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Introduction 

Tricuspid regurgitation (TR) is the main manifestation of 
tricuspid valve dysfunction, and the presence of at least 
mild TR is seen in 65–85% of adults (1). Over the last 
decade, the tricuspid valve has transformed from being 
the “forgotten valve” to gaining clinical attention as the 
one of the next frontiers in structural heart disease. In 
part this is because of the clinical and adverse prognostic 
effects of significant TR that is increasingly recognised, 
in isolation or concurrently with other heart disease (2,3). 
Equally important is the rapidly evolving landscapes of 
structural interventions and multimodality imaging which 
have enabled advances in the assessment and management 
of TR (4,5). Consequently, even though isolated tricuspid 

valve surgery is traditionally uncommonly performed, 
there has been growth in in numbers of this procedure and 
developments in percutaneous tricuspid interventions (6-9).  
This article seeks to review the contemporary literature 
regarding the evaluation and management of TR and its 
various clinical scenarios with a focus on the utility of multi-
modality imaging. 

Anatomy of the tricuspid valve 

The tricuspid valve serves as the inlet valve of the right 
ventricle (RV) separating it from the right atrium (RA) 
(Figure 1). It is generally composed of 3 leaflets labelled 
anterior, posterior and septal, although anywhere from 2 
to 6 leaflets have been reported (10). Via chordae tendinae, 
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the leaflets are attached to the papillary muscles in the RV: 
the anterior papillary muscle is connected to the anterior 
and posterior leaflets, the posterior papillary muscle is 
connected to the posterior and septal leaflets and the third 
and smallest papillary muscle is connected to the anterior 
and septal leaflets (11). Some of the chordae tendinae of the 
septal tricuspid leaflet connect directly to the ventricular 
wall, a feature unique to the tricuspid valve, and not seen 
for the mitral valve. The tricuspid annulus is a three-
dimensional triangular and saddle-shaped structure, and 
elliptical in cross-section, and located more apical than the 
mitral annulus. Dilation of the annulus in secondary TR 
results in the annulus losing its saddle shape to form a plane 
and becoming more circular (12). Figure 1 demonstrates the 
relevant tricuspid valve anatomy. 

For purpose of imaging and interventions of the tricuspid 
valve, several neighboring structures are worthy of note. 
The triangle of Koch within the RA is bounded by the 
septal leaflet of the tricuspid valve, the coronary sinus orifice 
and the tendon of Todaro, and the apex of this triangle is 
the atrioventricular node which if damaged can cause heart 
block (13). The His Bundle heading anteriorly and apically 
away from the atrioventricular node comes to approximately 
5 mm from the junction of the anterior and septal tricuspid 
leaflets before going posteriorly beneath the membranous 
septum (14). The right coronary artery runs an epicardial 
course coming close to the junction of the anterior and 
posterior tricuspid leaflets at the atrioventricular groove. 
The mitral annulus is located to the left of the tricuspid 

annulus and the aortic valve between and anterior to both. 

Etiologies of TR 

Secondary TR

Table 1 lists the main etiologies for TR. Secondary or 
functional TR is caused by dilation and/or dysfunction of 
the right ventricle (RV), resulting in annular dilation and 
distortion of the tricuspid valve apparatus such as leaflet 
tethering, rather than diseases affecting the tricuspid valve 
itself (15,16). The causes can be classified into left heart 
disease, chronic lung diseases with pulmonary hypertension, 
atrial fibrillation with annular dilation, primary right heart 
cardiomyopathy and left-to-right shunts, in descending 
order of frequency (15). Any left heart pathology that 
results in increased left atrial and then pulmonary 
pressures can result in secondary TR, including all types 
of cardiomyopathy resulting in systolic and/or diastolic 
dysfunction, left-sided valvular lesions and arrhythmias 
especially atrial fibrillation. In fact, atrial fibrillation has 
been found to be associated with right atrial, ventricular 
and tricuspid annular dilation directly and can lead to right 
heart failure (17). Chronic lung diseases that can cause 
pulmonary hypertension with resultant cor pulmonale and 
secondary TR include chronic obstructive lung disease, 
asthma, bronchiectasis, interstitial lung disease, obstructive 
sleep apnoea, pulmonary thromboembolic disease and 
idiopathic pulmonary hypertension. Less commonly, 
isolated right ventricular cardiomyopathies, including those 

Figure 1 Schematic anatomy of the tricuspid valve apparatus (A) cross-sectional of heart demonstrating tricuspid leaflets, regurgitation, 
right heart chambers and vasculature; (B) tricuspid valve view from right atrium with leaflet anatomy and important adjacent structures. 
A, anterior leaflet; S, septal leaflet; P, posterior leaflet. SVC, superior vena cava; IVC, inferior vena cava; PA, pulmonary artery. Note the 
pulmonary valve is not anatomically adjacent to the tricuspid valve, and the axes of the two valves do not cross vertically as depicted in this 
illustrative figure. 
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arrhythmogenic or ischemic in origin, can cause secondary 
TR. Chronic and substantial left-to-right shunts can 
also lead to secondary TR. Because of the wide range of 
common pathologies that can occur in isolation or together 
that results in functional TR, secondary causes make up the 
majority of TR encountered in the clinical setting (18). If 
the right ventricular disease process is adequately treated, 
the degree of TR often decreases. 

Primary TR

Primary TR is defined by pathology of the tricuspid valve 
complex leading to regurgitation, and makes up in as little as 
10% of all TR (18). Despite this there are many causes for 
primary TR including rheumatic heart disease, endocarditis, 
myxomatous degeneration, carcinoid syndrome, radiation, 
trauma, iatrogenic and congenital causes. Primary TR 
can also over time lead to right ventricular dilation and/or 
dysfunction, which has implications for intervention (4,5). 
The timing of when TR and RV changes and underlying 

pathophysiological process would need to be ascertained 
to determine if the etiology is primary or secondary. To 
complicate matters, sometimes there may also be mixed 
primary and secondary causes for the TR. Examples of TR 
pathologies on echocardiography are shown in Figure 2. 

Isolated TR

Lastly, isolated TR refers to only having clinically 
significant TR in absence of other valvular disease (18,19). 
The underlying cause may be primary or secondary. Isolated 
TR makes up only a small proportion of TR because the 
majority of TR etiologies affect multiple valves (9,20). 
For example, rheumatic heart disease and endocarditis 
frequently affects mitral and/or aortic valves and carcinoid 
syndrome affects the pulmonary valve. Other etiologies 
like myxomatous degeneration, trauma, iatrogenic and 
congenital may only affect the tricuspid valve. These have 
important implications for both imaging and intervention. 

Imaging assessment of TR severity 

Echocardiography

Tab l e  2  summar i se s  the  key  f ea ture s  o f  ca rd i ac 
imaging modalities for assessing TR. Transthoracic 
echocardiography (TTE) is the first-line imaging modality 
to assess valvular heart disease including TR (4,5,21). The 
views for assessing TR and RV include the parasternal long 
axis RV inflow view, parasternal short axis view focusing 
on tricuspid valve, apical 4-chamber including the RV 
focused view, subcostal 4-chamber view and the subcostal 
long axis inferior vena cava and hepatic vein view (22).  
The morphology of the tricuspid valve needs careful 
examination to provide hints on the underlying etiology and 
location of TR. Many echocardiographic measurements are 
used to assess TR severity including the semiquantitative 
measurements of colour flow jet area, vena contracta width 
(>7 mm is severe), proximal isovelocity surface area radius 
(>9 mm at 40 cm/s Nyquist is severe), hepatic vein flow 
(systolic reversal is severe) and tricuspid inflow (E-wave 
>1 m/s dominant), as well as quantitative measurements of 
effective regurgitant orifice area (>0.4 cm2) and regurgitant 
volume (>45 mL), each with their unique utility and 
limitations (21). TR severity are graded as mild, moderate 
or severe following algorithms in guidelines, with different 
thresholds depending on parameter. 

The RV must also be assessed in evaluating TR severity, 

Table 1 Main etiologies of tricuspid regurgitation

Secondary tricuspid regurgitation

Left heart valve disease

Left heart cardiomyopathy (systolic and/or diastolic dysfunction)

Pulmonary pathology (chronic lung disease, pulmonary 
thromboembolism, idiopathic pulmonary hypertension)

Atrial fibrillation with right atrial and annular dilation

Primary right ventricular cardiomyopathy (arrhythmogenic, 
ischemic)

Left-to-right shunt (septal defects, anomalous pulmonary 
venous return)

Primary tricuspid regurgitation

Rheumatic heart disease

Endocarditis

Myxomatous degeneration/prolapse

Carcinoid syndrome

Radiation

Chest trauma

Iatrogenic (pacemaker/defibrillator leads, prosthetic valve 
degeneration, central line, myocardial biopsy)

Congenital heart disease (Ebstein's anomaly, tricuspid valve 
hypoplasia, cleft or double orifice)
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because RV dilation and/or systolic dysfunction are also 
potential indications of tricuspid valve surgery (4,5,21). 
The RV is commonly dilated when there is significant TR, 
with septal flattening towards and compression towards 
the left ventricle in diastole in setting of RV volume 
overload, and throughout the cardiac cycle particularly 
systole in RV pressure overload in presence of pulmonary  
hypertension (21). There are several parameters with 
defined normal ranges to assess RV systolic function, 
including annular systolic excursion, S-wave Doppler (pulsed 
or colour), fractional area change, RV free wall strain, 
tricuspid inflow, and 3D ejection fraction calculation (23).  

Notably, in absence of accurate quantitative measures, 
dilation of the RV annular dimension on apical 4-chamber 
view with tricuspid annulus ≥40 mm or >21 mm/m2 is a 
surrogate measure of TR severity and supports surgery (4). 

Transesophageal echocardiogram (TEE) is frequently 
utilised in the setting when windows are suboptimal for 
TR assessment on TTE, despite the anterior location of 
the tricuspid valve. Important tricuspid valve views on 
TEE include the mid-esophageal four chamber, right 
ventricular inflow/outflow, bicaval tricuspid and reverse 
four chamber views, 3D reconstruction of the tricuspid 
valve, and transgastric RV inflow +/- outflow views (13,24). 

Figure 2 Varying etiologies of tricuspid regurgitation on echocardiography (A) functional tricuspid regurgitation on transthoracic 
echocardiography apical four-chamber view with color Doppler, (B) native tricuspid valve endocarditis associated with significant tricuspid 
regurgitation on transthoracic echocardiography parasternal tricuspid inflow view with color Doppler (C) Ebstein anomaly associated 
tricuspid regurgitation demonstrated on transthoracic echocardiography parasternal tricuspid inflow view with color Doppler and (D) 
Carcinoid syndrome with mixed tricuspid regurgitation and stenosis on right ventricular focused apical 4-chamber view and continuous wave 
Doppler.
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The same parameters for TTE can be measured on TEE, 
recognising their limitations and the need to minimise the 
angle between the colour jet and Doppler interrogation. 
TEE, including 3D is strongly recommended to assessing 
TR with indeterminate severity, aetiology and/or prior to 
intervention. 3D TEE can give further detail to tricuspid 
valve anatomy, as well as the severity, aetiology, origin and 
direction of TR, especially with the help of multiplanar 
reconstruction and real-time images. The loading 
conditions may change the TR severity when sedatives and/
or anesthesia are administered causing under-estimation 
and need to be accounted for. TEE can also visualise other 
structures nearby better than TTE such as the interatrial 
septum, SVC and IVC. 

Computed tomography (CT)

CT has several advantages for cardiac imaging in terms 
of rapid acquisition, high spatial resolution, availability 
and ability for multi-planar reconstruction (25). It 
can determine dimensions and function of relevant 
structures including RA, RV, tricuspid annulus as well 
as neighbouring vasculature and anomalies such as both 
vena cavae, pulmonary vessels, coronary vessels and aorta 
with good correlation to magnetic resonance imaging 
(MRI) (26). CT coronary angiography if demonstrating 
no significant coronary disease can avoid the need for 
conventional catheter angiography required for intervention 
workup. Acquisition of cardiac cycle to quantify TR 
can be performed, although MRI is usually preferred to 
minimise radiation, and iodinated contrast is another 
contraindication in renal failure patients. However in 
patients with pacemakers and defibrillators which are not 
MRI compatible, CT is a useful alternative although related 
artefacts will need to be interpreted as well.

Tr i c u s p i d  v a l v e  i m a g i n g  o n  C T  m a y  n o t  b e 
straightforward, given the inferior temporal resolution to 
echocardiography for mobile structures, and conventional 
studies for the left heart leave the right heart filled with 
contrast, making interrogation of the tricuspid valve 
structure tricky (27). However, dedicated tricuspid valve 
imaging and contrast protocols using multi-detector CT 
with electrocardiogram gating, anatomical evaluation of 

Table 2 Summary of cardiac imaging utility for evaluating TR and 
guiding interventions

Transthoracic echocardiography

Strengths: portable, accessible, low-cost, safe

Weaknesses: lowest spatial resolution, extracardiac structures/
right heart

TR and other valves severity and etiology (qualitative and 
quantitative)

Chamber size and systolic function

Pulmonary pressure estimate

2D, Doppler and 3D assessment

Periprocedural complications and serial follow-up

Transesophageal echocardiography

Strengths: superior to transthoracic for many structures

Weaknesses: invasive, require sedation/anesthesia affects 
loading,

TR and other valves severity and etiology (qualitative and 
quantitative)

Chamber size and systolic function

Pulmonary pressure estimate

2D, Doppler and 3D assessment

Intraoperative guidance of percutaneous interventions

Computed tomography

Strengths: spatial resolution, multiplanar reconstruction, 
extracardiac structure assessment

Weaknesses: radiation, contrast, valve assessment

Anatomy/relationships with neighboring structures intracardiac 
and extracardiac 

Planning transcatheter procedures

Magnetic resonance imaging

Strengths: spatial resolution, multiplanar reconstruction, tissue 
characterization, extracardiac

Weaknesses: claustrophobia, cardiac devices, contrast, cost

TR severity quantitative

Chamber size and systolic function (gold standard) and tissue 
characterization

Anatomy/relationships with neighboring structures intracardiac 
and extracardiac
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the tricuspid valve can be performed with optimal contrast 
timing. Heart rate control remains important to minimise 
motion artefact, and irregular rhythms such as atrial 
fibrillation may render imaging difficult (28). CT is also 
useful in planning percutaneous interventions as will be 
described later. 

Cardiac MRI

MRI offers complimentary information for assessment 
and surveillance of TR, especially if echocardiogram 
views are suboptimal, when TR severity is indeterminate, 
and to assess causes for underlying cardiomyopathy (4). 
It has superior spatial resolution to TTE with adequate 
temporal resolution for accurate cardiac chamber and 
valve assessment and radiation-free unlike CT. MRI is 
the reference standard for RV volume, which tends to be 
under-estimated by echocardiography, function and mass 
(29,30). Biventricular dimensions and function are usually 
assessed on MRI by short-axis stack of the steady state 
free precession cine imaging which has good myocardial 
to blood-pool contrast (27). Dedicated RV views can be 
acquired including conventional 4-chamber view and RV 
2-chamber, 3-chamber and outflow tract views. Regional 
wall motion abnormalities and even strain of the RV can be 
evaluated although the utility for TR is currently uncertain.

MRI is useful in many other ways. It can assess TR 
severity, for example calculating the difference between 
RV stroke volume and pulmonary or aortic flow, the 
latter with phase contrast velocity encoding imaging. 
Another parameter is the cross-sectional TR jet area 
which increases and signal intensity decreases in short-
axis steady-state free precession images as TR severity 
increases (31). The tricuspid valve anatomy can sometimes 
be inspected on MRI including prolapse, tenting and 
thickening. The unique ability for tissue characterization 
such as late gadolinium enhancement and T1-imaging well 
established for left ventricular cardiomyopathy is under 
research for RV pathology which is often thin-walled and 
TR (30). MRI can like CT also depict vasculature anatomy 
and assess congenital heart disease and anomalies. Its 
limitations include longer acquisition time, cardiac devices, 
claustrophobia, artefacts, contrast for certain protocols and 
still susceptible to motion artefacts including breathing.

Indications for TR interventions 

Guidelines

Valvular heart disease guidelines have evolved significantly 
in recent years mainly because of the advances in the 
management of aortic stenosis and mitral regurgitation 
(4,5,32). This has not yet applied to the management of 
TR, which can be seen by the 2017 American College of 
Cardiology (ACC)/American Heart Association (AHA) 
update of the 2014 guidelines not having a section on  
TR (32). This is a result of both the lack of randomised 
trials or approved percutaneous devices for TR. Although 
the latter continues to be in development, until then the 
evidence is limited and recommendations have remained 
similar for the indication of TR intervention in the last 
few iterations of the American and European Society of 
Cardiology (ESC) guidelines as seen in Table 3 (4,5,32). 

The ACC/AHA guidelines 2014 for valvular heart 
disease recommend intervention for the tricuspid valve at 
the time of left-sided valve surgery if there was severe TR 
or progressive mild or moderate functional TR. Isolated 
TR surgery is recommended in patients with severe TR 
with either symptoms or progressive RV dysfunction (5). 
The corresponding ESC guidelines in 2017 also suggest 
tricuspid valve intervention with left heart valve surgery 
when TR is severe, or mild or moderate with right heart 
failure or tricuspid annular dilatation (4,14). For isolated 
TR surgery, patients need to have severe TR with either 
symptoms or progressive RV dilation and/or dysfunction, 
however particularly in those with secondary, also severe LV 
dysfunction, RV dysfunction or pulmonary hypertension 
would push towards conservative management because of 
excessive surgical risk.

Guidelines evidence and limitations and recent data

These recommendations are reported in the class I to 
IIb range, however the level of evidence is only C for all, 
which means that they are based on expert opinion and 
observational studies (4,5). There are some recent data such 
as a study-level meta-analysis from 2017 of 15 observational 
studies and 2,840 patients, whereby for concomitant 
TR surgery to left-sided valve surgery had significantly 
lower cardiovascular mortality and trend towards lower 
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all-cause mortality, possibly related to decreased grade 
and progression of TR during follow-up (33). Another 
randomized trial found tricuspid annuloplasty concomitant 
at time of mitral valve surgery reduced not only TR long-
term but also pulmonary pressures (34). The data are 
lacking for establishing the optimal timing for surgery, and 
if isolated tricuspid valve surgery has superior survival to 
medical management, in fact a recent study reported no 
benefits with a surgical approach (35). 

There are no guidelines currently for supporting the 
use or establishing indications of percutaneous tricuspid 
interventions (4,5). Its role will likely begin in those as a 
concomitant procedure to percutaneous mitral or aortic 
valve intervention, and high-risk or inoperative patients 
with TR. In fact, the majority of these patients may have 
isolated TR patients. Certainly further developments of this 

technology and research are necessary and upcoming.

Management options for TR

Medical therapy

Medical management remains the first line management 
of TR (5). Right heart failure symptoms predominate in 
peripheral edema and ascites however in secondary causes 
pulmonary congestion is also often present as the reason 
for hospitalisation (36). Diuretic therapy are the mainstay 
medical option, including loop diuretics and aldosterone 
antagonists, not infrequently at high doses and/or in 
combinations (5,17). Following this, therapies directed at the 
underlying etiology of TR whether primary or secondary 
is important. For primary TR this may include antibiotics 
for endocarditis, anti-inflammatories and antibiotics for 
rheumatic heart disease and somatostatin analogues and other 
therapies for carcinoid syndrome. Left heart disease, chronic 
lung disease and in some scenarios pulmonary hypertension 
itself needs adequate medical therapy which may lead to 
regression of secondary TR (37,38).

Surgical techniques

Surgery remains the gold standard and up until recently 
the only viable intervention for TR (4,5). Indications are 
as described although evidence is limited to observational 
studies and expert opinion. Isolated tricuspid valve surgery 
makes up only 15–20% of all tricuspid valve surgery, the 
majority of which are concurrent with mitral, aortic and/
or coronary surgery (9). Operating on the tricuspid valve 
however puts the surgery at moderate or high risk despite 
the growth in procedures performed (6,7). Operative 
mortality rates have continued to be reported at around 
10% for both isolated and concomitant tricuspid surgeries 
and both primary and secondary TR in many large 
contemporary registries (7,9,39,40), compared to only 2–3% 
for mitral and aortic valve surgeries (20). Reasons for the 
much higher risk for tricuspid surgery may are likely related 
to high prevalence of right ventricular dysfunction, chronic 
lung disease and pulmonary hypertension, liver dysfunction, 
previous cardiac surgery and other co-morbidities, as well 
as delayed referral, and these issues need to be dealt with to 
improve surgical outcomes (4,6). 

The two classes of surgical techniques are valve repair and 
replacement. Repair techniques are based on annuloplasty 
to reduce the area and improve coaptation of leaflets. 

Table 3 Guideline recommendations of tricuspid surgery indications

ACC/AHA 2014

Severe primary TR + symptoms (IIa, C)

Severe TR + left-sided valve surgery (I, C)

Asymptomatic severe TR + progressive RV dysfunction (I, C for 
secondary, IIb, C for primary)

Mild/moderate progressive functional TR + left-sided valve 
surgery + TA dilation (IIa, B) or PHTN (IIb, C)

Severe TR with symptoms and previous left-sided valve surgery, 
without severe PHTN or RV dysfunction (IIb, C)

ESC 2017

Left-sided valve surgery + severe TR (I, C)

Left-sided valve surgery + mild/moderate TR +  
TA dilation (IIa, C) or recent signs of right heat failure (IIb, C)

Severe primary TR + symptoms (I, C)

Severe secondary TR + severe RV or LV dysfunction  
or severe PHTN + symptoms (IIa, C)

Severe secondary TR + severe RV or LV dysfunction 
or severe PHTN + progressive RV dilation/dysfunction (IIa, C)

ACC/AHA, American College of Cardiology/American Heart 
Association; ESC, European Society of Cardiology; TR, tricuspid 
regurgitation; (), level of evidence (class I = recommended, 
IIa = should be considered, IIb = may be considered, III = not 
recommended; level of evidence A = multiple randomized 
clinical trials or meta-analyses, B = single randomized clinical 
trial or large non-randomized studies, C = expert consensus 
and/or small studies, retrospective studies or registries), RV, 
right ventricle; TA, tricuspid annulus; LV, left ventricle; PHTN, 
pulmonary hypertension, 
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This can be accomplished with continuous sutures such as 
De Vega annuloplasty, avoiding prosthetic material (41).  
Another strategy is implantation of an incomplete prosthetic 
ring sutured to the annulus, which may be rigid or flexible, 
and careful sizing is required. Leaflet augmentation and 
suture bicuspidization of the tricuspid valve are other 
techniques. Ring annuloplasty appears to reduce residual 
TR and possibly improve clinical outcomes compared to 
suture and flexible band annuloplasty so is usually preferred 
(42,43). The main decision to make for valve replacement 
is between mechanical and bioprosthetic valves. A meta-
analysis of 22 observational studies reported no difference 
in survival, prosthetic valve failure or re-operation, however 
thrombosis rates were higher for mechanical valves (44). 
This has been reflected in large registries where although 
both prosthesis make up about half of replacement 
surgeries, there is increased use of bioprosthetic valves and 
decreased use of mechanical valves over time (9). Most 
studies and a meta-analysis report higher rates of operative 
mortality, and pacemaker implantation, for replacement 
compared to repair including for secondary TR (7,9,39,45), 
while others found no difference (40). As a result guidelines 
recommend tricuspid repair to be performed where feasible, 
however sometimes because of markedly damaged and/
or distorted tricuspid valve apparatus, valve replacement 
cannot be avoided (4,5). 

Percutaneous intervention

With the paradigm shift towards minimally invasive and 
percutaneous procedures for structural heart disease over 
the last decade, development, research and early clinical use 
of percutaneous tricuspid valve interventions are underway 
(4,14). Devices used are grouped into categories of 
coaptation, annuloplasty and prosthetic valve or heterotopic 
caval valve implantation (13). Coaptation devices include 
the Mitra-clip (Abbot, Santa Clara, CA, United States) used 
in off-label fashion as edge-to-edge repair of the tricuspid 
valve, and foam-filled polymer balloon placed distal to 
the valve towards the RV to provide surface for improved 
coaptation (46). Annuloplasty systems aim to improve the 
distorted geometry of the annulus in functional TR, with 
strategies including pledgeted sutures to cinch commissures 
to bicuspidize the valve, adjustable band placement and 
annuloplasty ring implantation (47). Prosthetic valve 
implantation has mainly been used in those with pre-
existing bioprosthetic valve as a valve-in-valve technique, 
originally in young congenital heart disease patients 

but now expanding (48). The heterotopic caval valve is 
placed in the superior and/or inferior vena cava to reduce 
regurgitation. 

Percutaneous interventions are currently performed 
in patients with high surgical risk, with the vast majority 
in secondary TR, and a high prevalence of previous 
cardiac surgery (49). Despite this, early outcomes have 
been reportedly satisfactory, with an international registry 
reporting operative mortality of 3.6%, lower in those with 
procedural success which occurred in the majority (8).  
Another recent propensity-matched observational study 
found percutaneous tricuspid repair to reduce clinical 
events including all-cause mortality and heart failure 
hospitalizations at 1-year (26). Further research is 
mandatory and ongoing to further refine tricuspid device 
technology, provide larger scale data on peri-operative 
outcomes, long-term survival and durability, as well as 
comparisons with surgical and medical therapies, before 
wider use in clinical applications. 

Peri-procedural imaging for TR interventions 

Echocardiography

Important features of how cardiac imaging modalities can 
be used to guide TR interventions are listed in Table 2. As 
described earlier echocardiography remains first line and 
central to the assessment of TR severity, etiology and overall 
tricuspid valve anatomy. TEE is helpful intraoperatively to 
assessing TR, other valves and cardiac function, including 
in scenario of general anaesthetic loading conditions. 
It provides live continuous imaging including to guide 
catheter positioning and reduce fluoroscopy. The key 
transesophageal and transgastric TEE views were described 
earlier, and furthermore the use of three-dimensional 
TEE with multi-planar reconstruction enables delineation 
of device position relative to the pathology being treated 
real time, as illustrated in Figure 3 (13,24). Intracardiac 
echocardiography via vascular sheath and single-use probe 
intraoperatively may further provide complementary 
information.

After the intervention is performed, echocardiography 
remain first line both intra- or post-operatively in the 
assessment of residual TR and cardiac function (50). Where 
possible, measures used in pre-operative assessment of TR 
and RV in accordance to guidelines. 3D echocardiography 
with TEE are particularly useful at visualising residual TR 
with sensitivity and specificity in excess of 80% (51). There 
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Figure 3 Three-dimensional transesophageal echocardiography with multiplanar reconstruction to (A) evaluate location of tricuspid 
regurgitation (S: septal leaflet, A: anterior leaflet and P: posterior leaflet of tricuspid valve), and (B) to guide percutaneous tricuspid repair 
with edge-to-edge closure. 

B

S A

P

A

are a number of challenges with presence of a variety of 
tricuspid prosthesis or devices, and lack of studies validating 
these measures which require further research and 
experience as newer devices are in use.

Cardiac CT

CT is a valuable tool for all percutaneous interventions 
including for TR (4,52). It has the ability to characterise the 
anatomy and spatial relationships between the tricuspid valve 
and neighbouring structures within and outside the heart. 
Many patients have had previous cardiac surgery, and CT 
scan can assess the any resultant distortion in cardiac anatomy, 
and the proximity of the sternum to the cardiac chambers, 
coronary vessels and grafts where applicable. CT can assess the 
vasculature for anomalies, obstruction and peripheral vessels 
for suitability of access and route to the heart (25). It can 
analyse the angles, lengths and relationships of the superior 
and inferior vena cava entering the right atrium and distance 
from the first hepatic vein to plan for caval valve implantation. 
The right coronary artery course and proximity to the tricuspid 
annulus can be depicted to assess suitability of different 
annuloplasty systems. The tricuspid annulus dimensions and 
distance to the RV apex helps plan for coaptation devices. 

Cardiac MRI

MRI has important roles in assessing TR severity and is 

the most accurate modality for assessing RV dimensions 
and function which has implications for indication and 
prognosis (53). It is also useful to characterise abnormal 
cardiac chamber and vasculature anatomy such as in 
congenital heart disease, and this information is important 
too for tricuspid interventions. Etiology and leaflet anatomy 
assessment continues to be inferior to echocardiography 
and CT, and it has no current role intraoperatively. MRI 
however remains a useful alternative to CT with there are 
contraindications like renal failure to avoid contrast and lack 
of radiation. MRI also has a role in assessing residual TR 
after tricuspid valve interventions using similar techniques 
to pre-operative TR severity assessment described earlier 
using the difference of RV stroke volume and flow across 
the pulmonary and/or aortic valve (50).

Fluoroscopy

Fluoroscopy remains invaluable during percutaneous 
valve interventions, performed in either the cardiac 
catheterization laboratory or hybrid operating theaters. A 
set of standard fluoroscopic views have been defined to better 
assess right heart structures: the 1-chamber short-axis view 
(across tricuspid valve) at left anterior oblique with caudal 
projection, 2-chamber view (right atrium and ventricle 
added) at right anterior oblique with caudal projection, 
3-chamber view (include right ventricular outflow tract into 
main pulmonary artery and valve), at right anterior oblique 
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with cranial projection and 4-chamber view (four cardiac 
chambers) at left anterior oblique and cranial projection (54).  
The bicaval and right ventricular outflow tract to pulmonary 
artery are other useful views. Fluoroscopy views can also be 
reconstructed on CT with overlay onto fluoroscopy images. 
These help with identifying catheter position within the 
right heart relative to other landmarks to assist tricuspid 
interventions.

Risk prediction for TR interventions 

Mortality and morbidities

Risk models are widely used and recommended by 
guidelines in the pre-operative assessment of cardiac surgery 
for stratification and decision-making (4,5). The two 
most commonly used risk scores currently are the Society 
of Thoracic Surgeon’s (STS) Score and EuroSCORE II 
(20,55). Both scores estimate operative mortality in-hospital 
and/or within 30-day, while the STS Score uniquely has 
separate models by type of surgery and morbidity outcomes. 
Despite the high risk nature of tricuspid valve surgery, risk 
models have been rarely studied in this context. Only 5% 
of the EuroSCORE II developmental cohort had tricuspid 
valve surgery (55) and the STS family of models were not 
designed to be applicable to tricuspid valve surgery until the 
recently published STS tricuspid score (56). This score did 
not have separate models for tricuspid repair or replacement 
like the mitral valve STS scores. Furthermore, none of 
these scores have been externally validated in tricuspid 
valve surgery. Interesting the modified model for end-
stage liver disease score has been found to have moderate 
discrimination for composite adverse events (57).

Most of the parameters of existing cardiac surgery scores 
would likely apply to tricuspid valve surgery, but there are 
notable classes of risk factors missing. The first class is 
imaging, where only the left ventricular ejection fraction is 
part of existing risk models (55). Other potential parameters 
include right ventricular function and size, despite being 
contributors to surgical indications, echocardiographic 
measures, and cardiac MRI markers like late gadolinium 
enhancement and T1 mapping (58,59). The second group 
of variables is biomarkers, where only renal function is 
considered, but others including cardiac biomarkers such 
as B-type natriuretic peptide and troponins, liver function 
like albumin, and even genomics and metabolomics may 
play a role (60). Finally factors such as frailty may also 

play a role in all cardiac interventions particularly in older 
and/or co-morbid patients (61). Reasons these are not 
incorporated in risk models are most likely because they are 
not routinely collected rather than not being significant, 
whether as a result of the lack of standardised techniques 
for measurements, or the extra time and costs involved to 
do so. Further research is required towards incorporation of 
these classes and others of parameters, with consideration 
of novel techniques involving machine learning and data 
science, to refine the accuracy of existing risk models and 
improve clinical applicability. 

Recurrent TR

Beyond predicting mortality and morbidities after tricuspid 
valve surgery, some studies have investigated the predictors 
of TR recurrence (62,63). This is an important surrogate 
measure because of being associated with worse clinical 
outcomes and the need for re-operation (64). Important 
predictors of significant TR recurrence early and/or 
late include imaging parameters such as valve tethering 
height and area, TR severity, annular diameter and left 
ventricular ejection fraction; and clinical factors such as 
atrial fibrillation, presence of pacemaker lead and renal 
impairment (62,63,65). Thorough assessment for these 
factors pre-operatively is important as the presence of one 
or multiple predictors would caution the clinicians involved 
to pay extra attention in the surgical and peri-operative care 
of TR patients. 

Conclusions

Tricuspid valve and TR have gained significant interests 
as the next frontier in valvular heart disease and structural 
interventions. Although TTE is the first-line workhorse 
in TR assessment, TEE, CT and MRI all play important 
roles in the pre-operative assessment and guidance of 
interventions. Tricuspid valve surgery remains a high risk 
operation even in contemporary registries, where there 
will likely be an important role for transcatheter tricuspid 
interventions. Future directions lie in development of 
percutaneous therapies, larger registries and randomised 
trials comparing surgical, percutaneous and medical 
therapies and to better define indications and timing for 
TR intervention, and further experiences and advances in 
multi-modality imaging to contribute to decision-making, 
procedure guidance and risk prognostication. 
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