm, and in 52 mm. 

It utilizes a low-profile, multi-plane 28Fr delivery system designed for 

femoral artery implantation, making it adaptable to a wide range of 

anatomical structures. 

The TRISCEND trial (NCT04221490) evaluated the safety and 

performance of the EVOQUE system in patients with symptomatic TR of 

at least moderate severity, despite receiving medical therapy. At 1 year, 

97.6% of implanted patients had TR of mild or less, with 69.0% exhibiting 

none or only trace TR[13].  

The TRISCEND II trial (NCT04482062) aims to assess the safety and 

efficacy of the EVOQUE system compared to optimal medical therapy 

(OMT) for patients with at least severe TR. Initial six-month follow-up 

results from the first 150 patients demonstrated that the EVOQUE system 

effectively eliminated TR in approximately 78% of participants, with 

nearly 99% achieving a TR severity of moderate or less, and about 94% 

reaching a severity of mild or less[14]. Results from the second-phase 

TRISCEND II trial, involving 400 patients, indicated that at 1 year, 72.6% 

of patients had no residual tricuspid regurgitation, 22.6% had mild 

regurgitation, 3.8% had moderate regurgitation, and 0.9% had severe 

regurgitation. Although most patients experience a significant reduction 

in regurgitation severity, the incidence of important safety outcomes also 

warrants attention, including 30-day all-cause mortality (3.5%), major 

bleeding within 30 days (10.4%), and new pacemaker implantation within 

1 year (17.8%)[15]. The EVOQUE tricuspid valve replacement system 

has received Conformité Européene (CE) mark from the European Union 

(2023) and approval from the U.S. FDA (2024). 

Intrepid 

The Intrepid valve (Medtronic Plc, Minneapolis, MN, USA, Fig. 1E), 

employs a sophisticated dual-structure design and was primarily used in 

the mitral position. This includes a 29 mm tri-leaflet bovine pericardial 

valve and is offered in three sizes: 43 mm, 46 mm, and 50 mm. The device 

is currently deployed via a 35Fr delivery system accessed through the 

femoral vein, with further enhancements in a 29Fr system underway. 

The Intrepid valve is specifically designed for patients with mitral 

regurgitation (MR) and now also for tricuspid regurgitation. Following 

transcatheter mitral valve replacement using the transapical Intrepid 

valve, 99.5% (n=200) of patients had mild or less MR within 30 days, and 

all surviving patients (n=122) had mild or less MR at the 2-year follow-

up[16]. A pre-market trial is currently underway (NCT03242642). 

Moreover, successful cases of compassionate use have been 

documented[17].  Presently, the early feasibility trial of the Intrepid 

TTVR (NCT04433065) is actively enrolling participants. This ongoing 

trial aims to evaluate the valve's safety and efficacy in clinical settings. 

Trisol Valve 

The Trisol valve (Trisol Medical, Yokneam, Israel, Fig. 1F) is constructed 

from a self-expanding conical nitinol alloy and features a single-leaflet 

circular bovine pericardial valve leaflet. This innovative design 

maximizes blood flow when the valve is open and minimizing resistance 

and turbulence, it enhances hemodynamic performance. Additionally, the 

valve employs a unique high closing volume design that can mitigate the 

impact of increased right ventricular afterload[18]. The valve’s stability 

is ensured by the application of axial force at the ventricular end and a 

polyester atrial skirt. Delivered via the transjugular route using a 30Fr 

system. The Trisol valve has already been successfully implanted in ten 

human patients[19]. 

Currently, an early feasibility study of the Trisol system (NCT04905017) 

is actively recruiting participants to further evaluate its clinical efficacy 

and safety. 

TRiCares Topaz system 

The TRiCares Topaz TTVR system (TRiCares SAS, Paris, France, Fig. 

1G) utilizes a sophisticated self-expanding dual-stent design made from 

nitinol. The outer stent ensures robust sealing and anchorage while 

protecting the inner stent from deformations caused by RV contractions. 

This inner stent houses an independent porcine pericardial trileaflet valve, 

ensuring the valve’s integrity despite the external stent’s movements. The 

device is delivered through a 29Fr system accessed via the femoral vein. 

The inaugural human implantation of the TRiCares Topaz system was 

conducted under compassionate use for treating TR, successfully 

implanted in two patients. During the three-month follow-up period, there 

were no reported mortalities or complications. However, a decline in RV 

function was observed three months post-implantation[20]. Currently, a 

pioneering clinical trial of the TRiCares Topaz trans-femoral tricuspid 

heart valve replacement system (TRICURE, NCT05126030) is active, 

focusing on evaluating its preliminary safety and efficacy parameters. 

NaviGate 

The NaviGate valve (NaviGate Cardiac Structures Inc., Lake Forest, CA, 

USA, Fig. 1H) features a self-expanding, tapered nitinol stent with tri-

leaflet bovine pericardial leaflets. It secures the tricuspid valve using 12 

anchoring screws and stabilizes with 12 atrial flaps. Available in six sizes 
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ranging from 36 to 54 millimeters, the delivery system uses a 42Fr 

catheter sheath for transatrial or transjugular implantation. However, the 

transjugular approach has been abandoned due to the sheath size and 

complications such as difficulty in achieving coaxial alignment with the 

relatively simple delivery system[8]. 

Navia et al[5]. reported the first use of the NaviGate valve in two patients 

with TR, demonstrating its safety and feasibility. In a report on 32 patients 

treated with NaviGate under compassionate use, the implant success rate 

was 100%, with all patients achieving TR severity of grade 2 or less. The 

30-day mortality rate was 12.5%[21]. In an early multicenter experience 

involving 30 patients, 26 (87%) had successful procedures, with 4 cases 

of device dislocation and 2 patients (5%) requiring conversion to open-

heart surgery. Out of 24 patients, 18 (76%) had mild or less TR at 

discharge. The in-hospital mortality rate was 10%, and 4 patients (13%) 

died during follow-up, with an average follow-up duration of 127 ± 82 

days[22]. Currently, the development of the NaviGate valve has been 

paused. 

 

Figure 1. Orthotopic transcatheter valved stents: (A) The VDyne valve (VDyne, Inc., Maple Grove, MN, USA); (B) The Cardiovalve (Venus 

MedTech, Hangzhou, China); (C) The LuX-Valve (Jenscare Biotechnology, Ningbo, China); (D) The EVOQUE (Edwards Lifescience, Irvine, CA, 

USA); (E) The Intrepid valve (Medtronic Plc, Minneapolis, MN, USA); (F) The Trisol valve (Trisol Medical, Yokneam, Israel); (G) The TRiCares 

Topaz valve ((TRiCares SAS, Paris, France); (H) The NaviGate valve(NaviGate Cardiac Structures Inc., Lake Forest, CA, USA). 

Heterotopic or caval tricuspid valve implantation  

In some cases, transcatheter therapy is not feasible for certain patients. 

Although this method was abandoned in the past due to low efficacy and 

high mortality caused by technical limitations, innovations in recent years 

have led to the development of heterotpic or caval tricuspid valve 

implantation (CAVI) as a palliative alternative. This technique reduces 

venous reflux and improves right heart pressure through implantation in 

the inferior vena cava (IVC) or superior vena cava (SVC)[23, 24]. 

However, due to the risks of embolization, thrombosis, and hepatic vein 

obstruction, heterotopic implantation is more challenging than orthotopic 

implantation. Although CAVI does not significantly improve 

hemodynamics, it leads to notable improvements in quality of life and 
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symptom relief[25]. Recent reports have indicated right heart remodeling 

after CAVI, suggesting its potential prognostic value[26]. 

Saien 

The balloon-expandable Sapien valve series (Edwards Lifescience, 

Irvine, CA, USA) is widely used in aortic valve replacement. However, 

for the largest 29 mm Sapien XT valve, the diameter of the IVC remains 

too large, necessitating anchoring within a previously placed stent in the 

IVC. 

The first human trial was conducted in 2013 and achieved acceptable 

results[27]. The TRICAVAL trial showed improvements in NYHA 

classification and quality of life post-procedure. However, the high rate 

of valve dislocation led to some patients requiring open-heart surgery[28]. 

Currently, there is no available data on the safety and efficacy of the 

Sapien valve for treating severe, refractory TR. 

TricValve 

The TricValve transcatheter bicaval valve system (P+F Products + 

Features, Vienna, Austria) consists of two self-expanding nitinol stent 

with bovine pericardial valves. The SVC valve is available in 25 mm and 

29 mm sizes with a long skirt design to prevent paravalvular leakage (Fig. 

2A). The IVC valve, sized at 31 mm and 35 mm, has a short skirt design 

to prevent hepatic vein embolization (Figure. 2B). The device is delivered 

via a 24Fr transfemoral delivery system and has received CE mark. 

The first in-human implantation of the TricValve system was successful, 

with an 8-week follow-up showing improvements in venous congestion 

and symptoms related to right heart failure[6]. At 12 months post-

implantation, the patient remained in NYHA class II with no symptoms 

of right heart failure[29]. Six-month results from the TRICUS EURO 

study (NCT04141137) in Europe showed that 79.4% of patients were in 

NYHA class I or II. Prosthesis dislocation occurred in 3% of patients but 

did not lead to serious consequences. Major bleeding was the primary 

serious complication, affecting 17.1% of patients. 

TRICENTO 

The TRICENTO (MEDIRA, Balingen, Germany, Fig. 2C) is a 

transcatheter bicaval valved stent currently in development, consisting of 

a self-expanding nitinol frame and porcine pericardial valves. The stent is 

custom-made based on pre-procedural imaging of the patient and 

delivered via a 24Fr delivery system. It is anchored within the IVC and 

SVC, aligning the stent valve with the native tricuspid valve. This design 

aims to prevent systolic blood backflow and ensure forward blood flow 

during diastole. 

Early results from a multicenter study indicated that all stents were 

successfully implanted; however, three cases (14%) of asymptomatic 

stent fracture were observed during follow-up. At a median follow-up of 

61 days, 65% of patients were in NYHA class I/II. Heart failure 

rehospitalization occurred in 19% of patients, and the one-year survival 

rate was 76%[30]. 

 

Figure 2. Heterotopic valve stent: (A, B) The TricValve transcatheter bicaval valve system (P+F Products + Features, Vienna, Austria); (C) The 

TRICENTO valved stent (MEDIRA, Balingen, Germany, Fig. 2C) 
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Current status and challenges 

Timing of Intervention 

For intervention in TR, currently only the ESC/ EACTS guidelines 

provide a Class I indication, which is for severe symptomatic TR. Wang 

et al[31]. compared the characteristics and outcomes of patients with 

Class I indications for severe symptomatic TR to those without such 

indications who underwent early surgery. The results showed 

significantly better short- and long-term outcomes in the early surgery 

group. Although the patients in Class I were older, with more pronounced 

symptoms and higher NYHA classifications, resulting in notable 

differences in baseline characteristics, the small sample size may also 

have influenced these findings. Nevertheless, this raises a new 

consideration: should we wait until Class I indications are met before 

intervening? In fact, the longer the wait for Class I indications, the greater 

the likelihood of developing risk factors such as right ventricular 

dysfunction, atrial fibrillation, and renal impairment, which in turn 

increase both surgical and long-term risks. With the emergence and 

advancement of new TTVI devices, a lower-risk surgical alternative is 

now available, potentially offering a new therapeutic strategy for early 

intervention in TR. 

Patient selection 

Clinically, secondary TR accounts for 90% of all TR cases[32]. In the 

early stages of the disease[33], where right ventricular dilation is not yet 

severe and tricuspid annular dilation occurs without significant leaflet 

tethering, transcatheter annuloplasty systems like the Cardioband. 

Tricuspid Valve Repair System are effective in repairing TR[34]. As the 

disease progresses to the second stage, further dilation of the RV and 

tricuspid annulus compromises leaflet coaptation, resulting in progressive 

leaflet tethering. At this juncture, the likelihood of achieving successful 

repair with an annuloplasty ring alone diminishes, necessitating a 

combination of edge-to-edge repair and annuloplasty[35, 36]. Notably, 

performing TTVR at this stage may completely resolve TR. Compared to 

transcatheter edge-to-edge repair, TTVR can attain a mild or lesser degree 

of residual TR in almost all patients within 30 days and 1-year (Figure 

3)[9, 10, 37-41]. This resolution of TR can be maintained for up to one 

year, showcasing favorable functional outcomes that may positively 

influence long-term survival and functional status. In the third stage, as 

leaflet tethering further deteriorates, TR escalates to massive or torrential 

levels, rendering repair efforts potentially futile[42]. 

For patients with preserved or mildly to moderately impaired right 

ventricular function, TTVR should be considered the treatment of choice. 

In patients with end-stage heart failure who are on pharmacological 

treatment, employing TTVR or CAVI as a compassionate therapy is 

viable, but requires meticulous assessment of the patient’s condition[43]. 

Apart from survival rates, improvements in quality of life are also an 

important consideration. In both the TRILUMINATE pivotal trial[44] and 

the TRISCEND II pivotal trial[45], significant quality of life benefits 

were observed compared to OMT alone, and these benefits were 

associated with the degree of TR reduction. In the TRILUMINATE trial, 

improvements in Kansas City Cardiomyopathy Questionnaire Overall 

Summary Score scores were similar across groups, regardless of baseline 

TR severity. In contrast, in the TRISCEND II trial, the extent of quality 

of life improvement was directly related to baseline TR severity, with 

patients with more severe baseline TR experiencing greater health status 

benefits[45]. In addition, there were differences in the timeline of health 

status improvement between the two trials. In the TRILUMINATE 

Pivotal trial, the majority of patients showed significant improvement by 

30 days post–transcatheter edge-to-edge repair. In contrast, in the 

TRISCEND II Pivotal trial, only moderate improvement was observed at 

30 days, with continued improvement over the following six months[45]. 

This may be due to a transient increase in right ventricular afterload 

associated with TTVR. 

Based on experience with mitral valve surgery, valve repair is generally 

prioritized over valve replacement, as conventional valve replacement 

surgery requires resection of subvalvular structures. This disruption to the 

subvalvular apparatus can damage the normal ventricular architecture, 

gradually leading to ventricular ‘sphericalization’ and impairing 

ventricular function[46, 47]. TTVR does not directly affect the papillary 

muscles and chordae tendineae; however, the implanted prosthetic valve 

stent may exert a mild mechanical effect on adjacent tissues. In certain 

cases, the position of the implant may slightly alter the geometry of the 

right ventricle, indirectly impacting the position and tension of the 

papillary muscles. Nevertheless, this effect is typically minimal and, in 

the vast majority of cases, does not lead to functional abnormalities. 

CAVI is specifically engineered to alleviate congestion in patients with 

severe torrential TR who are either ineligible for surgery or present a high 

surgical risk. The fundamental mechanism of CAVI involves deploying a 

valved stent at the junction between the inferior vena cava and the right 

atrium to mitigate regurgitation. This intervention significantly reduces 

hepatic congestion, which subsequently improves hepatic and renal 

function, leading to decreased symptoms only of ascites and peripheral 

edema[48]. Moreover, CAVI has the potential to enhance right ventricular 

output, thereby augmenting cardiac output. Nonetheless, it is important to 

note that this approach is unlikely to ameliorate right ventricular function 

or influence the process of right ventricular reshape remodeling, thus 

categorizing it as a palliative procedure. 

From the perspectives of safety and efficacy, the technology underpinning 

CAVI continues to necessitate rigorous validation through ongoing 

clinical trials. Furthermore, its effectiveness must be evaluated against 

optimal medical therapy within the framework of randomized controlled 

trials to establish a robust base of evidence. 
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Figure 3: Thirty-day and one-year outcomes of transcatheter tricuspid valve intervention[9, 10, 37-41] 

Valve durability and anticoagulation 

Similar to transcatheter aortic or mitral valves, an inevitable issue with 

transcatheter tricuspid valves is their durability. Based on past 

experiences, the durability of bioprosthetic valves typically ranges from 

10 to 15 years[49, 50]. However, the durability of right-sided cardiac 

transcatheter bioprosthetic valved stents remains unclear. The location of 

the tricuspid valve makes it more susceptible to the complex 

hemodynamic effects within the heart, particularly in the low-pressure 

regions. Although the pressure in this area is relatively low, factors such 

as regurgitation and turbulent flow contribute to increased risks of 

calcification and wear. Consequently, the durability of the tricuspid valve 

is generally lower compared to other heart valves. Tissue-engineered 

bioabsorbable heart valves may offer a strategic approach. Currently, 

tissue-engineered heart valves have achieved encouraging results in the 

pulmonary valve domain[51]. Nevertheless, further research is required 

in the tricuspid valve area. 

Currently, there is a lack of evidence-based guidelines for antithrombotic 

therapy in patients undergoing transcatheter tricuspid valve 

interventions[52]. Drawing from the experience with surgical 

bioprosthetic valves, in the absence of an indication for long-term oral 

anticoagulation (OAC), it is considered reasonable to administer vitamin 

K antagonists for 6 months following TTVR[53]. Notably, due to the 

relatively lower blood flow in the right heart chambers, the risk of 

thrombosis in right-sided prosthetic valves is higher than in left-sided 

valves[54]. Therefore, an extended duration of OAC may be 

recommended. After TTVr, single antiplatelet therapy may be considered. 

However, since most patients already require anticoagulation due to pre-

existing atrial fibrillation, they are typically maintained on long-term 

OAC[55]. Major bleeding is the most common serious complication 

following TTVI, highlighting the need for further research to determine 

the optimal duration of anticoagulation after transcatheter tricuspid valve 

intervention. 

Right ventricular dysfunction 

Although transcatheter TTVR can effectively eliminate TR, a subsequent 

complication is the decline in RV function. Right ventricular systolic 

dysfunction persists 30 days post-operation, which may indicate that the 

mechanical function of the RV had already been impaired under chronic 

severe TR but was masked by the reduced afterload[56]. Following 

TTVR, the significant reduction in TR leads to a sharp increase in 

afterload, thereby negatively affecting RV function. 

Sugimoto et al[57]. proposed a novel load-independent method for 

measuring RV contractility and found that RV dysfunction in patients 

with severe TR at baseline did not change after tricuspid valve surgery. 

While postoperative RV function can predict the outcomes of tricuspid 

valve surgery, the results of transcatheter devices warrant further 

investigation. For instance, the single-leaflet design of the Trisol valve, 

with its high closing volume, can mitigate the sharp increase in afterload 

that follows the reduction of TR. 

In conclusion, while TTVR shows promise in addressing TR, careful 

consideration of RV function and ongoing research into device-specific 

impacts on afterload are essential to optimize patient outcomes. 

Transvenous leads and transcatheter tricuspid valve devices 

The incidence of TR increases exponentially in patients with implanted 

cardiac electronic devices[58]. This increase is significantly attributed to 

the leads passing through the tricuspid valve, which can directly interfere 

with the normal movement of the leaflets, preventing them from closing 

completely[59]. Prolonged lead friction may also cause structural 

degeneration or damage to the tricuspid valve[60]. Additionally, long-

term interactions can lead to an inflammatory response, resulting in local 

fibrosis or scar formation, which further impairs leaflet function[61]. 

Endocardial leads can become trapped between the valve stent and the 

endocardium, resulting in transvenous lead entrapment.  

In the TRISCEND trial, all nine patients with pre-existing pacemakers 

had their right ventricular leads trapped by the Evoque valve[37]. If a 

trans-tricuspid lead becomes trapped, it cannot be fully removed in the 

3.60%

98.10%

87%

8.30%

90.90%
83.30%

0

51%

37%

1.50%

40% 43%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

Mortality (30d) TR none/mild (30d) TR none/mild (1 year)

Thirty-day and one-year outcomes

Evoque LuX-Valve Triclip Pascal



Clinical Case Reports and Reviews.                                                                                                                                                                   Copy rights@ Georg Lutter. et al, 

Auctores Publishing LLC – Volume 20(2)-630 www.auctoresonline.org  
ISSN: 2690-4861                                                                                                                              Page 8 of 11 

event of device infection, necessitating alternative surgical extraction and 

prolonged antibiotic therapy, both of which carry significant mortality 

risks. In cases of device infection, prolonged suppressive antibiotic 

therapy has been associated with a 25% mortality rate at one month post-

hospitalization and a 90% mortality rate at five years, with an estimated 

median survival of 1.43 years. Additionally, 18% of patients experience 

recurrence within one year[62]. The need for surgical extraction also 

poses serious morbidity risks, particularly in the population undergoing 

TTVR due to high surgical risk. 

In appropriate patients, percutaneous transvenous lead extraction (TLE) 

may be considered prior to the TTVR procedure[63]. It is important to 

consider that in patients with TR, the lead may have been embedded or 

formed scar tissue due to prolonged presence. Removing the lead may 

further damage the tricuspid valve, leading to more severe regurgitation 

or acute valve dysfunction. In the ELECTRa registry, out of 3,555 patients 

who underwent TLE, 0.02-0.59% experienced worsening of tricuspid 

valve function post-TLE[64]. Polewczyk A et al. reported that in a study 

of 2,631 patients, 2.5% developed severe dysfunction following TLE. 

Therefore, when the risk of TLE is relatively low, performing TLE before 

TTVR is worth considering[65]. 

For patients requiring ventricular pacing, leadless pacemakers are a good 

option[66]. However, it is advisable to implant the pacemaker before 

TTVR, as the delivery sheath size for devices such as Micra or Aveir is 

relatively large and may increase the difficulty of the procedure[67]. 

Utilizing a coronary sinus-based pacing system is also an option. 

Although studies suggest that placing transvenous leads on a bioprosthetic 

valve may be safe and not affect valve function, the lack of long-term 

follow-up necessitates caution with this approach[68]. Epicardial pacing 

leads do not involve the valve but come with increased invasiveness[69].  

In summary, choosing a rhythm management method requires 

comprehensive consideration of the patient’s specific circumstances. 

Conclusion 

TR is no longer overlooked, as it significantly contributes to cardiac 

morbidity and mortality. With the rapid advancement of TTVR therapies, 

tricuspid regurgitation can now be effectively corrected, avoiding the 

adverse risks associated with traditional surgery. 

TTVR devices offer clear advantages over surgical tricuspid valve 

replacement and transcatheter repair, reducing mortality and complication 

rates while effectively treating TR. Additionally, TTVR devices are less 

dependent on anatomical factors and the underlying TR etiology. 

Although some devices have received clinical approval, research on 

TTVR remains limited. Further studies with larger populations, longer 

follow-ups, and standardized management strategies are needed to 

advance this field. 

Early feasibility studies show promising results and ongoing research 

continues to explore TTVR’s potential. For patients with severe TR who 

lack other treatment options, TTVR offers significant hope for the future. 

Abbreviations 

CAVI :Caval valve implantation 

CE          :Conformité Européene  

ESC :European Society of Cardiology  

EACTS  :European Association for Cardio-Thoracic Surgery 

FDA       :Food and Drug Administration  

MR :Mitral regurgitation 

OAC :Oral anticoagulation 

RA :Right atrium 

RV :Right ventricle 

TLE :Transvenous lead extraction 

TR :Tricuspid regurgitation 

TTVI :Transcatheter tricuspid valve intervention 

TTVr :Transcatheter tricuspid valve repair 

TTVR :Transcatheter tricuspid valve replacement 

TV :Tricuspid valve 

Author Contribution:  

Conceptualization, X.Z. and G.L.; methodology, G.L.; data curation, 

D.M., S.L.S.; writing—original draft preparation, Z.X., G.L. and N.S.P; 

writing—review and editing, T.P., D.M., S.L.S., D.F., G.W., O.J.M., 

H.S., T.A. and R.B.; visualization, D.F. and H.S.; supervision, G.L.; 

project administration, G.L.; funding acquisition, G.L. All authors have 

read and agreed to the published version of the manuscript. 

References 

1. Topilsky, Y., et al., Burden of tricuspid regurgitation in 

patients diagnosed in the community setting. JACC: 

Cardiovascular Imaging, 2019. 12(3): p. 433-442. 

2. Vahanian, A., et al., 2021 ESC/EACTS Guidelines for the 

management of valvular heart disease: developed by the 

Task Force for the management of valvular heart disease 

of the European Society of Cardiology (ESC) and the 

European Association for Cardio-Thoracic Surgery 

(EACTS). European heart journal, 2022. 43(7): p. 561-

632. 

3. Taramasso, M., et al., Transcatheter Versus Medical 

Treatment of Patients With Symptomatic Severe Tricuspid 

Regurgitation. Journal of the American College of 

Cardiology, 2019. 74(24): p. 2998-3008. 

4. Antunes, M.J., et al., Management of tricuspid valve 

regurgitation: position statement of the European Society 

of Cardiology Working Groups of Cardiovascular Surgery 

and Valvular Heart Disease. European Journal of Cardio-

Thoracic Surgery, 2017. 52(6): p. 1022-1030. 

5. Navia, J.L., et al., First-in-human implantations of the 

NaviGate bioprosthesis in a severely dilated tricuspid 

annulus and in a failed tricuspid annuloplasty ring. 

Circulation: Cardiovascular Interventions, 2017. 10(12): 

p. e005840. 

6. Lauten, A., et al., Heterotopic transcatheter tricuspid valve 

implantation: first-in-man application of a novel approach 

to tricuspid regurgitation. European heart journal, 2011. 

32(10): p. 1207-1213. 

7. Sorajja, P., et al., First-in-human description of a novel 

transcatheter tricuspid valve prosthesis to preserve the 

asymmetric shape of the right ventricle. EuroIntervention, 

2023. 19(8): p. 662. 

https://www.jacc.org/doi/abs/10.1016/j.jcmg.2018.06.014
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2018.06.014
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2018.06.014
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://www.jacc.org/doi/abs/10.1016/j.jacc.2019.09.028
https://academic.oup.com/ejcts/article-abstract/52/6/1022/4086168
https://academic.oup.com/ejcts/article-abstract/52/6/1022/4086168
https://academic.oup.com/ejcts/article-abstract/52/6/1022/4086168
https://academic.oup.com/ejcts/article-abstract/52/6/1022/4086168
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.117.005840
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.117.005840
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.117.005840
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.117.005840
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.117.005840
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://academic.oup.com/eurheartj/article-abstract/32/10/1207/564209
https://pmc.ncbi.nlm.nih.gov/articles/PMC10587843/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10587843/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10587843/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10587843/


Clinical Case Reports and Reviews.                                                                                                                                                                   Copy rights@ Georg Lutter. et al, 

Auctores Publishing LLC – Volume 20(2)-630 www.auctoresonline.org  
ISSN: 2690-4861                                                                                                                              Page 9 of 11 

8. Goldberg, Y.H., et al., Update on transcatheter tricuspid 

valve replacement therapies. Frontiers in Cardiovascular 

Medicine, 2021. 8: p. 619558. 

9. Lu, F.-L., et al., First-in-man experience of transcatheter 

tricuspid valve replacement with lux-valve in high-risk 

tricuspid regurgitation patients. Cardiovascular 

Interventions, 2020. 13(13): p. 1614-1616. 

10. Sun, Z., et al., Twelve-month outcomes of the LuX-Valve 

for transcatheter treatment of severe tricuspid 

regurgitation: Transcatheter tricuspid valve replacement 

with LuX-Valve. EuroIntervention, 2021. 17(10): p. 818. 

11. Zhang, Y., et al., A first-in-human study of transjugular 

transcatheter tricuspid valve replacement with the LuX-

Valve Plus system. EuroIntervention, 2023. 18(13): p. 

e1088. 

12. Stolz, L., et al., Transjugular transcatheter tricuspid valve 

replacement: early compassionate use outcomes. 

Cardiovascular Interventions, 2024. 17(16): p. 1936-1945. 

13. Kodali, S., et al., Transfemoral tricuspid valve 

replacement and one-year outcomes: the TRISCEND 

study. European Heart Journal, 2023. 44(46): p. 4862-

4873. 

14. Kodali, S., TRISCEND II: A Randomized Trial of 

Transcatheter Tricuspid Valve Replacement in Patients 

with Severe Tricuspid Regurgitation, in Transcatheter 

Cardiovascular Therapeutics (TCT). 2023: San Francisco, 

CA, USA. 

15. Hahn, R.T., et al., Transcatheter valve replacement in 

severe tricuspid regurgitation. New England Journal of 

Medicine, 2024. 

16. Bapat, V., et al., 2-Year Clinical and Echocardiography 

Follow-Up of Transcatheter Mitral Valve Replacement 

With the Transapical Intrepid System. JACC: 

Cardiovascular Interventions, 2024. 

17. Bapat, V.N., The INTREPID Valve for Severe Tricuspid 

Regurgitation: First in Man Case Experience, in 

Cardiovascular research technologies (CRT). 2020: 

Washington, DC, USA. 

18. Vaturi, M., et al., First-in-Human Percutaneous 

Transcatheter Tricuspid Valve Replacement With a Novel 

Valve. JACC: Case Reports, 2021. 3(10): p. 1281-1286. 

19. Trisol announces successful implants of its Transcatheter 

Tricuspid Valve in the US. 2023, CISION. 

20. Teiger, E., et al., First-in-human implantation of the Topaz 

transcatheter tricuspid valve replacement system. 

EuroIntervention, 2022. 18(10): p. 862. 

21. Hahn, R.T., NAVIGATE Transcatheter Tricuspid Valve 

Replacement…Early Findings-Technology and Clinical 

Updates, in TCT2018. 2018: San Diego. CA. 

22. Hahn, R.T., et al., Early multinational experience of 

transcatheter tricuspid valve replacement for treating 

severe tricuspid regurgitation. Cardiovascular 

Interventions, 2020. 13(21): p. 2482-2493. 

23. Barker, C.M. and K. Goel, Transcatheter tricuspid 

interventions: past, present, and future. Methodist 

DeBakey Cardiovascular Journal, 2023. 19(3): p. 57. 

24. Seligman, H., et al., The Current Landscape of 

Transcatheter Tricuspid Valve Intervention. Journal of the 

Society for Cardiovascular Angiography & Interventions, 

2023. 2(6): p. 101201. 

25. Estévez-Loureiro, R., et al., 6-month outcomes of the 

TricValve system in patients with tricuspid regurgitation: 

the TRICUS EURO study. Cardiovascular Interventions, 

2022. 15(13): p. 1366-1377. 

26. Amat-Santos, I.J., et al., Right heart remodelling after 

bicaval TricValve implantation in patients with severe 

tricuspid regurgitation. EuroIntervention, 2023. 19(5): p. 

e450. 

27. Laule, M., et al., Percutaneous transfemoral management 

of severe secondary tricuspid regurgitation with Edwards 

Sapien XT bioprosthesis: first-in-man experience. Journal 

of the American College of Cardiology, 2013. 61(18): p. 

1929-1931. 

28. Dreger, H., et al., Treatment of severe TRIcuspid 

regurgitation in patients with advanced heart failure with 

CAval vein implantation of the Edwards Sapien XT 

VALve (TRICAVAL): a randomised controlled trial. 

EuroIntervention, 2020. 15(17): p. 1506-1513. 

29. Lauten, A., et al., Percutaneous bicaval valve implantation 

for transcatheter treatment of tricuspid regurgitation: 

clinical observations and 12-month follow-up. 

Circulation: cardiovascular interventions, 2014. 7(2): p. 

268-272. 

30. Wild, M.G., et al., Early clinical experience with the 

TRICENTO bicaval valved stent for treatment of 

symptomatic severe tricuspid regurgitation: a multicenter 

registry. Circulation: Cardiovascular Interventions, 2022. 

15(3): p. e011302. 

31. Wang, T.K.M., et al., Early surgery is associated with 

improved long-term survival compared to class I 

indication for isolated severe tricuspid regurgitation. The 

Journal of thoracic and cardiovascular surgery, 2023. 

166(1): p. 91-100. 

32. Rodés-Cabau, J., M. Taramasso, and P. T O'Gara, 

Diagnosis and treatment of tricuspid valve disease: current 

and future perspectives. The Lancet, 2016. 388(10058): p. 

2431-2442. 

33. Raja, S.G. and G.D. Dreyfus. Basis for intervention on 

functional tricuspid regurgitation. in Seminars in thoracic 

and cardiovascular surgery. 2010. Elsevier. 

34. Navia, J.L., et al., Surgical management of secondary 

tricuspid valve regurgitation: annulus, commissure, or 

leaflet procedure? The Journal of thoracic and 

cardiovascular surgery, 2010. 139(6): p. 1473-1482. e5. 

35. Brüstle, K., et al., Transcatheter mitral annuloplasty to 

treat residual mitral regurgitation after MitraClip 

implantation. EuroIntervention, 2017. 13(8): p. 912-3. 

36. Taramasso, M., et al., Transcatheter repair of persistent 

tricuspid regurgitation after MitraClip with the TriCinch 

system: interventional valve treatment toward the surgical 

standard. European Heart Journal, 2017. 38(16): p. 1259-

1259. 

37. Webb, J.G., et al., Transcatheter tricuspid valve 

replacement with the EVOQUE system: 1-year outcomes 

of a multicenter, first-in-human experience. 

Cardiovascular Interventions, 2022. 15(5): p. 481-491. 

38. Kodali, S., et al., Transfemoral tricuspid valve 

replacement in patients with tricuspid regurgitation: 

TRISCEND study 30-day results. Cardiovascular 

Interventions, 2022. 15(5): p. 471-480. 

https://www.frontiersin.org/articles/10.3389/fcvm.2021.619558/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.619558/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.619558/full
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.03.026
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.03.026
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.03.026
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.03.026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9725022/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9725022/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9725022/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9725022/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9909447/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9909447/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9909447/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9909447/
https://www.jacc.org/doi/abs/10.1016/j.jcin.2024.06.014
https://www.jacc.org/doi/abs/10.1016/j.jcin.2024.06.014
https://www.jacc.org/doi/abs/10.1016/j.jcin.2024.06.014
https://academic.oup.com/eurheartj/article-abstract/44/46/4862/7335468
https://academic.oup.com/eurheartj/article-abstract/44/46/4862/7335468
https://academic.oup.com/eurheartj/article-abstract/44/46/4862/7335468
https://academic.oup.com/eurheartj/article-abstract/44/46/4862/7335468
https://www.nejm.org/doi/abs/10.1056/NEJMoa2401918
https://www.nejm.org/doi/abs/10.1056/NEJMoa2401918
https://www.nejm.org/doi/abs/10.1056/NEJMoa2401918
https://www.sciencedirect.com/science/article/pii/S1936879824005272
https://www.sciencedirect.com/science/article/pii/S1936879824005272
https://www.sciencedirect.com/science/article/pii/S1936879824005272
https://www.sciencedirect.com/science/article/pii/S1936879824005272
https://www.sciencedirect.com/science/article/pii/S1134009621001315
https://www.sciencedirect.com/science/article/pii/S1134009621001315
https://www.jacc.org/doi/abs/10.1016/j.jaccas.2021.06.014
https://www.jacc.org/doi/abs/10.1016/j.jaccas.2021.06.014
https://www.jacc.org/doi/abs/10.1016/j.jaccas.2021.06.014
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.07.008
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.07.008
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.07.008
https://www.jacc.org/doi/abs/10.1016/j.jcin.2020.07.008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10198234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10198234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10198234/
https://www.sciencedirect.com/science/article/pii/S2772930323012036
https://www.sciencedirect.com/science/article/pii/S2772930323012036
https://www.sciencedirect.com/science/article/pii/S2772930323012036
https://www.sciencedirect.com/science/article/pii/S2772930323012036
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.05.022
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.05.022
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.05.022
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.05.022
https://pmc.ncbi.nlm.nih.gov/articles/PMC10397665/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10397665/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10397665/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10397665/
https://www.jacc.org/doi/abs/10.1016/j.jacc.2013.01.070
https://www.jacc.org/doi/abs/10.1016/j.jacc.2013.01.070
https://www.jacc.org/doi/abs/10.1016/j.jacc.2013.01.070
https://www.jacc.org/doi/abs/10.1016/j.jacc.2013.01.070
https://www.jacc.org/doi/abs/10.1016/j.jacc.2013.01.070
https://www.researchgate.net/profile/Robert-Roehle/publication/338582876_Treatment_of_Severe_TRIcuspid_Regurgitation_in_Patients_with_Advanced_Heart_Failure_with_CAval_Vein_Implantation_of_the_Edwards_Sapien_XT_VALve_TRICAVAL_a_controlled_prospective_randomized_trial/links/5ec7ad2f299bf1c09ad2938e/Treatment-of-Severe-TRIcuspid-Regurgitation-in-Patients-with-Advanced-Heart-Failure-with-CAval-Vein-Implantation-of-the-Edwards-Sapien-XT-VALve-TRICAVAL-a-controlled-prospective-randomized-trial.pdf
https://www.researchgate.net/profile/Robert-Roehle/publication/338582876_Treatment_of_Severe_TRIcuspid_Regurgitation_in_Patients_with_Advanced_Heart_Failure_with_CAval_Vein_Implantation_of_the_Edwards_Sapien_XT_VALve_TRICAVAL_a_controlled_prospective_randomized_trial/links/5ec7ad2f299bf1c09ad2938e/Treatment-of-Severe-TRIcuspid-Regurgitation-in-Patients-with-Advanced-Heart-Failure-with-CAval-Vein-Implantation-of-the-Edwards-Sapien-XT-VALve-TRICAVAL-a-controlled-prospective-randomized-trial.pdf
https://www.researchgate.net/profile/Robert-Roehle/publication/338582876_Treatment_of_Severe_TRIcuspid_Regurgitation_in_Patients_with_Advanced_Heart_Failure_with_CAval_Vein_Implantation_of_the_Edwards_Sapien_XT_VALve_TRICAVAL_a_controlled_prospective_randomized_trial/links/5ec7ad2f299bf1c09ad2938e/Treatment-of-Severe-TRIcuspid-Regurgitation-in-Patients-with-Advanced-Heart-Failure-with-CAval-Vein-Implantation-of-the-Edwards-Sapien-XT-VALve-TRICAVAL-a-controlled-prospective-randomized-trial.pdf
https://www.researchgate.net/profile/Robert-Roehle/publication/338582876_Treatment_of_Severe_TRIcuspid_Regurgitation_in_Patients_with_Advanced_Heart_Failure_with_CAval_Vein_Implantation_of_the_Edwards_Sapien_XT_VALve_TRICAVAL_a_controlled_prospective_randomized_trial/links/5ec7ad2f299bf1c09ad2938e/Treatment-of-Severe-TRIcuspid-Regurgitation-in-Patients-with-Advanced-Heart-Failure-with-CAval-Vein-Implantation-of-the-Edwards-Sapien-XT-VALve-TRICAVAL-a-controlled-prospective-randomized-trial.pdf
https://www.researchgate.net/profile/Robert-Roehle/publication/338582876_Treatment_of_Severe_TRIcuspid_Regurgitation_in_Patients_with_Advanced_Heart_Failure_with_CAval_Vein_Implantation_of_the_Edwards_Sapien_XT_VALve_TRICAVAL_a_controlled_prospective_randomized_trial/links/5ec7ad2f299bf1c09ad2938e/Treatment-of-Severe-TRIcuspid-Regurgitation-in-Patients-with-Advanced-Heart-Failure-with-CAval-Vein-Implantation-of-the-Edwards-Sapien-XT-VALve-TRICAVAL-a-controlled-prospective-randomized-trial.pdf
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.113.001033
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.113.001033
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.113.001033
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.113.001033
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.113.001033
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.121.011302
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.121.011302
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.121.011302
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.121.011302
https://www.ahajournals.org/doi/abs/10.1161/CIRCINTERVENTIONS.121.011302
https://www.sciencedirect.com/science/article/pii/S0022522321011351
https://www.sciencedirect.com/science/article/pii/S0022522321011351
https://www.sciencedirect.com/science/article/pii/S0022522321011351
https://www.sciencedirect.com/science/article/pii/S0022522321011351
https://www.sciencedirect.com/science/article/pii/S0022522321011351
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(16)00740-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(16)00740-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(16)00740-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(16)00740-6/fulltext
https://www.sciencedirect.com/science/article/pii/S1043067910000389
https://www.sciencedirect.com/science/article/pii/S1043067910000389
https://www.sciencedirect.com/science/article/pii/S1043067910000389
https://www.sciencedirect.com/science/article/pii/S0022522310002606
https://www.sciencedirect.com/science/article/pii/S0022522310002606
https://www.sciencedirect.com/science/article/pii/S0022522310002606
https://www.sciencedirect.com/science/article/pii/S0022522310002606
https://eurointervention.pcronline.com/article/transcatheter-mitral-annuloplasty-to-treat-residual-mitral-regurgitation-after-mitraclip-implantation
https://eurointervention.pcronline.com/article/transcatheter-mitral-annuloplasty-to-treat-residual-mitral-regurgitation-after-mitraclip-implantation
https://eurointervention.pcronline.com/article/transcatheter-mitral-annuloplasty-to-treat-residual-mitral-regurgitation-after-mitraclip-implantation
https://academic.oup.com/eurheartj/article-abstract/38/16/1259/2631155
https://academic.oup.com/eurheartj/article-abstract/38/16/1259/2631155
https://academic.oup.com/eurheartj/article-abstract/38/16/1259/2631155
https://academic.oup.com/eurheartj/article-abstract/38/16/1259/2631155
https://academic.oup.com/eurheartj/article-abstract/38/16/1259/2631155
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.280
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.280
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.280
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.280
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.016
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.016
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.016
https://www.jacc.org/doi/abs/10.1016/j.jcin.2022.01.016


Clinical Case Reports and Reviews.                                                                                                                                                                   Copy rights@ Georg Lutter. et al, 

Auctores Publishing LLC – Volume 20(2)-630 www.auctoresonline.org  
ISSN: 2690-4861                                                                                                                              Page 10 of 11 

39. Lurz, P., et al., Short-term outcomes of tricuspid edge-to-

edge repair in clinical practice. Journal of the American 

College of Cardiology, 2023. 82(4): p. 281-291. 

40. Lurz, P., et al., Transcatheter Edge-to-Edge Repair for 

Treatment of Tricuspid Regurgitation. Journal of the 

American College of Cardiology, 2021. 77(3): p. 229-239. 

41. Kitamura, M., et al., 12‐Month outcomes of transcatheter 

tricuspid valve repair with the PASCAL system for severe 

tricuspid regurgitation. Catheterization and 

Cardiovascular Interventions, 2021. 97(6): p. 1281-1289. 

42. Buzzatti, N., M. De Bonis, and N. Moat, Anatomy of the 

Tricuspid Valve, Pathophysiology of Functional Tricuspid 

Regurgitation, and Implications for Percutaneous 

Therapies. Interventional cardiology clinics, 2017. 7(1): p. 

1-11. 

43. Abdul-Jawad Altisent, O., et al., Caval valve implantation 

(CAVI): an emerging therapy for treating severe tricuspid 

regurgitation. Journal of Clinical Medicine, 2021. 10(19): 

p. 4601. 

44. Arnold, S.V., et al., Health Status After Transcatheter 

Tricuspid-Valve Repair in Patients With Severe Tricuspid 

Regurgitation. Journal of the American College of 

Cardiology, 2024. 83(1): p. 1-13. 

45. Arnold, S.V., et al., Quality of life after transcatheter 

tricuspid valve replacement: 1-year results from 

TRISCEND II pivotal trial. Journal of the American 

College of Cardiology, 2024. 

46. Okita, Y., et al., Left ventricular function after mitral valve 

replacement with or without chordal preservation. The 

Journal of Heart Valve Disease, 1995. 4: p. S181-92; 

discussion S192. 

47. Okita, Y., et al., Mitral valve replacement with 

maintenance of mitral annulopapillary muscle continuity 

in patients with mitral stenosis. The Journal of Thoracic 

and Cardiovascular Surgery, 1994. 108(1): p. 42-51. 

48. Lauten, A., et al., Percutaneous caval stent valve 

implantation: investigation of an interventional approach 

for treatment of tricuspid regurgitation. European heart 

journal, 2010. 31(10): p. 1274-1281. 

49. Schoen, F.J. and R.J. Levy, Calcification of tissue heart 

valve substitutes: progress toward understanding and 

prevention. The Annals of thoracic surgery, 2005. 79(3): 

p. 1072-1080. 

50. Jordan, J.E., et al., Bioengineered self-seeding heart 

valves. The Journal of thoracic and cardiovascular surgery, 

2012. 143(1): p. 201-208. 

51. Zhang, X., et al., Tissue engineered transcatheter 

pulmonary valved stent implantation: current state and 

future prospect. International journal of molecular 

sciences, 2022. 23(2): p. 723. 

52. Alperi, A., et al., Transcatheter tricuspid valve 

interventions: Current status and future perspectives. 

Frontiers in Cardiovascular Medicine, 2022. 9: p. 994502. 

53. Baumgartner, H., et al., 2017 ESC/EACTS Guidelines for 

the management of valvular heart disease. Polish Heart 

Journal (Kardiologia Polska), 2018. 76(1): p. 1-62. 

54. Matli, K., et al., Transcatheter tricuspid valve intervention 

techniques and procedural steps for the treatment of 

tricuspid regurgitation: a review of the literature. Open 

Heart, 2022. 9(1): p. e002030.  

55. Asmarats, L., et al., Transcatheter tricuspid valve 

interventions: landscape, challenges, and future directions. 

Journal of the American College of Cardiology, 2018. 

71(25): p. 2935-2956. 

56. Ancona, F., et al., Right ventricular systolic function in 

severe tricuspid regurgitation: prognostic relevance of 

longitudinal strain. European Heart Journal-

Cardiovascular Imaging, 2021. 22(8): p. 868-875. 

57. Sugimoto, T., et al., Influence of functional tricuspid 

regurgitation on right ventricular function. The Annals of 

thoracic surgery, 1998. 66(6): p. 2044-2050. 

58. Lee, R.C., et al., Tricuspid regurgitation following 

implantation of endocardial leads: incidence and 

predictors. Pacing and clinical electrophysiology, 2015. 

38(11): p. 1267-1274. 

59. Gabriels, J.K., et al., Lead management in patients 

undergoing percutaneous tricuspid valve replacement or 

repair: a ‘heart team’approach. Europace, 2023. 25(11): p. 

euad300. 

60. Addetia, K., et al., Impact of implantable transvenous 

device lead location on severity of tricuspid regurgitation. 

Journal of the American Society of Echocardiography, 

2014. 27(11): p. 1164-1175. 

61. Epstein, A.E., et al., Gross and microscopic pathological 

changes associated with nonthoracotomy implantable 

defibrillator leads. Circulation, 1998. 98(15): p. 1517-

1524. 

62. Tan, E.M., et al., Outcomes in patients with cardiovascular 

implantable electronic device infection managed with 

chronic antibiotic suppression. Clinical Infectious 

Diseases, 2017. 64(11): p. 1516-1521. 

63. Kusumoto, F.M., et al., 2017 HRS expert consensus 

statement on cardiovascular implantable electronic device 

lead management and extraction. Heart rhythm, 2017. 

14(12): p. e503-e551. 

64. Bongiorni, M.G., et al., The European lead extraction 

controlled (ELECTRa) study: a European heart rhythm 

association (EHRA) registry of transvenous lead 

extraction outcomes. European heart journal, 2017. 

38(40): p. 2995-3005. 

65. Polewczyk, A., et al., Tricuspid valve damage related to 

transvenous lead extraction. International Journal of 

Environmental Research and Public Health, 2022. 19(19): 

p. 12279. 

66. Moore, S.K., et al., Leadless pacemaker implantation: a 

feasible and reasonable option in transcatheter heart valve 

replacement patients. Pacing and clinical 

electrophysiology, 2019. 42(5): p. 542-547. 

67. Dhindsa, D.S., W. Mekary, and M.F. El-Chami, Pacing 

and Defibrillation Consideration in the Era of 

Transcatheter Tricuspid Valve Replacement. Current 

Cardiology Reports, 2024. 26(5): p. 331-338. 

68. Eleid, M.F., et al., Bioprosthetic tricuspid valve 

regurgitation associated with pacemaker or defibrillator 

lead implantation. Journal of the American College of 

Cardiology, 2012. 59(9): p. 813-818. 

69. Haydin, S., et al., Subxiphoid approach to epicardial 

implantation of implantable cardioverter defibrillators in 

children. Pacing and Clinical Electrophysiology, 2013. 

36(8): p. 926-930. 

  

https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.05.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.05.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.05.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.038
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.038
https://www.jacc.org/doi/abs/10.1016/j.jacc.2020.11.038
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.29583
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.29583
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.29583
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.29583
https://europepmc.org/article/med/29157516
https://europepmc.org/article/med/29157516
https://europepmc.org/article/med/29157516
https://europepmc.org/article/med/29157516
https://europepmc.org/article/med/29157516
https://www.mdpi.com/2077-0383/10/19/4601
https://www.mdpi.com/2077-0383/10/19/4601
https://www.mdpi.com/2077-0383/10/19/4601
https://www.mdpi.com/2077-0383/10/19/4601
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.10.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.10.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.10.008
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.10.008
https://www.sciencedirect.com/science/article/pii/S0735109724099546
https://www.sciencedirect.com/science/article/pii/S0735109724099546
https://www.sciencedirect.com/science/article/pii/S0735109724099546
https://www.sciencedirect.com/science/article/pii/S0735109724099546
https://europepmc.org/article/med/8563996
https://europepmc.org/article/med/8563996
https://europepmc.org/article/med/8563996
https://europepmc.org/article/med/8563996
https://www.sciencedirect.com/science/article/pii/S0022522394702160
https://www.sciencedirect.com/science/article/pii/S0022522394702160
https://www.sciencedirect.com/science/article/pii/S0022522394702160
https://www.sciencedirect.com/science/article/pii/S0022522394702160
https://academic.oup.com/eurheartj/article-abstract/31/10/1274/486649
https://academic.oup.com/eurheartj/article-abstract/31/10/1274/486649
https://academic.oup.com/eurheartj/article-abstract/31/10/1274/486649
https://academic.oup.com/eurheartj/article-abstract/31/10/1274/486649
https://www.sciencedirect.com/science/article/pii/S0003497504013219
https://www.sciencedirect.com/science/article/pii/S0003497504013219
https://www.sciencedirect.com/science/article/pii/S0003497504013219
https://www.sciencedirect.com/science/article/pii/S0003497504013219
https://www.sciencedirect.com/science/article/pii/S0022522311010907
https://www.sciencedirect.com/science/article/pii/S0022522311010907
https://www.sciencedirect.com/science/article/pii/S0022522311010907
https://www.mdpi.com/1422-0067/23/2/723
https://www.mdpi.com/1422-0067/23/2/723
https://www.mdpi.com/1422-0067/23/2/723
https://www.mdpi.com/1422-0067/23/2/723
https://www.frontiersin.org/articles/10.3389/fcvm.2022.994502/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.994502/full
https://www.frontiersin.org/articles/10.3389/fcvm.2022.994502/full
https://journals.viamedica.pl/polish_heart_journal/article/viewFile/78645/58453
https://journals.viamedica.pl/polish_heart_journal/article/viewFile/78645/58453
https://journals.viamedica.pl/polish_heart_journal/article/viewFile/78645/58453
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://openheart.bmj.com/content/9/1/e002030.abstract
https://academic.oup.com/ehjcimaging/article-abstract/22/8/868/6148893
https://academic.oup.com/ehjcimaging/article-abstract/22/8/868/6148893
https://academic.oup.com/ehjcimaging/article-abstract/22/8/868/6148893
https://academic.oup.com/ehjcimaging/article-abstract/22/8/868/6148893
https://www.sciencedirect.com/science/article/pii/S0003497598010418
https://www.sciencedirect.com/science/article/pii/S0003497598010418
https://www.sciencedirect.com/science/article/pii/S0003497598010418
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12701
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12701
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12701
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12701
https://academic.oup.com/europace/article-abstract/25/11/euad300/7286305
https://academic.oup.com/europace/article-abstract/25/11/euad300/7286305
https://academic.oup.com/europace/article-abstract/25/11/euad300/7286305
https://academic.oup.com/europace/article-abstract/25/11/euad300/7286305
https://www.sciencedirect.com/science/article/pii/S0894731714005112
https://www.sciencedirect.com/science/article/pii/S0894731714005112
https://www.sciencedirect.com/science/article/pii/S0894731714005112
https://www.sciencedirect.com/science/article/pii/S0894731714005112
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.98.15.1517
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.98.15.1517
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.98.15.1517
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.98.15.1517
https://academic.oup.com/cid/article-abstract/64/11/1516/3051854
https://academic.oup.com/cid/article-abstract/64/11/1516/3051854
https://academic.oup.com/cid/article-abstract/64/11/1516/3051854
https://academic.oup.com/cid/article-abstract/64/11/1516/3051854
https://www.heartrhythmjournal.com/article/S1547-5271(17)31080-9/abstract
https://www.heartrhythmjournal.com/article/S1547-5271(17)31080-9/abstract
https://www.heartrhythmjournal.com/article/S1547-5271(17)31080-9/abstract
https://www.heartrhythmjournal.com/article/S1547-5271(17)31080-9/abstract
https://academic.oup.com/eurheartj/article-abstract/38/40/2995/3077217
https://academic.oup.com/eurheartj/article-abstract/38/40/2995/3077217
https://academic.oup.com/eurheartj/article-abstract/38/40/2995/3077217
https://academic.oup.com/eurheartj/article-abstract/38/40/2995/3077217
https://academic.oup.com/eurheartj/article-abstract/38/40/2995/3077217
https://www.mdpi.com/1660-4601/19/19/12279
https://www.mdpi.com/1660-4601/19/19/12279
https://www.mdpi.com/1660-4601/19/19/12279
https://www.mdpi.com/1660-4601/19/19/12279
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.13648
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.13648
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.13648
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.13648
https://link.springer.com/article/10.1007/s11886-024-02032-7
https://link.springer.com/article/10.1007/s11886-024-02032-7
https://link.springer.com/article/10.1007/s11886-024-02032-7
https://link.springer.com/article/10.1007/s11886-024-02032-7
https://www.jacc.org/doi/abs/10.1016/j.jacc.2011.10.893
https://www.jacc.org/doi/abs/10.1016/j.jacc.2011.10.893
https://www.jacc.org/doi/abs/10.1016/j.jacc.2011.10.893
https://www.jacc.org/doi/abs/10.1016/j.jacc.2011.10.893
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12158
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12158
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12158
https://onlinelibrary.wiley.com/doi/abs/10.1111/pace.12158


Clinical Case Reports and Reviews.                                                                                                                                                                   Copy rights@ Georg Lutter. et al, 

Auctores Publishing LLC – Volume 20(2)-630 www.auctoresonline.org  
ISSN: 2690-4861                                                                                                                              Page 11 of 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI:10.31579/2690-4861/630

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 
 

At Auctores, research is always in progress. 

 

Learn more  https://auctoresonline.org/journals/international-journal-of-

clinical-case-reports-and-reviews  

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=66
https://auctoresonline.org/journals/international-journal-of-clinical-case-reports-and-reviews
https://auctoresonline.org/journals/international-journal-of-clinical-case-reports-and-reviews

