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Designing Trials for 
Transcatheter Tricuspid 
Valve Interventions
Contemporary challenges and opportunities. 
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T ricuspid valve disease, particularly tricuspid 
regurgitation (TR), remains a major challenge in 
valvular heart disease. Surgical interventions for 
isolated TR have lagged compared to interven-

tions for other valve diseases, and operative mortality 
remains high.1 Physicians remain hesitant about isolated 
surgical intervention on severe TR for multiple reasons. 
TR has historically been believed to be better tolerated 
compared to left-sided valve disease. Additionally, many 
have believed that treatment of left-sided disease would 
lead to the resolution of TR. However, evidence suggests 
severe TR is associated with increased heart failure (HF) 
hospitalizations and mortality when uncorrected.2 The 
majority of TR is secondary in etiology, commonly result-
ing from progressive pulmonary hypertension or dilated 
cardiomyopathies. As such, most patients with severe TR 
have a high burden of comorbidities. This places them 
at high risk of complications from surgical treatment of 
TR, including mortality, with multiple studies reporting 
an in-hospital mortality rate of approximately 10%.1,3 
Importantly, there remains a lack of high level of evi-
dence (LOE) demonstrating the efficacy of surgical inter-
ventions to treat severe TR (Tables 1 and 2), particularly 
concerning which populations of patients with severe TR 
are most likely to benefit from intervention. 

Emerging transcatheter tricuspid valve interven-
tions (TTVIs) hold promise in alleviating severe TR and 
improving clinical outcomes without exposing patients 
to the risks of open surgical repair or replacement.4 
With that said, existing and developing TTVI also have 
a lack of randomized data demonstrating efficacy and 
safety. Trials of TTVI are urgently needed to test wheth-

er existing and developing TTVI can improve quality of 
life (QOL) and survival in patients with severe TR.  

GAPS IN EVIDENCE AND IMPLICATIONS 
FOR CLINICAL TRIALS

Although valve disease guidelines have often lacked 
high LOE to support their recommendations,5 this is 
particularly notable in tricuspid valve disease. There are 
relatively few data available to evaluate the efficacy and 
safety of medical therapies and surgical interventions 
for the treatment of severe TR. There are currently no 
class 1 recommendations for therapy of severe isolated 
TR.6 The only medical therapy recommendations for 
patients with severe primary TR remains diuretics (class 
of recommendation [COR] 2a, LOE C), whereas those 
with secondary TR should receive therapy targeted 
at the suspected cause of the TR (COR 2a, LOE C).6 
Recommendations for surgical therapy include a 
class 2a recommendation for symptomatic stage D 
patients and a class 2b recommendation for asymptom-
atic stage C patients with progressive right ventricular 
(RV) dilation or RV systolic dysfunction. Thus, for ran-
domized trials of TTVI among patients with primary TR, 
decisions will need to be made regarding (1) whether a 
surgical or medical comparator is more appropriate for 
patients at an acceptable surgical risk and (2) how to 
define and standardize adequate and appropriate medi-
cal therapy. 

Unlike primary TR, guideline recommendations 
for therapy in secondary TR target treatment of the 
suspected cause of TR (COR 2a, LOE C),6 which may 
vary from atrial functional TR (TR caused by atrial 



T R I C U S P I D / M I T R A L

VOL. 15, NO. 4 JULY/AUGUST 2021 CARDIAC INTERVENTIONS TODAY 37 

enlargement, usually atrial fibrillation) to ventricular 
functional TR (TR caused by ventricular enlargement, 
usually from RV disease or pulmonary hypertension or 
left-sided disease). For surgical therapies, guidelines give 
a class 2a recommendation for valve surgery in patients 
with symptomatic stage D TR attributable to annular 
dilation and a class 2b recommendation for reopera-
tion in patients with right-sided HF and stage D TR who 
have had previous left-sided valve surgery. Due to the 
lack of high-quality evidence and clear guideline rec-
ommendations regarding specific medical and surgical 
therapy in secondary TR, as well as the number of dif-
ferent etiologies of secondary TR, there is potential for 
wide variation in background medical therapies in these 
patients. This begs several questions for clinical trial 
design in secondary TR. First, given the variety of under-
lying comorbidities driving TR, should all patients with 
secondary TR be considered in clinical trials, or should 
only specific etiologies or subpopulations be consid-
ered? Second, what is the appropriate comparator for 
trials of TTVI in secondary TR? Is it medical therapy 
(and if so, which medical therapy) or surgical interven-
tion in patients with acceptable surgical risk?

CHALLENGES IN TRIAL POPULATION 
SELECTION

Given the heterogeneity in causes of TR and limited 
guideline-directed medical therapy for TR, selecting the 
optimal target population for trials of TTVI is challeng-
ing. Although severe TR is predominately secondary to 
cardiomyopathies and pulmonary hypertension, event 
rates and potential change in symptoms are likely to 
vary greatly based on the etiology of a patient’s TR.7-9 
Thus, if future trials were to include a broad group of 
patients across the spectrum of causes of TR without 
assessing for a balance in the etiologies of TR within the 
trial population, the trial risks a negative outcome with 
underlying heterogeneous treatment effect as a func-
tion of the underlying etiologies of TR. To circumvent 
this risk, investigators should consider two strategies: 
(1) prespecify the composition of any trial population 
to the etiologies of TR included via stratified random-
ization for designs inclusive of multiple etiologies, and 

(2) prespecify subgroup analyses within a given trial 
stratified by etiology of TR. This will allow clinicians and 
patients to evaluate the effectiveness in both a general 
severe TR population as well as stratified by specific 
etiologies of TR, where a benefit may be more or less 
pronounced. 

Another critical consideration in trial population 
selection is the degree of TR compared to RV dysfunc-
tion. Lessons from trials in mitral regurgitation (MR) 
have shown that regurgitation out of proportion to 
impairment in ventricular function is more likely to 
have a mortality, HF, and quality-of-life benefit from 
transcatheter interventions versus medical therapy.10 
Similar findings have been seen in small case series of 
surgical treatment of TR, with patients who have bet-
ter RV function with lower rates of operative mortality 
and complications.11 A small registry analysis of TTVI 
also demonstrated a 1-year survival benefit for TTVI in 
patients with midrange RV function but not in those 
with severe or preserved RV function.12 As a result, ini-
tial trials of TTVI may need to limit trial populations to 
those with mild or perhaps moderate RV dysfunction. 

Beyond the relative severity of TR versus RV function, 
appropriate assessment of TR severity represents both 
a challenge and opportunity. Ideally, for clinical trials, 
TR would be graded such that patients within the same 
severity grade would have similar prognoses to patient 
functional class, QOL, and mortality. As a corollary, the 
ideal grading system would adequately discriminate 
between reductions in TR that result in meaningful 
improvements in these same endpoints. Lastly, catego-
ries of TR should encompass similar ranges of measure-
ment parameters, such as vena contracta and effective 
regurgitant orifice area (EROA). Multiple previous stud-
ies of TTVI have demonstrated that (1) patients with 
severe TR may have an EROA greater than twice the 
size of the current guideline-suggested value of 40 mm2, 
and (2) procedures resulting in residual TR remaining 
above the current guideline definition of severe are 
associated with clinically meaningful improvements in 
functional capacity and QOL.11,13,14 Thus, a five-stage 
classification of TR may offer a clearer understanding of 
clinically relevant degrees of TR severity, as well as the 

TABLE 1.  NUMBER AND CLASSIFICATION OF GUIDELINE RECOMMENDATIONS FOR THE DIAGNOSIS AND TREATMENT OF 
TRICUSPID REGURGITATION VERSUS AORTIC AND MITRAL REGURGITATION

Classification of Recommendation
1 2a 2b 3

Aortic regurgitation (n = 12 recommendations) 8 (66.7%) 2 (16.7%) 1 (8.3%) 1 (8.3%)
Mitral regurgitation (n = 29 recommendations) 15 (51.7%) 6 (20.7%) 6 (20.7%) 2 (6.9%)
Tricuspid regurgitation (n = 10 recommendations) 2 (20%) 6 (60%) 2 (20%) 0 (0%)
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interplay between RV function, leaflet coaptation and 
chordal tethering, TR grade, and annular dilation. These 
potential advantages of the proposed five-grade system 
are critical to clinical trials in TR14; however, they may 
present challenges in translating the results of these 
studies to clinical practice in light of existing guidelines.  

TRIAL DESIGN 
Late-phase trials of tricuspid interventions compared to 

medical therapy or surgical repair or valve replacement are 
needed. Pivotal trials for transcatheter aortic valve replace-
ment (TAVR) and MitraClip (Abbott) followed different 
paths in terms of design and comparators, in part based 
on the strength of the data supporting existing therapies. 
TAVR trials progressed from prohibitive-risk to low-risk 
surgical comparators because of the strength of the evi-
dence in support of surgical aortic valve replacement 
(SAVR). Similarly, trials in degenerative MR have started 
with high/prohibitive-surgical-risk patients and are now 
progressing to lower-surgical-risk populations. However, 
in functional MR, where the strength of the evidence in 
support of surgical therapy is low and the strength of the 
evidence for medical therapy is comparatively higher, trials 
of transcatheter therapy have generally been compared 
against medical therapy. For isolated TR, in which evidence 
is lacking in both medical and surgical therapy, questions 
regarding the appropriate comparator remain. For trials 
of TTVI against medical therapy, there is a lack of a risk 
prediction tool or clinical consensus for determining the 
risk of short- and long-term mortality, making it impor-
tant to define trial cohorts based on TR severity, RV and 
left ventricular function, and comorbidities, especially in 
secondary TR in which the underlying etiology may signifi-
cantly impact prognosis. Similarly, for trials of TTVI against 
a surgical comparator, there is no multicenter validated 
risk score or clinical consensus for short- and long-term 
outcomes after isolated tricuspid valve surgery, making 
enrollment of a trial population with homogeneous risk 
more difficult. 

An additional challenge facing future trials of TTVI 
includes enrollment after initial FDA approval of a 
transcatheter therapy for TR. Many trials of transcathe-

ter interventions have struggled to enroll patients after 
initial pivotal trials are published and devices become 
available for commercial use. To combat this, regula-
tory agencies have entertained the use of real-world 
evidence for control arms. Large multicenter registries, 
such as the Society of Thoracic Surgeons Adult Cardiac 
Surgery Database, offer a potential source of historical 
data on tricuspid valve surgery. However, there is no 
large multicenter data source with historical control 
data for medical management of TR, and few stud-
ies have evaluated medical management of TR within 
claims-based data sets.2,4,12 

The use of objective performance goals (OPGs) 
offers an alternative strategy for testing the efficacy of 
transcatheter interventions for TR without the issues 
of a control arm into which it would be difficult to 
enroll patients. A potential barrier to the effective use 
of OPGs is the lack of a clear literature precedent and 
unclear event rate targets for endpoints given that 
current data are limited to several small observational 
studies.2,15,16 Further research is needed to better define 
event rates within the medical and surgical treatment 
of TR if OPGs are to be a useful strategy in future trials 
of TR interventions. 

ENDPOINTS IN TR INTERVENTIONS
Many endpoints in trials of TTVI can be drawn from 

previous trials of transcatheter valve disease and those 
that are standardized within the Valve Academic 
Research Consortium (VARC) criteria.17 However, there 
are notable differences between left- and right-sided 
valve disease that will affect endpoints of interest.18 In 
addition to traditional cardiovascular outcomes, end-
points focused on symptoms of right-sided HF should 
be key features of trials of TTVIs (Figure 1). End-organ 
targets related to venous congestion from severe TR 
include symptomatic peripheral edema, hepatic con-
gestion, and renal function. Both short- and long-term 
effects from hepatic congestion are potential targets 
of endpoints, including coagulopathy, ascites requir-
ing paracentesis, and progression to cirrhosis. Each 
of these endpoints will require careful definition and 

TABLE 2.  LEVEL OF EVIDENCE OF GUIDELINE RECOMMENDATIONS FOR THE DIAGNOSIS AND TREATMENT OF 
TRICUSPID REGURGITATION VERSUS AORTIC AND MITRAL REGURGITATION

Level of Evidence
A B C

Aortic regurgitation (n = 12 recommendations) 0 (0%) 10 (83.3%) 2 (16.7%)
Mitral regurgitation (n = 29 recommendations) 1 (3.4%) 23 (79.3%) 5 (17.2%) 
Tricuspid regurgitation (n = 10 recommendations) 0 (0%) 5 (50%) 5 (50%)
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standardization as has previously been done for aortic 
valve disease and mitral valve disease in the VARC17 and 
Mitral Valve Academic Research Consortium19,20 docu-
ments, respectively. 

Some symptoms from TR remain hard to quantify 
as the patient experience from symptomatic severe TR 
has been poorly characterized. Patient-reported out-
comes and improvement in functional status are likely 
to be important features of trials in TR interventions. 
Although there are currently no validated symptom 
questionnaires in TR, existing instruments such as the 
Kansas City Cardiomyopathy Questionnaire have been 
used to evaluate right-sided HF symptoms and com-
prise domains aimed at QOL and functional capacity. 
Although there is excitement about the potential of 
actigraphy as a measure of functional capacity in HF, 

valve disease, and TR trials, 
further work is necessary 
to standardize and validate 
actigraphy as an endpoint. 

The high rates of comor-
bidities in patients with 
severe TR may complicate 
traditional time-to-event 
analyses as patients are likely 
to have recurrent hospital-
izations and symptoms that 
may not be driven purely 
by their TR. One potential 
strategy for overcoming this 
limitation includes evaluat-
ing cumulative events for 
patients enrolled in trials. 
Alternatively, the use of a win 
ratio would allow for a hierar-
chical evaluation of a range of 
endpoints (from mortality to 
TR-specific QOL) within the 

primary outcome of the study. As pivotal studies within 
TTVI have developed, hierarchical endpoints have been 
used as the primary outcome in the TRILUMINATE 
study design.21 

DESIGNS OF CURRENT PRE- AND 
POSTMARKET TTVI DEVICES AND 
IMPLICATIONS FOR CLINICAL TRIALS

Multiple transcatheter devices have been developed 
for or applied to the treatment of TR (Table 3). These 
devices are generally categorized as (1) direct annulo-
plasty devices, (2) coaptation enhancement devices, or 
(3) percutaneous valve replacement. Currently, limited 
feasibility and early phase studies are ongoing or have 
been completed for these devices.22-25 Pivotal studies 
are early in enrollment for some clip-based coaptation 

Figure 1.  Potential endpoints for trials of TTVI. TV, tricuspid valve.

TABLE 3.  TYPES OF TRANSCATHETER INTERVENTIONS CURRENTLY IN TESTING OR DEVELOPMENT
Direct Annuloplasty Coaptation Enhancement Valve Replacement (Orthotopic/Heterotopic)
•	 Cardioband (Edwards Lifesciences)
•	 MIA (Micro Interventional Devices, Inc.) 
•	 DaVingi (Cardiac Implants)
•	 Millipede (Boston Scientific 

Corporation)
•	 TRAIPTA (National Institutes of 

Health)

•	 TriClip (Abbott)
•	 Pascal (Edwards 

Lifesciences)
•	 Croí (CroíValve)
•	 Mistral (Mitralix)

•	 Evoque (Edwards Lifesciences)
•	 Intrepid (Medtronic)
•	 Gate (Navigate Cardiac Structures, Inc.)
•	 Trisol (Trisol Medical)
•	 Lux (Ningbo Jenscare Biotechnology) 
•	 Topaz (TRiCares GmbH)
•	 TricValve (P+F Products + Features GmbH)
•	 TriCento (NVT GmbH)

Abbreviations: MIA, minimally invasive annuloplasty; TRAIPTA, transatrial intrapericardial tricuspid annuloplasty.
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enhancement devices, as well as tricuspid valve replace-
ment systems. However, no evidence is currently 
published directly comparing any of these devices to 
medical therapy, other transcatheter interventions, or 
surgical repair or replacement of the tricuspid valve. 

Although specific anatomic features may preclude 
the use of certain devices with certain patients, the 
overall trial design for pivotal trials is unlikely to be 
substantially different between devices. Instead, based 
on device design, specific safety and imaging endpoints 
may be appropriate. For instance, optimal imaging 
modalities and techniques for determining residual 
TR after TTVI may vary based on device strategy, with 
direct annuloplasty devices posing fewer technical chal-
lenges for echocardiography than leaflet clips (due to 
shadowing artifacts and creation of a double orifice). 
Similarly, concerning safety endpoints, a leaflet clip 
device could potentially result in leaflet perforation, 
whereas a direct annuloplasty device may impact the 
right coronary artery or perforation of the atria. After 
pivotal trials for specific devices, further studies will be 
needed to determine the optimal TTVI for particular 
etiologies of TR and particular patient conditions. 

CONCLUSION
Severe TR is associated with worsening QOL, increased 

HF hospitalizations, and increased mortality when uncor-
rected. There are limited medical therapy options for 
severe TR, and surgery for isolated TR remains infrequent 
and associated with high in-hospital mortality. TTVI 
shows promise in safely reducing TR and improving 
survival. However, the evidence base for TTVI remains 
limited to small feasibility trials and observational data. 
Clinical trials to evaluate short- and long-term outcomes 
associated with TTVI are urgently needed to guide clini-
cal care for patients with severe TR, but these trials face 
several challenges to achieve homogeneous patient 
populations and appropriate comparators and define 
right-sided specific endpoints.  n
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