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Isolated tricuspid regurgitation (TR) has gained increasing recognition in recent
years both in the surgical and in the cardiological community. Left untreated,
isolated TR significantly worsens survival. Despite being a strong predictor of
negative prognosis, interventions to correct TR are rarely performed due to
increased surgical risk and late patient presentation. Recently, the ultimate
focus has been on patient selection, surgical or transcatheter indication, and
correct timing. Furthermore, of paramount importance is the identification of
predictors of outcome following treatment, in order to discriminate between
favorable and unfavorable responders and guide the decision-making process
of the most adequate treatment for every patient.

tricuspid regurgitation, transcatheter interventions, surgical treatment, patient
selection, outcomes

Introduction

Isolated tricuspid regurgitation (TR) has gained increasing recognition in recent
years both in the surgical and in the cardiological community. Initially considered
benign, isolated severe TR has been found to be a strong predictor of prognosis (1, 2).
Furthermore, when left untreated, TR significantly worsens survival, with a mortality rate
at 5 years of ~50% (3-5). Despite such strong evidence in the literature, management of
patients with severe isolated TR remains controversial. Current guidelines (6, 7) provide
specific indications for treatment of TR; while surgical correction of TR concomitantly
to left-sided heart diseases has been accepted and is commonly performed, reluctancy
remains regarding treatment of isolated TR. This is mainly related to the fact that even
if severe, TR can be clinically well-tolerated for many years. Patients, in fact, tend to be
asymptomatic, with a good quality of life, and whenever minor symptoms arise, they can
be initially easily managed with an adequate medical therapy (8). However, following
many years of tolerating TR, patients tend to develop organ failure difficult to manage
with medical therapy, requiring a structural intervention on the valve which becomes

01 frontiersin.org


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.980639
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.980639&domain=pdf&date_stamp=2022-09-27
mailto:maisano.francesco@hsr.it
https://doi.org/10.3389/fcvm.2022.980639
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2022.980639/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Sala et al.

high risk for the multimorbid status of the patient (9-11). For
this reason, for years, an extremely high in-hospital mortality
following surgery has been reported in the literature, together
with great uncertainty regarding long-term outcomes (12-14).

Therefore, despite being a disabling condition, a very
low percentage of patients affected by isolated TR (~5%)
are currently receiving treatment, resulting in significant
undertreatment of the disease (5, 15). This large unmet
clinical need has favored the development and exponential
growth of transcatheter devices for the treatment of TR.
However, regardless the treatment strategy, whether surgical or
transcatheter, patient selection and correct timing play the most
important role in determining a favorable outcome following
TR treatment (16). Recently, the ultimate focus has been trying
to identify predictors of outcome following tricuspid valve
(TV) treatment.

In the present article we aim at reviewing the currently
available results in the literature regarding isolated TR
treatment, both surgical and transcatheter, with particular
attention to outcomes and predictors of a favorable vs. an
unfavorable response.

Surgical treatment

The majority of tricuspid valve operations are performed
concomitantly to left-sided valve surgeries, while only a
minority, ~14%, are performed in isolation (17-19). This likely
occurs in response to the historically reported high in-hospital
mortality rates following isolated TV surgery and poor long-
term outcomes, that have remained relatively stable during
the last decade. Previous studies have indeed reported an in-
hospital mortality ranging from 8.8 to 37%, associated to a
30 day all-cause death rate ranging from 3.2 to 16% and a
5-year mortality rate of 55% (18, 20-22). Furthermore, these
studies reported a trend toward increasing patient complexity
over time, and a significant impact on outcomes of factors
associated with disease duration and late clinical presentation
(17, 19). Recent data has underlined how early referral for
surgical correction results in excellent both short and long-
term outcomes (23-27). These findings support the message
that the cardiac surgery community has recently tried to deliver
regarding “early referral and treatment” in TR. The surgical act
of TV repair or replacement is not technically demanding in
itself and the outcome is therefore almost exclusively dependent
on the baseline patient’s profile, and in particular, on right
ventricular (RV) function (28) and the overall right heart
physiological status. While American guidelines (6) tend to be
more conservative, and suggest waiting for the development
of signs or symptoms of right heart failure (RHF) before
recommending TV repair or replacement (Class IIa), European
guidelines (7) have recognized that surgery might be considered
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in patients prior to development of RV dysfunction and end-
organ damage, even in asymptomatic patients, whenever there
is evidence of ongoing right heart remodeling.

However, to date, the questions of when to perform
isolated TV surgery for severe TR, when is referral considered
“early” and when is late referral considered “too late” are of
crucial importance.

Quite a few authors have tried to identify predictors of a
favorable outcome in order to better aid in the stratification of
surgical risk (Table 1).

Dreyfus et al. (28) analyzed patients treated with TV
surgery in 12 French tertiary centers. Only a minority (8%,
466) underwent isolated TV surgery, and were mainly older
(mean age 60 years), 24% had had previous left-sided valve
surgery, ~50% presented with New York Heart Association
(NYHA) class IIT and IV heart failure symptoms and 35%
experienced heart failure within the year prior to surgery.
Moreover, >50% presented with RHE 8% with ascites and
chronic kidney and liver disease were present in 33% and
12% of patients, respectively. Regarding echocardiographic data,
~20% of patients had moderate and severe RV dysfunction
and a systolic pulmonary artery pressure (sPAP) > 50 mmHg.
More than half of patients received TV replacement. In terms
of outcomes, in-hospital mortality was 10%, and at 1- and 5-
years follow-up the rates of all-cause death and cardiovascular
readmissions were 25 and 38%, respectively. Independent
predictors associated to in-hospital mortality and mid-term
follow-up were NYHA III/IV heart failure symptoms, low
prothrombin time and moderate and severe RV dysfunction.
These data underline the importance of timely referral. In fact,
chronic severe TR leads to RV dilation and dysfunction, and
when patients present with symptoms despite medical therapy
it is often too late for intervention (29).

These results were further confirmed by a single-center
retrospective study published by our group (26, 27). The
172 patients analyzed were divided according to a new
classification based not only on TR grade, but also symptoms,
RV remodeling and function, RHF episodes and medical
therapy (30), ranging from Stage 1 (less than moderate
TR, no symptoms) to Stage 5 (severe TR, RHF episodes
despite maximal medical therapy, organ damage, severe RV
dysfunction). In our experience, patients operated upon in
early stages of the disease (Stage 2 and 3), without prominent
symptomatology, RV dilation or dysfunction, and without
organ involvement, most frequently received TV repair with
no in-hospital mortality, fewer postoperative complications
and shorter postoperative length-of-stay. Moreover, patients at
early stages of the disease, following TR treatment, experienced
100% survival at 5 years and no further hospitalizations for
RHF. On the contrary, patients in more advanced stages (Stage
4 and 5) experienced higher in-hospital mortality (15.3%),
postoperative complications (such as acute kidney injury and
low cardiac output syndrome), and longer both intensive care
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TABLE 1 Characteristics of the surgical studies in the literature.

Study No. of Age Procedure NYHA REDO RHF RHF signs End- LVEF (%)  >Moderate sPAP Outcomes
patients  (years) TVR /v episodes organ RV (mmHg)
involvement dysfunction
Dreyfus (28) 466 60 £ 16 57% 47% 24% 35% 57% 33% CKD, 58 + 9% 17% 40 £ 11 10%  in-hospital
12% liver mortality
disease 38% 5-years
all-cause death
Sala (26, 27) 172 66 [55-74] 75% 62.2% 57.6% 34.3% 21.5% 22.7% CKD 60% [55-60] 13.6% 40 [35-48] 5.8%  in-hospital
mortality
15% 5-years
all-cause death
Weiss (31) 43 65.2 = 41.9% 72.1% 27.9% - 34.9% 14% CKD 60% [IQR 2.5] 7% - 0% in-hospital
13.8 mortality
9.3% 1-year
all-cause death
Kawsara (24) 1,513 55.7+ 36.5% - - 85.9% 41% 36.2% CKD - - - 8.7%  in-hospital
16.6 36% liver mortality
disease 26.8%

cardiogenic shock

CKD, chronic kidney disease; LVEE left ventricular ejection fraction; NYHA, New York Heart Association; RHE, right heart failure; RV, right ventricle; sPAP, systolic pulmonary artery pressure; TVR, tricuspid valve replacement.
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unit and hospital lengths-of-stay. In these stages, survival at 5
years was 60.5% and 20% of patients experienced at least one
hospitalization for RHF following surgery.

Similar results were also reported by Weiss et al. (31) in their
single-center study assessing clinical outcome and functional
capacity following isolated TV surgery. Within the study,
patients with severe right or left heart failure, severe pulmonary
hypertension, end-stage renal disease and liver disease were
excluded. No in-hospital mortality was reported and at 1-
year follow-up 9% mortality was documented together with a
significant improvement in functional capacity, reduction in
clinically apparent peripheral edema and daily oral furosemide
therapy. The population treated by Weiss et al. was highly
selected and not advanced in disease progression resulting in
good short-term outcomes and improved functional capacity.

On the same line are results reported by Kawsara et al. (24)
that studied 1,513 patients from the Nationwide Readmissions
Database, that underwent isolated TV surgery. Surrogates of
late referral in the patient population were frequent, such as
admission with decompensated heart failure (41%), non-elective
surgery (44%), and advanced liver disease (17%). These factors
were the strongest predictors of in-hospital mortality, further
supporting the idea that the poor outcomes of isolated TV
surgery are related to the late referral for intervention.

Even though all the recent data in the literature regarding
surgical treatment of isolated TV disease stress the importance
of early referral and treatment, no specific parameter and cut-off
value had been identified in order to guide the decision-making
process of optimal patient management. In this regard, a novel
dedicated risk score has been recently made available that aims at
predicting the outcome of patients following isolated TV surgery
(32). The TRI-SCORE managed to identify eight parameters
not only related to right and left ventricular function, but also
end-organ involvement (both liver and kidney), medical therapy
and clinical status. More specifically, age, NYHA functional
class, RHF signs, daily dose of furosemide, renal insufficiency
determined by glomerular filtration rate, elevated total bilirubin,
left ventricular ejection fraction and moderate/severe RV
dysfunction, were all found to be independent predictors of in-
hospital mortality. Even though this scoring system still requires
external validation, the TRI-SCORE, based on eight easy to
ascertain parameters, is the first example of an attempt to predict
favorable vs. non favorable responders to isolated TV surgery.

Transcatheter treatment

Transcatheter treatment of severe isolated TR is becoming
an accepted option for the management of patients considered
high-risk or surgically ineligible. Available transcatheter
treatment options mimic surgical techniques and include leaflet
approximation, incomplete ring annuloplasty, heterotopic
valve implantation (caval valve devices) and percutaneous
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tricuspid valve replacement. At present, the most widely applied
technique is edge-to-edge repair of the tricuspid valve (33).
Retrospective analyses have reported a reduction in TR grade,
symptomatic improvement (reduced RHF hospitalizations)
and lower mortality at 1 year with various devices compared
to medical therapy alone (34-36). In fact, results from the
TRILUMINATE trial have shown that, despite residual TR
being associated with worse outcomes, reduction of at least one
degree of TR is associated with improved symptoms at follow-
up. Furthermore, reverse remodeling of the right ventricle,
improved cardiac output and reduction of liver enzymes were
also reported following TV treatment using the TriClip device
(Abbott Vascular, Chicago, USA) (37-39). Results are further
improving with the advent of new platforms. Despite these
promising and encouraging results, it has recently emerged
that, just as for surgical correction, indication and timing of
any transcatheter tricuspid valve intervention (TTVI) are of
paramount importance and should take into consideration
multiple aspects, such as patients’ clinical characteristics, disease
stage, end-organ function and anatomical factors (Table 2).
According to current guidelines, in patients undergoing
evaluation for TR treatment, a comprehensive RV assessment
should be performed, including measures of RV size and
RV function
Non-invasive assessment of the RV is a complex task,

morphology, and tissue remodeling (7).
requiring the integrated evaluation of multiple parameters,
and taking advantage of emerging imaging modalities, such as
speckle-tracking and 3D echocardiography or cardiac computed
tomography and magnetic resonance (CMR). Nevertheless, RV
dilatation and systolic function are key determinants in the
evaluation and management of patients with significant TR
owing to their prognostic relevance. Patients presenting with RV
systolic dysfunction irrespective of RV size experience 5-years
survival rates (29). Similarly, the presence of RV dysfunction has
been shown to be a risk factor associated with adverse outcome
in patients with TR and in tricuspid valve surgery, as underlined
previously (29, 40). Schlotter et al. (41) decided to analyze
the clinical impact of RV dysfunction in patients undergoing
TTVI from the TriValve registry, in order to try and shed some
light on favorable responders and patient selection. Patients
from the TTVI cohort were compared to patients treated
conservatively, and the whole population was further stratified
in three subgroups according to longitudinal RV function
expressed by the tricuspid annular plane systolic excursion
(TAPSE): preserved (TAPSE >17mm), mid-range (TAPSE
13-17mm) and reduced RV function (TAPSE <13 mm). Not
surprisingly, TTVI was associated with reduced mortality in
patients with severe TR as compared to conservative treatment
(13% vs. 25.4%, respectively). However, this survival benefit was
not seen in cases of procedural failure. Even more importantly,
TTVI was associated with a survival benefit solely in patients
with mid-range RV function, improving their outcome to the
level of patients with preserved RV function. No improvement
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TABLE 2 Characteristics of the transcatheter studies in the literature.

Study No. of Age Procedure NYHA RHF End-organ LVEF (%) >Moderate sPAP Outcomes
patients (years) /v episodes involvement RV (mmHg)
dysfunction
Schlotter (41) TTVI: 288 78 [74-82] MitraClip, 261 (90.6%) - eGFR 42 55 (43-61) 54% 43 (34-53) 13.1% 1-year
Control: 562 76 [69-82] PASCAL, 520 (92.5%) (30-58) 50 (35-60) 49% 48 (37-60) mortality
Trialign, eGFR 25.4%
Cardioband etc. 52 (37-71) 1-year mortality
None
Orban (43) 75 77 [74-82] 67 MitraClip 100% - - 55 [49.9-62.4] 3D-RVEF 41 - 33% 1-year
8 PASCAL +7.8% mortality
Brener (44) 444 76.7 £9.1 MitraClip, 91.4% 72.3% eGFR 50.61+13.3 TAPSE 16.4 40.8 £15.3 2.3% in-hospital
PASCAL, 46.1420.1 4.6 mm mortality
Trialign, 14.2%
Cardioband, 1-year mortality
FORMA,
Tricinch,
Navigate
Lurz (49) 243 77+9 MitraClip 92% 76% eGFR 48+22 51+14 TAPSE 17 + 49+15 19% 1-year
5mm morality
Stocker (50) 236 78 [74-82) MitraClip, 89% - eGFR 46 55 (50-60) TAPSE 17 41 (32-49) 8% 1-year
PASCAL (33-59) (13-20mm) mortality with no
PH;
22% 1-year
mortality  with
post-capillary PH;
62% 1-year
mortality with
pre-capillary PH
Muntané-Carol 300 77£9 MitraClip, 93% 68.7% eGFR 49+£13 TAPSE 15 + 44 £17 3%  in-hospital
(51) PASCAL, 44.7+20.3 4 mm mortality
Trialign, 18% 6-
Cardioband, months mortality
FORMA,
Tricinch,
Navigate

eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PH, pulmonary hypertension; RHE, right heart failure; RV, right ventricle; RVEE right ventricular ejection fraction; sPAP, systolic

pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion; TTVI, transcatheter tricuspid valve interventions.
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was instead reported for patients with preserved or reduced RV
function, and the latter was associated with impaired outcome
in both patients treated conservatively and with TTVI. These
findings may seem in contrast with those reported by Miura
et al. (42), who identified RV dysfunction as an independent
predictor of all-cause mortality and RHF hospitalizations in
patients treated with TTVI. However, these results underline
the importance of adequate timing and patient selection also in
patients undergoing percutaneous procedures: patients treated
in late stages of the disease, with pronounced RV dysfunction,
may not benefit from the reduction in venous congestion and
reverse remodeling, ultimately impacting on clinical events.
Orban et al. (43) investigated the prognostic impact
of global RV function assessed using 3-dimensional (3D)
echocardiography in 75 patients undergoing transcatheter
tricuspid  edge-to-edge stratified according to
preprocedural 3D RV ejection fraction (3d-RVEF). Patients in
the highest tertile (3D-RVEF 44.6-61.8%) had a better survival
than those in the intermediate or lower tertiles. Furthermore, at

repair,

follow-up, patients in the highest RVEF tertile were more likely
to be in NYHA class < IT and experienced greatest improvement
in 6-min walking distance. Both pre-procedural RVEF and
NYHA functional class IV were independent predictors of
all-cause mortality. Interestingly, RV function identified by
TAPSE was not predictive of outcome in these patients.

These discordant findings emphasize the complexity of
non-invasive assessment of RV function by the adoption of
single parameters and the need for a comprehensive evaluation.
Indeed, both TAPSE and 3D-RVEF might fail to capture the
actual relationship between RV contractility and afterload,
leading to overestimation of RV systolic function in patients
with severe TR. RV-pulmonary artery (PA) coupling helps to
determine whether RV function is adequately compensated
for specific loading conditions. In compensated states, RV
contractile function increases together with the increase in
afterload to maintain a steady RV-PA ratio. On the other
hand, in decompensated states, RV contractile function does
not rise together with the afterload, resulting in lower RV-PA
coupling ratios. Brener et al. (44) evaluated the prognostic
value of non-invasively derived RV-PA coupling in patients
from the TriValve registry undergoing TTVI for severe TR. A
high baseline TAPSE/systolic pulmonary artery pressure (sPAP)
ratio was found to be independently associated to lower all-
cause mortality with respect to lower baseline TAPSE/sPAP
ratios. Furthermore, patients with higher baseline TAPSE/sPAP
ratios experienced fewer hospitalizations for RHF within 12
months from TTVI treatment. Interestingly enough, the benefits
associated to a high RV-PA coupling ratio were irrespective of
baseline TAPSE and sPAP values, implying that this coupling
measurement takes into account a contractile reserve that the
single parameters are not capable of assessing.

The RV contractile reserve in response to pharmacological
or physical stress has shown prognostic relevance in patients
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with pulmonary hypertension and severe baseline RV
dysfunction, however, further studies are warranted to
explore the role of stress imaging in severe TR (45).

Finally, detection of myocardial fibrosis by CMR or by
speckle-tracking echocardiography has recently demonstrated
prognostic importance in RV failure and might represent a
promising tool to define the optimal timing of intervention in
severe TR (46).

Right ventricular function and pulmonary hypertension are
not the only factors responsible for an unfavorable outcome
in patients undergoing TTVI. Indeed, pulmonary circulation
status plays a relevant role in determining the prognosis of
patients with severe TR and the outcome of TTVI. Right heart
catheterization is the gold standard for the invasive assessment
of the right heart, providing information regarding the severity
and mechanism of pulmonary hypertension (PH), pulmonary
vascular resistance, preload conditions, RV function and RV-
PA coupling.

Pulmonary hypertension frequently coexists with severe TR,
being a marker of poor prognosis and high operative risk
(47). Furthermore, it has been shown to be responsible for
adverse outcomes in patients with heart failure and patients
undergoing TV surgery (48). To date, PH is often solely assessed
by echocardiography. However, recent data have shown that
the diagnostic sensitivity of echocardiography in accurately
detecting PH is only 55%, since the determination of sPAP
might be limited in severe TR (49). Lurz et al. (49) analyzed
the impact of PH on clinical outcomes of 243 patients with
severe TR undergoing transcatheter tricuspid edge-to-edge
repair. Invasive PH (iPH) and echocardiographic PH (ePH)
were defined as sSPAP >50 mmHg. The presence of iPH resulted
associated with the primary composite endpoint of death,
heart failure hospitalization and re-intervention at 1 year. The
echocardiographic diagnostic accuracy to detect iPH was low
(55%). A discordance between non-invasive and invasive RHC
assessments (iPH+/ePH-) and an impaired invasive RV-PA
coupling resulted as independent predictors of the primary
composite endpoint at 1 year.

The
predicts survival in patients undergoing TTVI, allowing risk

invasive cardiopulmonary hemodynamic profile

stratification and identification of those patients that could
benefit the most from intervention. Stocker et al. (50) decided
to analyze RHC data of 238 patients with severe TR undergoing
transcatheter tricuspid valve repair. Authors identified mean
PAP, diastolic PAP, transpulmonary gradient (TPG), pulmonary
vascular resistance (PVR) and right ventricular stroke work as
significant hemodynamic predictors of 1-year mortality. On the
other hand, pulmonary capillary wedge pressure (PCWP), right
atrial pressure (RAP), cardiac output (CO), and pulmonary
artery pulsatility index were not associated with 1 year mortality
following TTVI. The following cutoff values were identified:
mPAP >30 mmHg, sPAP >50 mmHg, dPAP >20 mmG, TPG
>17 mmHg and PVR >5 WU. Moreover, stratification of
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patients according to mPAP and TPG resulted associated with
1 year mortality following TTVI: patients with pre-capillary
dominant PH (high mPAP >30 mmHg and high TPG>17
mmHg) had an unfavorable prognosis (38% 1-year survival),
while patients without or with post-capillary PH (mPAP>30
mmHg and TPG <17 mmHg) had a favorable outcome (92%
and 78% survival at 1-year, respectively). These data suggest that
echocardiography alone might not be sufficient in accurately
detecting PH and, even more importantly, they highlight the
need for a comprehensive, multimodality assessment of PH
and RV function in patients undergoing TTVI. Therefore,
RHC should be performed systematically as a pre-procedural
assessment tool in order to better characterize TR and PH and
consequently stratify patients and define their prognosis.

Recently, Muntané-Carol et al. (51) reported the outcome of
a cohort of 300 patients undergoing TTVI with RV dysfunction
(TAPSE <17mm) or pulmonary hypertension (sPAP >50
mmHg) from the TriValve registry. Reported procedural success
was 80% with 3% in-hospital mortality following TTVI. At
6 months follow-up, there was an improvement in NYHA
functional class, with more than two thirds of patients in
NYHA class I-II. However, at follow-up ~20% of patients died.
Factors identified as independent predictors of outcome were
hepatic congestion, renal dysfunction and lack of procedural
success. Furthermore, the estimated 1-year mortality in patients
with more advanced heart failure, with both renal dysfunction
and significant hepatic congestion at baseline, was close to
50%. Therefore, transcatheter procedures may result futile in
candidates with end-stage heart failure, untreated pulmonary
hypertension and end-organ damage.

The gray zones and the future

Long forgotten, the tricuspid valve has now gained great
momentum. Isolated tricuspid valve treatment, both surgical
and transcatheter, is matter of great debate. Even though
surgery is the only definitive treatment for isolated TR, it
is rarely performed in response to the historically reported
high in-hospital morbidity and mortality and poor long-term
outcomes (18, 52). These results have led to lengthy medical
management and late referral for surgery. However, severe
TR can precede right heart failure by many years until late
in the natural history of the disease. This is responsible for a
vicious circle that further delays or even rejects the referral
for surgery. Transcatheter tricuspid treatments have therefore
emerged as treatment options for severe symptomatic TR
in patients considered ineligible for cardiac surgery (53).
Despite numerous devices and increasing awareness of early
intervention, when and in whom to perform surgical or
transcatheter procedures remains a clinical conundrum.
In fact, regardless the type of intervention, the ultimate
focus has been on patient selection, surgical or transcatheter
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indication, timing of intervention and identification of
predictors of outcome following treatment in order to identify
favorable and non-favorable responders to treatment. The less
invasive nature of transcatheter procedures, however, allow
to investigate more appropriately the influence of baseline
predicting factors by eliminating the influence of the surgical
insult, as well as by including more patients. Transcatheter
interventions will therefore help a better understanding
of right heart physiology and support decision making in
the future. In the future, earlier referral will also increase
the rate of surgical procedures on isolated TR patients (a
trend already happening in high volume centers offering
transcatheter procedures).

In both treatment options, specific parameters capable of
predicting outcome have been of difficult identification.

The cardiac surgery community has stressed the idea of
early referral following recent data published in the literature.
Early referral and early treatment, before the development
of overt symptomatology, right heart dysfunction and failure
and end-organ damage, are associated to excellent in-hospital
outcomes, with a higher rate of TV repair vs. replacement,
and good long-term outcomes, with low-to-none mortality at
5 years and significant improvement in symptomatology (24,
26, 27). To better define early referral and therefore aid in
the stratification of surgical risk, the TRI-SCORE was recently
developed (32). The most relevant predictors of outcome, and
as a consequence of favorable and unfavorable responders,
are symptomatology (NYHA class and medical therapy), end-
organ involvement (hepatic congestion and renal dysfunction)
and RV function [TAPSE and tissue doppler imaging (TDI)].
Interestingly enough, what has emerged in the literature, is
that patient selection and optimal timing are crucial also in
percutaneous tricuspid procedures. The same above-mentioned
parameters were also identified as independent predictors of
outcome of patients undergoing TTVI. In particular, the greatest
attention in recent years was entirely directed toward the
identification of the most appropriate parameter capable of
defining RV function (54). Adequate assessment of RV function
is extremely complex and many parameters, such as TAPSE,
have given contradictory results. RV-PA coupling appears to
be a powerful predictor of outcome, by assessing whether
RV function is correctly compensated for specific loading
conditions. Preoperative echocardiographic data concerning
both right ventricular size and function are of paramount
importance in order to guide when to intervene and how
to treat patients with severe TR. Relevant parameters have
been identified: surgery should be considered in patients
with mild RV dysfunction, while transcatheter procedures
result beneficial in patients with moderate RV dysfunction.
However, more thorough assessment of RV function is still
required, especially with the new approaches in transcatheter
tricuspid valve replacement (55). In this setting, misdiagnosis
of RV dysfunction may result in acute right heart failure
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due to sudden increase in afterload and development of
afterload mismatch.

In this moment of great enthusiasm for the treatment
of TR, a comprehensive evaluation by the Heart Team
is mandatory, in order to thoroughly assess clinical
characteristics, define the surgical and percutaneous risks
and identify the most appropriate treatment strategy for
each patient. However, in order to define whether either
intervention is truly beneficial and in which populations,
randomized controlled trials analyzing optimal medical
therapy vs. surgical treatment vs. transcatheter interventions

are necessary.

Author contributions

AS made substantial contributions in the design and
drafting of the work. AB made substantial contributions
in revision. FM made substantial contributions by critically

References

1. Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation on long-
term survival. ] Am Coll Cardiol. (2004) 43:405-9. doi: 10.1016/j.jacc.2003.09.036

2. Kelly BJ, Ho Luxford JM, Butler CG, Huang CC, Wilusz K, Ejiofor JI, et al.
Severity of tricuspid regurgitation is associated with long-term mortality. ] Thorac
Cardiovasc Surg. (2018) 155:1032-8.e2. doi: 10.1016/j.jtcvs.2017.09.141

3. Topilsky Y, Maltais S, Medina Inojosa J, Oguz D, Michelena H, Maalouf ], et al.
Burden of tricuspid regurgitation in patients diagnosed in the community setting.
JACC Cardiovasc Imaging. (2019) 12:433-42. doi: 10.1016/j.jcmg.2018.06.014

4. Topilsky Y, Nkomo VT, Vatury O, Michelena HI, Letourneau T, Suri RM, et al.
Clinical outcome of isolated tricuspid regurgitation. JACC Cardiovasc Imaging.
(2014) 7:1185-94. doi: 10.1016/j.jcmg.2014.07.018

5. Enriquez-Sarano M, Messika-Zeitoun D, Topilsky Y, Tribouilloy C, Benfari G,
Michelena H. Tricuspid regurgitation is a public health crisis. Prog Cardiovasc Dis.
(2019) 62:447-51. doi: 10.1016/j.pcad.2019.10.009

6. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F,
et al. 2020 ACC/AHA guideline for the management of patients with valvular
heart disease: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines. Circulation. (2021)
143:72-227. doi: 10.1161/CIR.0000000000000923

7. Vahanian A, Beyersdorf F, Praz E, Milojevic M, Bladus S, Bauersachs J, et al.
2021 ESC/EACTSGuidelines for the management ofvalvular heart disease. Eur
Heart J. (2021) 60:727-800. doi: 10.1093/eurheartj/ehab395

8. Ponikowski P, Poland C, Voors AA, Germany SDA, Uk JGFC, Uk AJSC, et al.
2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure The Task Force for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. (2016) 37:2129-200. doi: 10.1093/eurheartj/ehw128

9. Vieitez JM, Monteagudo JM, Mahia P, Perez L, Lopez T, Marco I, et al. New
insights of tricuspid regurgitation: a large-scale prospective cohort study. Eur Heart
J Cardiovasc Imaging. (2021) 22:196-202. doi: 10.1093/ehjci/jeaa205

10. Santoro C, Marco Del Castillo A, Gonzalez-Goémez A, Monteagudo JM,
Hinojar R, Lorente A, et al. Mid-term outcome of severe tricuspid regurgitation: are
there any differences according to mechanism and severity? Eur Heart ] Cardiovasc
Imaging. (2019) 20:1035-42. doi: 10.1093/ehjci/jez024

11. Chorin E, Rozenbaum Z, Topilsky Y, Konigstein M, Ziv-Baran T, Richert
E, et al. Tricuspid regurgitation and long-term clinical outcomes. Eur Heart |
Cardiovasc Imaging. (2020) 21:157-65. doi: 10.1093/ehjci/jez216

12. Lee JW, Song JM, Park JP, Lee JW, Kang DH, Song
JK. Long-term  prognosis of  isolated significant tricuspid

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2022.980639

revising the manuscript adding important intellectual content.
All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

regurgitation.  Circ J.  (2010)  74:375-80.  doi:

0679

13. Kim JB, Jung SH, Choo §J, Chung CH, Lee JW. Clinical

and echocardiographic outcomes after surgery for severe isolated
tricuspid ~ regurgitation. J Thorac Cardiovasc Surg. (2013) 146:278-
84. doi: 10.1016/j.jtcvs.2012.04.019

14. Pfannmiiller B, Misfeld M, Borger MA, Etz CD, Funkat AK, Garbade
J, et al. Isolated reoperative minimally invasive tricuspid valve operations.
Ann  Thorac  Surg. (2012) 94:2005-10. doi: 10.1016/j.athoracsur.2012.
06.064

10.1253/circj.CJ-09-

15. Rodés-Cabau J, Taramasso M, O’Gara PT. Diagnosis and treatment of
tricuspid valve disease: current and future perspectives. Lancet. (2016) 388:2431-
42. doi: 10.1016/S0140-6736(16)00740-6

16. Hahn RT, Badano LP, Bartko PE, Muraru D, Maisano F Zamorano JL,
et al. Tricuspid regurgitation: recent advances in understanding pathophysiology,
severity grading and outcome. Eur Hear ] Cardiovasc Imaging. (2022) 23:913-39.
doi: 10.1093/ehjci/jeac009

17. Kilic A, Saha-Chaudhuri P, Rankin JS, Conte JV. Trends and outcomes
of tricuspid valve surgery in north america: an analysis of more than 50,000
patients from the society of thoracic surgeons database. Ann Thorac Surg. (2013)
96:1546-52. doi: 10.1016/j.athoracsur.2013.06.031

18. Zack CJ, Fender EA, Chandrashekar P, Reddy YNV, Bennett CE, Stulak JM,
et al. National trends and outcomes in isolated tricuspid valve surgery. ] Am Coll
Cardiol. (2017) 70:2953-60. doi: 10.1016/j.jacc.2017.10.039

19. Algahtani F, Berzingi CO, Aljohani S, Hijazi M, Al-Hallak A, Alkhouli M.
contemporary trends in the use and outcomes of surgical treatment of tricuspid
regurgitation. ] Am Heart Assoc. (2017) 6:¢007597. doi: 10.1161/JAHA.117.007597

20. Hamandi M, Smith RL, Ryan WH, Grayburn PA, Vasudevan A, George TJ,
et al. Outcomes of isolated tricuspid valve surgery have improved in the modern
era. Ann Thorac Surg. (2019) 108:11-5. doi: 10.1016/j.athoracsur.2019.03.004

21. Staab ME, Nishimura RA, Dearani JA. Isolated tricuspid valve surgery for
severe tricuspid regurgitation following prior left heart valve surgery: analysis of
outcome in 34 patients. ] Heart Valve Dis. (1999) 8:567-74.

22. McCarthy PM, Bhudia SK, Rajeswaran ], Hoercher K]J, Lytle BW, Cosgrove
DM, et al. Tricuspid valve repair: durability and risk factors for failure. J Thorac
Cardiovasc Surg. (2004) 127:674-85. doi: 10.1016/j.jtcvs.2003.11.019

23. Dreyfus J, Ghalem N, Garbarz E, Cimadevilla C, Nataf P, Vahanian A, et al.
Timing of referral of patients with severe isolated tricuspid valve regurgitation to

frontiersin.org


https://doi.org/10.3389/fcvm.2022.980639
https://doi.org/10.1016/j.jacc.2003.09.036
https://doi.org/10.1016/j.jtcvs.2017.09.141
https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1016/j.jcmg.2014.07.018
https://doi.org/10.1016/j.pcad.2019.10.009
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/ehjci/jeaa205
https://doi.org/10.1093/ehjci/jez024
https://doi.org/10.1093/ehjci/jez216
https://doi.org/10.1253/circj.CJ-09-0679
https://doi.org/10.1016/j.jtcvs.2012.04.019
https://doi.org/10.1016/j.athoracsur.2012.06.064
https://doi.org/10.1016/S0140-6736(16)00740-6
https://doi.org/10.1093/ehjci/jeac009
https://doi.org/10.1016/j.athoracsur.2013.06.031
https://doi.org/10.1016/j.jacc.2017.10.039
https://doi.org/10.1161/JAHA.117.007597
https://doi.org/10.1016/j.athoracsur.2019.03.004
https://doi.org/10.1016/j.jtcvs.2003.11.019
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Sala et al.

surgeons (from a French Nationwide Database). Am ] Cardiol. (2018) 122:323-
6. doi: 10.1016/j.amjcard.2018.04.003

24. Kawsara A, Alqahtani F, Nkomo VT, Eleid MEF, Pislaru SV, Rihal CS, et al.
Determinants of morbidity and mortality associated with isolated tricuspid valve
surgery. ] Am Heart Assoc. (2021) 10:1-18. doi: 10.1161/JAHA.120.018417

25. Saran N, Dearani JA, Said SM, Greason KL, Pochettino A, Stulak JM,
et al. Long-term outcomes of patients undergoing tricuspid valve surgery. Eur |
Cardio-thoracic Surg. (2019) 56:950-8. doi: 10.1093/ejcts/ezz081

26. Sala A, Lorusso R, Bargagna M, Ascione G, Ruggeri S, Meneghin R, et al.
Isolated tricuspid valve surgery: first outcomes report according to a novel clinical
and functional staging of tricuspid regurgitation. Eur J Cardio-Thoracic Surg.
(2021) 60:1124-30. doi: 10.1093/ejcts/ezab228

27. Sala A, Lorusso R, Zancanaro E, Carino D, Bargagna M, Bisogno A, et al.
Mid-term outcomes of isolated tricuspid valve surgery according to preoperative
clinical and functional staging. Eur ] Cardio-Thoracic Surg. (2022) 62:1-8.
doi: 10.1093/ejcts/ezac172

28. Dreyfus ], Flagiello M, Bazire B, Eggenspieler F, Viau F, Riant E, et al. Isolated
tricuspid valve surgery: impact of aetiology and clinical presentation on outcomes.
Eur Heart J. (2020) 41:4304-17. doi: 10.1093/eurheartj/ehaa643

29. Dietz ME, Prihadi EA, Van Der Bijl P, Goedemans L, Mertens BJA, Gursoy
E, et al. Prognostic implications of right ventricular remodeling and function
in patients with significant secondary tricuspid regurgitation. Circulation. (2019)
140:836-45. doi: 10.1161/CIRCULATIONAHA.119.039630

30. Latib A, Grigioni F, Hahn RT. Tricuspid regurgitation: what is the real
clinical impact and how often should it be treated? Eurolntervention. (2018)
14:AB101-11. doi: 10.4244/EI]J-D-18-00533

31. Weiss T, Villadsen PR, Jensen JK, Lehnert P, Nielsen PH, Modrau IS.
Outcomes of isolated tricuspid valve surgery in contemporary practice. Eur |
Cardio Thoracic Surg. (2022) 62:ezac077. doi: 10.1093/ejcts/ezac077

32. Dreyfus J, Audureau E, Bohbot Y, Coisne A, Lavie-Badie Y, Bouchery
M, et al. TRI-SCORE: a new risk score for in-hospital mortality prediction
after isolated tricuspid valve surgery. Eur Heart J. (2021) 43:654-62.
doi: 10.1093/eurheartj/ehab679

33. Mehr M, Taramasso M, Besler C, Ruf T, Connelly KA, Weber M, et al. 1-Year
outcomes after edge-to-edge valve repair for symptomatic tricuspid regurgitation:
results from the TriValve registry. JACC Cardiovasc Interv. (2019) 12:1451-
61. doi: 10.1016/j.jcin.2019.04.019

34. Orban M, Rommel KP, Ho EC, Unterhuber M, Pozzoli A, Connelly
KA, et al. Transcatheter Edge-to-edge tricuspid repair for severe tricuspid
regurgitation reduces hospitalizations for heart failure. JACC Hear Fail. (2020)
8:265-76. doi: 10.1016/j.jchf.2019.12.006

35. Taramasso M, Benfari G, van der Bijl P, Alessandrini H, Attinger-Toller
A, Biasco L, et al. Transcatheter versus medical treatment of patients with
symptomatic severe tricuspid regurgitation. ] Am Coll Cardiol. (2019) 74:2998-
3008. doi: 10.1016/j.jacc.2019.09.028

36. Besler C, Orban M, Rommel KP, Braun D, Patel M, Hagl C, et al. Predictors
of procedural and clinical outcomes in patients with symptomatic tricuspid
regurgitation undergoing transcatheter edge-to-edge repair. JACC Cardiovasc
Interv. (2018) 11:1119-28. doi: 10.1016/j.jcin.2018.05.002

37. Orban M, Braun D, Deseive S, Stolz L, Stocker TJ, Stark K, et al. Transcatheter
edge-to-edge repair for tricuspid regurgitation is associated with right ventricular
reverse remodeling in patients with right-sided heart failure. JACC Cardiovasc
Imaging. (2019) 12:559-60. doi: 10.1016/j.jcmg.2018.10.029

38. Rommel KP, Besler C, Noack T, Blazek S, von Roeder M, Fengler
K, et al. Physiological and clinical consequences of right ventricular volume
overload reduction after transcatheter treatment for tricuspid regurgitation. JACC
Cardiovasc Interv. (2019) 12:1423-34. doi: 10.1016/j.jcin.2019.02.042

39. Karam N, Braun D, Mehr M, Orban M, Stocker TJ, Deseive S, et al.
Impact of transcatheter tricuspid valve repair for severe tricuspid regurgitation
on kidney and liver function. JACC Cardiovasc Interv. (2019) 12:1413-
20. doi: 10.1016/j.jcin.2019.04.018

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2022.980639

40. Subbotina I, Girdauskas E, Bernhardt AM, Sinning C, Reichenspurner
H, Sill B. Comparison of outcomes of tricuspid valve surgery in patients with
reduced and normal right ventricular function. Thorac Cardiovasc Surg. (2017)
65:617-25. doi: 10.1055/s-0037-1604450

41. Schlotter F, Miura M, Kresoja K-P, Alushi B, Alessandrini H, Attinger-
Toller A, et al. Outcomes of transcatheter tricuspid valve intervention by right
ventricular function: a multicentre propensity-matched analysis. Eurolntervention.
(2021) 17:€343-52. doi: 10.4244/E1J-D-21-00191

42. Miura M, Alessandrini H, Alkhodair A, Attinger-Toller A, Biasco L, Lurz
P, et al. Impact of massive or torrential tricuspid regurgitation in patients
undergoing transcatheter tricuspid valve intervention. JACC Cardiovasc Interv.
(2020) 13:1999-2009. doi: 10.1016/j.jcin.2020.05.011

43. Orban M, Wolff S, Braun D, Stolz L, Higuchi S, Stark K, et al. Right ventricular
function in transcatheter edge-to-edge tricuspid valve repair. JACC Cardiovasc
Imaging. (2021) 14:2477-79. doi: 10.1016/j.jcmg.2021.06.026

44, Brener MI, Lurz P, Hausleiter ], Rodés-Cabau ], Fam N, Kodali SK, et al.
Right ventricular-pulmonary arterial coupling and afterload reserve in patients
undergoing transcatheter tricuspid valve repair. ] Am Coll Cardiol. (2022) 79:448-
61. doi: 10.1016/j.jacc.2021.11.031

45. Griinig E, Tiede H, Enyimayew EO, Ehlken N, Seyfarth HJ, Bossone E,
et al. Assessment and prognostic relevance of right ventricular contractile reserve
in patients with severe pulmonary hypertension. Circulation. (2013) 128:2005-
15. doi: 10.1161/CIRCULATIONAHA.113.001573

46. Andersen S, Nielsen-Kudsk JE, Vonk Noordegraaf A, De Man FS. Right
ventricular fibrosis: a pathophysiological factor in pulmonary hypertension?
Circulation. (2019) 139:269-285. doi: 10.1161/CIRCULATIONAHA.118.035326

47. Topilsky Y, Khanna A, Le Toumeau T, Park S, Michelena H, Suri R, et al.
Clinical context and mechanism of functional tricuspid regurgitation in patients
with and without pulmonary hypertension. Circ Cardiovasc Imaging. (2012) 5:314—
23. doi: 10.1161/CIRCIMAGING.111.967919

48. Kim YJ, Kwon DA, Kim HK, Park JS, Hahn S, Kim KH, et al. Determinants
of surgical outcome in patients with isolated tricuspid regurgitation. Circulation.
(2009) 120:1672-8. doi: 10.1161/CIRCULATIONAHA.109.849448

49. Lurz P, Orban M, Besler C, Braun D, Schlotter F, Noack T, et al. Clinical
characteristics, diagnosis, and risk stratification of pulmonary hypertension in
severe tricuspid regurgitation and implications for transcatheter tricuspid valve
repair. Eur Heart ]. (2020) 41:2785-95. doi: 10.1093/eurheartj/ehaal38

50. Stocker TJ, Hertell H, Orban M, Braun D, Rommel KP, Ruf T, et al.
cardiopulmonary hemodynamic profile predicts mortality after transcatheter
tricuspid valve repair in chronic heart failure. JACC Cardiovasc Interv. (2021)
14:29-38. doi: 10.1016/}.jcin.2020.09.033

51. Muntané-Carol G, Taramasso M, Miura M, Gavazzoni M, Pozzoli
A, Alessandrini H, et al. Transcatheter tricuspid valve intervention in
patients with right ventricular dysfunction or pulmonary hypertension:
insights from the TriValve registry. Circ Cardiovasc Interv. (2021)
14:E009685. doi: 10.1161/CIRCINTERVENTIONS.120.009685

52. Vassileva CM, Shabosky J, Boley T, Markwell S, Hazelrigg S. Tricuspid
valve surgery: the past 10 years from the Nationwide Inpatient Sample (NIS)
database. J Thorac Cardiovasc Surg. (2012) 143:1043-9. doi: 10.1016/j.jtcvs.2011.
07.004

53. Praz E Muraru D, Kreidel E Lurz P, Hahn RT, Delgado V, et al.
Transcatheter treatment for tricuspid valve disease. Eurolntervention. (2021)
17:791-808. doi: 10.4244/EIJ-D-21-00695

54. Kresoja KP, Rommel KP, Liicke C, Unterhuber M, Besler C, von Roeder M,
et al. Right ventricular contraction patterns in patients undergoing transcatheter
tricuspid valve repair for severe tricuspid regurgitation. JACC Cardiovasc Interv.
(2021) 14:1551-61. doi: 10.1016/j.jcin.2021.05.005

55. Fam NP, von Bardeleben RS, Hensey M, Kodali SK, Smith RL, Hausleiter J,
et al. Transfemoral transcatheter tricuspid valve replacement with the EVOQUE
system: a multicenter, observational, first-in-human experience. JACC Cardiovasc
Interv. (2021) 14:501-11. doi: 10.1016/j.jcin.2020.11.045

frontiersin.org


https://doi.org/10.3389/fcvm.2022.980639
https://doi.org/10.1016/j.amjcard.2018.04.003
https://doi.org/10.1161/JAHA.120.018417
https://doi.org/10.1093/ejcts/ezz081
https://doi.org/10.1093/ejcts/ezab228
https://doi.org/10.1093/ejcts/ezac172
https://doi.org/10.1093/eurheartj/ehaa643
https://doi.org/10.1161/CIRCULATIONAHA.119.039630
https://doi.org/10.4244/EIJ-D-18-00533
https://doi.org/10.1093/ejcts/ezac077
https://doi.org/10.1093/eurheartj/ehab679
https://doi.org/10.1016/j.jcin.2019.04.019
https://doi.org/10.1016/j.jchf.2019.12.006
https://doi.org/10.1016/j.jacc.2019.09.028
https://doi.org/10.1016/j.jcin.2018.05.002
https://doi.org/10.1016/j.jcmg.2018.10.029
https://doi.org/10.1016/j.jcin.2019.02.042
https://doi.org/10.1016/j.jcin.2019.04.018
https://doi.org/10.1055/s-0037-1604450
https://doi.org/10.4244/EIJ-D-21-00191
https://doi.org/10.1016/j.jcin.2020.05.011
https://doi.org/10.1016/j.jcmg.2021.06.026
https://doi.org/10.1016/j.jacc.2021.11.031
https://doi.org/10.1161/CIRCULATIONAHA.113.001573
https://doi.org/10.1161/CIRCULATIONAHA.118.035326
https://doi.org/10.1161/CIRCIMAGING.111.967919
https://doi.org/10.1161/CIRCULATIONAHA.109.849448
https://doi.org/10.1093/eurheartj/ehaa138
https://doi.org/10.1016/j.jcin.2020.09.033
https://doi.org/10.1161/CIRCINTERVENTIONS.120.009685
https://doi.org/10.1016/j.jtcvs.2011.07.004
https://doi.org/10.4244/EIJ-D-21-00695
https://doi.org/10.1016/j.jcin.2021.05.005
https://doi.org/10.1016/j.jcin.2020.11.045~
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Transcatheter and surgical treatment of tricuspid regurgitation: Predicting right ventricular decompensation and favorable responders
	Introduction
	Surgical treatment
	Transcatheter treatment
	The gray zones and the future
	Author contributions
	Conflict of interest
	Publisher's note
	References


