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Abstract

Once considered the “forgotten valve and ventricle”, the tricuspid valve and right ventricle are now recognized as critical structures with
significant clinical and prognostic implications. Growing evidence has highlighted that tricuspid regurgitation (TR) and right heart failure
are not merely secondary phenomena that resolve following the treatment of left-sided heart disease. Instead, TR and right heart failure
contribute to adverse outcomes and increased mortality if left untreated. This paradigm shift has fueled extensive clinical research,
leading to a deeper understanding of the pathophysiology of TR and right ventricular (RV) dysfunction. Additionally, advancements
in cardiovascular imaging have facilitated early detection, risk stratification, and innovative therapeutic approaches for TR and right
heart failure. This article explores the evolving landscape of tricuspid valve disease, emphasizing the importance of early recognition
and the role of emerging imaging technologies in improving patient outcomes. Thanks to progress in imaging technology, especially
echocardiography, as well as cardiac magnetic resonance and cardiac computer tomography, enhanced studies can be conducted on the
tricuspid valve pathology to delineate the various mechanisms involved in TR and RV dysfunction and offer patients a tailored medical,
as well as surgical and transcatheter therapies. These unparalleled technological advances would not be possible without the hard work
of physicians, scientists, surgeons, interventional cardiologists, and echocardiographers worldwide, despite the many challenges they
experience daily and in every procedure. Many patients with TR present at an advanced stage of disease progression, often with severe
regurgitation and clinical manifestations associated with poor outcomes. Additionally, a significant proportion of these patients have
either undergone previous open-heart surgery for left-sided valvular disease or are considered high-risk surgical candidates due tomultiple
comorbid conditions. In recent years, transcatheter therapy has emerged as a viable alternative for this high-risk population, offering a
less invasive option for those previously deemed “inoperable”. This breakthrough has transformed the therapeutic landscape for valvular
heart disease, particularly for TR, providing new hope and improved outcomes for patients who were once left with limited treatment
options.
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1. Introduction
Tricuspid valve (TV) and right ventricle (RV) have

emerged in recent years as major structures with impor-
tant prognostic and therapeutic implications. Once called
the forgotten ventricle and valve, the cardiology commu-
nity came to the realization that in many patients, tricuspid
regurgitation (TR) does not always regress after correction
of mitral and aortic valve disease, or treatment of left ven-
tricular (LV) dysfunction by medical therapy or revascular-
ization with bypass surgery. Thousands of cardiologists in-
cluding myself with 2 or more decades of experience and a
practice spanning from the era of technical modernization to
the current era, remember our mentors as saying “if you re-
pair the left side abnormalities, TR will regress on its own”
[1]. However, the experience accumulated in recent years
and studies conducted in the field of valvular heart disease
and cardiac surgery have demonstrated that this old vision
does not hold true anymore. Tricuspid Regurgitation is now
recognized as a valvular heart disease with poor prognosis
if left untreated.

In this review, we begin with a case vignette that de-
scribes a patient with severe TR, its clinical manifestation,
then will review pertinent studies relating the relevance of
methods of evaluation and mechanism of TR before exam-
ining the result of medical, surgical and transcatheter ther-
apy for TR. This review will also expand on recent trials
with transcatheter therapy as an alternative to surgery for
treatment of TR.

2. Case Vignette

The patient is a 57-year-old woman with past medi-
cal history of mitral stenosis for which she received a bio-
prosthetic mitral valve replacement at the age of 28. Subse-
quently, she was found with degenerative bioprosthetic mi-
tral valve and underwent a second mitral valve replacement
with a mechanical valve at the age of 42. On follow-up vis-
its, she was found with signs of right heart failure including
jugular venous distention (JVD), lower extremity edema
(LEE) and ascites for which transthoracic echocardiogra-
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phy (TTE) demonstrated severe TR. This was associated
with RV dilatation and remodeling with preserved RV func-
tion. Patient was started on medical therapy including di-
uretics and mineralocorticoid receptor antagonists (MRA)
Spironolactone. She initially had good response to diuretics
with decrease in LEE and ascites. However, she presented
with recurrent signs of right heart failure. Patient was re-
ferred to the valve team for management.

3. Epidemiology
Valvular heart diseases (VHD) are a significant public

health issue, with prevalence increasing with age and high
mortality associated with the disease. Tricuspid regurgita-
tion is a growing public health problem, as more than 4%
of people >75 years old have a clinically relevant TR di-
agnosed by Doppler echocardiography [2]. Compared with
other VHD, TR is more prevalent in women. The reason
for the gender difference is not well known but it could
be related to higher life expectancy and high prevalence of
heart failure with preserved ejection fraction with or with-
out atrial fibrillation (AF) in women [2–4]. Compared to
mitral and aortic valve disease, the outcome of moderate or
greater degree of TR is worse than that of mitral or aortic
valve disease [5]. The 3-year survival is about 58% and the
mortality increases with worsening of the degree of TR [6].
In an analysis of national echocardiography database, it has
been shown that the mortality risk was associated with in-
creasing grades of TR. Evenmild TRwas independently as-
sociated with intermediate prognosis when compared with
no or trivial TR [6]. It is speculated that the excess mor-
tality in mild TR is likely due to future risk for AF and
comorbidities [6]. In patients with heart failure, with re-
duced and preserved ejection fraction, TR has an impact on
survival [7]. Progression of significant TR over time in pa-
tients who have undergone left heart surgery without con-
comitant tricuspid valve surgery has an adverse impact on
their outcome and has led to search of therapy for TR [4,8].

4. Functional Anatomy and Physiology
As shown in Fig. 1 (Ref. [9,10]), tricuspid valve is the

largest of all human cardiac valves (surface area 6–8 cm2)
and is composed of 3 unequal size leaflets with a small sep-
tal leaflet and a larger anterior and posterior leaflet. How-
ever, in about 40% of normal subjects there may be ad-
ditional leaflets or doubled commissures [11]. Tricuspid
valve has a saddle shape configuration with the posterior
leaflet placed more inferiorly and the anterior leaflet more
superiorly. For this reason, the posterior leaflet is called
inferior leaflet, and the anterior leaflet is called superior
leaflet by pediatric cardiologists [12]. Tricuspid valve is
located anteriorly compared to other cardiac valves; a fact
that needs to be considered when evaluating TR by trans-
esophageal echocardiography (TEE).

Like mitral valve, tricuspid valve is part of tricuspid
apparatus including tricuspid valve and annulus, papillary

muscles, and right ventricle. There are usually 2 to 3 papil-
lary muscles including 1 prominent anterior papillary mus-
cle attached to the RV free wall and 2 smaller ones called
posterior and septal, attached to posterior RV wall and to
the septum [13,14]. Chordae tendinea arise from papillary
muscles (and sometimes from the interventricular septum)
and supply the edges of tricuspid leaflets. This anatomi-
cal configuration explains why TR can occur from RV di-
latation and/or chordal elongation and displacement. An
important anatomical point to consider is the proximity of
atrio-ventricular node and the right coronary artery to tri-
cuspid annulus which may be at risk of injury during tran-
scatheter or surgical valve repair. Another important point
to mention is related to the structure of tricuspid annulus
which contains more collagen fibers in the area where the
septal leaflet is attached to tricuspid annulus compared to
anterior and posterior leaflets. This difference explains why
the anteroposterior and postero-septal annuli are more sus-
ceptible to dilatation under pressure and volume loading
[15].

5. Clinical Manifestations

In the absence of pulmonary hypertension or RV fail-
ure, mild TR is generally well tolerated [16]. Patients with
significant (≥ moderate) TR or pulmonary hypertension
present with signs and symptoms of reduced cardiac out-
put and right heart failure including dyspnea, reduced func-
tional capacity, and exercise intolerance [17,18]. When TR
becomes severe, signs and symptoms of hepatic congestion
and ascites develop progressively [16–19]. Patients may
present with ascites which may mimic liver disease [20–
22]. It is not uncommon for these patients to be referred to
gastroenterologists for evaluation of liver disease (personal
observation). On physical exam, patients with severe TR
have jugular venous distension (JVD) with prominent c-v
wave and deep y wave that can be seen on inspection of
jugular venous pulsation ( Supplementary Video 1 shows
a real patient with severe TR and JVD). Hepatomegaly may
develop and is recognized by a soft pulsatile liver edge
usually detectable by palpation. Patient may complain of
right upper quadrant pain due to hepatomegaly and tension
on liver capsule. Hepato-jugular reflux is another cardinal
sign of severe TR. Peripheral edema is one of the promi-
nent and earliest clinical features of RV failure. Bilateral
lower extremities edema develops due to low cardiac output
and backflow of blood into the systemic venous system. In
early stages Antigen carbohydrate 125 and N-terminal pro-
B-type natriuretic peptide may help in the detection of sys-
temic congestion [23]. On cardiac auscultation, the murmur
of mild TR may be subtle. With significant TR, the systolic
murmur may be heard at the right 4th intercostal space or
subxiphoid area and it increases with inspiration (Carvallo
sign). However, with massive and torrential TR the mur-
mur may become faint due to equalization of pressures in
the RV and right atrium (RA). With pulmonary hyperten-
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Fig. 1. Tricuspid valve anatomy with neighboring structures. Schematic (A,B) and autopsy (C) demonstrate the 3 leaflets of tricuspid
valve and its anatomic relationship with adjacent structures. Note the vicinity of the right coronary artery and AV node to tricuspid
annulus. The proximity to AV node may cause potential complication as heart block during transcatheter intervention. The anterior
papillary muscle is the principal papillary muscle and send chordae to both anterior and septal leaflets. A, anterior leaflet; P, posterior
(or inferior) leaflet; S, septal leaflet; RCA, right coronary artery; CS, coronary sinus; TV, tricuspid valve; IVC, inferior vena cave; AVN,
atrioventricular node; AV, aortic valve; MV, mitral valve; PV, pulmonic valve; RC, right coronary cusp; LC, left coronary cusp; NC, non
coronary cusp; LCx, left circumflex artery; AVNa, atrioventricular node artery. The Fig. 1A is from the reference [9], the Fig. 1B is from
the reference [10], the Fig. 1C from the link: https://radiologykey.com/17-the-tricuspid-valve-apparatus/. Reprinted with permission
from the corresponding author.

sion a loud P2 may be heard at the 2nd left sternal border.
When RV failure occurs a right-side S3 gallop may be heard
at subxiphoid area [23].

Other clinical manifestations of severe TR are related
to complications resulting from back flow of blood into
the systemic venous system including hepatic congestion as
mentioned above and renal failure (Fig. 2). Hepatic conges-

tion may cause synthetic liver dysfunction with decreased
protein synthesis [24]. Abnormalities in liver function in-
clude prolonged PT and elevated alkaline phosphatase and
total Bilirubin and less often elevated transaminases lead-
ing to congestive hepatopathy [21,23,24]. Infiltration of in-
testinal wall with edemamay cause protein losing enteropa-
thy and eventually cachexia. The increase in renal central

3

https://radiologykey.com/17-the-tricuspid-valve-apparatus/
https://www.imrpress.com


Fig. 2. Clinicalmanifestations and consequences of severe TR.These include hepatomegaly and liver dysfunction, ascites, renal failure
and cardiorenal syndrome, pulmonary congestion and edema from increased left ventricular filling pressures and reduced cardiac output
due to ventricular interdependence, brain hypoperfusion, protein and nutrient malabsorption due to edema of intestinal wall resulting in
cachexia.

venous pressure and consequently the rise in renal pres-
sure may cause worsening renal function and increase in
diuretic requirement which exposes patients to diuretic re-
sistance [25,26]. We have previously demonstrated the role
of moderate or severe TR as a risk factor in development
of cardiorenal syndrome in patients with decompensated
heart failure [26]. Severe TR may lead in later stages to
decrease in cardiac output resulting in cerebral and periph-
eral hypoperfusion [27,28]. Moreover, at later stages, ven-
tricular interdependence leads to pulmonary congestion by
shifting the interventricular septum toward the left ventri-
cle adversely affecting LV diastolic filling and compliance
resulting in increase in LV filling pressures and pulmonary
edema [23,27].

Atrial arrhythmias, especially atrial flutter and fibril-
lation are common in patients with moderate or greater TR
and lead to left and right atrial dilatation as well as tricus-
pid annular dilatation which accentuates the degree of TR
[29]. Restoration of sinus rhythm by electrical cardiover-
sion or catheter ablation of atrial fibrillation may improve
functional TR and promote right heart reverse remodeling
[30].

6. Imaging Tricuspid Valve and Diagnostic
Work-up

Echocardiography is the cornerstone of imaging
modality for assessment of tricuspid valve and should
be performed by an experienced operator (trained sono-
grapher or physician) at a dedicated valve center. All
the echocardiography modalities including 2- and 3-
dimensional echocardiography, color flow Doppler, contin-
uous wave and pulsed wave Doppler play an important role
for a comprehensive multi-parametric assessment of tricus-
pid valve [31]. TTE allows only visualization of 2 leaflets
on a single plane in patients with adequate acoustic win-
dow due to saddle shape configuration of tricuspid valve
and annulus. From parasternal long axis of the right ventri-
cle, one can usually see the anterior and posterior leaflets.
From the same view, with mild transducer rotation inferi-
orly one can visualize the ostium of coronary sinus with the
leaflet next to it being the septal leaflet. From parasternal
short axis view, at the level of aortic valve, one can see ei-
ther the anterior leaflet, or anterior and posterior leaflets;
with mild angulation toward the left ventricular outflow
tract (LVOT), one can see the septal and part of anterior
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Fig. 3. Multi-parametric assessment of TR by TTE. 2-D view of tricuspid valve from parasternal RV long axis (A) with color flow
Doppler of TR jet (B); 2-D view of tricuspid valve from parasternal short axis (C) with color flow Doppler (D); Continuous wave Doppler
demonstrates a triangular envelope (E) and systolic flow reversal in hepatic vein by pulsed Doppler (F) all characteristic of severe TR. Ant,
anterior leaflet; Sep, septal leaflet; Post, posterior leaflet; CS, coronary sinus; 2D, 2-dimensional; TTE, transthoracic echocardiography.

leaflets [32]. From apical 4 chamber view, the septal leaflet
can be clearly visualized with the opposing leaflet being ei-
ther the anterior if a portion of LVOT can be seen, or the
posterior leaflet if the ostium of coronary sinus can be seen
simultaneously [32] (Fig. 3 and Supplementary Video 2).

TEE is essential to image the tricuspid valve when
transcatheter therapy is considered. Since the RV and TV
are seated more inferiorly close to the diaphragm, 3 imag-
ing planes are employed including mid esophageal, deep
esophageal, and trans-gastric view with clockwise rotation
of the probe. From trans-gastric view with clockwise ro-
tation, one can visualize simultaneously the 3 leaflets by
using orthogonal plane [32] (Fig. 4 and Supplementary
Videos 3–6).

Three-dimensional Echocardiography (3-D echo) has
been an important addition to imaging tricuspid valve and
like for mitral valve, it obviates the need for mental re-
construction and identification of leaflets. However, the
quality of 3-D echo images depends significantly on the
quality of 2-D echo and since tricuspid valve is an ante-
rior structure 3-D TTE images may sometimes have better
quality than 3-D TEE images. In addition, 3-D echo sys-
tems have lower resolution than 2-D echo and higher far
field attenuation which may cause 3-D imaging more chal-
lenging to acquire. At our institution, we acquire 2-D and
3-D TEE images from mid esophagus and deep esophagus
position as well as trans-gastric position with clockwise ro-
tation (Figs. 4,5). The trans-gastric view is very important
for pre-procedural identification of leaflets morphology and
measurement of non-coaptation area. We measure the vena

contracta in orthogonal plane at mid esophageal view and
effective regurgitant orifice area (EROA) from short axis
trans-gastric view. The flow convergence radius is mea-
sured after reducing the Nyquist limit to ~28 cm/sec. Hav-
ing part of adjacent anatomic structures such as coronary
sinus and aortic valve in the acquisition field may improve
the image orientation and identification of different leaflets
(SupplementaryVideos 7–11). There is a learning curve in
imaging tricuspid valve and determining the degree of TR
by 2-D and 3-D TEE. The American Society of Echocar-
diography (ASE) guidelines recommend orienting the aor-
tic valve on the left of the frame and interatrial septum in
the far field at 6 o’clock when looking at the valve from RV
or RA view [33].

Along with TR, it is also important to evaluate RV
size and function. Right ventricle is a complex structure
that does not follow a geometric shape which makes RV
size measurement a challenging task [34]. The guideline
of the ASE recommends obtaining the RV focused apical
4-chamber view due to RV linear dimensions being depen-
dent on probe orientation. At our institution, we evaluate
RV function by at least one or a combination of param-
eters including tricuspid annulus plane systolic excursion
(TAPSE), RV fractional area change (FAC), RV systolic ve-
locity by tissue Doppler (RVS’), RV free wall strain (FWS)
and 3-dimensional RV function [35,36] (Table 1, Supple-
mentary Video 12). Other imaging modalities with car-
diac magnetic resonance (CMR) which is the gold standard
modality for RV function and cardiac computer tomogra-
phy (CCT) have additive role and provide complementary
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Fig. 4. TEE assessment of TR. 2-D TEE from deep esophageal view (A) with color flow Doppler (B) and from trans- gastric orthogonal
plane view (C) with color flow Doppler (D) demonstrate severe to massive TR. Ant, anterior leaflet; Post, posterior leaflet; Sep, septal
leaflet; ERO, effective regurgitant orifice area obtained by planimetry of non-coaptation area delimited by color flow Doppler.

Fig. 5. 3-D TTE assessment of TR. image of tricuspid valve from RA side (A) and RV side with color Doppler (B) showing effective
regurgitant orifice area by 3-D. See also video section. The arrow shows the non-coaptation area. 3D, 3-dimensional; RA, right atrium.

information on the severity of TR and RV function. Car-
diac CT is performed in preparation for transcatheter TV
edge-to-edge repair or TV replacement as shown in Fig. 6.

A TR regurgitant volume of >45 mL and regurgitant frac-
tion of >50% by CMR are associated with poor outcome
[37]. CCT provides detailed anatomic assessment of the
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Fig. 6. Cardiac CT assessment of TR. Using tricuspid valve protocol during administration of intravenous contrast in preparation for
transcatheter TV replacement. Measurements include TV annulus in systole and diastole, RV height perpendicular to TV plane and RA
height. TV, tricuspid valve; CT, computed tomography.

Table 1. Frequently used parameters of RV systolic function with lower limit and normal values for each parameter [36].
Parameter TAPSE (cm) RV S’ (cm/sec) by

tissue Doppler
FAC (%) RV free wall strain (%) 3-D RV (%)

Normal value ≥1.7 (2.4 ± 0.3) ≥9.5 (14 ± 2.3) ≥35 (49 ± 7) ≥–20 (–29 ± 4.5) ≥45 (58 ± 8)

Advantage Easy to obtain,
reproducible,
established

prognostic value

Easy to obtain,
reproducible,

established prognostic
value

Evaluate both
longitudinal and
radial contraction

Evaluate only longitudinal
myocardial deformation, less
angle and load dependent

No geometric assumptions,
superior to other RV

parameters, validated against
MRI

Shortcoming Evaluate
longitudinal
function

Angle dependent,
evaluate longitudinal

function only

Needs RV focus
view with good
image quality

Vendor dependent,
post-processing, image
quality, neglects RVOT

contribution

Image quality and entire RV
acquisition, needs special
software for analysis

RV, right ventricle; TAPSE, tricuspid annulus plane systolic excursion; FAC, fractional area change; MRI, magnetic resonance imaging; RVOT,
right ventricular outflow tract.

tricuspid annulus as well as surrounding relationship with
vascular structures such as inferior and superior vena cava
and right coronary artery [38,39].

Once the diagnosis and the degree of severity of TR
are established, the next step is to evaluate pulmonary artery

pressures by right heart catheterization (RHC) and to differ-
entiate pre-from post-capillary phenotypes. The degree of
TR may vary significantly depending on preload and it is
therefore important to optimize the volume status prior to
RHC [40].
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Fig. 7. Classification and causes of TR. TR is divided into primary valve disease causing TR and secondary or functional TR resulting
from mal-coaptation of the tricuspid valve due to RA and/or RV dilatation and remodeling. CIED, cardiac implantable electronic device.

7. Classification of TR
TR is classified into primary tricuspid valve disease

leading to regurgitation and secondary or functional TR
due to alteration in geometry of tricuspid valve apparatus
[38,39]. Primary TR accounts for 5–10% of cases and is
caused by primary structural alterations of tricuspid valve
apparatus that can be either acquired or congenital. Sec-
ondary TR (85–90% of cases) is the most common pheno-
type encountered in adult patients [23] and is subdivided
into atrial and ventricular functional TR because of their
different prognostic implications [41,42] (Fig. 7). Although
this classification is important when considering therapy
for functional TR, in many instances valvular regurgitation
may lead to progressive RV and RA dilatation and geomet-
ric changes and results in a mixed phenotype with both RV
and RA dilatation. Coexistence of TRwith severe mitral re-
gurgitation in 30 to 50% of patients and with severe aortic
stenosis in 25% of patients is well established [43]. In addi-

tion, coexistence of TR with mitral and aortic regurgitation
may adversely affect short- and long-term outcomes [43]. A
third category of TR is associated with cardiac implantable
electronic devices (CIED) which has been growing in in-
cidence due to increasing indication and use of CEID (see
below).

8. Primary Tricuspid Valve Disease Causing
TR

Ebstein’s anomaly which may have a genetic basis
(mutation in the MYH7 gene) represents the most frequent
congenital abnormality of tricuspid valve in which tricuspid
leaflets are tethered to the RV myocardium causing leaflets
non coaptation and TR [12,44]. The mechanism of TR in
Ebstein’s anomaly is a defect in the process of delamina-
tion of leaflets, so that leaflets remain tethered to RV my-
ocardium to a variable degree [12]. In addition, there is
anterior displacement and downward rotation of tricuspid
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Fig. 8. Classification and causes of functional tricuspid regurgitation into atrial and ventricular causes. In atrial TR, the primary
mechanism is the dilatation of the RA and tricuspid annulus. Whereas, in ventricular TR, the primary cause of TR is RV dilatation and
remodeling which could be a consequence of long-standing left-sided myocardial or valvular disease. In advanced stages a combination
of atrial and ventricular TR is often encountered. LV, left ventricular; PAP, pulmonary arterial pressure; pulmonary HT, pulmonary
hypertension.

leaflets causing a non-coaptation orifice. The degree of TR
and atrialization of RV are variable among patients with Eb-
stein’s anomaly and determine the severity and age of clin-
ical manifestations [45].

The incidence of tricuspid valve endocarditis corre-
lates with that of intravenous drug abuse which is unfortu-
nately on the rise. Vegetations can cause valvular lesions,
perforation, valvular abscess and may extend to chordae
causing chordal rupture, all of whichmay cause impairment
in valvular coaptation leading to various degree of TR [46].

Tricuspid valve prolapse due to myxomatous degen-
eration is rare and usually associated with mitral valve pro-
lapse. Trauma to tricuspid valve can occur after blunt chest
trauma such as motor vehicle accident and trauma from
kick to the chest in martial sport. Recurrent RV myocar-
dial biopsy in patients after heart transplant can cause flail
tricuspid valve leading to severe TR [47]. Rheumatic tricus-
pid valve disease is usually associatedwith rheumaticmitral
valve disease and may cause either stenosis or regurgitation
or both [48]. Carcinoid heart disease is a rare condition that
is part of carcinoid syndrome and associated with carcinoid
tumors and metastasis to the liver [49]. Carcinoid tumors
secrete toxic substances such as serotonin which causes fi-
brosis and retraction of tricuspid leaflets and lead to char-
acteristic fixed immobile leaflets and severe TR seen by
echocardiography. TR in carcinoid valve disease is often
associated with acquired pulmonic stenosis as well [50].

The entity of TR associated with CIED has been re-
fined recently and involves impingement or perforation of
the valve leaflets by an implantable intracardiac device
leading to TR [51]. The degree of TR in patients with im-
plantable intracardiac devices varies from mild to severe
and sometimes more. The diagnosis can be made with
the use of 3-D echo by demonstrating the intracardiac wire
causing impairment in tricuspid’s leaflet opening and clos-
ing properly [52].

9. Secondary or Functional TR
Secondary TR is the most common cause of TR en-

countered in clinical practice and is subdivided into atrial
and ventricular TR [53]. However, once TR becomes sig-
nificant enough to cause symptoms, every component of
tricuspid apparatus may be involved in the mechanism of
TR including dilatation and remodeling of the RA and RV,
displacement of papillary muscles and tricuspid annulus di-
latation [54] (Fig. 8). The rationale behind dividing sec-
ondary TR to atrial and ventricular mechanism is that their
prognosis and therapeutic implications differ [55,56]. Pa-
tients with ventricular TR phenotype and either severe pul-
monary hypertension or left heart disease have higher mor-
tality than patients with atrial TR [57]. Patients with ven-
tricular secondary TR have 2.7- fold higher risk of experi-
encing the combined endpoint of death and hospitalization
for heart failure than patients with atrial TR phenotype [57].

9

https://www.imrpress.com


Table 2. New grading system for TR with color flow Doppler assessment.
Variable Mild Moderate Severe Massive Torrential

Vena Contracta width (mm) <3 3–6.9 7–13 14–20 >20
EROA by PISA (mm2) <20 20–39 40–59 60–79 >80
EROA by 3D (mm2) 75–94 95–114 >115
Regurgitant Volume (mL/beat) <15 15–29 40–59 60–74 >75

EROA, effective regurgitant orifice area; PISA, proximal isovelocity surface area (Ref. [59]).

However, once RV function deteriorates, differences in the
outcomes of patients with atrial and ventricular severe TR
becomes less pronounced [58].

10. New Grading System for Assessment of
TR Severity

Transthoracic echocardiography remains the first
imaging modality to evaluate the degree of TR with multi-
parametric assessment including color flow Doppler as pre-
viously mentioned. It is important to bear in mind that pres-
sures in the right heart are lower and therefore the evalu-
ation of TR by color Doppler only may underestimate the
severity of TR. For this reason, a multi-parametric approach
including continuous wave Doppler of TR jet and pulsed
Doppler of hepatic vein, inferior vena cave(IVC) size and
respiratory variation has been proposed to better evaluate
the severity of TR and to address the degree of TR beyond
severe. Color flow Doppler remains the primary modality
for evaluation of the degree of TR. Understanding princi-
ples behind color flow jet area is important since it is gov-
erned primarily by jet momentum and machine settings. Jet
momentum itself depends on flow rate and blood flow ve-
locity. In general, a jet area of >10 cm2 in the RA and a
vena contracta >0.7 cm suggest severe TR (Table 2, Ref.
[59]).

The new grading systemwas developed because many
patients with secondary TR were presenting in a stage of
advanced heart failure having massive or torrential TR
[60,61]. It has also been shown that quantitative assess-
ment of TR, particularly EROA, is the most powerful pre-
dictor of outcome and superior to standard qualitative as-
sessment. Peri et al. [62] showed that the best discrimi-
nator value for severe TR was an EROA >0.35 cm2 using
Cox hazard analysis and EROA >0.30 cm2 using receiver
operating characteristic (ROC) curves for 1 year mortality
similar but slightly lower than guidelines proposed EROA
of 0.4 cm2. This grading system showed to be useful in
terms of reporting the efficacy of transcatheter reduction of
the degree of TR and clinical benefits of such devices.

11. Current Therapy for TR
11.1 Medical Therapy

The first step in the treatment of secondary TR is med-
ical therapy with diuretics to optimize the volume status.
Loop diuretics and mineralocorticoid receptor antagonists
(MRA) are used to treat volume overload in patients with

significant TR regardless of left ventricular ejection fraction
(LVEF) [63]. Although an adequate initial response with
decrease in volume overload and the degree of TR are ex-
pected in most patients, diuretic resistance and worsening
kidney function may develop and is associated with poor
prognosis [26,64]. A combination of loop and thiazide di-
uretics has the potential to increase natriuresis and help with
volume overload. Mineralocorticoid receptor antagonists
have an impact in reducing RV afterload [65]. Moreover,
in a small randomized controlled trial including patients
with heart failure and reduced ejection fraction, sodium-
glucose cotransporter 2 inhibitors (SGLT-2) in addition to
other guideline directed medical therapy for heart failure
were found to be more effective in improving RV func-
tion as compared to other heart failure drugs alone [66].
Once pulmonary hypertension is detected by echocardio-
graphy, RHC is recommended to measure the pulmonary
artery pressure and to differentiate pre from post-capillary
pulmonary hypertension in patients with severe TR regard-
less of left heart disease before considering trans-catheter
or surgical intervention on tricuspid valve [67]. Pulmonary
artery pressure may be underestimated by echocardiogra-
phy when the degree of TR is severe or more than severe in
which case RHC should be considered [67]. Some studies
have reported improvement in TR severity andRV remodel-
ing and biomarkers after guideline directed medical therapy
of left heart disease. This is especially true in patients with
mitral regurgitation associated with left ventricular systolic
and diastolic dysfunction and after transcatheter edge to
edge repair of mitral valve, although no mortality benefit
with medical therapy has been demonstrated [67,68]. Cur-
rent guidelines clearly state that medical therapy should not
delay TR intervention when indicated [69].

Atrial fibrillation is a common arrhythmia in patients
with severe secondary atrial TR and restoration of sinus
rhythm either by electrical cardioversion or catheter abla-
tion results in improvement in atrial volumes and reduction
in TR and should be tried before considering surgical and
transcatheter therapy [70,71]. Restoration of sinus rhythm
by maze procedure also can halt the progression of TR after
mitral valve surgery [72].

11.2 Surgical and Trans-Catheter Therapy
Experience acquired over the last 2 decades taught us

that surgical treatment of left heart disease does not neces-
sarily improve associated significant TR [73]. Indications
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Table 3. Overview of pertinent studies on transcatheter intervention for TR (see text for details).

Study and Author Device used
Number of
patients

Follow-up
duration

TR reduction Functional improvement

Nickenig G. et al. (Ref. [78]) MitraClip 64 30 days 91% of patients; 1 grade TR reduction 6-min. walk and quality of life
TRILUMINATE TriClip system 85 12 months 71% of patients with NYHA class I or II in 83% of patient,

improvement in 6-min walk and KCCQ pointLurz P. et al. (Ref. [79]) reduction of TR to moderate or less
Fam N.P. et al. (Ref. [80]) PASCAL system 28 30 days 85% of patients with TR grade <2+ Improve in 6 min walk distance
Kodali S. et al. (Ref. [81]) PASCAL system 34 30 days TR reduction to grade 2 or less Quality of life, exercise capacity, functional status
Nickenig G et al (Ref. [82]) Cardioband 30 Up to 2 years 72% of patient with < moderate TR Improved NYHS class; 6-min walk improved by 73 m and KCCQ by 14 points
Hahn RT et al. (Ref. [89]) Gate TTVI system 30 172 ± 82 76% of patients with mild or less TR 62% in NYHA class I or II
Webb JG et al. (Ref. [84]) Evoque TTVI system 27 1 year 96% TR ≤2, 87% TR ≤1 70% of patients in NYHA class I or II
Kodali S et al. (Ref. [91])/
TRISCEND Trial

Evoque TTVI system 176 1 year 98% with mild or no residual TR 78.8% in NYHA class I or II; 6-min walk +48 m, KCCQ +19 points

Estévez-Loureiro R. et al.
(Ref. [86]) Tricus Euro

TricValve system 35 30 days success 94% To reduce the systemic effects of severe TR At 6 months 79% in NYHA class I or II and improved KCCQ

KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New York Heart Association.
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Fig. 9. Simplified algorithm for surgical management of patients with TR (adapted from Ref [74]). 1 = strong class of recommen-
dation; 2a = moderate class of recommendation (reasonable); 2b = moderate class of recommendation (may be reasonable). RHF, right
heart failure; GDMT, guideline directed medical therapy; PH, pulmonary hypertension.

for treatment of TR are based on the severity of regur-
gitation (grading), as well as on the presence of signs and
symptoms of right-sided heart failure and on the extent of
tricuspid annular dilation, leaflet tethering, and pulmonary
hypertension (staging of disease). In terms of timing and in-
dications for intervention on TR, current guidelines of the
American College of Cardiology and American Herat As-
sociation (ACC/AHA) give a class I recommendation for
surgical treatment of severe TR (stages C and D) at the
time of left-sided valve surgery [73,74]. For patients with
symptomatic severe primary TR (stage D) and those with
isolated severe secondary TR who failed medical therapy
(stages C and D), the guidelines give a class IIa recommen-
dation, in the absence of pulmonary hypertension. Class
IIa recommendation applies as well for patients with pro-
gressive TR (stage B) undergoing left-sided valve surgery
if tricuspid annulus end-diastolic diameter is>4.0 cm or in
patients with prior signs and symptoms of right sided heart
failure (Fig. 9) [74]. Due to high risk of mortality (10–25%)
associated with reoperation in patients with previous left
heart surgery, the guidelines give a class IIb recommenda-
tion (isolated tricuspid valve surgery can be considered) for
surgical treatment of severe symptomatic primary or sec-
ondary TR in the absence of pulmonary hypertension or RV
dysfunction. Because of dynamic nature of functional sec-
ondary TR depending on preload and pulmonary pressures,
a prior history of right-sided HF indicates the propensity to
develop recurrent severe TR and should be considered as an
indication for concomitant tricuspid valve repair [74].

The choice between surgical tricuspid annuloplasty re-
pair and valve replacement depends on the degree of tri-
cuspid leaflets tethering and RV dilatation and dysfunction.
At our institution tricuspid valve annuloplasty repair is pre-
ferred to valve replacement if the degree of leaflets tethering
is not significant. Otherwise, the outcome is more favor-
able with valve replacement in patients with severe leaflets
tethering and marked RV dilatation with tricuspid annulus
larger than 44 mm [75].

11.3 Transcatheter Therapy

Given the high mortality rate in patients with severe
symptomatic secondary TR who have previously had left
heart surgery [76,77], transcatheter therapy has emerged as
a viable and promising alternative to surgery in these pa-
tients. Table 3 (Ref. [78–82,84,86,89,91]) summarizes per-
tinent studies on transcatheter interventions for TR. Tran-
scatheter therapy, particularly edge-to-edge repair devices
(Mitral Clip and TriClip), aiming to approximate the leaflets
have demonstrated promising results for safety, reduction
in TR severity, and improving the quality of life although
many challenges still exist due to complex anatomy of TV
apparatus [87].

Other coaptation devices and prosthetic valves have
been developed commercially to address themal-coaptation
of leaflets and annular dilatation (Fig. 10, Ref. [88]). Early
feasibility study of a transcatheter tricuspid valve edge-to-
edge repair enrolled 64 patients in New York Heart As-
sociation (NYHA) class >II with moderate or greater TR
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Fig. 10. Transcatheter tricuspid valve devices. (A) TriClip (Abbott Vascular, Santa Clara, California, USA). (B) PASCAL system
(Edwards Lifesciences, Irvine, California, USA). (C) EVOQUE system (Edwards Lifesciences, Irvine, California, USA). (D) LuX-Valve
(Jenscare Biotechnology Co., Ningbo, China). (E) Cardiovalve (Boston Medical, Shrewsbury, MA, USA). (F) Intrepid valve (Medtronic
Plc, Minneapolis, MN, USA). (G) Cardioband tricuspid valve reconstruction system (Edwards Lifesciences, Irvine, California, USA).
(H) Tri-Ring annuloplasty system (Cardiac implants, California, USA. (I) TRICENTO system (Medira AG, Balingen, Germany). (J)
TricValve (NVT, Muri, Switzerland). The Fig. 10 is from the reference [88]. Reprinted with permission from the corresponding author.

and used MitraClip system for compassionate use to re-
duce TR. The trial confirmed the safety of the device and
improvement in quality of life [78]. Subsequently, it was
shown that a reduction in TR severity of 1 grade was in-
deed associated with short term improvement of symptoms
and quality of life. The result of TRILUMINATE trial, a
prospective multicenter trial on 85 patients with moderate
or greater TR and in NYHA class II or higher, was pub-
lished in 2021 and showed the safety of TriClip device used
in this trial and reducing TR by at least one grade in 71%
of patients at 1 year follow-up [79]. The PASCAL tran-
scatheter valve repair system used a device with a central
spacer to occupy the regurgitant orifice area to increase
the procedural safety and minimize stress on TV leaflets.
The system was used in a multi-center early compassion-
ate experience on 28 patients with severe TR and demon-
strated safety and high procedural success of the device
[80]. Subsequently, PASCAL system was used in 34 pa-
tients with symptomatic severe or greater TR and showed
substantial TR reduction to less than grade 2 and a signif-
icant improvement in functional status, exercise capacity
and quality of life at 30 days follow-up [81]. In addition,
the 6-month outcomes of the transcatheter edge-to-edge re-
pair using MitraClip system has demonstrated that the re-
duction of TR was associated with significant RV reverse
re-modeling and improvement in RV function [87]. Tricus-
pid annuloplasty systems are based on the same principal as
surgical annuloplasty with the goal of reducing tricuspid an-
nulus diameter. The currently approved system uses tricus-

pid annuloplasty device Cardioband® which is a catheter-
delivered annular reduction system that mimics the surgical
annuloplasty approach. The system has demonstrated im-
provement in NYHA functional class at 2 years follow-up
in 75–80% of patients in multi-center TRI-REPAIR study
[82]. The most common procedure associated complica-
tions were bleeding and complications due to proximity to
the right coronary artery [82]. Tricuspid valve replacement
systems use a bioprosthetic valve delivered via a catheter
system. In this technique we mention the GATE valve sys-
tem and the EVOQUE. The GATE systemwas the first tran-
scatheter valve used as compassionate indication in few pa-
tients with severe TR not candidate for surgical valve re-
placement [83]. Subsequently, The Gate system was used
in other studies with larger number of patients and showed
a high procedural success rate of >90% and reduction in
the grade of TR of 1 or 2 grades [89]. When using these
systems, there is less concern about valve anatomy. The
EVOQUE valve system was used first in a compassionate
trial in 27 patients at high surgical risk. At one year, 70% of
patients were in NYHA class I/II [84]. In TRISCEND trial,
56 patients received Evoque valve. At 30 days follow-up
in this trial, 98% of patients had mild or no TR and 78.8%
were in NYHA class I and II. The 6- minute walk distance
has improved by 48 meter and Kansas City Cardiomyopa-
thy Questionnaire (KCCQ) improved by 19.0 points. The
composite major adverse event rate was 26.8% including 1
death, 15 major bleeding and 2 device embolization [85].
The evidence from the clinical trials to date utilizing tran-
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scatheter valve replacement suggests that these techniques
are safe with high success rate and associated with reduc-
tion of at least 1 grade of TR severity and more importantly
they can improve patient’s symptoms, functional capacity
and NYHA functional class at one year follow-up [90,91].
Another device therapy used in reducing the severity of TR
and indirectly treating the systemic effects of severe TR is
called heterotopic caval valve implantation using dedicated
specifically designed self-expandable (TricValve and Tri-
cento) or balloon expandable valves (Sapien). These valves
are deployed in the superior vena cava (SVC) and IVC or
just in the IVC (Tricento) where they can reduce caval flow
reversal due to severe TR. In TRICUS EURO study, Tric-
Valve was used in 35 patients with improvement in both
NYHA functional class and KCCQwithout peri-procedural
deaths [86].

Overall, transcatheter tricuspid valve repair and re-
placement appear to be safe and effective in improving
symptoms and quality of life in a large percentage of pa-
tients during follow-up of 12 months. The real-world out-
come for tricuspid edge-to-edge repair from the BRIGHT
trial was presented at PCR London Valves in 2022. At
one year, 86% of patients had moderate or less TR. The
improvement in NYHA functional class and KCCQ were
maintained during the same period andwere associatedwith
44% reduction in hospitalizations. However, there was also
11% mortality rate [92].

The question which remains is what the outcome of
transcatheter intervention compared to surgery would be in
randomized clinical trials with longer duration of follow-
up?

12. Conclusion
Tricuspid regurgitation is now recognized as a major

valvular heart disease with poor prognosis if left untreated.
Many patients remain asymptomatic and present with se-
vere or greater degree of TR and many of them have al-
ready had left-sided valve surgery or coronary artery by-
pass grafting. It is in this context that transcatheter therapy
has become a major viable alternative to re-do surgery in
the management of patients with severe or greater TR. Be-
cause of diversity of commercially available devices and
techniques, it is important to adopt an approach that is per-
sonalized to every patient’s anatomy and mechanism of TR
for the expected success of the intervention to be maxi-
mal. Patient selection for transcatheter or surgical inter-
vention is very important and should be considered by a
multi-disciplinary team including interventionalist, cardiac
surgeon, and imaging specialist with expertise in struc-
tural echocardiography. It has been shown that major de-
terminants of success in transcatheter edge-to-edge repair
(TEER) devices are complexity of leaflets structure, leaflet
coaptation gap, the location of TR jet and the degree of an-
nular dilatation and leaflets tethering [93].

The patient in our case vignette received transcatheter
Evoque valve replacement with only trace residual TR
(Supplementary Videos 13,14). The patient has not been
admitted for recurrent heart failure exacerbation since the
valve replacement and was in NYHA class II at her last
follow-up 6 month after TV replacement.

13. Future Direction
It is expected that transcatheter interventions for se-

vere TR will expand in the coming years parallel to increas-
ing demand as many patients may be at high risk for open-
heart surgery. As biotechnology industry generates more
efficient devices, there will be an increasing need of high
level of training in structural interventionalists and echocar-
diographers for these procedures to be performed in a safe
and efficient manner.

Author Contributions
FSE: review of literature, writing the manuscript, cre-

ation of Figs. 2,3,4,5,6,7,8,9, obtained copyright permission
for Figs. 1,2,3,4,5,6,7,8,9,10, obtained consent for publi-
cation of images from patient, creation of tables, import-
ing images and videos from echocardiography lab. KL:
contributed to manuscript review and helped in manuscript
writing and helped in review of references and selection of
figures and videos. Both authors contributed to editorial
changes in the manuscript. Both authors read and approved
the final manuscript. Both authors have participated suf-
ficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate
In this article we use videos from one patient like when

one submits a case report. The identity of the patient and
personal information such as name, medical record number,
date of study are not visible.

Acknowledgment
We want to thank Dr. Yuyi Chen, MD, PhD for her

assistance in editing the figures and videos.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/RCM28173.

14

https://doi.org/10.31083/RCM28173
https://doi.org/10.31083/RCM28173
https://www.imrpress.com


References
[1] David TE, David CM, Fan CPS, Manlhiot C. Tricuspid regur-

gitation is uncommon after mitral valve repair for degenerative
diseases. The Journal of Thoracic and Cardiovascular Surgery.
2017; 154: 110–122.e1. https://doi.org/10.1016/j.jtcvs.2016.12.
046.

[2] Topilsky Y, Maltais S, Medina Inojosa J, Oguz D, Michelena
H, Maalouf J, et al. Burden of Tricuspid Regurgitation in Pa-
tients Diagnosed in the Community Setting. JACC. Cardiovas-
cular Imaging. 2019; 12: 433–442. https://doi.org/10.1016/j.jc
mg.2018.06.014.

[3] Nath J , Foster E , Heidenreich PA. Impact of tricuspid regur-
gitation on long-term survival. Journal of the American College
of Cardiology. 2004; 43: 405–409. https://doi.org/10.1016/j.ja
cc.2003.09.036.

[4] Benfari G, Antoine C, Miller WL, Thapa P, Topilsky Y, Rossi
A, et al. Excess mortality associated with functional tricuspid re-
gurgitation complicating heart failure with reduced ejection frac-
tion. Circulation. 2019; 140: 196–206. https://doi.org/10.1161/
CIRCULATIONAHA.118.038946.

[5] Tung M, Nah G, Tang J, Marcus G, Delling FN. Valvular dis-
ease burden in the modern era of percutaneous and surgical in-
terventions: the UK Biobank. Open Heart. 2022; 9: e002039.
https://doi.org/10.1136/openhrt-2022-002039.

[6] Offen S, Playford D, Strange G, Stewart S, Celermajer DS.
Adverse Prognostic Impact of Even Mild or Moderate Tricus-
pid Regurgitation: Insights from the National Echocardiogra-
phy Database of Australia. Journal of the American Society of
Echocardiography. 2022; 35: 810–817. https://doi.org/10.1016/
j.echo.2022.04.003.

[7] Martin AC, Bories MC, Tence N, Baudinaud P, Pechmajou L,
Puscas T, et al. Epidemiology, Pathophysiology, and Manage-
ment of Native Atrioventricular Valve Regurgitation in Herat
Failure Patients. Frontiers in Cardiovascular Medicine. 2021; 8:
713658. https://doi.org/10.3389/fcvm.2021.713658.

[8] Prihadi EA, van der Bijl P, Gursoy E, Abou R, Mara Vollema
E, Hahn RT, et al. Development of significant tricuspid regurgi-
tation over time and prognostic implications: new insights into
natural history. European Heart Journal. 2018; 39: 3574–3581.
https://doi.org/10.1093/eurheartj/ehy352.

[9] Kinno M, Raissi SR, Puthumana JJ, Thomas JD, Davidson
CJ. Echocardiography for Tricuspid Valve Intervention. 2018.
Available at: https://citoday.com/articles/2018-july-aug/echoc
ardiography-for-tricuspid-valve-intervention. (Accessed: 24
November 2024).

[10] Mathelier H, Lilly SM, Shreenivas S. Anatomy of the Tricus-
pid Valve.Tricuspid Valve Disease. Contemporary Cardiology.
Springer: Cham. 2022.

[11] HołdaMK, Zhingre Sanchez JD, BatemanMG, Iaizzo PA. Right
Atrioventricular Valve Leaflet Morphology Redefined: Implica-
tions for Transcatheter Repair Procedures. JACC. Cardiovascu-
lar Interventions. 2019; 12: 169–178. https://doi.org/10.1016/j.
jcin.2018.09.029.

[12] Eidem BW, Cetta F, Johnson J, Lopez L (eds.) Echocardiogra-
phy in Pediatric and Adult Congenital Heart Disease. 3rd edn.
Wolters Kluver: Philadelphia, PA. 2021

[13] Dahou A, Levin D, Reisman M, Hahn RT. Anatomy and Phys-
iology of the Tricuspid Valve. JACC. Cardiovascular Imag-
ing. 2019; 12: 458–468. https://doi.org/10.1016/j.jcmg.2018.07.
032.

[14] Tretter JT, Sarwark AE, Anderson RH, Spicer DE. Assessment
of the anatomical variation to be found in the normal tricuspid
valve. Clinical Anatomy (New York, N.Y.). 2016; 29: 399–407.
https://doi.org/10.1002/ca.22591.

[15] Yamane K, Takahashi Y, Fujii H, Morisaki A, Sakon Y, Kishi-
moto N, et al. Histology of the tricuspid valve annulus and right

atrioventricular muscle distance. Interactive Cardiovascular and
Thoracic Surgery. 2022; 35: ivac175. https://doi.org/10.1093/ic
vts/ivac175.

[16] Peter L, Robert OB, Douglas LM, Gordon FT, Deepak LB, Scott
DS, et al. Braunwald’s Heart Disease. 12th edn. Elsevier publi-
cation: Amsterdam, Netherlands. 2022.

[17] Edward J, Banchs J, Parker H, Cornwell W. Right ventricular
function across the spectrum of health and disease. Heart. 2023;
109: 349–355. https://doi.org/10.1136/heartjnl-2021-320526.

[18] Arrigo M, Huber LC, Winnik S, Mikulicic F, Guidetti F, Frank
M, et al. Right Ventricular Failure: Pathophysiology, Diagnosis
and Treatment. Cardiac Failure Review. 2019; 5: 140–146. http
s://doi.org/10.15420/cfr.2019.15.2.

[19] Ji XY, Zhu L, Chen F, Lu FL, Feng Y, Chen M, et al. Risk
stratification by systemic manifestations secondary to hemody-
namic disorders of patients with severe tricuspid regurgitation.
BMC Cardiovascular Disorders. 2024; 24: 149. https://doi.org/
10.1186/s12872-024-03805-2.

[20] Adamo M, Pagnesi M, Ghizzoni G, Estévez-Loureiro R,
Raposeiras-Roubin S, Tomasoni D, et al. Evolution of tricus-
pid regurgitation after transcatheter edge-to-edge mitral valve
repair for secondary mitral regurgitation and its impact on mor-
tality. European Journal of Heart Failure. 2022; 24: 2175–2184.
https://doi.org/10.1002/ejhf.2637.

[21] Allen LA, Felker GM, Pocock S, McMurray JJV, Pfeffer MA,
Swedberg K, et al. Liver function abnormalities and outcome in
patients with chronic heart failure: data from the Candesartan in
Heart Failure: Assessment of Reduction in Mortality and Mor-
bidity (CHARM) program. European Journal of Heart Failure.
2009; 11: 170–177. https://doi.org/10.1093/eurjhf/hfn031.

[22] Chioncel O, Mebazaa A, Maggioni AP, Harjola VP, Rosano G,
Laroche C, et al. Acute heart failure congestion and perfusion
status - impact of the clinical classification on in-hospital and
long-term outcomes; insights from the ESC-EORP-HFA Heart
Failure Long-Term Registry. European Journal of Heart Failure.
2019; 21: 1338–1352. https://doi.org/10.1002/ejhf.1492.

[23] AdamoM, Chioncel O, PagnesiM, Bayes-Genis A, Abdelhamid
M, Anker SD, et al. Epidemiology, pathophysiology, diagno-
sis and management of chronic right-sided heart failure and
tricuspid regurgitation. A clinical consensus statement of the
Heart Failure Association (HFA) and the European Associa-
tion of Percutaneous Cardiovascular Interventions (EAPCI) of
the ESC. European Journal of Heart Failure. 2024; 26: 18–33.
https://doi.org/10.1002/ejhf.3106.

[24] Poelzl G, Ess M, Mussner-Seeber C, Pachinger O, Frick M, Ul-
mer H. Liver dysfunction in chronic heart failure: prevalence,
characteristics and prognostic significance. European Journal of
Clinical Investigation. 2012; 42: 153–163. https://doi.org/10.
1111/j.1365-2362.2011.02573.x.

[25] Maeder MT, Holst DP, Kaye DM. Tricuspid regurgitation con-
tributes to renal dysfunction in patients with heart failure. Jour-
nal of Cardiac Failure. 2008; 14: 824–830. https://doi.org/10.
1016/j.cardfail.2008.07.236.

[26] Seghatol FF, Martin KD, Haj-Asaad A, Xie M, Prabhu SD. Re-
lation of Cardiorenal Syndrome to Mitral and Tricuspid Regur-
gitation in Acute Decompensated Heart Failure. The American
Journal of Cardiology. 2022; 168: 99–104. https://doi.org/10.
1016/j.amjcard.2021.12.024.

[27] Konstam MA, Kiernan MS, Bernstein D, Bozkurt B, Jacob M,
Kapur NK, et al. Evaluation and Management of Right-Sided
Heart Failure: A Scientific Statement From the American Heart
Association. Circulation. 2018; 137: e578–e622. https://doi.or
g/10.1161/CIR.0000000000000560.

[28] Sanz J, Sanchez-Quintana D, Bossone E, Bogaard HJ, Naeije
R. Anatomy, function, and dysfunction of the right ventricle:
JACC state-of-the-art review. Journal of the American College
of Cardiology. 2019; 73: 1463–1482. https://doi.org/10.1016/j.

15

https://doi.org/10.1016/j.jtcvs.2016.12.046
https://doi.org/10.1016/j.jtcvs.2016.12.046
https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1016/j.jacc.2003.09.036
https://doi.org/10.1016/j.jacc.2003.09.036
https://doi.org/10.1161/CIRCULATIONAHA.118.038946
https://doi.org/10.1161/CIRCULATIONAHA.118.038946
https://doi.org/10.1136/openhrt-2022-002039
https://doi.org/10.1016/j.echo.2022.04.003
https://doi.org/10.1016/j.echo.2022.04.003
https://doi.org/10.3389/fcvm.2021.713658
https://doi.org/10.1093/eurheartj/ehy352
https://citoday.com/articles/2018-july-aug/echocardiography-for-tricuspid-valve-intervention
https://citoday.com/articles/2018-july-aug/echocardiography-for-tricuspid-valve-intervention
https://doi.org/10.1016/j.jcin.2018.09.029
https://doi.org/10.1016/j.jcin.2018.09.029
https://doi.org/10.1016/j.jcmg.2018.07.032
https://doi.org/10.1016/j.jcmg.2018.07.032
https://doi.org/10.1002/ca.22591
https://doi.org/10.1093/icvts/ivac175
https://doi.org/10.1093/icvts/ivac175
https://doi.org/10.1136/heartjnl-2021-320526
https://doi.org/10.15420/cfr.2019.15.2
https://doi.org/10.15420/cfr.2019.15.2
https://doi.org/10.1186/s12872-024-03805-2
https://doi.org/10.1186/s12872-024-03805-2
https://doi.org/10.1002/ejhf.2637
https://doi.org/10.1093/eurjhf/hfn031
https://doi.org/10.1002/ejhf.1492
https://doi.org/10.1002/ejhf.3106
https://doi.org/10.1111/j.1365-2362.2011.02573.x
https://doi.org/10.1111/j.1365-2362.2011.02573.x
https://doi.org/10.1016/j.cardfail.2008.07.236
https://doi.org/10.1016/j.cardfail.2008.07.236
https://doi.org/10.1016/j.amjcard.2021.12.024
https://doi.org/10.1016/j.amjcard.2021.12.024
https://doi.org/10.1161/CIR.0000000000000560
https://doi.org/10.1161/CIR.0000000000000560
https://doi.org/10.1016/j.jacc.2018.12.076
https://doi.org/10.1016/j.jacc.2018.12.076


jacc.2018.12.076.
[29] Yamamoto Y, Daimon M, Nakanishi K, Nakao T, Hirokawa M,

Ishiwata J et al. Incidence of atrial functional tricuspid regurgi-
tation and its correlation with tricuspid valvular deformation in
patients with persistent trial fibrillation. Frontiers in Cardiovas-
cularMedicine. 2022; 9: 1023732. https://doi.org/10.3389/fcvm
.2022.1023732.

[30] Itakura K, Hidaka T, Nakano Y, Utsunomiya H, Kinoshita
M, Susawa H, et al. Successful catheter ablation of persis-
tent atrial fibrillation is associated with improvement in func-
tional tricuspid regurgitation and right heart reverse remodeling.
Heart and Vessels. 2020; 35: 842–851. https://doi.org/10.1007/
s00380-019-01546-3.

[31] Hahn RT, Weckbach LT, Noack T, Hamid N, Kitamura M, Bae
R, et al. Proposal for a Standard Echocardiographic Tricuspid
Valve Nomenclature. JACC. Cardiovascular Imaging. 2021; 14:
1299–1305. https://doi.org/10.1016/j.jcmg.2021.01.012.

[32] Hahn RT. State-of-the-Art Review of Echocardiographic Imag-
ing in the Evaluation and Treatment of Functional Tricuspid
Regurgitation. Circulation. Cardiovascular Imaging. 2016; 9:
e005332. https://doi.org/10.1161/CIRCIMAGING.116.005332.

[33] Lang RM, Badano LP, Tsang W, Adams DH, Agricola E, Buck
T, et al. EAE/ASE recommendations for image acquisition and
display using three-dimensional echocardiography. Journal of
the American Society of Echocardiography: Official Publica-
tion of the American Society of Echocardiography. 2012; 25:
3–46. https://doi.org/10.1016/j.echo.2011.11.010.

[34] Hameed A, Condliffe R, Swift AJ, Alabed S, Kiely DG, Char-
alampopoulos A. Assessment of Right Ventricular Function-a
State of the Art. Current Heart Failure Reports. 2023; 20: 194–
207. https://doi.org/10.1007/s11897-023-00600-6.

[35] Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Er-
nande L, et al. Recommendations for cardiac chamber quantifi-
cation by echocardiography in adults: an update from the Amer-
ican Society of Echocardiography and the European Association
of Cardiovascular Imaging. Journal of the American Society of
Echocardiography. 2015; 28: 1–39.e14. https://doi.org/10.1016/
j.echo.2014.10.003.

[36] Hahn RT, Lerakis S, Delgado V, Addetia K, Burkhoff D, Mu-
raru D, et al. Multimodality Imaging of Right Heart Function:
JACC Scientific Statement. Journal of the American College of
Cardiology. 2023; 81: 1954–1973. https://doi.org/10.1016/j.ja
cc.2023.03.392.

[37] Zhan Y, Debs D, Khan MA, Nguyen DT, Graviss EA, Khalaf
S, et al. Natural History of Functional Tricuspid Regurgitation
Quantified by Cardiovascular Magnetic Resonance. Journal of
the American College of Cardiology. 2020; 76: 1291–1301. ht
tps://doi.org/10.1016/j.jacc.2020.07.036.

[38] Rajiah PS, Reddy P, Baliyan V, Hedgire SS, Foley TA,
Williamson EE, et al. Utility of cardiac CT and MRI in Tri-
cuspid interventions. Radiographics. 2023; 43: e220153. https:
//doi.org/10.1148/rg.220153.

[39] Hahn RT, Badano LP, Bartko PE, Muraru D, Maisano F,
Zamorano JL, et al. Tricuspid regurgitation: recent advances
in understanding pathophysiology, severity grading and out-
come. European Heart Journal. Cardiovascular Imaging. 2022;
23: 913–929. https://doi.org/10.1093/ehjci/jeac009.

[40] Lurz P, Orban M, Besler C, Braun D, Schlotter F, Noack T, et al.
Clinical characteristics, diagnosis, and risk stratification of pul-
monary hypertension in severe tricuspid regurgitation and impli-
cations for transcatheter tricuspid valve repair. European Heart
Journal. 2020; 41: 2785–2795. https://doi.org/10.1093/eurheart
j/ehaa138.

[41] Galloo X, Dietz MF, Fortuni F, Prihadi EA, Cosyns B, Delgado
V, et al. Prognostic implications of atrial vs. ventricular func-
tional tricuspid regurgitation. European Heart Journal. Cardio-
vascular Imaging. 2023; 24: 733–741. https://doi.org/10.1093/

ehjci/jead016.
[42] Prihadi EA, Delgado V, Leon MB, Enriquez-Sarano M, Topil-

sky Y, Bax JJ. Morphologic Types of Tricuspid Regurgitation:
Characteristics and Prognostic Implications. JACC. Cardiovas-
cular Imaging. 2019; 12: 491–499. https://doi.org/10.1016/j.jc
mg.2018.09.027.

[43] Mantovani F, Fanti D, Tafciu E, Fezzi S, Setti M, Rossi A, et al.
When Aortic Stenosis Is Not Alone: Epidemiology, Pathophys-
iology, Diagnosis and Management in Mixed and Combined
Valvular Disease. Frontiers in Cardiovascular Medicine. 2021;
8: 744497. https://doi.org/10.3389/fcvm.2021.744497.

[44] Boyle B, Garne E, Loane M, Addor MC, Arriola L, Cavero-
Carbonell C, et al. The changing epidemiology of Ebstein’s
anomaly and its relationship with maternal mental health
conditions: a European registry-based study. Cardiology
in the Young. 2017; 27: 677–685. https://doi.org/10.1017/
S1047951116001025.

[45] Ramcharan TKW, Goff DA, Greenleaf CE, Shebani SO, Salazar
JD, Corno AF. Ebstein’s Anomaly: From Fetus to Adult-
Literature Review and Pathway for Patient Care. Pediatric
Cardiology. 2022; 43: 1409–1428. https://doi.org/10.1007/
s00246-022-02908-x.

[46] Hussain ST, Witten J, Shrestha NK, Blackstone EH, Petters-
son GB. Tricuspid valve endocarditis. Annals of Cardiothoracic
Surgery. 2017; 6: 255–261. https://doi.org/10.21037/acs.2017.
03.09.

[47] López-Vilella R, Paniagua-Martín MJ, González-Vílchez F,
Donoso Trenado V, Barge-Caballero E, Sánchez-Lázaro I, et
al. Prevalence of Tricuspid Regurgitation After Orthotopic
Heart Transplantation and Its Evolution in the Follow-up Pe-
riod: A Long-Term Study. Transplantation Proceedings. 2022;
54: 2486–2489. https://doi.org/10.1016/j.transproceed.2022.09.
009.

[48] Sultan FAT,Moustafa SE, Tajik J,WarsameT, Emani U, Alharthi
M, et al. Rheumatic tricuspid valve disease: an evidence-based
systematic overview. The Journal of Heart Valve Disease. 2010;
19: 374–382.

[49] Hassan SA, Banchs J, Iliescu C, Dasari A, Lopez-Mattei J, Yusuf
SW. Carcinoid heart disease. Heart. 2017; 103: 1488–1495. http
s://doi.org/10.1136/heartjnl-2017-311261.

[50] Jin C, Sharma AN, Thevakumar B, Majid M, Al Chalaby S,
Takahashi N et al. Carcinoid Heart Disease: Pathophysiology,
Pathology, Clinical manifestations and Management. Cardiol-
ogy. 2021; 146: 65–73. https://doi.org/10.1159/000507847.

[51] Al-Mohaissen MA, Chan KL. Prevalence and mechanism of tri-
cuspid regurgitation following implantation of endocardial leads
for pacemaker or cardioverter-defibrillator. Journal of the Amer-
ican Society of Echocardiography: Official Publication of the
American Society of Echocardiography. 2012; 25: 245–252.
https://doi.org/10.1016/j.echo.2011.11.020.

[52] Addetia K,Muraru D, Veronesi F, Jenei C, Cavalli G, Besser SA,
et al. 3-Dimensional Echocardiographic Analysis of the Tricus-
pid Annulus Provides New Insights Into Tricuspid Valve Geom-
etry and Dynamics. JACC. Cardiovascular Imaging. 2019; 12:
401–412. https://doi.org/10.1016/j.jcmg.2017.08.022.

[53] Lawlor MK, Ng V, Ahmed S, Dershowitz L, Brener
MI,Kampaktsis P, et al. Baseline characteristics and clinical
outcomesof a tricuspid regurgitation referral population.
The American Journal of Cardiology. 2023; 196: 22–30.
https://doi.org/10.1016/j.amjcard.2023.03.011.

[54] Asmarats L, Taramasso M, Rodés-Cabau J. Tricuspid valve dis-
ease: diagnosis, prognosis and management of a rapidly evolv-
ing field. Nature Reviews. Cardiology. 2019; 16: 538–554.
https://doi.org/10.1038/s41569-019-0186-1.

[55] Condello F, Gitto M, Stefanini GG. Etiology, epidemiology,
pathophysiology and management of tricuspid regurgitation:
an overview. Reviews in Cardiovascular Medicine. 2021; 22:

16

https://doi.org/10.3389/fcvm.2022.1023732
https://doi.org/10.3389/fcvm.2022.1023732
https://doi.org/10.1007/s00380-019-01546-3
https://doi.org/10.1007/s00380-019-01546-3
https://doi.org/10.1016/j.jcmg.2021.01.012
https://doi.org/10.1161/CIRCIMAGING.116.005332
https://doi.org/10.1016/j.echo.2011.11.010
https://doi.org/10.1007/s11897-023-00600-6
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.jacc.2023.03.392
https://doi.org/10.1016/j.jacc.2023.03.392
https://doi.org/10.1016/j.jacc.2020.07.036
https://doi.org/10.1016/j.jacc.2020.07.036
https://doi.org/10.1148/rg.220153
https://doi.org/10.1148/rg.220153
https://doi.org/10.1093/ehjci/jeac009
https://doi.org/10.1093/eurheartj/ehaa138
https://doi.org/10.1093/eurheartj/ehaa138
https://doi.org/10.1093/ehjci/jead016
https://doi.org/10.1093/ehjci/jead016
https://doi.org/10.1016/j.jcmg.2018.09.027
https://doi.org/10.1016/j.jcmg.2018.09.027
https://doi.org/10.3389/fcvm.2021.744497
https://doi.org/10.1017/S1047951116001025
https://doi.org/10.1017/S1047951116001025
https://doi.org/10.1007/s00246-022-02908-x
https://doi.org/10.1007/s00246-022-02908-x
https://doi.org/10.21037/acs.2017.03.09
https://doi.org/10.21037/acs.2017.03.09
https://doi.org/10.1016/j.transproceed.2022.09.009
https://doi.org/10.1016/j.transproceed.2022.09.009
https://doi.org/10.1136/heartjnl-2017-311261
https://doi.org/10.1136/heartjnl-2017-311261
https://doi.org/10.1159/000507847
https://doi.org/10.1016/j.echo.2011.11.020
https://doi.org/10.1016/j.jcmg.2017.08.022
https://doi.org/10.1016/j.amjcard.2023.03.011
https://doi.org/10.1038/s41569-019-0186-1
https://www.imrpress.com


1115–1142. https://doi.org/10.31083/j.rcm2204122.
[56] Chen E, L’official G, Guérin A, Dreyfus J, Lavie-Badie Y,

Sportouch C, et al. Natural history of functional tricuspid re-
gurgitation: impact of cardiac output. European Heart Journal.
Cardiovascular Imaging. 2021; 22: 878–885. https://doi.org/10.
1093/ehjci/jeab070.

[57] Gavazzoni M, Heilbron F, Badano LP, Radu N, Cascella A,
Tomaselli M, et al. The atrial secondary tricuspid regurgita-
tion is associated to more favorable outcome than the ventric-
ular phenotype. Frontiers in Cardiovascular Medicine. 2022; 9:
1022755. https://doi.org/10.3389/fcvm.2022.1022755.

[58] Itelman E, Vatury O, Kuperstein R, Ben-Zekry S, Hay I, Fe-
fer P, et al. The Association of Severe Tricuspid Regurgitation
with Poor Survival Is Modified by Right Ventricular Pressure
and Function: Insights from SHEBAHEART Big Data. Journal
of the American Society of Echocardiography. 2022; 35: 1028–
1036. https://doi.org/10.1016/j.echo.2022.06.012.

[59] Hahn RT, Thomas JD, Khalique OK, Cavalcante JL, Praz F,
Zoghbi WA. Imaging Assessment of Tricuspid Regurgitation
Severity. JACC. Cardiovascular Imaging. 2019; 12: 469–490.
https://doi.org/10.1016/j.jcmg.2018.07.033.

[60] Kebed KY, Addetia K, Henry M, Yamat M, Weinert L, Besser
SA, et al. Refining Severe Tricuspid Regurgitation Definition
by Echocardiography with a New Outcomes-Based “Massive”
Grade. Journal of the American Society of Echocardiography:
Official Publication of the American Society of Echocardiogra-
phy. 2020; 33: 1087–1094. https://doi.org/10.1016/j.echo.2020.
05.007.

[61] Fortuni F, Hirasawa K, Bax JJ, Delgado V, Ajmone Marsan
N. Multi-Modality Imaging for Interventions in Tricuspid
Valve Disease. Frontiers in Cardiovascular Medicine. 2021; 8:
638487. https://doi.org/10.3389/fcvm.2021.638487.

[62] Peri Y, Sadeh B, Sherez C, Hochstadt A, Biner S, Aviram G, et
al. Quantitative assessment of effective regurgitant orifice: im-
pact on risk stratification, and cut-off for severe and torrential
tricuspid regurgitation grade. European Heart Journal. Cardio-
vascular Imaging. 2020; 21: 768–776. https://doi.org/10.1093/
ehjci/jez267.

[63] Authors/Task Force Members:, McDonagh TA, Metra M,
Adamo M, Gardner RS, Baumbach A, et al. 2021 ESC Guide-
lines for the diagnosis and treatment of acute and chronic heart
failure: Developed by the Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Soci-
ety of Cardiology (ESC). With the special contribution of the
Heart Failure Association (HFA) of the ESC. European Journal
of Heart Failure. 2022; 24: 4–131. https://doi.org/10.1002/ejhf
.2333.

[64] Felker GM, Ellison DH, Mullens W, Cox ZL, Testani JM. Di-
uretic Therapy for Patients With Heart Failure: JACC State-of-
the-Art Review. Journal of the American College of Cardiol-
ogy. 2020; 75: 1178–1195. https://doi.org/10.1016/j.jacc.2019.
12.059.

[65] Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger
RMF, Brida M, et al. ESC/ERS Scientific Document Group.
2022 ESC/ERS Guidelines for the diagnosis and treatment of
pulmonary hypertension. European Heart Journal. 2022; 43:
3618–3731.

[66] Mustapic I, Bakovic D, Susilovic Grabovac Z, Borovac JA. Im-
pact of SGLT2 Inhibitor Therapy on Right Ventricular Function
in Patients with Heart Failure and Reduced Ejection Fraction.
Journal of Clinical Medicine. 2022; 12: 42. https://doi.org/10.
3390/jcm12010042.

[67] Guazzi M, Naeije R. Right Heart Phenotype in Herat Failure
With Preserved Ejection Fraction. Circulation: Heart Failure.
2021; 14: e007840. https://doi.org/10.1161/CIRCHEARTFAI
LURE.120.007840.

[68] Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ,

Colvin MM, et al. 2022 AHA/ACC/HFSA Guideline for the
Management of Heart Failure: A Report of the American Col-
lege of Cardiology/American Heart Association Joint Commit-
tee on Clinical Practice Guidelines. Journal of the American
College of Cardiology. 2022; 79: e263–e421. https://doi.org/10.
1016/j.jacc.2021.12.012.

[69] Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S,
Bauersachs J, et al. 2021 ESC/EACTS Guidelines for the man-
agement of valvular heart disease. European Heart Journal.
2022; 43: 561–632. https://doi.org/10.1093/eurheartj/ehab395.

[70] Soulat-Dufour L, Lang S, Addetia K, Ederhy S, Adavane-
Scheuble S, Chauvet-Droit M, et al. Restoring Sinus Rhythm
Reverses Cardiac Remodeling and Reduces Valvular Regurgita-
tion in Patients With Atrial Fibrillation. Journal of the American
College of Cardiology. 2022; 79: 951–961. https://doi.org/10.
1016/j.jacc.2021.12.029.

[71] Nishiwaki S, Watanabe S, Yoneda F, Tanaka M, Aizawa T, Ya-
magami S, et al. Impact of catheter ablation on functional tri-
cuspid regurgitation in patients with atrial fibrillation. Journal
of Interventional Cardiac Electrophysiology. 2023; 66: 1441–
1453. https://doi.org/10.1007/s10840-022-01410-x

[72] Stulak JM, Schaff HV, Dearani JA, Orszulak TA, Daly RC,
Sundt TM, 3rd. Restoration of sinus rhythm by the Maze pro-
cedure halts progression of tricuspid regurgitation after mitral
surgery. The Annals of Thoracic Surgery. 2008; 86: 40–40–
4; discussion 44–5. https://doi.org/10.1016/j.athoracsur.2008.
03.004.

[73] Kwak JJ, Kim YJ, Kim MK, Kim HK, Park JS, Kim KH, et al.
Development of tricuspid regurgitation late after left-sided valve
surgery: a single-center experience with long-term echocardio-
graphic examinations. American Heart Journal. 2008; 155: 732–
737. https://doi.org/10.1016/j.ahj.2007.11.010.

[74] Writing Committee Members, Otto CM, Nishimura RA, Bonow
RO, Carabello BA, Erwin JP, 3rd, et al. 2020 ACC/AHA
Guideline for the Management of Patients With Valvular Heart
Disease: A Report of the American College of Cardiol-
ogy/American Heart Association Joint Committee on Clinical
Practice Guidelines. Journal of the American College of Cardi-
ology. 2021; 77: e25–e197. https://doi.org/10.1016/j.jacc.2020.
11.018.

[75] Dreyfus J, Ghalem N, Garbarz E, Cimadevilla C, Nataf P, Vaha-
nian A, et al. Timing of Referral of PatientsWith Severe Isolated
Tricuspid Valve Regurgitation to Surgeons (from a French Na-
tionwide Database). The American Journal of Cardiology. 2018;
122: 323–326. https://doi.org/10.1016/j.amjcard.2018.04.003.

[76] Staab ME, Nishimura RA, Dearani JA. Isolated tricuspid valve
surgery for severe tricuspid regurgitation following prior left
heart valve surgery: analysis of outcome in 34 patients. The
Journal of Heart Valve Disease. 1999; 8: 567–574.

[77] Park SJ, Oh JK, Kim SO, Lee SA, Kim HJ, Lee S, et al. De-
terminants of clinical outcomes of surgery for isolated severe
tricuspid regurgitation. Heart. 2021; 107: 403–410. https://doi.
org/10.1136/heartjnl-2020-317715.

[78] Nickenig G, Kowalski M, Hausleiter J, Braun D, Schofer J,
Yzeiraj E, et al. Transcatheter Treatment of Severe Tricuspid
RegurgitationWith the Edge-to-Edge MitraClip Technique. Cir-
culation. 2017; 135: 1802–1814. https://doi.org/10.1161/CIRC
ULATIONAHA.116.024848.

[79] Lurz P, Stephan von Bardeleben R, Weber M, Sitges M, Sora-
jja P, Hausleiter J, et al. Transcatheter Edge-to-Edge Repair for
Treatment of Tricuspid Regurgitation. Journal of the American
College of Cardiology. 2021; 77: 229–239. https://doi.org/10.
1016/j.jacc.2020.11.038.

[80] Fam NP, Braun D, von Bardeleben RS, Nabauer M, Ruf T,
Connelly KA, et al. Compassionate Use of the PASCAL Tran-
scatheter Valve Repair System for Severe Tricuspid Regurgi-
tation: A Multicenter, Observational, First-in-Human Experi-

17

https://doi.org/10.31083/j.rcm2204122
https://doi.org/10.1093/ehjci/jeab070
https://doi.org/10.1093/ehjci/jeab070
https://doi.org/10.3389/fcvm.2022.1022755
https://doi.org/10.1016/j.echo.2022.06.012
https://doi.org/10.1016/j.jcmg.2018.07.033
https://doi.org/10.1016/j.echo.2020.05.007
https://doi.org/10.1016/j.echo.2020.05.007
https://doi.org/10.3389/fcvm.2021.638487
https://doi.org/10.1093/ehjci/jez267
https://doi.org/10.1093/ehjci/jez267
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1002/ejhf.2333
https://doi.org/10.1016/j.jacc.2019.12.059
https://doi.org/10.1016/j.jacc.2019.12.059
https://doi.org/10.3390/jcm12010042
https://doi.org/10.3390/jcm12010042
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007840
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007840
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1016/j.jacc.2021.12.012
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1016/j.jacc.2021.12.029
https://doi.org/10.1016/j.jacc.2021.12.029
https://doi.org/10.1007/s10840-022-01410-x
https://doi.org/10.1016/j.athoracsur.2008.03.004
https://doi.org/10.1016/j.athoracsur.2008.03.004
https://doi.org/10.1016/j.ahj.2007.11.010
https://doi.org/10.1016/j.jacc.2020.11.018
https://doi.org/10.1016/j.jacc.2020.11.018
https://doi.org/10.1016/j.amjcard.2018.04.003
https://doi.org/10.1136/heartjnl-2020-317715
https://doi.org/10.1136/heartjnl-2020-317715
https://doi.org/10.1161/CIRCULATIONAHA.116.024848
https://doi.org/10.1161/CIRCULATIONAHA.116.024848
https://doi.org/10.1016/j.jacc.2020.11.038
https://doi.org/10.1016/j.jacc.2020.11.038
https://www.imrpress.com


ence. JACC. Cardiovascular Interventions. 2019; 12: 2488–
2495. https://doi.org/10.1016/j.jcin.2019.09.046.

[81] Kodali S, Hahn RT, Eleid MF, Kipperman R, Smith R, Lim DS,
et al. Feasibility Study of the Transcatheter Valve Repair Sys-
tem for Severe Tricuspid Regurgitation. Journal of the Ameri-
can College of Cardiology. 2021; 77: 345–356. https://doi.org/
10.1016/j.jacc.2020.11.047.

[82] Nickenig G, Weber M, Schüler R, Hausleiter J, Nabauer M, von
Bardeleben RS, et al. Tricuspid valve repair with the Cardioband
system: two-year outcomes of the multicentre, prospective TRI-
REPAIR study. EuroIntervention: Journal of EuroPCR in Col-
laborationwith theWorkingGroup on Interventional Cardiology
of the European Society of Cardiology. 2021; 16: e1264–e1271.
https://doi.org/10.4244/EIJ-D-20-01107.

[83] Navia JL, Kapadia S, Elgharably H, Harb SC, Krishnaswamy
A, Unai S, et al. First-in-Human Implantations of the NaviGate
Bioprosthesis in a Severely Dilated Tricuspid Annulus and in a
Failed Tricuspid Annuloplasty Ring. Circulation. Cardiovascu-
lar Interventions. 2017; 10: e005840. https://doi.org/10.1161/CI
RCINTERVENTIONS.117.005840.

[84] Webb JG, Chuang AMY, Meier D, von Bardeleben RS, Kodali
SK, Smith RL, et al. Transcatheter Tricuspid Valve Replace-
ment With the EVOQUE System: 1-Year Outcomes of a Multi-
center, First-in-Human Experience. JACC. Cardiovascular In-
terventions. 2022; 15: 481–491. https://doi.org/10.1016/j.jcin
.2022.01.280.

[85] Kodali S, Hahn RT, George I, Davidson CJ, Narang A, Zahr
F, et al. Transfemoral Tricuspid Valve Replacement in Patients
With Tricuspid Regurgitation: TRISCEND Study 30-Day Re-
sults. JACC. Cardiovascular Interventions. 2022; 15: 471–480.
https://doi.org/10.1016/j.jcin.2022.01.016.

[86] Estévez-Loureiro R, Sánchez-Recalde A, Amat-Santos IJ, Cruz-
González I, Baz JA, Pascual I, et al. 6-Month Outcomes of
the TricValve System in Patients With Tricuspid Regurgitation:

The TRICUS EURO Study. JACC. Cardiovascular Interven-
tions. 2022; 15: 1366–1377. https://doi.org/10.1016/j.jcin.2022.
05.022.

[87] Rommel KP, Besler C, Noack T, Blazek S, von Roeder M, Fen-
gler K, et al. Physiological and clinical consequences of right
ventricular volume overload reduction after transcatheter treat-
ment for tricuspid regurgitation. JACC. Cardiovascular Inter-
ventions. 2019; 12: 1423-1434. https://doi.org/10.1016/j.jcin
.2019.02.042.

[88] Tomlinson S, Rivas CG, Agarwal V, Lebehn M, Hahn RT. Mul-
timodality imaging for transcatheter tricuspid valve repair and
replacement. Frontiers in Cardiovascular Medicine. 2023; 10:
1171968. https://doi.org/10.3389/fcvm.2023.1171968.

[89] Hahn RT, Kodali S, Fam N, Bapat V, Bartus K, Rodés-Cabau J,
et al. Early Multinational Experience of Transcatheter Tricuspid
Valve Replacement for Treating Severe Tricuspid Regurgitation.
JACC. Cardiovascular Interventions. 2020; 13: 2482–2493. ht
tps://doi.org/10.1016/j.jcin.2020.07.008.

[90] Windecker S. TRISCEND Study One-Year Outcomes: Trans-
femoral Transcatheter Tricuspid Valve Replacement. PCR: Lon-
don, UK. 2022.

[91] Kodali S, Hahn RT, Makkar R, Makar M, Davidson CJ, Puthu-
mana JJ, et al. Transfemoral tricuspid valve replacement and
one-year outcomes: the TRISCEND study. European Heart
Journal, 2023; 44: 4862–4873. https://doi.org/10.1093/eurheart
j/ehad667.

[92] Lurz P. Real-World Outcomes for Tricuspid Edge-to-Edge Re-
pair: Initial 1YearOutcomes from the bRIGHTTrial. PCR: Lon-
don, UK. 2022.

[93] Praz F, Muraru D, Kreidel F, Lurz P, Hahn RT, Delgado V, et al.
Transcatheter treatment for tricuspid valve disease. EuroInter-
vention: Journal of EuroPCR in Collaboration with the Working
Group on Interventional Cardiology of the European Society of
Cardiology. 2021; 17: 791–808. https://doi.org/10.4244/EIJ-D
-21-00695.

18

https://doi.org/10.1016/j.jcin.2019.09.046
https://doi.org/10.1016/j.jacc.2020.11.047
https://doi.org/10.1016/j.jacc.2020.11.047
https://doi.org/10.4244/EIJ-D-20-01107
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005840
https://doi.org/10.1161/CIRCINTERVENTIONS.117.005840
https://doi.org/10.1016/j.jcin.2022.01.280
https://doi.org/10.1016/j.jcin.2022.01.280
https://doi.org/10.1016/j.jcin.2022.01.016
https://doi.org/10.1016/j.jcin.2022.05.022
https://doi.org/10.1016/j.jcin.2022.05.022
https://doi.org/10.1016/j.jcin.2019.02.042
https://doi.org/10.1016/j.jcin.2019.02.042
https://doi.org/10.3389/fcvm.2023.1171968
https://doi.org/10.1016/j.jcin.2020.07.008
https://doi.org/10.1016/j.jcin.2020.07.008
https://doi.org/10.1093/eurheartj/ehad667
https://doi.org/10.1093/eurheartj/ehad667
https://doi.org/10.4244/EIJ-D-21-00695
https://doi.org/10.4244/EIJ-D-21-00695
https://www.imrpress.com

	1. Introduction
	2. Case Vignette
	3. Epidemiology
	4. Functional Anatomy and Physiology
	5. Clinical Manifestations
	6. Imaging Tricuspid Valve and Diagnostic Work-up
	7. Classification of TR
	8. Primary Tricuspid Valve Disease Causing TR
	9. Secondary or Functional TR
	10. New Grading System for Assessment of TR Severity 
	11. Current Therapy for TR
	11.1 Medical Therapy 
	11.2 Surgical and Trans-Catheter Therapy
	11.3 Transcatheter Therapy

	12. Conclusion
	13. Future Direction
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

