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Abstract

Tricuspid regurgitation (TR) has a considerable prevalence in the overall population, that further increases in selected categories of
patients. Three morphologic types of TR prevail, namely primary, secondary and atrial TR, mostly, but not always, occurring in different
subsets of patients. Recent evidences demonstrate a negative impact of TR on outcomes, irrespective of etiology and even when less
than severe in grading. Unfortunately, current surgical standards are void of strong prospective evidence of positive impact on clinical
outcomes. While on one hand recent advances in diagnosis and risk stratification of patients with TR are shedding light onto the population
that may benefit from intervention and its appropriate timing, on the other hand the arrival on stage of percutaneous treatment options
is widening even more the therapeutic options for such population. In this review we will address and discuss the available evidence on
the prognostic impact of TR in different clinical contexts encountered in practice.
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Progressive accrual of insights into the prevalence,
pathophysiology, natural history and clinical relevance of
tricuspid regurgitation (TR) has been witnessed in recent
years [1–4], and treatment of TR gradually shifted from a
conservative to a more interventional therapeutic and pre-
ventive approach. Advances in echocardiographic tech-
niques have been accomplices for such radical changes in
management. Three different types of TR can be distin-
guished, that is primary, secondary and atrial TR (Fig. 1).
While primary TR is due to an abnormality of the tricus-
pid valve (TV) apparatus, TR may be caused by dilation of
TV annulus, right ventricular (RV) remodeling and leaflet
tethering secondary to left heart disease and pulmonary hy-
pertension (secondary TR), or caused by atrial fibrillation
(AF) and right atrium (RA) remodeling (atrial TR) [4–6].
Secondary TR is the most common manifestation of TV
disease, and has traditionally been considered a benign dis-
ease manageable with diuretic therapy and by addressing
left heart disease. On the other hand, growing evidence has
shown deleterious outcomes of untreated TR irrespective of
left or right ventricular function and pulmonary hyperten-
sion in the surgical, percutaneous, and heart failure popu-
lations studied [7,8]. In light of this evidence and the mor-
tality risk associated with surgical intervention in candidate
patients at high risk, novel transcatheter devices have been
developed to address this unmet clinical need. This review
will address the available evidence concerning the prognos-
tic impact of TR in the different contexts with a particular
focus on secondary TR (Table 1, Ref. [2,8–23]).

1. Natural history of tricuspid regurgitation
TR is a common echocardiographic finding, reported

in up to 70 to 90% of adults [1] and clinically relevant TR
is found in approximately 4% of subjects aged 75 years
[2]. Historically, the management of TR by the medical
community has been to treat it medically, driven by the be-
lief that it would resolve upon resolution of the underlying
cause [7,24–26]. Nonetheless, recent evidence from several
studies suggests not only that significant TR impacts neg-
atively patient prognosis (Fig. 2) [7,15,22], but also that it
does so more and more for every increase in grade of sever-
ity [23,27]. This might be well explained by the fact that
chronic RV volume overload due to self-perpetuating sig-
nificant TR may result in progressive RV dilation and re-
modeling, which in turn might then lead to progressive ir-
reversible RV myocardial damage and symptomatic right
heart failure [28]. In advanced stages, low cardiac output
might not only be due to the relevant amount of regurgitant
flow at expense of forward flow, but also due to the inability
to proportionally increase cardiac output to metabolic needs
related to increased left heart pressures caused by diastolic
ventricular interaction and pericardial restraint [29,30]. In
the end, such natural history suggests a non-marginal role of
TR in disease, especially upon the onset of the vicious cycle
encompassing RV myocardial damage and remodeling.
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Fig. 1. Classification of types of tricuspid regurgitation and related mechanisms. The three main types of TR are associated with
different mechanisms of disease, which may overlap. CIED, cardiovascular implantable electronic device; LV, left ventricle; RA, right
atrium; RV, right ventricle.

2. Innocent bystander or covert foe—does
severity of regurgitation matter?

Of note, whether TR predicts mortality independently
from left-sided valve disease, pulmonary hypertension, RV
dysfunction and other comorbidities has only recently been
investigated in a more punctual and thorough manner [7,
15,31]. Not surprisingly, the severity of disease does play a
central role:

- Severe TR is associated with increased risk of mor-
tality when compared with patients with no TR in retrospec-
tive registries, with reported overall mortality rates at 1-year
of up to almost 50% vs. 8%, respectively [7,23]. Of note,
the association of severe TR with increased overall mortal-
ity persists when adjusting also for RV function, with more
than 40% increase in events as compared with patients with
no TR [23].

- Moderate TR also yields a 15% increase in mortal-
ity when compared with no or minimal TR [23]. Patients
with moderate or severe primary or secondary TR from a

comprehensive, although heterogeneous, large-scale meta-
analysis including more than 30,000 patients [27] had dou-
ble the risk of overall mortality when compared with no
or minimal TR. Such results might allow inference on the
generalizability of the dreadful prognostic impact of TR in
different settings, irrespective of the underlying etiology
[2,7,22,32–34].

- Mild TR has been linked to increased mortality as
well [27]. This might be related to the progressive nature
of TR, and the fact that TR progression is paralleled by
worse outcomes [35–37]. Also, the rapidity of significant
TR development impacts all-cause mortality [33,36]. Pres-
ence of pacemaker or defibrillator leads, surgical left-sided
valvular treatment, elevated pulmonary pressures, increase
of RV sphericity, tricuspid annular dilatation and increased
TV tenting area predict fast development of significant TR
[35], and could reveal useful for early identification of pa-
tients at risk and intervention before onset of irreversible
right ventricular dysfunction.
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Table 1. Selected evidence on outcomes in patients with tricuspid regurgitation in different clinical settings.

Year, author N Population
Follow-up
(years)

Main results

Mitral valve disease 2003, Henein et al. [9] 42 MVR for rheumatic disease 5 50% vs. 100% survival in patients with severe vs. mild TR
2004, Ruel et al. [10] 708 MVR 5 Increased risk of mortality with persistent TR (HR 2.17)
2009, Di Mauro et al. [11] 165 Mitral valve surgery for secondary MR 5 Increased risk of mortality with moderate or more vs. mild or less

TR (HR 3.1)
2014, Ohno et al. [12] 146 TEER for secondary MR 1 Moderate/severe TR predicted death and re-hospitalization for heart

failure (HR 2.67)
2020, Hahn et al. [13] 599 Medical therapy alone or medical therapy and

TEER for secondary MR
2 Increased risk of death and hospitalization for heart failure if mod-

erate or more TR treated with medical therapy alone (HR 1.74)
2020, Essayagh et al. [14] 5083 Primary MR 10 Increased adjusted risk of mortality with moderate (HR 1.40) and

severe TR (HR 2.10)

LV dysfunction 2002, Koelling et al. [15] 1,421 Left ventricular ejection fraction 35% or less 1 Increased adjusted risk of poor outcome with severe TR (HR 1.55)
2012, Agricola et al. [16] 373 Heart failure, left ventricular ejection fraction

<50% and mild or more secondary MR
3 Moderate to severe functional TR independently predicted heart

failure (HR 1.4) and mortality (HR 1.6)
2013, Neuhold et al. [17] 576 Congestive systolic heart failure 6 Increased risk of death/heart transplantation/left ventricular-assist

device implantation in patients with TR (HR 2.07)
2019, Benfari et al. [8] 11,507 Heart failure stage B–C, left ventricular ejection

fraction <50%
4 Increased adjusted risk of mortality with mild (HR 1.09), moderate

(HR 1.21) and severe TR (HR 1.57) vs. trivial TR
2019, Bartko et al. [18] 382 Heart failure and reduced ejection fraction 5 0.9% and 1.3% increased risk of mortality per 1 mm2 increase in

EROA and 1 mL increase in regurgitant volume, respectively

Aortic valve disease 2021, Tomii et al. [19] 2,008 TAVI 1 Excess risk of mortality with severe (90%) and massive TR (117%)
after TAVI

Other settings 2004, Messika-Zeitoun et al. [20] 60 TR due to flail leaflets 10 Excess risk of mortality (39%) with severe TR when compared to
matched United States population

2014, Hoke et al. [21] 239 CIED-related TR 5 Increased risk of mortality and heart failure-related events with sig-
nificant TR (HR 1.69)

2014, Topilsky et al. [22] 353 Atrial TR 6 Increased risk of mortality with qualitatively and quantitatively
measured severe TR (HR 1.78 and 2.67, respectively)

2019, Topilsky et al. [2] 417 Moderate or more TR of various etiologies
(8.1% atrial TR)

Up to 15 Increased risk of mortality with atrial TR (HR 1.68)

2020, Chorin et al. [23] 33,305 TR of various etiologies 3 Increased risk of mortality with moderate (1.15) and severe TR
(1.43) vs. no or minimal TR

EROA, effective regurgitant orifice area; HR, hazard ratio; MR, mitral regurgitation; MVR, mitral valve replacement TEER, transcatheter edge-to-edge repair; TR, tricuspid
regurgitation.3
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3. Tricuspid regurgitation in mitral valve
disease

TR is frequently present in patients with primary and
secondary mitral valve disease, and may occur also late
after mitral valve intervention [15,38–42]. For this rea-
son, aggressive correction with tricuspid annuloplasty at the
time of mitral valve surgery is actually encouraged.

3.1 Tricuspid regurgitation in rheumatic primary mitral
valve disease

More than 30% of patients with mitral stenosis have at
least moderate TR [43,44], which is associated with higher
New York Heart Association (NYHA) functional class than
mild or no TR at long term follow-up [44]. Also, pa-
tients with pre-procedural severe TR among those under-
going balloon mitral valvotomy not only present more ad-
vanced mitral valve disease, higher pulmonary vascular
resistance and smaller increase in mitral valve area after
valvotomy, but also they have poorer outcome in terms of
overall survival, heart failure episodes and need for repeat
intervention or mitral valve replacement (MVR) [45]. The
incidence of moderate or severe late TR in rheumatic pa-
tients is up to 37% and 68%, respectively. In these cases,
TR is often diagnosed years after MVR, ten on average
[46,47]. The pathophysiological basis for such condition
is poorly defined [48], nonetheless significant TR is asso-
ciated with higher NYHA functional class III or IV, heart
failure episodes and all-cause death at 5 years [9,10].

3.2 Tricuspid regurgitation in non-rheumatic primary
mitral valve disease

TR is common among patients undergoing mitral
valve surgery for primary mitral regurgitation (MR) [2,14].
When severe, TR is often addressed during the index pro-
cedure, but the operative management of mild or moder-
ate TR is widely debated. If not corrected at the time of
left-sided cardiac surgery, TR may progress in a quarter
of patients, especially in presence of annular dilation of 40
mm (or 21 mm/m2) or more in diameter, leaflet tethering,
transvalvular leads, RV dysfunction, pulmonary hyperten-
sion and atrial fibrillation [49], and finally jeopardize late
survival and functional outcomes [50,51]. It is important
to underline that patients with severe TR after mitral valve
surgery undergoing isolated TV surgery usually have high
perioperative mortality (10%) and poor late survival [52–
55], so that TV repair at index procedure may limit disease
progression and eventually provide long-term clinical ben-
efit [11].

3.3 Tricuspid regurgitation in secondary mitral valve
disease

When focusing on patients with secondary MR under-
going mitral valve surgery, the impact of at least moderate
functional TR on outcomes is substantial. Indeed, affected
patients presented one half the chance to be alive at 5 years

when compared with patients with less than moderate TR
[11].

Thus, The prognostic role of tricuspid regurgitation
(TR) associated with organic left-sided valvular heart dis-
ease is well known.

More recent reports addressed the role of TR in pa-
tients undergoing transcatheter edge-to-edge repair (TEER)
treatment of secondary MR. Although TEER leads to im-
provement inMR, TR and NYHA functional class irrespec-
tive of baseline TR, NYHA functional class >2 was more
common in patients with moderate/severe TR, suggesting
that significant TR limits mid-term benefits of TEER in pa-
tients affected by secondary MR. Of note, moderate/severe
TR independently predicted death and re-hospitalization for
heart failure at 1 year [12]. In a recent analysis [13], pa-
tients with at least moderate TR presented worse clinical
and echocardiographic characteristics than those with no or
mild TR, and had higher rate of the composite of death or
hospitalization for heart failure at 2 years when treated with
medical therapy alone, while this was not the case following
TEER with MitraClip.

Finally, although TR after mitral valve surgery has
mostly been reported in patients with primary mitral valve
disease, it may present also in patients after surgical repair
of MR due to dilated ischemic or non-ischemic cardiomy-
opathy [56–58].

4. Tricuspid regurgitation in aortic valve
disease

Secondary TR is often found in conjunction with aor-
tic stenosis, especially when low-flow, low-gradient, and
it is associated with increased risk of mortality [59]. The
reported incidence of TR in patients candidate to surgical
aortic valve replacement or transcatheter aortic valve im-
plantation (TAVI) is of 11% [60]. TR does not improve up
to 4 years after intervention in almost half of patients un-
dergoing aortic valve replacement [61], and post-operative
progression is observed in a quarter of patients [60]. In
a recent analysis conducted on patients undergoing TAVI,
more than 50% of patients experienced TR reduction after
the procedure, whereas in little less than 10% of cases TR
worsened [19]. Such evidencemay lead to speculate that, in
order to avoid late TR, a concomitant TV procedure might
be considered in selected patients.

The impact of TR in patients undergoing TAVI has
also been recently addressed: severe and massive TR post-
TAVI is associated with a 2-fold increased risk of 1-year
all-cause death, while this is not the case for baseline TR
severity [19].

5. Tricuspid regurgitation in left ventricle
systolic dysfunction

Notwithstanding the pathophysiological mechanisms
described above by which TR can negatively affect patient
outcomes, its independent association to poor prognosis in
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Fig. 2. The role of tricuspid regurgitation in disease. Incremental impact on survival is witnessed with worsening of the grade of TR.
Mechanisms of disease and therapeutic considerations according to severity of TR are also depicted. RHF, right heart failure; RV, right
ventricle; TR, tricuspid regurgitation.

the subset of patients with left ventricle (LV) systolic dys-
function has been subject of debate as well. In this popu-
lation, functional TR has been consistently associated with
more dyspnea, older age, renal dysfunction, lower cardiac
output, lower LV ejection fraction, MR, atrial fibrillation,
and pulmonary hypertension [58]. Nonetheless, evidence
of TR as a prognostic interventional target rather than mere
indicator of worse prognosis in patients with heart failure
has been accruing [62].

Early reports revealed a strong impact of TR on clin-
ical outcome [15], and this is true also when focusing on
patients with severe heart failure secondary to idiopathic-
dilated cardiomyopathy or to ischemic cardiomyopathy
[42]. When compared to trivial TR, different degrees of
TR jeopardize outcomes to different levels in patients with
secondary TR and heart failure with reduced LV ejection
fraction. In particular, 9%, 21% and 57% increase in mor-
tality is described at long-term follow-up for patients with
mild, moderate and severe TR, independently of LV systolic
dysfunction and pulmonary hypertension [8].

5.1 Does severity of heart failure matter?

Of note, the prognostic role of TR might depend upon
the degree of heart failure. Indeed, when stratifying pa-
tients according to mildly or moderately vs. severely im-
paired LV function, TR is significantly associated to the

risk of death/heart transplantation/LV assist device implan-
tation in the former group, not in the latter [17]. Also, when
stratifying patients according to N-terminal-pro-B-type na-
triuretic peptide concentrations, TR is related with outcome
in patients with concentrations below the median, not those
with values above it [63]. The impact of TR in advanced
heart failure might thus be limited, and might be considered
merely a marker of advanced disease, and, as such, not an
attractive therapeutic target. On the other hand, treatment
of severe TR might have a favorable impact on outcome in
patients with less severe HF.

5.2 Does quantification of tricuspid regurgitation severity
matter?

Earlier studies addressing significance of TR in
chronic heart failure used qualitative measures of TR grad-
ing, but assessment of secondary TR severity by quanti-
tative measures might be useful to unravel its natural his-
tory [18]. Quantitative metrics of TR severity were indeed
found to be consistently associated with mortality; namely,
an increase in risk of mortality of 0.9% and 1.3% were
observed per 1 mm2 increase in effective regurgitant ori-
fice area (EROA) and per 1 mL increase in regurgitant vol-
ume, respectively. Severe functional TR (defined as EROA
>40 mm2) yields an increased risk of mortality and cardiac
events of 80% and 120%, respectively [32].
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Even more striking, thresholds for moderate TR as per
current guidelines, that is ≥20 mm2 of EROA, >5 mm of
vena contracta and >20 mL of regurgitant volume, are ac-
tually associated with increased mortality [63]. Moderate
to severe functional TR increased the risk of heart failure
and overall mortality also in patients with at least mild sec-
ondary MR. In particular, patients with no, mild, moderate
and severe functional TR had a survival free of all-cause
mortality at 6 years of 69%, 67%, 51% and 40%, respec-
tively [16].

Overall, the evidence supports an important prognos-
tic role for TR in patients with LV systolic dysfunction and
calls for a paradigm shift in evaluation and therapeutic ap-
proach of patients with LV systolic dysfunction and sec-
ondary TR. Interventions aiming at TR treatment should be
investigated also in this population, and the definition of the
appropriate timing for interventionwill be of paramount im-
portance. In this setting, awareness not only of the dynamic
nature of TR, but also of the risk of worsening pulmonary
hypertension, right ventricular remodeling andmortality as-
sociated with non-severe TR progression is key [36,64].

6. Tricuspid regurgitation in other settings
As already introduced, additional morphologic types

of TR can be recognized, including primary and atrial TR
[65], and it is important to recognize that although they of-
ten have a separate course of disease, they might coexist in
the settings described above as well [66]. As already intro-
duced, themain cause of TR ismitral or aortic valve disease,
in more than 50% of TR cases [1]. On the other hand, a pri-
mary etiology is present in 7.4%of TR patients, with cardio-
vascular implantable electronic device (CIED)-related TR
being the most common cause (66%), while atrial TR is
present in 17% of non-primary cases [1,65].

6.1 Primary tricuspid regurgitation
Patients with severe primary TR due to any congeni-

tal or organic cause, irrespective of LV function, left valvu-
lar function or pulmonary pressure, demonstrate a trend to-
wards worse prognosis than those with no or trace TR [23].

The mechanism behind CIED-related TR, the most
common cause of primary TR, is usually impingement
of leaflet, subvalvular apparatus or papillary muscles, but
leaflet perforation, fibrosis, thrombosis and endocarditis
may occur as well. In this subgroup of patients, worse long-
term survival and increased risk of heart failure-related
events are reported when patients with significant TR are
compared to those without significant TR, especially when
focusing on patients with baseline LV ejection fraction
<40% [21].

TV leaflet flail is often due to trauma, and leads to
TR of mostly severe grade. Excess mortality is present in
patients with TR due to flail leaflets, and excess tricuspid-
related events accrue also in those asymptomatic at pre-
sentation. Moreover, severe dilation of right-sided cham-

bers is an independent predictor of poor outcomes in such
patients, so that early intervention before irreversible right
heart chamber remodeling and dysfunction should be con-
sidered [20].

6.2 Atrial tricuspid regurgitation
Atrial TR is defined as such when holosystolic and

functional, with no likely pulmonary hypertension, no overt
cause and no previous valve surgery [27]. It is important to
note that outcomes do differ when analyzing TR patients
according to etiology. Indeed, atrial TR, even though as-
sociated with excess mortality, was observed to have less
impact on yearly mortality, atrial fibrillation or heart failure
hospitalization rates when compared to secondary or even
primary disease [2]. Nonetheless, the reported 10-year sur-
vival rate of patients with an effective regurgitant orifice
≥40 mm2 is 38%, and severe TR predicts higher mortality
when graded both qualitatively and quantitatively, regard-
less of RV size or function, pulmonary pressures or relevant
comorbidities [27,36]. The surgical benefit in patients with
significant atrial TR was also investigated, and a trend to-
wards benefit in survival rate was observed when compar-
ing patients undergoing TV surgery and patients managed
medically [67].

7. Reappraisal of adequate indication and
timing for treatment of tricuspid
regurgitation

The proposed algorithm in the latest American Col-
lege of Cardiology/American Heart Association guidelines
[68] supports TV surgery with Class I indication only at
the time of left-sided valve surgery. On the other hand,
only Class IIa and IIb indications exist for treatment of TR
in other clinical settings, and these are based upon evalua-
tion not only of TR severity and etiology, but also of symp-
toms, severity of pulmonary hypertension and RV size and
function. The Class I indication to proceed to surgery for
severe symptomatic isolated TR in absence of severe RV
dysfunction and Class IIa indication for surgery in severe
secondary TR either symptomatic or progressive RV dila-
tion reported in the latest European Society of Cardiology
guidelinesmight stem from the recent evidence of improved
outcomes after isolated TV surgery with careful patient se-
lection and current perioperative management [69].

In addition, the latest European guidelines report tran-
scatheter treatment of symptomatic severe secondary TR
in inoperable patients with a Class IIb indication (Table 2)
[70]. Thus, upon re-evaluation of correct indication and
timing of TR intervention, different factors need to be taken
into account.

7.1 Tricuspid regurgitation grading
Despite the evidence that quantitative grading of TR is

a strong independent predictor of clinical outcomes, even
superior to qualitative assessment [22], only one single
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Table 2. 2020 AHA/ACC and 2021 ESC/EACTS Guidelines for the Management of TR.
Class of

recommendation
Level of
evidence

AHA/ACC 2020 Guidelines
Primary TR

Surgery for severe TR at the time of left-sided valve surgery I B
Surgery for symptoms caused by severe TR not responsive to medical therapy IIa B
Surgery for asymptomatic severe TR and progressive right ventricular dilatation and dysfunction IIb C

Secondary TR
Surgery for severe TR at the time of left-sided valve surgery I B
Surgery for progressive TR at the time of left-sided valve surgery with either a dilated annulus
(≥40 mm or ≥21 mm/m2) or evidence of previous right heart failure

IIa B

Surgery for symptoms caused by severe TR attributable to annular dilation (in the absence of
pulmonary hypertension or left-sided dysfunction) not responsive to medical therapy

IIa B

Surgery for persistent symptoms caused by isolated severe TR after previous left-sided valve
surgery in absence of severe pulmonary hypertension or right ventricular dysfunction

IIb B

ESC/EACTS 2021 guidelines
Primary TR

Surgery for severe TR at the time of left-sided valve surgery I C
Surgery for severe symptomatic isolated TR without severe right ventricular dysfunction I C
Surgery for moderate TR at the time of left-sided valve surgery IIa C
Surgery for asymptomatic or mildly symptomatic isolated severe TR and right ventricular di-
latation, if appropriate for surgery

IIa C

Secondary TR
Surgery for severe TR at the time of left-sided valve surgery I B
Surgery for mild or moderate TR with dilated annulus (≥40 mm or≥21 mm/m2) at the time of
left-sided valve surgery

IIa B

Surgery for severe TR with or without previous left-sided valve surgery with symptoms or pro-
gressive right ventricular dilatation, in absence of severe right or left ventricular dysfunction
and severe pulmonary vascular disease/hypertension

IIa B

Transcatheter treatment for symptomatic severe TR in inoperable patients at a Heart Valve Cen-
tre with expertise in the treatment of tricuspid valve disease

IIb C

study reported results according to such grading in a recent
meta-analysis of 70 studies [27]. Given the possible un-
derestimation of severity of disease with biplanar measure-
ment of vena contracta [71], focus moved upon the utility
of proximal isovelocity hemispheric surface area (PISA) for
risk stratification [22]. Nonetheless, it is important to rec-
ognize that PISA might be underestimating TR severity as
well [71–73], which might explain the sustained increase
in mortality associated with EROA >20 mm2 and regurgi-
tant volume >20 mL [18]. An additional issue is the ex-
tended grading scheme of TR [74] that was recently pro-
posed, which addresses the unmet need of classifying pa-
tients currently undergoing percutaneous treatment in clin-
ical trials, who often suffer from a degree of TR greater than
merely severe, be it for the long symptoms tolerance or for
the missed acknowledgment of the disease. In this context,
many studies investigated the role of using additional cut-
offs for vena contracta width and EROA, and consistently
showed worse prognosis in patients classified as having ei-

ther massive or torrential TR [72–75].

7.2 The right ventricle and pulmonary artery coupling
Quantification of RV size and function [75–77], of

severity of pulmonary hypertension and of the relationship
between RV and pulmonary artery [78,79] should be inte-
gral to the evaluation of TR. Ventriculo-arterial coupling
represents the ability of the RV to balance its contractil-
ity with the afterload due to the pulmonary arterial vascular
bed. Its reference method of assessment is pressure-volume
loop analysis, but several non-invasive surrogated combin-
ing indices of RV function or chamber size with a metric
of load have been proposed [78,80]. Recently, abnormal
ventriculo-arterial coupling, defined as RV free wall lon-
gitudinal strain/RV systolic pressure ≤0.5%/mmHg, pre-
dicted all-cause mortality in patients with severe secondary
MR enrolled in the Cardiovascular Outcomes Assessment
of the MitraClip Percutaneous Therapy for Heart Failure
Patients With Functional Mitral Regurgitation (COAPT)
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trial [81]. Right ventricular systolic pressure is also of-
ten measured non-invasively by estimation via TR veloc-
ity, but some limitations need to be ascertained, especially
when encountering patients with higher degrees of severity
of TR. Indeed, discordance of pulmonary hypertension es-
timation via invasive and non-invasive measurement was a
marker of more advanced valvular and ventricular disease,
and should be taken into account when predicting procedu-
ral success and long-term outcomes [82]. It is thus impor-
tant to keep in mind that invasive measurements yielding
often underestimated hemodynamic information, including
the type and eventual reversibility of pulmonary hyperten-
sion, might shed light onto the optimal TR population to be
treated.

7.3 Implications for intervention

The first major implication for intervention is that TR
should be treated during index left-sided valve surgery, es-
pecially if the latter is of rheumatic origin. Given the wide
variation in adoption of concomitant TV and mitral valve
surgery [8,49,83,84], evidence not only of the absence of
increased risk-adjusted mortality irrespective of the grade
of TR, but actually of the lower risk of cardiac-related mor-
tality and improved echocardiographic TR outcomes af-
ter concomitant TV repair at the time of left-sided valve
surgery is of particular importance [50,51,83].

Similarly, prevention of long-term progression of
functional TR by adopting a more aggressive strategy
involving concomitant TR treatment upon mitral valve
surgery should be acknowledged, especially when consid-
ering optimal timing for intervention [70,85].

The second major implication for intervention is that,
notwithstanding the potential for positively affecting the
natural history of TR, isolated TV surgery has long been
paralleled by high risk of mortality. Unfortunately, it has
been difficult to generate prospective randomized evidence
to demonstrate whether isolated TV surgery for TR has a
positive prognostic effect, mainly due to a vicious cycle
deriving from high reported mortality (9–10%), in-hospital
complications (31%), poor late survival and no signifi-
cant improvement in functional capacity after TV surgery
[9,10,47,48], yielding reluctancy of cardiologists to refer
patients to surgery unless extremely symptomatic. Indeed,
given the good response of TR to diuretic therapy, referral
usually occurred late in the course of the disease concomi-
tantly with onset of RV dysfunction. Earlier referral of TV
surgery before RV function compromise might yield better
outcomes [53], and, although not thoroughly investigated
yet, recent studies reported promising results [69,86,87].

Finally, pre-operative clinical and echocardiographic
features affect outcomes more than etiology or mechanism
of TR [88], so that scoring systems to predict mortality after
TV surgery might reveal useful to properly select patients
to intervene upon and guide clinical decision-making [85].
Taking into consideration the lessons learned in the surgical

context [51,86,87], the introduction of transcatheter tricus-
pid valve interventions might offer patients a less invasive
and safer procedure [6]. Appropriate patient selection and
timing of intervention will be of paramount importance in
order to impact positively the history of disease and avoid
futility in patients at a too advanced disease stage.

8. Conclusions
There is a growing body of evidence today that sig-

nificant TR is not merely a bystander in the different dis-
ease processes in which it is involved, but rather is an ac-
tive player in the pathophysiology and evolution of disease,
impacting negatively on outcomes. Moreover, recent ad-
vances in diagnostic evaluation and risk stratification will
allow us to more appropriately identify the adequate popu-
lation to treat and the proper timing of intervention. Thus,
we believe that the synergistic effect of medical, surgical
and, more recently, percutaneous treatment of TR has the
potential to positively affect clinical outcomes in this large
population of patients, and testing of this concept in prop-
erly designed trials is eagerly awaited.
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