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Background: Functional tricuspid regurgitation (TR) appears frequently in the presence of left-sided heart 
valve diseases, combined with symptoms of heart failure, worsens if left untreated, and is associated with 
poor patient survival. Correct indications for surgery and the choice of suitable technique, which should be 
based on pathophysiology of disease are of utmost importance to ensure longevity and durability of repair; 
particularly given the risky nature of reoperations due to residual/recurrent TR. 
Methods: A systematic review was performed using Embase, Ovid Medline, Cochrane, Web of Science, 
and Google to deepen knowledge of major and controversial aspects of the subject. 
Results: A total of 1,579 studies were reviewed, and 32 of these were enclosed in the final review: 13 
studies were primarily focused on pathophysiology and preoperative assessment of functional TR; 19 studies 
on surgical treatment of functional TR. A total of 15,509 patients were included.
Conclusions: Indications for treatment of TR are based on the severity of regurgitation (grading), as well 
as on the presence of signs and symtoms of right-sided heart failure and on the extent of tricuspid annular 
dilation, leaflet tethering, and pulmonary hypertension (staging of disease). Despite improved knowledge 
of the underlying pathophysiology of TR, issues regarding indications for treatment and options of repair 
remain present. There is no consensus within the scientific community, for the preferred method to quantify 
the severity of TR; the recently introduced 5-grade TR classification based on objective quantitative 
parameters has not yet become common practice. The assessment of TR during stress exercise is rarely 
performed, though it takes into account the changes in severity of regurgitation that occur under different 
physiological conditions. Magnetic resonance imaging, which is the gold standard for the right heart 
evaluation is occasionally carried out before surgery. The threshold beyond which the tricuspid annular 
dilation should be repaired is unclear and recent studies put forward the idea that it may be lower than 
current recommendations. Tricuspid valve annuloplasty is the most adopted surgical option today. However, 
the ideal annuloplasty device remains elusive. In addition, as severe leaflet tethering cannot be addressed by 
annuloplasty alone, the addition of new techniques further increasing leaflet coaptation might optimize long-
term valve continence. Further investigations are needed to address all these issues, alongside the potential of 
percutaneous options.
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Introduction

There has been an increasing interest in the tricuspid 
valve, which was still called the ‘forgotten’ or ‘neglected’ 
valve in the 1990s within the last two decades. Every 
aspect of tricuspid valve disease, and primarily of tricuspid 
regurgitation (TR), is being investigated today (1-3).

While organic (or primary) TR is a rare disease having 
many causes and various pathophysiological mechanisms, 
functional TR affects up to 1% of the people of developed 
countries and is almost always caused by the right ventricular 
(RV) dilation/dysfunction and pulmonary hypertension 
secondary to left-sided heart valve diseases, with atrial 
fibrillation (AF) being a very important contributing factor. 
In the natural history of left-sided heart diseases, the onset 
of TR coincides with the significant worsening of signs 
and symptoms of heart failure and is associated with poor 
patient survival. Approximately 30% of individuals with 
severe mitral valve disease have significant TR, and up to 
50% of patients undergoing mitral valve surgery suffer 
from associated TR. As functional TR can increase if left 
untreated (this fact occurs quite unpredictably), even after 
complete correction of the left-sided heart disease, its 
surgical treatment should still be recommended during 
primary left-sided cardiac operations; especially since cardiac 
reoperations due to residual/recurrent TR may be very risky 
(sometimes prohibitive) procedures (1-3).

However, despite significant improvements in knowledge 
of its pathophysiology [causes and basic pathophysiology of 
functional TR are summarized in Table 1 and Figure 1 (4-9)], 
several issues of functional TR, which concern primarily 
indications for treatment and options of repair remain to be 
solved.

The purpose of the present systematic review is to foster 
a broader understanding of the basic pathophysiology of 
functional TR and of providing guidance for clinicians. 
The current evidence base for the surgical treatment 
of functional TR is discussed here. An evidence-based 
algorithm for the choice among the different surgical 
options has been finally suggested. We present the 

following article in accordance with the PRISMA reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-661/rc).

Methods

Search method

Databases (Embase, n=753; Ovid Medline, n=447; 
Cochrane, Web of Science, and Google, n=379) have been 
scrutinized from inception, and only articles in English 
language were examined. The first inclusion criterion 
was significant TR (by transthoracic echocardiography) 
due to tricuspid annular dilatation and leaflet tethering, 
and secondary to right or left cardiomyopathy (regardless 
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Table 1 Causes of functional (secondary) TR

A. Left-sided heart diseases

Left ventricular dysfunction (diastolic, systolic)

Ischemic

Non-ischemic

Valvular

Mitral

Aortic

B. Pulmonary hypertension

Primary

Post-embolism

Chronic obstructive pulmonary disease

C. RV diseases

Cardiomyopathy

Myocardial infarction

Volume overload

D. Supraventricular tachyarrhythmias (supraventricular 
paroxysmal tachycardia, atrial flutter, AF)

TR, tricuspid regurgitation; RV, right ventricular; AF, atrial 
fibrillation.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-661/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-661/rc
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of etiology). The studies pertained to adult (18+ years) 
human beings eligible for surgical repair or replacement of 
tricuspid valve (the choice of surgical treatment was decided 
by the surgeon). Consequently, pediatric age and organic 
TR due to structural valve disease for which tricuspid valve 
repair was not recommended were the exclusion criteria. 
Randomized controlled trials, propensity-matched studies, 
and observational studies have been included in this review. 
Recent meta-analyses and reviews on this topic for potential 
additional references were searched. Three investigators 
(GG, AF, and FN) searched papers published between 
January 1, 2000, and December 31, 2021 using the following 
keywords: ‘tricuspid regurgitation’, ‘organic tricuspid 
regurgitation’, and ‘functional tricuspid regurgitation’. 
These keywords were coupled with ‘tricuspid valvuloplasty’, 
‘tricuspid valve repair’, ‘tricuspid annuloplasty’, and 
‘tricuspid valve replacement’. Investigators (GG, AF, 
and FN) independently reviewed all citations and any 
disagreement has been resolved by consensus.

Data extraction and quality assessment

Studies were selected for inclusion from prospective 
randomized trials or propensity-matched retrospective 
studies. Preoperative and postoperative data were extracted 

from the main publication, and searches were performed 
by two independent researchers (GG and AF) using blind 
method. A third independent investigator (FN) has assessed 
adequacy. Data to be extracted included: study demographics 
(sample size, number of institutions involved, publication year, 
study period, design, country, length of follow-up), patient 
demographics (age, sex), RV and left ventricular (LV) function, 
and procedural details (use of double-level repair combined to 
single-level repair). Postoperative data (in-hospital mortality, 
postoperative complications, residual TR, reoperation), long-
term results (survival, freedom from reoperation, freedom 
from rehospitalization) were also included. 

Results

A total of 1,579 studies were reviewed. Thirty-two (2%) of 
these met inclusion criteria and were enclosed in the final 
systematic review (Figure 2): 13 studies were primarily focused 
on pathophysiology and preoperative assessment of functional 
TR; 19 studies on surgical treatment of functional TR. There 
were 8 prospective and 24 retrospective studies. A total of 
15,509 patients were included. The number of patients in 
the individual study ranged from 11 to 5,223. The mean 
age ranged from 52 to 70.4 years. The grade of TR ranged 
from 0 (null, trace, and trivial) to 3+ (moderate-to-severe and 

Basic pathophysiology 
of fTR
(4-9)

Two patient 
populations 

identified

Heart valve center Heart valve center

Patients 
with LHD

No progressProgress

PH-fTR
Idiopathic fTR

Patients 
without LHD

Development 
of PH

Progressive right ventricular 
dilation/dysfunction

Tricuspid annular 
dilation tricuspid 

regurgitation

Progressive right atrial 
dilation/dysfunction

Development of 
idiopathic AF

Figure 1  Basic pathophysiology of fTR (4-9). Two patient populations characterize fTR, which is not properly a tricuspid valve disease 
based on a different involvement of the right ventricle and RA. In the advanced stages of disease, both populations develop tricuspid annular 
dilation and require a referral to comprehensive heart valve center. fTR, functional tricuspid regurgitation; LHD, left-sided heart disease; 
PH, pulmonary hypertension; AF, atrial fibrillation; RA, right atrium. 
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severe). The tricuspid valve evaluation was always performed 
using two-dimensional color Doppler echocardiography; 
in one study was added the real time three-dimensional 
echocardiography. In 28 studies the patients underwent 
surgery, which was most frequently mitral valve repair or 
replacement combined with tricuspid valve suture (De Vega) 
or device annuloplasty. Two studies explored tricuspid valve 
replacement for treatment of functional TR. The mean 
follow-up period ranged from 5 days to 17 years (Tables 2,3). 

Discussion

The tricuspid anatomy for surgical handling 

For surgeons engaged in handling the tricuspid valve, 
accurate knowledge of the anatomy of the tricuspid 

apparatus and the RV is required. The tricuspid valve and 
its subvalvular apparatus are formed by leaflets, annulus, 
papillary muscles, and chordae tendineae (Figure 3) (39-49). 

Tricuspid valve leaflets
The valve is made of three leaflets of different sizes; however, 
in several cases the identification of two (bicuspid), four or 
more leaflets may be revealed. As stated by their anatomic 
disposition, the three leaflets are called septal, anterior-
superior, and posterior-inferior leaflets. The most common 
features of the anterior leaflet are the development in length 
and width with radial direction, wider area, and maximum 
movement. The posterior leaflet is sometimes distinguished 
by multiple scallops. The septal leaflet is the less developed, 
with least mobility and it is placed into the tricuspid annulus 

Records removed before screening:
• Duplicate records removed (n=647)
• Records marked as ineligible by 

automation tools (n=62)
Records removed for other reasons:

• Non-English (n=42)
• Conference Abstracts (n=18)

Reports excluded:
• No surgery (n =33)
• Pre-print records (n =6)

Records excluded** (n=586)
• No abstracts (n=64)
• Full Text not available (n=510)
• Excluding animal studies (n=12)

Reports not retrieved based on full text 
(n=153)
• COPD (n=42)
• Case reports (n=16)
• TR in LVAD (n=13)
• Operative Techniques (n=4)
• Other (n=78)

Records screened  
(n=810)

Reports sought for retrieval  
(n=224)

Reports assessed for eligibility  
(n=71)

Studies included in review  
(n=32)

Records identified from databases (n=1,579)
• Embase (n=753)
• Ovid Medline (n=447)
• Others (Cochrane, Google Scholar, 

Web of Science) (n=379)

Identification of studies via databases
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Figure 2 PRISMA flowchart of the study. **, review, case report and abstract presentation. COPD, chronic obstructive pulmonary disease; 
TR, tricuspid regurgitation; LVAD, left ventricular assist device.
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straight over the interventricular septum. The commissure 
between the septal and posterior leaflets is generally found 
close to the ostium of the coronary sinus in the right atrium 
(RA). The anteroseptal commissure between the septal 
and anterior leaflets is the greatest when compared to the 
posterior one, and is located near the non-coronary sinus of 
Valsalva of the aortic root (Figure 4) (39-43). 

Tricuspid valve annulus
The valvular annulus is usually individualized by a well-
defined fibrous structure. However, anatomical studies 
on healthy cadavers suggested that this designation is 
inappropriate for the tricuspid valve annulus. Rather, the 
scarcity of fibrous tissue, which is primarily localized in 
the septal segment of the annulus is disclosed. Anatomical 
studies reported that the normal tricuspid annulus has a 
D-shape configuration with two distinct segments. Given this 
peculiarity, therefore, the tricuspid annulus is represented by 
a larger C-shaped portion that corresponds to the free wall of 
the RA and RV, and by a shorter segment that appears linear 
and correlates with the septal leaflet and the ventricular 
septum. The structure of the tricuspid valve annulus 
contributes to its brittleness and lower tensile strength during 
surgical manipulation. This architecture is characterized by 
the presence of multiple muscle filaments of about 2–4 mm in 
diameter, which extend from the free wall of the RV and the 
septal wall. The described morphostructure is organized to 

form muscle bands that can offer support to the non-fibrous 
RA-RV junction, which is the weak part of the right heart. 
Its histology consists of very little fibrous tissue together with 
the endocardium (Figure 4) (42-45).

Subvalvular apparatus
The anatomy of the tensor apparatus supporting the stress 
load of tricuspid valve includes the papillary muscles and 
chordae tendineae (42-45), both of which play a decisive role 
in tricuspid valve repair, especially when a cryopreserved 
homograft is used (46-48). The subvalvular apparatus of the 
tricuspid valve encompasses the anterior papillary muscle 
and posterior papillary muscle. A third papillary muscle is 
not always obvious. The chordae tendinae of the tricuspid 
valve are made up of fibrous cords of various lengths that 
join the papillary muscles to the leaflets of the tricuspid 
valve. The anterior papillary muscle is usually the most 
evolved, giving rise the chordae tendineae that are inserted 
on the anterior and posterior leaflet. The moderating 
band (trabecula septomarginalis) can be inserted into this 
papillary muscle. On the other hand, the morphostructure 
of posterior papillary muscle includes two or three chordae 
tendinae heads that are attached to the posterior and 
septal leaflets. The septal papillary muscle (Lancisi muscle) 
forms part of the posterior papillary muscle and is often 
fluctuating, small in appearance, multiple or even absent in 
up to 20% of normal subjects. In a subvalvular apparatus 

• Large valve orifice (9 cm2, mean gradient <2 mmHg)
• Usually 3 leaflets but variable (up to 6) or with deep clefts and folds
• Very thin, translucent leaflets
• The anterior leaflet is typically the largest, with the greatest motion
• Septal leaflet may be short radially, and is the least mobile

• D-shaped and flat along the septum
• Dynamic (larger in end-systole, early diastole, and atrial systole)
• Average perimeter, 12 cm
• Average area, 11 cm2

• Heterogeneity in muscle and fatty tissues with discontinuous fibrous

• The anterior papillary muscle is the largest, supplying chordal support 
to the anterior and posterior leaflets

• Septal leaflet chordae insert directly into the septum or with multiple, 
small papillary muscles

• An average of 25 chordae with various configuration composed of 
straight collagen bundles (less distensible than mitral chordae)

Tricuspid valve components and surgical anatomy considerations

Leaflets and 
commissures

Tendineous 
chordae and 

papillary muscles

Annulus

Figure 3 Tricuspid valve components and surgical anatomy considerations. 
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lacking the septal papillary muscle, the septal chordae 
tendinae can start directly from the ventricular septum 
heading towards the anterior and septal leaflets. From a 
pathoanatomical point of view, the anterior and posterior 
leaflets of the tricuspid valve are related to the septum and 
may rely on a large anterior papillary muscle situated along 
the anterolateral wall of the RV. Commonly, the number 
of chordae fluctuate from 17 to 36 with an average of 25. 
They are distinguished in five types according to their 
morphology and place of fixing to the leaflet: fan-shaped, 
rough zone, basal, free edge, and deep chordae. Histology 
of the chordae tendinae revealed the presence of collagen 
for approximately 80%, whereas the remaining 20% is 
made of elastin and endothelial cells (42-45).

In the course of a tricuspid valve repair, it is crucial to 
know that the true chordae are connected to the leaflet 
and in most cases spring out from the apical third of 
the papillary muscle, although they can also arise from 
the ventricular wall. The presence of accessory chordae 
tendinae can be misleading for the surgeon because they 
can be generated from the free wall of the RV and the 
trabecula septomarginalis. In addition, the presence of false 
chordae in the subvalvular apparatus is an eventuality that is 
suggested by their insertion in various parts of the RV and 
the possibility of connecting the two papillary muscles, a 
papillary muscle with the ventricular wall, or two points of 
the ventricular wall Figure 4 (42,49). 

Basic pathophysiology

Natural history of functional TR
Functional TR will progress if left untreated (10). Six 
hundred thirty-eight patients who underwent left-sided 
heart valve surgery with no tricuspid valve intervention 
were included in a study by Song et al. (11). It was noted 
that within 5 years of surgery, moderate or severe TR 
was found in 7.3% of those who preoperatively had no or 
trivial TR, and in 20% of those who presented mild TR. 
The survival rate decreased in patients who developed late 
TR. Similarly, Dreyfus et al. (12) described that significant 
late TR occurred in 34% of patients who sustained mitral 
valve repair with no tricuspid valve procedure and this was 
linked to the worse functional class. Moderate-to-severe 
TR was recorded by Matsunaga and Duran (13) in 75% 
of the patients in just three years following mitral valve 
repair for ischemic mitral regurgitation. Another study 
by Calafiore et al. (10) disclosed that 40% of the patients 
presented with worsening severity of TR directly after 
mitral valve surgery where the tricuspid valve had not been 
operated on. A similar situation was observed by Yilmaz  
et al. (15) when the TR grade went up a significant amount 
from 1.84 to 2.11 (P=0.03) in patients during the 5 years 
that followed mitral valve repair; moderate or severe TR 
was seen in 29.4% of patients in comparison with 16.5% 
preoperatively. 

SVC: average length of about 7 cm, maximum diameter of 
about 2 cm, irregular shape

Coronary sinus enters the RA at the commissure between the 
septal and posterior leaflet

Right coronary artery within the AV groove (variable transverse 
distance from annulus)

Bundle of His crosses the septal leaflet attachment 3–5 mm 
posterior to the anteroseptal commissure 

Noncoronary sinus of Valsalva borders the tricuspid anterior-
superior annulus between the noncoronary and right coronary 
sinuses, adjacent to the septal-anterior tricuspid commissure

RA is thin-walled, markedly dilated in advanced disease Large space to maneuver devices but more difficult for imaging

IVC-annular angle may pose issues for devices placement

Little risk for outflow tract obstruction

Venous access considerations for new devices may be limited 
by SVC diameters and non-linear shape

Inflow of the coronary sinus is a good anatomic marker of this 
commissure 

Short (about 3–4 mm) transverse distance along the inferior 
annulus (adjacent to the posterior leaflet)

Aortic sinuses of Valsalva may be used as an anatomic marker 
for the septal-anterior commissure

Risk for AV block with devices in this region. Risk for 
perforation with devices in this region

IVC: the largest vein in the body, normally <2.1 cm

Non continuity between inflow and outflow

Anatomic structures located in proxImIty of the tricuspid valveand 
involved in its surgical handling

Figure 4 Anatomic structures located in proximity of the tricuspid valve and involved in its surgical handling. RA, right atrium; SVC, 
superior vena cava; IVC, inferior vena cava; AV, atrioventricular. 



Journal of Thoracic Disease, Vol 14, No 11 November 2022 4531

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(11):4521-4544 | https://dx.doi.org/10.21037/jtd-22-661

Signs and symptoms of functional TR
The onset of an also mild functional TR, perhaps following 
AF significantly worsens symptoms of the underlying left-
sided heart disease. In addition, the signs and symptoms of 
the right-sided heart failure gradually appear. Actually, TR 
may not produce any symptoms if the patient does not have 
increased values of pulmonary artery pressure. If moderate 
or severe TR exists along with pulmonary hypertension, 
signs and symptoms may include jugular venous distension, 
visible jugular pulse, palpable hepatomegaly, pulsatile liver, 
hepatojugular reflux, as well as swelling of the abdomen, 
feet, and/or ankles. Ascites, important peripheral edema till 
to anasarcatic state, decreased urine output, and irreversible 
liver insufficiency usually appear in more advanced stages 
of disease. Dyspnea, reduced exercise tolerance, and 
generalized weakness are quite always present but to varying 
degrees (10-15).

Stages of functional TR
The natural history of functional TR can be schematically 
divided into stages. The increase in the stage of TR may be 
influenced by factors such as the presence of RV dilation/
dysfunction (tricuspid annular dilation, leaflet tethering), 
pulmonary hypertension, LV dysfunction, and AF. It is 
crucial to deal with significant tricuspid annular dilation 
and leaflet tethering at the time of surgery on the left-sided 
heart, because if not the functional TR may advance. On 
the contrary, it is unlikely that tricuspid valve disease will 
get worse over time in individuals having null or trivial 
dilation of the tricuspid annulus and leaflet tethering (16,17).

Depending on the degree of tricuspid annular dilation 
and leaflet tethering, functional TR can be divided into four 
stages (Table 4) (50,51):
 Stage A: tricuspid annular dilation is absent or 

mild. Tricuspid leaflet tethering is absent. TR is 
absent or trivial;

 Stage B: tricuspid annular dilation is moderate. 
Tricuspid leaflet tethering is mild or moderate. 
TR is frequently mild or even not present, but 
may become more severe over time due to changes 
in RV preload, afterload, and contractility. The 
patients are asymptomatic.

 Stage C: in this stage both the leaflet tethering 
and the tricuspid annular dilation are significant. A 
progressive increase of the following factors such as 
the dilation of the tricuspid annulus, enlargement 
of the RV, and inadequate leaflet coaptation, can 

aid the development of TR. It can develop under 
all physiological conditions, even if the degree of 
deterioration of the condition may be affected by 
the subsequent contributors: RV preload, afterload, 
and contractility. However, the patients remain 
asymptomatic, or only mildly symptomatic, due 
to activation of the cardiovascular compensation 
mechanisms;

 Stage D: both tricuspid annular dilation and leaflet 
tethering are severe. Given the attachment of the 
papillary muscles to the free wall of the RV, severe 
tethering of the tricuspid leaflets occur in addition 
to annular dilation and following progressive 
enlargement of the RV, with regards to its abnormal 
shape or geometry. TR can also be caused when the 
anterior and posterior leaflets are pushed further 
apart and this does not allow coaptation to happen 
with the septal leaflet and the other leaflet(s). The 
patients are symptomatic with signs of right-sided 
heart failure.

Preoperative assessment

Transthoracic echocardiography is the diagnostic imaging 
modality of first choice to assess severity of TR (grading), 
which should be based on qualitative, semiquantitative, 
and quantitative methods. In patients with significant 
TR, transesophageal approach can confirm etiology of 
disease and add additional aspects regarding mechanism of 
regurgitation and probability of treatment strategy success. 
As TR is sensitive to preload and afterload, respirophasic 
variability and changes in loading conditions will introduce 
significant variability in TR severity. To assess TR severity 
prior to consideration for intervention, it is recommended 
that the patient be in a euvolemic state, with measurements 
performed during quiet respirations, and 5–10 beats 
averaged when the rhythm is irregular. Blood pressure 
and heart rate should be recorded. The tricuspid annular 
dilation and leaflet tethering, as well as the pulmonary 
artery pressure values and the RV and LV function have to 
be evaluated before surgery. Cardiac magnetic resonance 
imaging (CMRI), three-dimensional echocardiography, and 
exercise testing may be useful diagnostic tools to improve 
evaluation of tricuspid valve as well as of the RV and LV 
morphology and function (Table 5) (41,51). A 5-grade TR 
classification based on objective quantitative parameters has 
been recently introduced by Hahn et al. (41). 
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Tricuspid annular dilation
The tricuspid annular diameter can be measured by 
transthoracic echocardiography in a four-chamber view. 
The starting point to take this measurement is the middle 
of the septal annulus and it goes up until the middle of the 
anterior annulus. If the diameter is greater than or equal to 
40 mm (or 21 mm/m2) in diastole, it should be considered 
dilated (18,19,54,55). The tricuspid annular diameter, 
similarly with TR severity can also be affected by the RV 
preload, afterload, and contractility. 

The diameter of the tricuspid annulus obtained 
using transthoracic echocardiography differs from the 
intraoperative surgical measurement. If we proceed in an 

intraoperative manner, the measurement of the tricuspid 
annular diameter within a heart at rest is taken. We measure 
the annular diameter from the anteroseptal commissure 
to the anteroposterior commissure. Unlike in the case of 
echocardiographic measurements, this is easily reproducible 
because it has a fixed dimension and remains unchanged 
regardless of different physiological conditions. If the 
diameter is assessed to be greater than 70 mm, the tricuspid 
annulus should be considered significantly dilated; this fact 
occurred in 48% of patients undergoing mitral valve surgery 
in a study by Dreyfus et al. (12). Surgical measurement of the 
tricuspid annular diameter corresponds to the one obtained 
by transesophageal echocardiography (transgastric view).

Table 4 Stages of functional TR (50,51)

Stage Definition Valve anatomy Valve hemodynamics† Hemodynamic 
consequences

Symptoms and 
presentation

A. At risk of TR Normal No or trace TR None None

Early annular dilation

B. Progressive TR Early annular dilation Central jet area <50% of RA area None None

Moderate leaflet tethering Vena contracta width <0.7 cm

EROA <0.40 cm2

Regurgitant volume <45 mL

C. Asymptomatic 
severe TR

Severe annular dilation  
(≥40 mm or 21 mm/m2)

Central jet area >50% of RA area RV and RA dilation Increased venous 
pressure

Marked leaflet tethering Vena contracta width ≥0.7 cm Increased RA pressure 
with “c-V” wave

No symptoms

EROA ≥0.40 cm2

Regurgitant volume ≥45 mL

Dense continuous wave signal with 
triangular shape

D. Symptomatic 
severe TR

Severe annular dilation  
(≥40 mm or >21 mm/m2)

Central jet area >50% of RA area RV and RA dilation Increased venous 
pressure

Marked leaflet tethering Vena contracta width ≥0.7 cm Increased RA pressure 
with “c-V” wave

Dyspnea on exertion, 
fatigue, ascites, 
edema

EROA ≥0.40 cm2

Regurgitant volume ≥45 mL

Dense continuous wave signal with 
triangular shape

Hepatic vein systolic flow reversal
†, several valve hemodynamic criteria are provided for assessment of severity of TR, but not all criteria for each category will necessarily 
be present in every patient. Categorization of severity of TR as mild, moderate, or severe also depends on image quality and integration 
of these parameters with clinical findings. “c-V” wave, systolic positive wave. TR, tricuspid regurgitation; RA, right atrial; EROA, effective 
regurgitant orifice area; RV, right ventricular. 
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Tricuspid leaflet tethering
Transthoracic echocardiography in a four-chamber view 
is the optimal method for determining the severity of the 
tricuspid leaflet tethering. However, transthoracic approach 
can provide extremely good views also from the parasternal 
long axis (RV inflow), the modified apical two-chamber 
view of the right heart, not to mention transesophageal 
echocardiography. It is crucial to assess the tethering height 
which is obtained by measuring how far apart the coaptation 
point of the anterior and septal leaflets (or theoretical 
coaptation point if no leaflet coaptation is found) is from 
the plane of the tricuspid annulus. This distance can also 
be called coaptation depth, or tenting height. Coaptation 
depth of greater than 8 mm at end-systole is considered 
significant (6,19).

Indications for surgery

There is a substantial agreement concerning the indications 
for surgery of functional TR between the 2021 European 
Society of Cardiology (ESC)/European Association for 
Cardio-Thoracic Surgery (EACTS), the 2020 American 
Heart Association (AHA)/American College of Cardiology 
(ACC), and the 2020 Japanese Circulation Society (JCS)/
Japanese Society for Cardiovascular Surgery (JSCS)/
Japanese Association for Thoracic Surgery (JATS)/Japanese 
Society for Vascular Surgery (JSVS) guidelines for the 
management of valvular heart disease (51-53). 

Patients having severe TR and undergoing left-sided 
valve surgery should have the tricuspid valve operated upon 
as well. Furthermore, the surgical treatment may also be 
indicated for lower degrees of TR, and this approach should 
be well taken into consideration. The level of evidence for 
this recommendation (to date, IIa for moderate TR, and IIa/
IIb for mild TR) is bound to increase. A recently published, 
randomized controlled trial that explored outcomes at  
2 years of patients having degenerative mitral regurgitation 
combined with moderate TR or less-than-moderate TR 
with annular dilation, and undergoing mitral valve surgery 
with or without tricuspid valve annuloplasty, has shown 
less frequent progression to severe TR in patients who had 
concomitant tricuspid annuloplasty (56). It is customary 
to measure the tricuspid annular dilation during left-sided 
heart surgery using transthoracic echocardiography. If  
≥40 mm dilation is noted preoperatively, or >70 mm 
measured intraoperatively, it is best practice to intervene 
in these cases as well. In the absence of annular dilation 
but the presence of documented signs and symptoms of 

right-sided heart failure, tricuspid valve surgery should be 
considered also for patients with mild or moderate TR (2020 
AHA/ACC guidelines). According to the 2020 JCS/JSCS/
JATS/JSVS guidelines, surgery may also be considered 
in presence of mild TR combined with persistent AF. 
Reoperations on the tricuspid valve entail very high risk (3), 
hence why concomitant surgery at the time of the left-sided 
heart surgery is recommended. Reoperation for isolated, 
severe TR should be considered in patients with signs and 
symptoms of progressive RV dilation/dysfunction, provided 
that there are no severe RV/LV dysfunction, pulmonary 
hypertension, or irreversible liver dysfunction (2020 
JCS/JSCS/JATS/JSVS guidelines). Finally, transcatheter 
treatment of symptomatic severe TR may be considered in 
inoperable patients at a Heart Valve Centre with expertise 
in the treatment of tricuspid valve disease (2021 ESC/
EACTS guidelines) (Table 5).

As stated before, it is suggested that a surgical operation 
on the tricuspid valve should take place if the tricuspid 
annular diameter detected is higher or equal to 40 mm 
using transthoracic echocardiography and higher than  
70 mm when using an intraoperative approach. Nonetheless, 
the ideal limit beyond which surgical intervention would 
be advantageous has yet to be identified and evidence has 
shown that a lower value should be utilized (7,10,52).

Surgical therapy

The optimal anatomical acquaintance of the entire structure 
of the tricuspid valve and its morphofunctional relationship 
with the RV is crucial in approaching tricuspid valve 
surgery. In the course of tricuspid valve repair operation, 
the coaptation of the tricuspid valve is usually at, or just 
below, the annulus plane and the coaptation length is 
measured at 5 to 10 mm (42). Excessive coaptation length 
should be taken into account for homograft usage to replace 
the tricuspid valve (46-48). Likewise, it is important to focus 
on the fact that the length of the chordae tendinae is fixed. 
Consequently, the displacement of the ventricular septum 
or of the RV free wall may affect the coaptation of the 
tricuspid leaflets. This means that wider coaptation length 
may function as a ‘reserve’ when performing restrictive 
annuloplasty. Finally, the network of chordae can meddle 
with catheters and devices used during the interventional 
cardiological approach, making a transcatheter tricuspid 
valve procedure more challenging (Figures 3,4). 

When possible, surgical repair of the tricuspid valve 
should be favored over replacement. A wide area of leaflet 



Gatti et al. Surgery of functional TR today4536

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(11):4521-4544 | https://dx.doi.org/10.21037/jtd-22-661

coaptation should be the goal of any repair. Another 
objective is trying to preserve adequate mobility of the 
leaflet, as well as aiming to bring back the annulus to its 
original size and geometry. 

A clinical algorithm for the management of secondary 
TR based on transthoracic echocardiography is depicted 
in Figure 5. In brief, assessment of functional TR begins 
with evaluation of the diseased tricuspid valve and 
right-sided pressure measurements with transthoracic 
echocardiography. Following this, severity of disease and 
the presence of signs and symptoms of heart failure are used 
to suggest intervention. Lastly, referral to a specialist heart 
team is recommended for guiding any procedure.

Tricuspid valve annuloplasty
Tricuspid ring annuloplasty is the most common technique 
of tricuspid valve repair today (20). A 32-mm ring is 
frequently used for males and a 30-mm ring for females, 
even though direct sizing would always be preferable (12). 
The anterior leaflet and a minute part of the posterior 
share the characteristic that their chordae stem from the 

same papillary muscle. A preferred manner through which 
they can be unfolded is by exerting traction on the chordae 
which support them. It is possible to measure the unfolded 
leaflets by using a ring sizer.

The most common option is to select a ring of the same 
measurement. However, if undersizing is preferred, a smaller 
one is selected. Typically, every tricuspid annuloplasty ring 
has to be interrupted (it should be called more properly 
incomplete ring or band) due to the strict topographic 
interrelation of the tricuspid valve to the atrioventricular 
node. Since the depth of the tricuspid annulus is greater 
in the septal annulus than it is in the anterior one, the 
ideal tricuspid annuloplasty ring (or band) should respect 
this peculiar morphology and be either flexible [e.g., 
the Duran AnCore Annuloplasty System (Medtronic 
Comp.; Brampton, ON, Canada), the Cosgrove-Edwards 
Annuloplasty System (Edwards Lifesciences Corp., Irvine, 
CA, USA), and the Koehler Mitral Repair System (Koehler 
Medical Ltd., Swillington, Leeds, UK)] or semi-rigid, to be 
manually shaped into this geometry [e.g., the Simulus Semi-
Rigid Annuloplasty Band (Medtronic Comp.) and the classic 

Management of 
functional TR (51)

Assess clinical context
Distinguish for functionalTR

Right-sided HF 
(diuretic)

COR: IIb; 
LOE: B-NR

COR: IIa; 
LOE: B-NR
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Figure 5 Clinical algorithm for the management of functional TR based on TTE (according to The 2020 American Heart Association/
American College of Cardiology guideline for the management of patients with valvular heart disease) (51). TR, tricuspid regurgitation; 
TTE, transthoracic echocardiography; IVC, inferior vena cava; RA, right atrium; RV, right ventricle/right ventricular; PAP, pulmonary 
artery pressure; COR, class of recommendation; LOE, level of evidence; PVR, pulmonary vascular resistances; LD, limited data; NR, 
nonrandomized; TV, tricuspid valve; HF, heart failure; GDMT, guideline-directed medical therapy; PH, pulmonary hypertension; LVEF, 
left ventricular ejection fraction.
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Carpentier-Edwards Tricuspid Annuloplasty Ring (Edwards 
Lifesciences Corp.)] (9,20,21). A more recent version of the 
rings has been thought for tricuspid annuloplasty, i.e., the 
Carpentier-Edwards Physio Tricuspid Annuloplasty Ring 
(Edwards Lifesciences Corp.), the Edwards MC3 Tricuspid 
Annuloplasty Ring (Edwards Lifesciences Corp.), and the 
Contour 3D Tricuspid Annuloplasty Ring (Medtronic 
Comp.), that have the characteristic of being preemptively 
shaped into the desired geometry (22-24).

To achieve a reduction annuloplasty, horizontal mattress 
sutures are the preferred choice. They are positioned 
commencing from the anteroseptal commissure and in a 
circular motion that goes up until the anterior and posterior 
annulus. The middle of the septal annulus is where they 
finish, right above the coronary sinus, taking great care to 
avoid the atrioventricular node. The next maneuver is to 
separate the leaflet from the annulus, by pulling them away 
from one another; the goal is to provide better clarity on 
the type of hinge that should be used for the next suture 
placement. The next step is then to pass the sutures through 
the annuloplasty ring sewing band while keeping an equal 
spacing at the anterior and posterior annulus.

The annuloplasty ring has the great task of restoring 
the dilated tricuspid annulus to its normal size and shape, 
uniting the leaflets and increasing coaptation, therefore 
obtaining valve competency. As the annuloplasty ring 
does not correct leaflet tethering (in fact it increases it), 
it is unlikely that it may be effective on a long-term basis 
if it is the only strategy used in dealing with significant 
leaflet tethering. Therefore, it is necessary to include other 
repair techniques in the process for having a better chance 
of increasing the surface of coaptation. Tricuspid valve 
replacement might be considered in cases of extreme leaflet 
tethering (25-27,57). Nowadays, suture annuloplasty is less 
and less frequently adopted. The De Vega repair utilizes 
a double-pledgeted suture that starts at the anteroseptal 
commissure, curving right around until the anterior and 
posterior annulus is reached, and terminating just beyond 
the posteroseptal commissure. An important part of the 
procedure is to tie the suture over a sizer, also called an 
obturator, to reduce the annulus to the desired size (26). 
This strategy has the advantage of reducing the tricuspid 
annular size and improving leaflet coaptation. However, 
the drawback is that its original geometry is never fully 
recovered.

Tricuspid leaflet augmentation 
Recent studies have demonstrated that: (I) annuloplasty 

on its own is not an effective method in addressing 
leaflet tethering; (II) when dealing with significant leaflet 
tethering, it is pivotal to restore the leaflet surface area to 
provide the right conditions for coaptation yielding the 
highest possibility of the leaflets overlapping one another; 
this ensures a correct valve competency (7,25).

According to these two very important concepts, 
tricuspid leaflet augmentation should be adopted specifically 
for patients who present with significant leaflet tethering 
caused by RV dilation and the displacement of the papillary 
muscle (27,57). This method rectifies the tethering effect of 
the dilated RV by widening the anterior tricuspid leaflet (and 
its surface of coaptation) and therefore the coaptation zone 
is reduced down into the RV, into the level of the restricted 
posterior and septal leaflets. A preferred choice is the 
anterior leaflet due to its characteristic of being most often 
the restricted leaflet. This is caused by the fact that the 
papillary muscle belonging to it is attached to the anterior 
wall of the RV. It is also gifted with the property of being 
the most easily enlargeable. 

The anterior leaflet is separated from its annular bond 
along the entirety of its length. A patch of autologous 
pericardium is pre-treated with 0.6% glutaraldehyde; it 
is then cut into an oval shape (this is done for it to avoid 
shrinkage). The native leaflet is transformed into the new 
coaptation surface and the pericardial patch develops as the 
primary body of the leaflet. An important measurement 
is the height of the patch to be the greatest length that 
separates the annulus from the detached leaflet. Instead, 
its diameter is considered by assessing the interval that sets 
the anteroseptal and the anteroposterior commissure apart. 
Each commissure, the middle of the anterior annulus, to 
the detached anterior leaflet, and lastly to the annulus, are 
all components onto which the patch has to be secured. 
The chosen suture is a running 5/0 interlocked one. An 
annuloplasty ring is implanted to strengthen the repair. 
The autologous pericardial patch has the great advantage of 
increasing the surface of coaptation by a factor of three, and 
favors the attainment of leaflet coaptation, free of tension, 
within the RV, at the septal and posterior leaflet levels (27,57). 

Other repair techniques
A repair technique obtains tricuspid valve bicuspidisation 
through the operation of suturing the anteroposterior and 
posteroseptal commissure. To do this, a double pledgeted 
2/0 ethibond mattress suture is adopted, therefore joining 
them along the posterior annulus. Once the suture is tied, 
the effect is to obliterate the posterior leaflet and annulus 
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and reduce the annular size (28).
The clover technique achieves valve continence because 

it uses a 5/0 polypropylene suture to tie the boundaries 
of the three leaflets together with one another at their 
midpoints. The repair is usually aided by an annuloplasty. 
This technique has been used in cases of severe (organic) 
TR due to trauma, myxomatous degeneration, or extreme 
leaflet tethering (29). In this last case, the drawback is that 
it restricts leaflet motion even more and worsens leaflet 
tension, and does not alleviate the tethering effect of the 
dilated RV.

Another repair technique involves the transposition of 
the papillary muscle from the anterior free wall of the RV to 
the septum (papillary muscle septalization). It has the same 
indications as the tricuspid leaflet augmentation and the 
clover technique (30).

Tricuspid valve replacement
Tricuspid valve replacement is exceptionally used to treat 
functional TR, usually following previous failed repairs 
(this fact explains the limited number of studies dealing 
with tricuspid valve replacement for functional TR, that 
have been included in the present review). In these very 
rare cases, biologic valves are universally preferred owing 
to the increased risk of thrombosis in the right heart due 
to slower blood flow. However, a mechanical substitute 
might be considered for young patients in the presence of 
conditions requiring long-term oral anticoagulation such as 
permanent AF, a history of pulmonary embolism, or a left-
sided mechanical valve. The need, current or future, for an 
intraventricular pacemaker would contraindicate the choice 
of a mechanical valve, though epicardial pacemakers can be 
an alternative option. No significant difference in survival 
or reoperation rates between the use of mechanical and 
biological valves in the tricuspid position (31,32,58).

Choice of surgical option based on the stage of 
functional TR 
The choice among all the available surgical techniques for 
treating functional TR depends on the advancement of the 
disease. In the so-called stages B and C, where tricuspid 
annular dilation is present but severe leaflet tethering 
is absent, the adoption of ring annuloplasty alone can 
provide good results, although, if necessary, in stage C a 
more substantial ring undersizing may have to be adopted. 
In stage D of the disease, where there is a combination 
of severe tricuspid annular dilation and severe leaflet 
tethering (coaptation depth >8 mm), the isolated presence 

of ring annuloplasty is linked to significant recurrent 
TR; additional techniques such as the anterior leaflet 
augmentation, the clover technique, or the papillary muscle 
septalization are necessary to achieve late durability of 
repair; exceptionally, tricuspid valve replacement also may 
be carried out. Concomitant ablation of AF may be helpful. 
Good long-term outcome of concomitant surgery of left-
sided heart diseases is a required condition.

Surgical results

In the case of functional TR, a satisfying outcome has been 
recorded using tricuspid valve annuloplasty in individuals 
presenting with dilation of the tricuspid annulus and mild-
to-moderate TR at the time of mitral valve surgery. In 
a particular study, it was shown that 97% of individuals 
with very limited or even completely absent traces of TR 
had improved symptoms of heart failure six years after 
their procedure in comparison with patients who had not 
undergone tricuspid valve repair (12). RV reverse remodeling 
was provoked by tricuspid valve annuloplasty (16). However, 
tricuspid annuloplasty is a less successful procedure in 
patients with severe TR; due to the reappearance of this 
disease within the range from 15% up to 39% of individuals 
within the case study (24,32). Risk factors correlated with 
the lack of success of the operation include preoperative 
severe TR, tricuspid annular dilation and leaflet tethering, 
impaired RV and LV function, pulmonary hypertension, 
and persistent AF, as well as permanent intraventricular 
pacemaker and suture annuloplasty use (15,25,34-36,51,52). 
Tang et al. reported a 15-year freedom from recurrent TR 
of 39%±11%, for suture annuloplasty (De Vega procedure), 
and 82%±5% for ring annuloplasty (P=0.003) (33). A strong 
link (P<0.0001) between significant recurrent TR and new 
left-sided valvular lesions, primarily mitral regurgitation, 
was also shown (36). Flexible and rigid (or semi-rigid) ring 
annuloplasty seem to be equally effective in the long-term 
treatment of functional TR (37,59). Flexible rings could 
offer specific benefits (over rigid and semi-rigid rings) 
due to the inherent flexibility and the simpler design and 
technique of implantation, at least on a speculative basis. 
First, there is a lower risk of device dehiscence or fracture 
and tricuspid stenosis, even after undersized annuloplasty. 
Second, there is virtually no risk of injuring the conduction 
tissue and the right coronary artery, or the aortic box during 
implantation within a beating heart. Third, flexible rings 
could best preserve RV function and help RV functional 
recovery after surgery. Nevertheless, despite all these 
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benefits, there is no evidence of the superiority of flexible 
over rigid (or semi-rigid) tricuspid annuloplasty rings. If 
anything, the opposite may be true. The present authors 
have shown indeed that there could be two different patterns 
of RV reverse remodeling, which would be more complete 
when a rigid ring had been used (37). Even though a more 
significant undersizing of the annuloplasty ring may affect 
the durability of the process (38), supplementary repair 
techniques would be necessary when severe tricuspid leaflet 
tethering is present. The survival rate is not as good in 
people developing recurrent TR and the estimated risk of 
needing an additional operation is very high, up to about 
40% (34). While encouraging early results have been 
achieved using either the tricuspid leaflet augmentation or 
the clover technique (27,29,57), at least moderate TR has 
been reported in 25% of patients at 3 years with the suture 
bicuspidisation technique (28). Only one preliminary clinical 
experience has been reported to date on papillary muscle 
septalization (30). 

The mortality rate for tricuspid valve replacement is 
said to be up to 22%. These poor results are primarily 
connected to the severity of the disease in the patients, in 
whom multiorgan failure is frequently present. Complete 
heart block needing a permanent pacemaker is a recognized 
complication in up to 30% of patients (31,32,58).

Yet, no significant differences in postoperative outcomes 
have been shown when the surgical technique had been 
adopted according to a specific preoperative evaluation and 
decision-making process. This fact, albeit desirable, is very 
difficult to prove.

Special topics

Predicting mortality in patients with TR
Classic surgical risk stratification tools such as the Society 
of Thoracic Surgeons (STS) and the European System 
for Cardiac Operative Risk Evaluation (EuroSCORE) 
scores fail to predict perioperative mortality if there was 
evidence of severe liver dysfunction (60). As TR may cause 
damage to liver and kidney function, the Model for End-
Stage Liver Disease excluding international normalized 
ratio (MELD-XI) and the model with albumin replacing 
international normalized ratio [Model for End-Stage 
Liver Disease including albumin (MELD-Albumin)] 
scores, which include both liver and kidney function 
indexes, may predict mortality in patients with TR, at least 
from a theoretical point of view. This concept has been 
recently confirmed by Lv et al. (61) who have shown that 

MELD-XI [net reclassification index (95% confidence 
interval), 0.237 (0.138–0.323)] and MELD-Albumin scores 
[net reclassification index (95% confidence interval), 
0.220 (0.122–0.302)] provided incremental prognostic 
information, and could play important roles in risk 
assessment in patients with significant TR. 

R e c e n t l y,  t w o  p r e d i c t i o n  m o d e l s  h a v e  b e e n 
independently devised to stratify preoperatively the risk of 
mortality and major morbidity for symptomatic patients 
with severe TR undergoing isolated tricuspid valve surgery. 
The first model, Clinical Risk Score (62), was developed, 
using multiple-level mixed effects regression, from the STS 
database records (2,050 isolated tricuspid valve operations 
for any etiology performed at 50 hospitals between 2002 
and 2014); according to this model (area under the receiver-
operating characteristics curve, 0.74), age, sex, stroke, 
hemodialysis, ejection fraction (EF), lung disease, New 
York Heart Association class, reoperation, and urgent or 
emergency status were independent predictors of mortality. 
The second model, TRI-SCORE (63), was developed, using 
multivariable logistic regression, from records of 12 French 
centres (466 isolated tricuspid valve operations for non-
congenital etiology performed between 2007 and 2017); age 
≥70 years, New York Heart Association class III–IV, right-
sided heart failure signs, daily dose of furosemide ≥125 mg, 
glomerular filtration rate <30 mL/min, elevated bilirubin, 
LVEF <60%, and moderate/severe RV dysfunction 
(apparent and bias-corrected areas under the receiver-
operating characteristics curves, 0.81 and 0.75, respectively; 
much higher than the logistic EuroSCORE, 0.67, or 
EuroSCORE II, 0.63). Both scores were proposed to 
inform patients and physicians regarding the risk of isolated 
tricuspid valve surgery and guide the clinical decision-
making process of patients with severe TR, especially as 
transcatheter therapies are emerging.

Residual TR in patients with left ventricular assist 
device (LVAD) 
Preoperative functional TR is frequently present in 
patients with left cardiomyopathy in need of LV mechanical 
support. Implantation of an LVAD generally improves TR 
on a short-term basis. However, the clinical significance 
of residual TR in LVAD-patients with longer follow-up is 
unknown. In a study performed by Nakanishi et al. (64) on a 
cohort of 127 patients who underwent LVAD implantation 
without tricuspid valve procedure, LVAD implantation 
significantly improved the ratio of TR color jet area/
right atrial area as well as LV and RV systolic function and 
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tethering distance (all P<0.05), whereas it enlarged the 
tricuspid valve annulus (P=0.002), with significant residual 
TR observed in 30 (23.6%) patients; age, preoperative 
tricuspid valve annulus diameter, and residual mitral 
regurgitation were significantly associated with significant 
residual TR (all P<0.05), whereas TV tethering was not; 
during a mean follow-up of 21±17 months, patients with 
residual TR had significantly higher mortality than those 
without residual TR (log-rank, P<0.001). 

The effect of concomitant tricuspid valve repair/
replacement with LVAD implantation has been explored 
by Fujino et al. (65) in a retrospective observational study 
on 194 patients (in 108 patients, tricuspid valve surgery was 
performed in addition to LVAD implantation). Based on 
the results of this study, concomitant tricuspid valve surgery 
combined with LVAD implantation improved TR in most 
patients but did not have an impact on clinical outcomes. 
Significant postoperative TR after LVAD implantation, 
in patients with and without tricuspid valve surgery, was 
associated with worse heart failure-free outcomes.

Uncorrected TR pre-LVAD and post-LVAD are 
associated with increased early and late mortality. 
Nevertheless, on average, TR diminishes progressively 
without intervention after an LVAD implant. Therefore, 
the patient selection for concomitant tricuspid valve surgery 
should not be based solely on TR grade (66). 

Assessment of functional TR: the role of CMRI
The search for suitable tricuspid transcatheter devices has 
fueled renewed enthusiasm for the accurate characterization 
of tricuspid valve disease. CMRI, traditionally used 
as the gold standard in the assessment of RV size and 
function, has recently seen its use expanded to assess both 
the structure and function of the tricuspid apparatus. 
CMRI has the advantage of high spatial resolution and 
excellent endocardial border delineation. These aspects 
are specifically valuable for the assessment of complex RV 
structure and function. TR can be qualitatively assessed by 
the signal drop (spin, dephasing) that occurs within areas 
of non-laminar flow/areas of flow acceleration. Due to only 
modest correlation with quantitative assessment, grading 
TR severity by qualitative assessment is limited. From a 
technical perspective, CMRI is an optimal method for 
quantitating TR and there is satisfactory accuracy between 
echocardiographic and CMRI for TR quantification but 
often a deviation by 1 grade of severity. Intra- and inter-
rater reproducibility was demonstrated to be adequate 
for CMRI assessed regurgitant volume and fraction. One 

advantage is that the reference stroke volume can be 
calculated reliably from three different methods (phase 
contrast imaging from the pulmonic valve or aortic valve, 
and volumetric LV stroke volume) (41). A recent study 
has demonstrated the prognostic value of the regurgitant 
volume and fraction by CMRI regarding subsequent 
mortality in an all-comer cohort (67). Another important 
feature of CMRI is tissue characterization. Late gadolinium 
enhancement and more recently T1 mapping as well as 
extracellular volume quantitation can provide information 
about myocardial impairment and fibrotic remodelling. 
Limitations of CMRI include the presence of arrhythmias 
and transvalvular pacemaker leads often present in patients 
with TR. More validation and differences in specific patient 
cohorts will be mandatory to strengthen the role of CMRI 
TR quantification in clinical practice (41,53,67,68).

Conclusions

A strict evaluation of the tricuspid valve should be always 
performed in patients undergoing left-sided valve surgery. 
In the case of concomitant functional TR, the decision 
regarding surgical correction and option of treatment 
depend on TR severity, tricuspid annular dilation, and 
tricuspid leaflet tethering, as well as on the presence of 
signs and symptoms of right heart failure and pulmonary 
hypertension. CMRI, real-time three-dimensional 
echocardiography, exercise echocardiography, and 
cardiopulmonary exercise tests may be useful companion 
tools for standard diagnostics. Lastly, following the 
relentless progress of technology, the percutaneous 
techniques for treating TR are gaining increasing success 
and could be even preferred to surgery for a few specific 
cases in the near future.
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