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Graphical Abstract

Atrial Secondary TR Overlapping features |

o Predominant TA dilation o TA dilation and dysfunction @ Predominant TV leaflet tethering
o Disproportionate ES RARY size 0 TV leafiet remodeling @ Proportionate ES RARY size

o RV conical remodeling o RA dilation and dysfunction @ RV elliptical remodeling

Q RV systolic dysfunction o Atrial fibrillation @ RV systolic dysfunction
0 RV significant dilation o HFpEF @} RV dilation +- hypertrophy
0 TV leaflet tethering e PH @3 Modest TA dilation

o Significant PH 6 CIED-related TR @ Significant PH

° LVEF < 50% 0 Primary TR @ LVEF < 50%

Q Significant left-sided HVD 0 Congenital HD @‘ Left-sided HVD

Characteristic aspects of atrial vs. ventricular secondary tricuspid regurgitation and the possible overlapping features that may occur between the
two typical phenotypes (the check mark means ‘presence of’; the tick means ‘absence of’). Depending on its etiology, some of the listed features of
ventricular secondary tricuspid regurgitation may be absent in some patients (LVEF < 50%, left-sided VHD etc). CIED, cardiac implantable electronic
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device; ES, end-systolic; HD, heart disease; HFpEF, heart failure with preserved ejection fraction; HVD, heart valve disease; LVEF, left ventricular
ejection fraction; PH, pulmonary hypertension; RA, right atrium; RV, right ventricle; TA, tricuspid annulus; TR, tricuspid regurgitation; TV, tricuspid
valve.

Abstract

Atrial secondary tricuspid regurgitation (A-STR) is a distinct phenotype of secondary tricuspid regurgitation with predominant dilation of the
right atrium and normal right and left ventricular function. Atrial secondary tricuspid regurgitation occurs most commonly in elderly women
with atrial fibrillation and in heart failure with preserved ejection fraction in sinus rhythm. In A-STR, the main mechanism of leaflet malcoapta-
tion is related to the presence of a significant dilation of the tricuspid annulus secondary to right atrial enlargement. In addition, there is an
insufficient adaptive growth of tricuspid valve leaflets that become unable to cover the enlarged annular area. As opposed to the ventricular
phenotype, in A-STR, the tricuspid valve leaflet tethering is typically trivial. The A-STR phenotype accounts for 10%—15% of clinically relevant
tricuspid regurgitation and has better outcomes compared with the more prevalent ventricular phenotype. Recent data suggest that patients
with A-STR may benefit from more aggressive rhythm control and timely valve interventions. However, little is mentioned in current guidelines
on how to identify, evaluate, and manage these patients due to the lack of consistent evidence and variable definitions of this entity in recent
investigations. This interdisciplinary expert opinion document focusing on A-STR is intended to help physicians understand this complex and
rapidly evolving topic by reviewing its distinct pathophysiology, diagnosis, and multi-modality imaging characteristics. It first defines A-STR by
proposing specific quantitative criteria for defining the atrial phenotype and for discriminating it from the ventricular phenotype, in order to
facilitate standardization and consistency in research.

Keywords Tricuspid valve « Tricuspid regurgitation < Atrial functional tricuspid regurgitation * Secondary tricuspid regurgitation ¢
Atrial fibrillation * Transcatheter interventions
Intr'oduction proposed to address the previous inconsistencies and facilitate re-

Atrial secondary tricuspid regurgitation (A-STR) is a newly recognized
type of STR predominantly involving the dilation of the right atrium
(RA) and tricuspid annulus (TA), whilst the systolic function of the
left ventricle (LV) and right ventricle (RV) are preserved. Clinically rele-
vant tricuspid regurgitation (TR) (greater or equal to moderate) has a
prevalence of 0.55% in the general population,' and A-STR accounts
for approximately 10%—15% of clinically relevant TRs.>* Atrial second-
ary tricuspid regurgitation occurs most commonly in elderly women
with long-standing atrial fibrillation (AF) and/or heart failure with pre-
served ejection fraction (HFpEF).** Overall, AF prevalence is increasing
due to the aging of the population and improved life expectancy with
chronic diseases.®” One-fourth of the adults free of AF at age 40 years
and older will develop AF®2 Amongst patients with new-onset AF,
one-third will develop clinically relevant TR during follow-up, which
will place them at a higher risk of death.” Patients with A-STR appear
to derive clinical and survival benefits from rhythm control and timely
valve interventions.”""

Increased recognition of A-STR as a separate entity with distinct
pathophysiology and outcomes motivated researchers to better define
its phenotype, as well as its imaging characteristics and therapeutic im-
plications for transcatheter tricuspid valve interventions (TTVIs). In re-
cent investigations, A-STR has been considered a diagnosis of exclusion
and its definition had considerable variability. Due to these inconsisten-
cies, little is mentioned in current guidelines on how to evaluate, follow,
and treat AF patients with A-STR compared with those with ventricular
STR (V-STR).”12"3

This interdisciplinary expert opinion document aims to review the
available data about the pathophysiology, diagnosis, outcome, and man-
agement of A-STR and provides the rationale for its recent classification
as a separate STR phenotype'* (Figure 1). A definition of A-STR is

search efforts aiming to identify optimal treatment strategies for this
specific category of TR patients.

Delineating a new entity within the
spectrum of secondary tricuspid
regurgitation

Approximately 90% of all TR cases are of secondary aetiology."®
Secondary tricuspid regurgitation is independently associated with
cardiovascular mortality and morbidity'’; hence, understanding its
anatomical and functional aspects is key for optimal clinical decision-
making. For many years, STR has been primarily attributed to an ab-
normal geometry and/or systolic dysfunction of the RV, whilst RA
remodelling has been considered a consequence of the regurgita-
tion. Left-sided valve diseases, LV systolic dysfunction, and pulmon-
ary hypertension (PH) are the most common aetiologies leading to
V-STR.

Systematic echocardiographic assessment showed that, in some
patients, a considerable enlargement of the RA and TA may be ob-
served in the presence of relatively normal RV geometry and func-
tion without the classic tethering of the tricuspid valve (TV)
leaflets commonly observed in V-STR.> Accordingly, this entity has
been called A-STR, to distinguish it from the more common
V-STR phenotype. Historically, the A-STR phenotype has been vari-
ably classified as idiopathic or isolated STR. Kasai et al.'® recognized a
distinct entity in 13 elderly patients with right heart failure and se-
vere idiopathic TR, despite no underlying cardiac abnormality, ex-
cept AF and TA dilation. Several authors subsequently adopted
the term idiopathic to describe isolated STR occurring in elderly pa-
tients having permanent AF and dilated TA in the absence of any
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Figure 1 New pathophysiologic classification of tricuspid regurgitation proposed by the PCR Tricuspid Focus Group' (image adapted from Hahn
et al.”®). CIED, cardiac implantable electronic device; TR, tricuspid regurgitation

apparent cause.'”*® Zhou et al.2" observed that lone AF has a great-
er impact on TA than on mitral annulus (MA) remodelling, leading to
more severe STR than secondary mitral regurgitation (SMR).
Amongst patients with idiopathic STR reported by Mutlak et al.*? al-
most all had AF with preserved RV and LV function. This study high-
lighted for the first time the role of the RA in the development of
STR and put forward the hypothesis that ‘AF may contribute to

TA dilation by progressive RA enlargement’.”?

Pathophysiology of the atrial
secondary tricuspid regurgitation
phenotype

In A-STR, there is a predominant TA dilation resulting in a leaflet-
to-annulus imbalance, as the TV leaflets become insufficient to cover
the enlarged annulus area. Tricuspid annulus enlargement is asymmetric
along the RV free wall (where the annulus is more distensible and prone
to dilation®3), and in AF occurs mainly towards its posterior aspect.®* The
main trigger for TA dilation seems to be RA dilation and dysfunction as-
sociated with atrial arrhythmias (AF or atrial flutter). Marked bi-atrial en-
largement increases the total heart volume, leading to pericardial
restraint that affects exertional cardiac output and filling pressures.25
Secondary tricuspid regurgitation is highly dependent on annular dilation,
with clinically relevant STR occurring already with 40% dilation in the TA
area, whereas 75% MA area dilation is required for SMR to develop.®® As
mitral leaflets are both attached to a single papillary muscle, the coapta-
tion defect provoked by pure annular enlargement is more limited in
SMR. Conversely, the papillary muscles supporting the TV are smaller
and widely separated, applying less constraint to the TV leaflets.”” In add-
ition, the TA has less fibrotic component, and, differently from the MA,
more than two-thirds of its circumference is connected with the muscu-
lar free wall. From a histological point of view, the distance separating the
RA from the RV musculature widens with age and the atrial myocardium
extends beyond the TA into the valve leaflets more frequently than on

the left side?® (Figure 2). These differences explain why A-STR is generally
more prevalent and severe than A-SMR.

Unfavourable TA dynamics is an additional aspect assumed to con-
tribute to A-STR pathophysiology. In AF compared with sinus rhythm
(SR), TA area shortening is significantly blunted due to the loss of at-
rial contraction, and the timing of TA minimal area is variable and fre-
quently discoordinated with respect to RV systole (i.e. occurring in
diastole) leading to larger TA area during systole in most cardiac cy-
cles.3'32 Unfavourable timing of minimal TA area was more frequent-
ly associated with at least moderate TR, irrespective of the cardiac
rhy’chm.32 Similar mechanisms have been described in A-SMR, in
which the blunting of presystolic annular contraction due to the
loss of atrial contraction in AF contributes to MV leaflet malcoapta-
tion. Sinus rhythm restoration allowed gradual recovery of the pre-
systolic annular contraction and decreased A-SMR severity by
improving the annular-leaflet area imbalance, regardless of left atrial
(LA) remodelling.*® Restoration of SR is associated with atrial reverse
remodelling and reduction in both A-SMR and A-STR."%3*

For unclear reasons, not all patients with permanent AF and RA dila-
tion develop significant A-STR. One hypothesis relates to the highly
variable anatomy of the atrioventricular junction. Indeed, the insertion
of the TV leaflets into the TA varies at the level of the mural part of the
annulus (along the RV free wall). Leaflets can be inserted on the inferior
margin of the atrial wall, on the superior (atrial) margin of the ventricu-
lar wall, or on both, in different annular areas of the same patient?”
(Figure 2). An insertion line predominantly located in the atrial myocar-
dium may therefore predispose to develop A-STR. Conversely, in
V-STR, the thin muscular strings arising from the RV base and inserting
into the right atrioventricular junction may mediate TA dilation.?’
Compensatory leaflet growth through endothelial-mesenchymal trans-
formation has been also described as an adaptive response to TA dila-
tion or leaflet tethering, aiming to augment the area of leaflet coverage
and decrease STR severity.> Compared with patients with V-STR in SR,
A-STR patients were characterized by an insufficient adaptive posterior
leaflet growth, associated with predominant posterior dilation and
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Figure 2 Anatomical relationship of the tricuspid annulus with right atrial and right ventricular myocardial fibres. (A) Atrioventricular junction, showing
the insertion of the tricuspid valve leaflets; (B) Extension of right atrial myocardium at the base of the tricuspid valve leaflets, which is less present on the
left side; (C) Close anatomical relationship of the tricuspid annulus with the atrial and ventricular myocardium (adapted with permission from Kato et al.,
Schlossbauer et al., and Muraru et al.28_30). AW, atrial wall; CS, coronary sinus; EAT, epicardial adipose tissue; RA, right atrial; RCA, right coronary artery;

RV right ventricular; TV, tricuspid valve; VW, ventricular wall

displacement of TA?* The different morphology and number of TV
leaflets, as well as a different extent of compensatory TV leaflet growth,
may contribute to the variability of A-STR development in AF pa-
tients.>> Animal studies elucidated that, although the TV leaflets grow
in response to leaflet stress, there is a maladaptive increase in cellularity
and fibrosis of the TV.3® This was associated with collagen up-regulation
along the leaflet edges, which was in turn linked to TR severity. Animal
studies have also shown that profibrotic changes of tethered MV leaf-
lets post-myocardial infarction can be modulated by losartan,®” whilst
the decrease in serotonin transporter activity may lead to increased
MV stiffening and dysfunction.®® Fibrosis modulators may therefore
have a role in delaying or preventing the development of the malcoap-
tation in the setting of A-STR.

Atrial secondary tricuspid regurgitation may occur even in the ab-
sence of AF, especially when atrial myopathy and HFpEF-related fac-
tors, such as aging, female sex, and LV diastolic dysfunction are
present. The concept of RA myopathy is increasingly recognized and
may explain why a significant proportion of isolated TR patients (up
to 38% in the European Society of Cardiology - Heart Failure
Association, Heart Failure Long-Term Registry) do not have any history
of AF."3%%° Recent data showed that RA mechanics together with min-
imal RA size may be more relevant than maximal RA volume for the
A-STR pathophysiology. Right atrial function, in terms of reservoir
strain and haemodynamics, is more altered in A-STR patients compared
with other TR aetiologies and in massive—torrential compared with

severe TR*" The minimal RA volume and TA area were reported to
be the only predictors of STR severity, whilst the maximal RV volume
and RA volume were not.** Although maximal RA volume is similar in
A-STR and V-STR for the same TR severity, the larger TA area coupled
with insufficient TV adaptative growth leads to severe A-STR even in
the absence of leaflet tethering.*® The concept of RA myopathy in re-
lation to HFpEF and the role of rhythm control in AF to restore RA
function and potentially improve A-STR need to be further clarified.**

Proposal of a standardized
nomenclature and definition of
atrial secondary tricuspid
regurgitation

The term ‘secondary’ is used throughout this document in agreement
with the current societal guidelines,>"*** although ‘functional’ TR has
been used interchangeably with STR in the literature to distinguish pa-
tients having an abnormal leaflet coaptation secondary to RA/TA dila-
tion or RV remodelling. The terms ‘idiopathic’ TR and ‘isolated’ TR
have been variably used to describe TR occurring in isolation due to ei-
ther AF, a primary disease of TV, a device, or to the TR progression
after left-sided valve surgery."****” To avoid any confusion, these
terms should no longer be used to describe A-STR.
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The new definition of the A-STR phenotype proposed in this docu-
ment includes the criteria listed in Table 1.2**3%¢°2 Overlapping imaging
features of A-STR and V-STR may present in a single patient, for instance
when A-SMR (or other left-sided diseases) becomes significant during the
A-STR disease course, leading to significant post-capillary PH and RV re-
modelling. Alternatively, a superimposed event known to cause TR may
occur in A-STR patients [new LV dysfunction, pacemaker implantation
with concomitant cardiac implantable electronic device (CIED)-related
TR, etc.]. Finally, the chronic volume overload due to the long-standing
A-STR will eventually lead to overt RV remodelling and dysfunction,
and a ventricular component will be added to the initial atrial mechanism.
In the presence of supporting evidence attesting to the initial A-STR
mechanism, these cases should be labelled as mixed STR. Often, it may
be difficult to discern the dominant STR mechanism when the patient
presents in the late phase of the A-STR pathway. However, accurate
phenotyping at this stage is probably less clinically relevant than in early-
stage A-STR, when the reverse remodelling of the right chambersand TA
(by rhythm control or valve repair) is more likely.

Characteristics of the atrial
secondary tricuspid regurgitation
phenotype

Atrial secondary tricuspid regurgitation corresponds to the Carpentier
Type 1 classification, in which leaflets structure and motion are normal
and there is isolated annular dilation. Consequently, the jet direction in
A-STR is commonly central, whilst in V-STR (Carpentier Type lllb) and
primary TR (Carpentier Types Il and llla) can be either central or eccen-
tric. An eccentric TR jet in the presence of AF and a device lead should
raise the suspicion of CIED-related TR."> Clinically relevant A-STR
should be at least moderate (Table 1) since a mild degree of TR is com-
mon in healthy subjects.

The characteristics of A-STR and those overlapping with V-STR have
been summarized in the Graphical Abstract and are described in detail in
the Supplementary data. The proposed parameters that can be used to
classify a patient with A-STR are summarized in Figure 3. In the setting of
discordant measures within each anatomic or functional category pro-
posed in Figure 3, an integrative approach should be used to define
A-STR and V-STR.

Importantly, A-STR is a diagnosis of exclusion and implies that alter-
native causes of primary TR and V-STR have been adequately ruled out
(Graphical Abstract; Supplementary data).

Clinical context of atrial secondary
tricuspid regurgitation

Patients who have severe A-STR may remain asymptomatic for a pro-
longed period. Early complaints are non-specific, such as fatigue, dys-
pnoea, and reduced ability to exercise due to a decrease in cardiac
output.>® Compared with V-STR, patients with clinically relevant
A-STR present with normal bi-ventricular function, which may contrib-
ute to their better survival.’>>* However, severe A-STR is associated
with excess mortality and morbidity and its prognosis seems to im-
prove with TTVI as compared with medical therapy, warranting heigh-
tened attention for a prompt diagnosis by quantitative methods and
early referral to specialized centers.>>>*

Amongst patients with new-onset AF, those who develop clinically
relevant A-STR at follow-up are older, more frequently women, with

chronic lung disease, a history of congestive heart failure, and permanent
AF.? For patient screening, prevention, and early diagnosis of A-STR, we
propose the following list of criteria identifying patients at risk of A-STR:>’

At risk for A-STR criteria:

) Elderly patient (>70 years)
) Female sex
) Non-paroxysmal AF (or atrial flutter)
(4) Rate control strategy
) HFpEF
) TA dilation

) Mild A-STR with RA dilation and increased end-systolic RA:RV area
ratio (>2.1)
(8) A-SMR
(9) Intermediate likelihood for PH (peak TRV 2.9-3.4 m/s)

For patients with AF who meet these criteria, close monitoring with
regular clinical and echocardiographic follow-up (every year, or sooner
in case of clinical worsening or HFpEF) and rhythm control manage-
ment should be implemented.>’

Imaging challenges and practical
tips for evaluating patients with
atrial secondary tricuspid
regurgitation

Specific imaging challenges require particular attention in patients with
A-STR due to the high prevalence of AF along with the complex three-
dimensional (3D) geometry of the right heart structures and chronic
RV volume overload.

Two-dimensional echocardiography
In patients with A-STR, the RV basal diameter is not a good surrogate of
RV size and does not correlate well with RV volume. The RV basal diam-
eter potentially leads to the overestimation of RV size due to RV conical
remodelling in A-STR compared with a more elliptical (spherical) RV re-
modelling in V-STR.303? Moreover, RV basal diameter has limited inter-
observer and test—retest reproducibility due to the crescentic shape of
the cross-sectional cut plane of the RV. By retrospective cluster analysis,
mid-RV transversal diameter has been found useful to discriminate
A-STR (normal mid-RV diameter) from V-STR (increased mid-RV diam-
eter). 2 Right ventricular dimensions should be assessed on the
RV-focused apical view,”®>’ which results in the measurement of the lar-
gest RV dimensions and higher values of RV longitudinal function indices
compared with the standard four-chamber view.*® Normative data for
RV dimensions obtained on RV-focused view are now available.*®

Both tricuspid annular plane systolic excursion (TAPSE) and the
RV fractional area change are heavily affected by RV volume overload
and are likely to overestimate the actual RV function in patients
with severe A-STR. The ratio between RV systolic function
parameters and the Doppler-estimated pulmonary arterial systolic
pressure (PASP) [TAPSE/PASP or RV free wall longitudinal strain
(RVFWLS)/PASP] has been proposed as a surrogate for the invasively
determined RV-pulmonary artery (PA) coupling.>® Despite the lim-
ited accuracy of PASP estimation in massive/torrential STR charac-
terized by a large effective regurgitant orifice area with low-flow
velocity and rapid equalization of the RV and RA pressures,(’o""‘1
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Table 1 Proposed definition criteria for the atrial secondary tricuspid regurgitation phenotype

Definition criteria for A-STR

2. Predominant TA dilation

3. Predominant RA dilation with increased end-systolic RA:RV ratio

Recommended cut-offs and caveats

Alternative causes of STR and the typical imaging
features of primary TR should be adequately ruled out®

» VC width (biplane) >3 mm

* PISA radius > 5.5 mm

* PISA EROA > 20 cm’

* PISA regurgitant volume > 30 mL
« Regurgitant fraction > 16%*

Limits of normality for parameters of TA size depend on
sex, body size, view, and timing of measurement
during the cardiac cycle

2D Echo measurements at end-diastole*®*:

« Four-chamber TA diameter: >40 mm (22 mm/m?) for men and
>35 mm (21 mm/m?) for women

« RV-focused TA four-chamber diameter: >41 mm (24 mm/m?) for
men and >38 mm (22 mm/m?) for women

3D echo measurements at end-diastole by automated TV-specific

software™’:

* Major (largest) TA diameter: >46 mm (27 mm/m?) for men and
>43 mm (26 mm/m?) for women

+ TAarea: >13.8 cm? (8.4 mm/m?) for men and >11.7 cm? (6.9 mm/
mz) for women®

« TA perimeter: >13.7 cm (8 cm/m?) for menand >12.5 cm (7.8 cm/
m?) for women

RA dilation is not specific for A-STR, but rather its
disproportion compared with RV size

+ 2D RA volume: >34 mL/m? for men and >29 mL/m? for women

+ 3D RA volume: >38 mL/m? for men and >34 mL/m? for women®"

End-systolic RARV volume (or area) ratio > 1.5 is suggestive of

A-STR?343

Continued
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A-STR: pathophysiology, definition, diagnosis, and treatment

Table 1 Continued

Definition criteria for A-STR Recommended cut-offs and caveats

Single-plane measurement of coaptation height might
underestimate leaflet tenting in case of asymmetric
tethering

Absence of significant TV leaflet tethering is defined by
* tenting height <9 mm
« tenting area < 2.1 cm?
* tenting volume <2.5 m
* leaflet angle < 15°2

43,52
L

5. RV conical remodelling with predominant enlargement of RV basal RV sphericity is a surrogate index reflecting conical
dimension (triangular) RV remodelling, and is calculated as (RV
midventricular diameter X RV longitudinal diameter)/
RV basal diameter

« RV sphericity index < 55*
+ RV midventricular diameter is normal (< 38 mm or <21 mm/m?)
* RV basal diameter is enlarged (> 45 mm or > 24 mm/m? for

men, > 40 mm and > 20 mm/m? for women)48

6. Preserved LV and RV systolic function Preserved bi-ventricular function criteria may not apply
if the A-STR patient is evaluated during AF with
relatively rapid ventricular response or in the late
stages of severe to torrential A-STR (with/without
significant A-SMR)

LVEF > 50%

3D RVEF > 50%

RVFWLS < —20% (<—23% for mid-wall strain)

RVTDIS >9 cm/s

FAC > 35%

TAPSE > 17 mm™**?

(in SR or rate-controlled AF and in earlier stages of the A-STR

disease)

Definite A-STR diagnosis requires the fulfiiment of all six criteria. Probable A-STR is defined by at least 4 criteria. Specific thresholds for parameters describing the geometry of right
chambers and TV in A-STR are based on currently limited evidence, normative data, or TVARC document*® and might be further refined by future dedicated studies on A-STR.
See Supplementary material.

2D, two-dimensional; 3D, three-dimensional; AF, atrial fibrillation; A-SMR, atrial secondary mitral regurgitation; A-STR, atrial secondary tricuspid regurgitation; EROA, effective regurgitant
orifice area; FAC, fractional area change; LV, left ventricular; LVEF, left ventricular ejection fraction; PISA, proximal isovelocity surface area; RA, right atrial; RV, right ventricular; RVFWLS,
right ventricular free wall longitudinal strain; RVEF, right ventricular ejection fraction; SR, sinus rhythm; STR; secondary tricuspid regurgitation; TA, tricuspid annulus; TAPSE, tricuspid
annular plane systolic excursion; TDI S, tissue Doppler imaging systolic velocity; TR, tricuspid regurgitation; TV, tricuspid valve; VC, vena contracta.
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Expert Consensus A-STR V-STR
Suggested Criteria Phenotype Phenotype
Tricuspid Valve Academic
Research Consortium
(TVARC)
TRICUSPID
Focus Group
Leaflet Morphology
Tenting height (4Ch, mm) <9 >9 7
. Assumes no primary TR or
Tenting area (4Ch, cm?) <21 22.1 CiED—causatiSeTR !
Tenting volume (mL) <25 225
Right Heart Chamber Size -
Mid-ventricular RYD (mm) <38 >38 Vollumetric rbneasu;emegts and indexed
: ) values may be preferred over
Indexed mid-ventricular RVD (mm/m?) <21 221 diameters/areas and absolute values,
Indexed RVEDV (mL/m?) <80 280 respectively
Indexed RVESY (mL/m? < 2
FI:V exeh L c(im ;I;) & = RV sphericity index 2D =
sphericity index <55 255 (midventricular RVD x longitudinal
RAV: RVESV ratio >15 <1.5 RVD)/basal RVD
RV Systolic Function
TAPSE (mm) >17 17 Less load-dependent parameters (i.e.
FAC (%) >35 <35 Ryl:]WSl) may be preferred, in ccmbilna.ti?n
with at least one parameter accounting for
RVFWLS (%) 2 -20* <-20* radial shortening (RVEF or FAC)
RVTDI §* (cm/s) 29 <9 *for endocardial strain (for mid-wall strain,
RVEF (%) >50 <50 -23% cut-off may be used)
LV Systolic Function
- - LV GLS may be abnormal in A-STR,
LVEF (%) 250 variable despite preserved LVEF
Invasive Pulmonary Vascular
Hemodynamics
PCWP H s Given the heterogeneous etiology of V-
(mmHg) <354 variable STR, strict criteria cannot be proposed
mPAP (mmHg) <20 usually > 20 “may be increased at rest or during
PVR (WU) <2.0 riabl exercise in HFpEF associated with AF
11 vari e

Figure 3 Suggested anatomic and functional parameters to discriminate atrial secondary tricuspid regurgitation from ventricular secondary tricuspid
regurgitation from the PCR Tricuspid Focus Group and Tricuspid Valve Academic Research Consortium (TVARC).* If data are discordant or incom-
plete (e.g. RVFWLS missing), an integrative approach based on multiple parameters is recommended. 2D, two-dimensional; 4Ch, apical four-chamber;
A-STR, atrial secondary tricuspid regurgitation; CIED, cardiac implantable electronic device; EDV, end-diastolic volume; ES, end-systolic; ESV, end-
systolic volume; FAC, fractional area change; LV, left ventricular; LVEF, left ventricular ejection fraction; GLS, global longitudinal strain; mPAP, mean
pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RAV, right atrial volume; RVFWLS, right
ventricular free wall longitudinal strain; RVD, right ventricular diameter; RVEF, right ventricular ejection fraction; TAPSE, tricuspid annular plane systolic
excursion; TDI S, tissue Doppler systolic velocity; TR, tricuspid regurgitation; V-STR, ventricular secondary tricuspid regurgitation; WU, Woods units

TAPSE/PASP < 0.36 mm/mmHg and RVFWLS/PASP < —0.42%/
mmHg have been associated with worse outcomes in medically trea-
ted patients with clinically relevant TR,%* whilst TAPSE/PASP < 0.39—
0.41 mm/mmHg was associated with increased mortality after
TTVIE"3 A RV-PA coupling using TAPSE and invasively measured
PASP (proposed cut-offs of <0.29-0.30 mm/mmHg)°%¢" improved
the outcome prediction compared with the non-invasive TAPSE/
PASP.

The RA volume and TA diameter™° may be grossly underestimated
when using two-dimensional echocardiography measures on the

conventional apical four-chamber view. Conversely, RA volumes ob-
tained using the RV-focused apical view are closer to those obtained
with 3D echocardiography and cardiac magnetic resonance (CMR).%*
In patients with persistent AF, measurement of RA reservoir strain
(RASr) appears to be more relevant than maximal atrial volumes to
predict AF relapse after electrical cardioversion.®> An impaired RASF
(<9.4%) was associated with a 3.2-fold increased risk of hospitalizations
for heart failure and cardiovascular death in severe TR.*'

As the TR jet velocity is about half compared with MR, the colour
Doppler jet area underestimates the severity of A-STR, particularly in
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Table 2
potential solutions

Imaging challenges in atrial secondary tricuspid regurgitation patients due to persistent atrial fibrillation and

Challenges

Potential Solutions

Irregular (and short) R-R interval * High-volume rate single-beat 3D imaging
* Image after rate control or cardioversion/ablation

Limitations of A-STR severity indices (systolic blunting of

hepatic venous flow, volumetric method, intra- and inter-beat
variability of PISA radius)

Risk of underestimating A-STR severity

Risk of underestimating tricuspid annulus size (inter-beat
variability of the timing of maximal size)

Risk of overestimating RV size if using basal linear
diameter measured by 2D echocardiography

Risk of underestimating RA size if using standard
four-chamber view, particularly if severely dilated LA

Risk of under- or over-estimating PASP due to lack of
TRV average or inaccurate estimation of RA pressure

Regurgitant fraction

Lower severity thresholds for regurgitant volume (?)

3D vena contracta area

Dedicated new quantitative tools needed (Al auto average)

Change in the paradigm thought that a normal RV excludes significant A-STR

Automated tracking software algorithms on high-volume rate 3D acquisitions

Use 3D volumes to reliably evaluate RV chamber size by echocardiography
Use cardiac magnetic resonance in patients with inadequate echocardiographic images

Use RA-focused view to measure the RA volume by 2D echocardiography
Use 3D volumes to reliably evaluate RA size by echocardiography

Use right heart catheterization to confirm or exclude significant PH and establish PH
type (pre-capillary, post-capillary or combined)

2D, two-dimensional; 3D, three-dimensional; Al, artificial intelligence; AF, atrial fibrillation; A-STR, atrial secondary tricuspid regurgitation; HFpEF, heart failure with preserved ejection
fraction; LA, left atrium; PASP; pulmonary arterial systolic pressure; PISA, proximal isovelocity surface area; PH, pulmonary hypertension; RA, right atrium; RV, right ventricle; TRV,

tricuspid regurgitation velocity; TV, tricuspid valve.

patients with late-stage A-STR with significant leaflet tethering.®® Marked
beat-to-beat and respiratory changes in TR systolic velocities render
A-STR quantification difficult (Table 2). Because TR lasts longer in systole
and with higher velocity in PH-related V-STR than in A-STR, for the same
effective regurgitant orifice, the regurgitant volume is larger with PH, with
subsequent larger RV.> Furthermore, due to the lower PASP and TR vel-
ocity, the A-STR jet area is much smaller. The combination of smaller RV
and smaller regurgitant jet area tends to make A-STR underestimated,
emphasizing the importance of A-STR quantification. Proximal isovelo-
city surface area method correction according to the TR velocity and
leaflet tenting angle may improve its accuracy.®’

Three-dimensional echocardiography

Multi-beat 3D acquisition commonly achieves optimal spatial and tem-
poral resolution for automated quantitation of chamber volumes and
ventricular ejection fraction. However, since most A-STR patients are
in AF with irregular R-R interval, the reproducibility and accuracy of vol-
ume quantitation may be affected by stitching artefacts (Table 2).
Recent advances allowing high temporal resolution single-beat 3D im-
aging made possible the (automated) measurement of RA, RV volumes,
and RV ejection fraction (RVEF)‘S“"{’&69 with excellent accuracy and re-
producibility compared with CMR.”® When the transthoracic apical
acoustic window is satisfactory, 3D echocardiography is the preferred
modality for an accurate and reproducible quantification of RA and RV
volumes and for reliably assessing the right chamber reverse remodel-
ling in response to treatment.”" Vena contracta area by 3D colour
Doppler provides significant advantages with respect to single plane
vena contracta width in case of asymmetric or complex regurgitant or-
ifices.”® The ratio between forward RV stroke volume (i.e. total RV
stroke volume—tricuspid regurgitant volume) and RV end-systolic vol-
ume by 3D echocardiography (RV forward stroke volume/end-systolic
volume proposed cut-off of <0.40) was more strongly associated with

outcome than non-invasive TAPSE/PASP and RVFWLS/PASP in pa-
tients with clinically relevant STR.6? Three-dimensional transoesopha-
geal echocardiography can reveal anatomic details of TV leaflets not
readily apparent by conventional transthoracic approach (small leaflet
prolapse, flail, endocarditis, CIED interference, supernumerary scallops,
gap localization, and size), which may refine the classification of TR
phenotype and help the decision-making regarding TV repair."

Cardiac computed tomography

Using a dedicated imaging protocol for enhancing right chambers with a
triphasic injection of contrast/saline mixture, cardiac computed tomog-
raphy (CCT) provides accurate measurements of the dimensions of TA
and right heart chambers that are essential for pre-procedural planning
of transcatheter and minimally invasive surgical TV interventions
(Figure 4).”> The TV leaflets are thin structures that may be challenging
to visualize by CCT.”*”* Cardiac computed tomography may add rele-
vant anatomic information (such as accurate visualization of pulmonary
veins and LA appendage morphology and measurement of ostial dia-
meters) for AF ablation planning in A-STR patients. In A-STR patients
undergoing CCT, adequate rate control of AF is mandatory and retro-
spective, low-pitch approach is preferred over prospective scanning to

minimize the artefacts.”>

Cardiac magnetic resonance

The role of CMR in the assessment of patients with A-STR includes the
volumetric and functional assessment of the RA and ventricle, quantifi-
cation of TR, and assessment of PH.”> By an accurate quantification of
RV volumes and RVEF (especially when echocardiographic findings are
suboptimal) and evaluation of the presence, pattern, and extent of
myocardial fibrosis, CMR may aid the differentiation of A-STR vs.
V-STR phenotype and the risk stratification before TV intervention
and may guide the timing for intervention.” Although RVEF is the
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Figure 4 Role of multi-modality imaging for the comprehensive characterization of atrial secondary tricuspid regurgitation patients. 3D, three-
dimensional; A-STR, atrial secondary tricuspid regurgitation; CW, continuous wave; EROA, effective regurgitant orifice area; PISA, proximal isovelocity
surface area; RA, right atrium; Reg Vol, regurgitant volume; RV, right ventricle; TV, tricuspid valve; VC, vena contracta. Image prepared with BioRender

software

standard parameter to report RV performance with CMR, it can over-
estimate RV function in severe TR. Effective RVEF corrected for tricus-
pid regurgitant volume could potentially detect earlier RV dysfunction
and had a stronger association with outcomes (heart failure and cardio-
vascular mortality) than conventional RVEF.”® As CMR depends heavily
on ECG gating, the irregularity of the cardiac rhythm during AF can
make its application problematic in A-STR patients, as the quality of
cine CMR images may be significantly affected by blurring and motion
artefacts. Real-time CMR during free breathing emerged as a promising
alternative to ECG-synchronized balanced steady-state free precession
acquisitions in patients with an irregular rhythm, although it tends to
provide lower volumes compared with the standard cine CMR method
due to undersampling.”” To assess the tricuspid regurgitant volume and
regurgitant fraction, phase-contrast CMR or four-dimensional flow
CMR are the preferred techniques. In patients with A-STR undergoing
surgical TV intervention, CMR-derived tricuspid regurgitant fraction
and RV longitudinal strain were independently associated with worse
survival.”® Furthermore, CMR-derived regurgitant fraction of >30%
and regurgitant volume of >35 mL were the optimal thresholds asso-
ciated with mortality during follow-up.”® Cardiac magnetic resonance
can provide information on the extent of LA remodelling and fibrosis,
as a powerful predictor of the success of AF ablation up to 5 years of

follow-up. In patients with advanced atrial fibrosis by late gadolinium en-
hancement CMR, AF ablation is associated with a high procedural fail-
ure rate.”” Therefore, CMR may inform the decision to attempt rhythm
control vs. to proceed to TTVI in patients with severe A-STR.

Treatment of atrial secondary
tricuspid regurgitation

The management of severe symptomatic A-STR should be evaluated
on a case-by-case basis within an extended multi-disciplinary heart
team with expertise in transcatheter and surgical treatment of
the TV at dedicated Heart Valve Centers, comprising clinical and
interventional cardiologists, cardiac surgeons, imaging specialists
with expertise in interventional imaging, heart failure specialists,
and electrophysiologists.

Whilst valvular interventions are currently applied irrespective of the
A-STR or V-STR phenotype, medical treatment and the relative im-
portance of rhythm control strategy may vary according to the pre-
dominant aetiology of the TV disease. Acknowledging the paucity of
data on this topic, a proposed treatment algorithm in A-STR is pre-
sented in Figure 5 and the clinical pathway and management of patients
with A-STR are illustrated in Figure 6.
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E Management of patients with A-STR [ j

Mild A-STR

Symptomatic AF
Risk markers for A-STR progression*

N

Rhythm control failed, unlikely to succeed
or with high risk/benefit ratio
LV function stable

Consider Rate Control

*Proposed risk markers for
A-STR progression

« Elderly patient (>70 years)

* Female sex

* Non-paroxysmal AF (or atrial

Clinically relevant A-STR

Y Consider Rhythm Control
(Cardioversion, AAD or LA Ablation)

N HFpEF symptoms

Consider Diuretics,
SGLT2i, MRA,ARNI

Symptomatic Severe A-STR

High Surgical Risk (TRI-SCORE)

flutter)

* Rate control strategy N y

« HFpEF

b Consider surgical Consider transcatheter

* Mild A-STR with RA dilation and intervention intervention
increased end-systolic RA: RV area * Annuloplasty * Annuloplasty device
ratio (>2.1) without/with adjunctive * Leaflet coaptation

* A-SMR procedures (e.g. surgical device (i.e., TEER)

* Intermediate likelihood for PH AF ablation) * Orthotopic/heterotopic
(peak TRV 2.9-3.4 m/s) * Valve replacement valve replacement

Figure 5 Proposed algorithm for managing patients with atrial secondary tricuspid regurgitation. AAD, antiarrhythmic drugs; ARNI, angiotensin re-
ceptor—neprilysin inhibitor; A-SMR, atrial secondary mitral regurgitation; A-STR, atrial secondary tricuspid regurgitation; HFpEF, heart failure with pre-
served ejection fraction; LA, left atrial; LV, left ventricle; MRA, mineralocorticoid receptor antagonist; PH, pulmonary hypertension; RA, right atrium; RV,
right ventricle; SGLT?2i, sodium—glucose co-transporter-2 inhibitor; TEER, transcatheter edge-to-edge repair; TRV, tricuspid regurgitation velocity

Medical therapy

The main approach to treating A-STR consists of therapies targeting the
underlying disease process (i.e. AF and HFpEF) and of diuretics to address
the volume overload. Thiazide diuretic agents may be useful in combination
with loop diuretics for more effective diuresis. As part of the sequential
tubular blockade, the mineralocorticoid receptor antagonists (MRAs)

may further improve symptoms and diastolic dysfunction, reduce hospita-
lizations in HFpEF patients with A-STR, and counterbalance the side effects
of loop and thiazide diuretics. As hyperaldosteronism contributes to the
pathogenesis of ascites and resistance to loop diuretics, MRA efficacy is
augmented in case of hyperaldosteronism related to HFpEF and/or hepatic
dysfunction. Limited data suggest that MRAs may be also beneficial to pre-
ventrecurrent AF episodes.80 Sodium—glucose co-transporter-2 inhibitors
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At risk for
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A-STR

Screening and early diagnosis Shared decision-making

Symptomatic
severe A-STR

Old age

Female sex . 6

Atrial fibrillation
Hypertension
Obesity

HFpEF

Dysthyroidism

diagnosing and managing TR

Clinical evaluation

.

Biomarkers

.

Multi-modality imaging

TV anatomy (2D/3D TEE, CT)
RA dilation
RV size and function

* Clinical history and exam
* Auscultation

* Electrocardiogram

* Echocardiogram

« AF screening

* Patient education ‘

Pulmonary pressures (Doppler)

vvas'we hemodynamics

PATIENT PROFILE
* Timely referral to Heart Valve Clinic

or Heart Team with expertise in

A-STR severity (2D/3D TTE, CMR)

RV myecardial fibrosis (CMR) ———=

* Anatomic suitability
* Agel/life expectancy s
/ * Patient preferences \ complications )

Intervention A-STR long-term
for A-STR follow-up
HEART VALVE CENTER Dy
*+ Contact with primary care

physician
+ Clinical and imaging follow-up
* Management of
anticoagulation

=
* Endocarditis ' | S
* Multi-disciplinary Heart prophylaxis L o

Valve Team
* Rhythm control
* Risk assessment

* Patient education

* Early referral to HeartValve
Clinic for recurrent
symptoms, repair failure or

Figure 6 Clinical pathway and management of patients with atrial secondary tricuspid regurgitation. 2D, two-dimensional; 3D, three-dimensional; AF,
atrial fibrillation; A-STR, atrial secondary tricuspid regurgitation; CMR, cardiac magnetic resonance; CT, computed tomography; HFpEF, heart failure
with preserved ejection fraction; RA, right atrium; RV, right ventricle; TEE, transoesophageal echocardiography; TV, tricuspid valve; TTE, transthoracic

echocardiography

can be beneficial in selected patients with A-STR, HFpEF, and right-sided
heart failure due to their diuretic, nephroprotective, and symptomatic ef-
fects. Women with HFpEF may respond more favourably to MRAs and
angiotensin receptor—neprilysin inhibitor."

I a rate control strategy is chosen, care should be taken to avoid ag-
gressive heart rate reduction in severe A-STR (particularly in HFpEF®")
due to low LV stroke volume and stroke volume reserve. Beta-blockers
may be used as first-line treatment, but chronotropic incompetence
may worsen exercise intolerance. Whilst digoxin in combination with
beta-blockers can be useful for the management of poorly controlled
ventricular rate patients with AF, digoxin does not reduce symptoms,
hospitalizations, or mortality in HFpEF and may promote AF recur-
rence in patients with paroxysmal AF. Rate control might improve car-
diac output due to improved RV filling; however, it will have no
significant impact on TR severity. Atrial fibrillation in patients with
A-STR/A-SMR is considered a non-valvular type of AF and the use of
direct oral anticoagulants is recommended before valvular intervention
based on CHA,D,-VASc score unless contraindicated.

Sinus rhythm restoration

In AF patients with A-STR, SR restoration should be attempted as the
first step in treatment, if indicated and likely to succeed. Rhythm control
strategy by cardioversion or catheter ablation may reduce the risk of
incident significant A-STR and, once present, reduce its severity and
slow its progression by preventing chamber remodelling®?
Restoration of SR was associated with a significant decrease in TR at
12 months, especially in patients with active restoration by cardiover-
sion or catheter ablation, who showed reverse remodelling of the
LA, RA, and RV."° Sustained AF tripled the risk of clinically relevant
TR compared with recurrent paroxysmal AF,” suggesting that AF bur-
den and duration, as well as RA size, should be considered for decision-
making. Patients with long-standing persistent AF with a predominant
RA enlargement relative to LA size [RA volume index/LA volume index
(RAVI/LAVI) > 1] are less likely to achieve successful AF ablation.®

Right atrial volume and reservoir strain appear to have an incremental
role compared with respective LA parameters to predict AF recur-
rence after cardioversion (suggested cut-offs: RAVI > 42 mL/m? and
LAVI > 48 mL/m2; RASr < 15% and LA reservoir strain < 10%).65'84 A
first episode and a shorter duration of AF (<6—12 months) are asso-
ciated with a higher probability of successful maintenance of SR after
cardioversion. Atrial reverse remodelling was best predicted by an
intervention to restore SR within the first year after the index hospital-
ization."® Early rhythm control significantly contributed to risk reduc-
tions of both incident significant TR and all-cause mortality by
approximately 30% each.” Although additional data are needed, these
preliminary studies open the path towards early interventional rhythm
control as a specific treatment strategy for patients with A-STR.

Surgery
The role of surgery in patients with A-STR still needs to be elucidated.
Whilst isolated TR surgery has been associated with increased in-hospital
mortality (10%),8%¢ it is now well established that patients who are re-
ferred early to an experienced centre can be safely treated.®” In an inter-
national registry of 2413 patients with severe isolated STR (TRIGISTRY),
an early and successful intervention—either surgical or transcatheter—
improved 2-year survival only in patients with low, and to a lower extent,
intermediate TRI-SCORE, whilst no benefit was observed in the patients
with high TRI-SCORE. The main drivers of postoperative TR outcome, as
captured by the TRI-SCORE, are the severity of clinical presentation and
the TR consequences on the RV, kidneys, and liver.28

Surgical TV annuloplasty is appealing both as preventive (at the time
of mitral valve surgery) and curative treatment in A-STR, since it coun-
teracts the exact dilative annular mechanism leading to TV dysfunction.
Annuloplasty alone may be enough to treat most patients and should be
preferred over suture techniques only, as it provides longer durability.®
In a recent randomized controlled trial, surgical TV annuloplasty has
been associated with an increased risk of new pacemaker implant-
ation’® with potential CIED-related TR worsening.
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As AF often leads to dual valve disease (A-STR and A-SMR), surgery
can address both regurgitations in a single intervention. On the left side,
recurrent regurgitation after surgical mitral annuloplasty occurred less
frequently in A-SMR compared with V-SMR (residual MR > moderate
in 2.5% vs. 7% at 2 years).”! Additional techniques, such as surgical AF
ablation, LA appendage ligation, or LA plication around the MA, play
an important role in this specific population of patients.”> Surgical abla-
tion procedures for paroxysmal and persistent AF during concomitant
MV and TV surgery include full bi-atrial Cox—Maze procedure, pulmon-
ary veinisolation, alone or combined with LA lesion sets, and hybrid pro-
cedure.” Patients with A-SMR undergoing surgical MV repair and
concomitant Maze procedure had a lower incidence of heart failure
and AF and lower recurrence rates of moderate—severe MR and TR
at follow-up than those who underwent catheter ablation procedure.’*
Surgical AF ablation can be performed also in patients undergoing sur-
gery for isolated A-STR, although its effectiveness in maintaining SR
might be lower in late-stage disease with severely dilated atria.”
Right-sided AF ablation techniques are important when AF is due to trig-
gers or substrate present in the RA.

In advanced cases with late-stage A-STR, the decision for TV annulo-
plasty combined with additional techniques (such as leaflet augmenta-
tion) or TV replacement instead of repair is largely driven by anatomic
factors, including the presence of severe leaflet tethering and extreme
annular dilation. In these patients, TV annuloplasty alone can be ineffect-
ive or even worsen the TR. If TV replacement is indicated, a biopros-
thetic valve is generally used, due to its lower rate of structural
deterioration in elderly patients with A-STR. If structural degeneration
occurs, the large size of bioprosthetic valves implanted to treat A-STR
allows also a second tricuspid valve-in-valve intervention procedure to
be safely performed without the risk of significant valve stenosis.

In most A-STR patients undergoing surgical or transcatheter bio-
prosthetic valve implantation, oral anticoagulation (OAC) is recom-
mended lifelong due to concomitant AF. In the absence of other
indications, OAC should be considered in all patients in the first 3—6
months after bioprosthetic TV implantation.'>"® However, due to
the relatively low-flow state of the right chambers and the severe RA
dilation and dysfunction in A-STR patients, the risk of thromboembolic
events may be higher for tricuspid compared with mitral bioprostheses.
Since A-STR patients are often old and fragile, with multiple co-
morbidities (e.g. hypertension and renal and hepatic dysfunction), the
actual risk should be evaluated on an individual basis, considering the
type of prosthetic valve and the patient’s bleeding risk. Prospective
studies are needed to evaluate if more prolonged OAC duration may
be advised after tricuspid bioprosthetic valve implantation, particularly
in the absence of high bleeding risk features.

As TV surgery is associated with an increased risk of advanced atrio-
ventricular block, implantation of an epicardial pacemaker lead should
be considered in A-STR patients undergoing TV replacement and in se-
lected patients undergoing TV annuloplasty.

Transcatheter tricuspid valve
interventions

Transcatheter procedures are emerging as an appealing alternative to
treat patients without other therapeutic options due to either ad-
vanced disease or increased surgical risk. The 2021 Valvular Heart
Disease guidelines of the European Society of Cardiology included a
IIb level C recommendation for transcatheter treatment of severe
symptomatic TR in inoperable patients (llb level C)."> Whilst they rein-
forced the importance of early referral of TR patients, no specific

mention regarding A-STR patients was made. Several treatment modal-
ities will certainly be needed to appropriately address the high anatom-
ical variability of the TV complex, as well as the different disease
aetiologies (Figure 7). Currently, transcatheter tricuspid edge-to-edge
repair (TEER) and direct transcatheter annuloplasty (Cardioband) are
approved treatments in Europe, yet their availability varies widely
across European countries and is currently limited to specialized cen-
tres in TTVI. Evidence that different clinical scenarios may need differ-
ent treatment approaches and may have diverging outcomes is
emerging.’® Patients with A-STR have better survival when treated con-
servatively compared with V-STR patients, whilst the presence of
A-STR remained independently associated with a lower rate of the
combined endpoint of mortality and heart failure hospitalization follow-
ing TTVR compared with non-A-STR patients.”>>*%’

Evenif all treatment modalities including replacement have been usedin
patients with A-STR, only limited dedicated data have been published thus
far. Atrial secondary tricuspid regurgitation patients likely represent a
relevant proportion of the patients included in the TRILUMINATE trial,”®
and further analyses of this trial will provide additional insights regarding
the treatment response of this specific subgroup compared with medical
treatment. Although patients with A-STR are older and less symptomatic
as compared with patients with other TR phenotypes, it has been shown
that they potentially benefit from TTVI and have lower mortality and
heart failure hospitalization rates, probably due to more preserved bi-
ventricular function and more efficient RV-PA coupling.52'54'99 In contrast,
functional results including residual TR grade after the intervention,
New York Heart Association class, and 6-min walk distance do not differ
between A-STR and non-A-STR.>%%?

In principle, any kind of TTVI procedure can be used for the treatment
of A-STR, but specific anatomical characteristics must be taken into ac-
count (Figure 7). Of particular relevance are leaflet morphology with the
definition of the number of leaflets,*>'% the origin'®'®" and the effective
regurgitant orifice area of the TR jet(s),”* and the size of the coaptation de-
fect.'®'%2 Since coaptation gap and tethering are usually not pronounced
during the initial disease stages, A-STR patients are overall good candidates
for TEER or direct annuloplasty; TEER may also induce favourable changes
inannular geometry, improving the leaflet-to-annulus mismatch.'*® If TEER
and direct annuloplasty are equally feasible, a direct annuloplasty device
may be more appropriate since it does not preclude an orthotopic valve
replacement, if needed later. The use of transcatheter replacement may
currently be limited in some A-STR patients, due to too large TA dimen-
sions compared to device-specific annular size criteria. Future develop-
ments of valves for transcatheter replacement will certainly target
patients with A-STR with very large coaptation gaps not amenable to
TEER.

Evidence gaps and future directions

The excess mortality and cardiac events associated with untreated severe
isolated TR and the prognostic importance of quantitative echocardio-
graphic parameters of TR severity>> emphasized the need to conduct
clinical trials in the A-STR patients using a unifying definition for A-STR
and dedicated imaging protocols accounting for the AF-related challenges
(see Table 2). Disparities in the development of A-STR in patients with AF
and comparable RA size need to be investigated prospectively using dedi-
cated imaging techniques. The role of genetics and proteomics in identi-
fying the molecular triggers for TA dilation and TV leaflet growth may
further allow the identification of patients at risk.

The role of SR restoration on A-STR progression and the clinical/im-
aging characteristics of patients who will benefit from early aggressive

$20Z YoJe\ 90 uo Jesn uiag Jo Alsianiun Aq L€€619//8800BYs/eayina/ca0) 0L /10p/ao1e-a0ueApe/lueayina/woo dno-olwapeoae//:sdiy Woll papeojumo(]



14

Muraru et al.

/ Favourable:

 small septo-lateral coaptation gap < 7 mm

* antero-septal/central jet location

*  bi- or trileaflet TV morphology (type | or II)
Feasible:

© septo-lateral coaptation gap > 7 mm and = 8.5 mm
* postero-septal jet location

= four leaflet TV morphology (type Il

Unfavourable:

“ large septo-lateral coaptation gap > 8.5 mm

“ antero-posterior jet location

= complex TV morphology with multiple jets (type IV)
© unfavourable device angle of approach

Annuloplasty

Favourable:

= central jet origination

= adequate tissue for anchor placement and sufficient distance of annular
anchor point to the RCA

= circumference of the annulus from the antero-septal commissure to the
end of the CS can be covered with the device

Feasible:

= RY lead without involvement in the mechanism of TR

Unfavourable:

= inadequate tissue for anchor placement and inadequate distance of
anchor points to the RCA

= advanced annulus dilatation that cannot be adequately covered by the

/ 3

Favourable:
any leaflet morphology
annulus and RY size and RY morphology able to accommodate the
device
Feasible:
RV lead with leaflet impingement
Unfavourable:
unfavourable device angle of approach
severe RV dysfunction
annulus size that exceeds currently available valve sizes
small RV size that does not allow to accommodate the device

N J

Heterotopic valve implantation

Favourable:

= appropriate diameters of the two caval veins (up to 40-43 mm) and their
distance from each other

= advanced right heart failure

= no other treatment option

any leaflet morphology

Unfavourable:

= severely elevated pulmonary and RA pressures increase the risk for

= distance from the RA junction to the hepatic veins needs to be at least

device
pseudo-prolapse

A 4

frame fractures of the bicaval valved stents
10 mm

Figure 7 Anatomical criteria for device selection for TTVI in patients with atrial secondary tricuspid regurgitation. A-STR, atrial secondary tricuspid
regurgitation; CS, coronary sinus; RA, right atrium; RCA, right coronary artery; RV, right ventricle/ventricular; T-TEER, tricuspid transcatheter
edge-to-edge repair; TTVI, transcatheter tricuspid valve intervention; TV, tricuspid valve

rhythm control to treat and prevent A-STR need to be better character-
ized and possibly investigated in randomized controlled trials. Longitudinal
prospective studies investigating the effect of permanent AF and SR main-
tenance on atrial remodelling and TR severity may help untangle the
‘chicken-and-egg’ presentation of AF and A-STR. Finally, the timing, most
appropriate approach (either surgical or transcatheter), treatment modal-
ity, and immediate and preventive effect (besides quality-of-life improve-
ment) need to be compared in A-STR and V-STR.

Conclusions

Due to its distinct pathophysiology, clinical presentation, prognosis, and
potentially therapeutic approach, A-STR emerges as a separate STR
phenotype first defined in the present document as an attempt to unify
future prospective and retrospective research. New data suggest the
need for specific interdisciplinary management to control AF, prevent
disease progression, and mitigate patient symptoms due to chronic vol-
ume overload and frequently associated HFpEF.

Supplementary data

Supplementary data are available at European Heart Journal online.

Declarations

Disclosure of Interest

D.M. declares research institutional support from GE Healthcare and
Philips Medical System and speakers’ fees from GE Healthcare, Philips

Medical Systems, Janssen-Cilag, and Bristol Myers Squibb. L.P.B. declares
research institutional support from GE Healthcare and Philips Medical
System and speakers’ fees from GE Healthcare, Philips Medical
Systems, and ESAOTE. RH. declares speaker fees from Abbott
Structural, Baylis Medical, Edwards Lifesciences, Medtronic, Philips
Healthcare, and Siemens Healthineers; she has institutional consulting
contracts for which she receives no direct compensation with Abbott
Structural, Edwards Lifesciences, Medtronic, and Novartis; she is Chief
Scientific Officer for the Echocardiography Core Laboratory at the
Cardiovascular Research Foundation for multiple industry-sponsored tri-
cuspid valve trials, for which she receives no direct industry compensa-
tion. RM.L. declares grant support from Philips Medical Systems and
Ultrasight. V.D. declares speaker fees from Edwards Lifesciences, GE
Healthcare, Medtronic, Novartis, and Philips and consulting fees from
Edwards Lifesciences and Novo Nordisk. N.C.W. declares speaker
fees from GE Healthcare, Philips Medical Systems, Abbott Vascular,
Edwards Lifesciences, Boston Scientific, and Siemens Healthcare. A.D.
has received consultancy fees from Abbott, Medtronic, Edwards
Lifesciences, and NeoChord. M.T. declares consultancy fees from
Abbott, Medtronic, Edwards Lifesciences, Boston Scientific, Shengi
Medical, MEDIRA, CoreMedic, VentriMend, CorQuest, Simulands,
PiCardia, and CardioValve. P.L. has received institutional grants from
Abbott Structural, ReCor, and Edwards Lifesciences, has received honor-
aria from ReCor and Innoventric, and hold share options of Innoventric.
JJ.B. has received speaker fees from Abbott and Edwards Lifesciences.
RS.v.B. is Pl or steering committee to trials with [IT (University of
Géttingen, Germany) Abbott Structural, Edwards Lifesciences,
Jenscare, Medtronic, and NeoChord; he declares consultancy fees
from Abbott, Edwards Lifesciences, Jenscare, Medtronic, NeoChord,

$20Z YoJe\ 90 uo Jesn uiag Jo Alsianiun Aq L€€619//8800BYs/eayina/ca0) 0L /10p/ao1e-a0ueApe/lueayina/woo dno-olwapeoae//:sdiy Woll papeojumo(]


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae088#supplementary-data

A-STR: pathophysiology, definition, diagnosis, and treatment

15

Philips Medical Systems, and Siemens Healthineers. F.M. declares grant
and/or research support from Abbott, Medtronic,
Edwards Lifesciences, Biotronik, Boston Scientific Corporation, NVT,
Terumo, and Venus; consulting fees and honoraria personal and
institutional from Abbott, Medtronic, Edwards Lifesciences, Xeltis,
CardioValve, Occlufit, Simulands, Mtex, Venus, and Squadra; royalty
income/IP rights Edwards Lifesciences; shareholder (including share
options) of Cardiogard, CardioValve, Magenta, SwissVortex,
Transseptalsolutions, 4Tech, and Perifect. F.P. has received travel ex-
penses from Edwards Lifesciences, Abbott Vascular, Medira, Polares
Medical, and Siemens Healthineers. M.S. has received speaker and con-
sultancy fees from Edwards Lifesciences, GE Healthcare, Medtronic,
and Abbott. The other authors have nothing to declare.

institutional

Data Availability

No data were generated or analysed for this manuscript.

Funding

All authors declare no funding for this contribution.

References
1. 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. https:/doi.org/10.1016/j.jcmg.2018.06.014
Utsunomiya H, Harada Y, Susawa H, Ueda Y, Izumi K, Itakura K, et al. Tricuspid valve
geometry and right heart remodelling: insights into the mechanism of atrial functional
tricuspid regurgitation. Eur Heart | Cardiovasc Imaging 2020;21:1068-78. https:/doi.
org/10.1093/ehjci/jeaa194
. Kwak S, Lim J, Yang S, Rhee TM, Choi Y], Lee HJ, et al. Atrial functional tricuspid regur-
gitation: importance of atrial fibrillation and right atrial remodeling and prognostic sig-
nificance. JACC Cardiovasc Imaging 2023;16:575-87. https:/doi.org/10.1016/j.jcmg.
2022.11.014
Harada T, Obokata M, Omote K, Iwano H, lkoma T, Okada K, et al. Functional tricus-
pid regurgitation and right atrial remodeling in heart failure with preserved ejection
fraction. Am | Cardiol 2022;162:129-35. https:/doi.org/10.1016/j.amjcard.2021.09.021
. Muraru D, Guta AC, Ochoa-Jimenez RC, Bartos D, Aruta P, Mihaila S, et al. Functional
regurgitation of atrioventricular valves and atrial fibrillation: an elusive pathophysio-
logical link deserving further attention. | Am Soc Echocardiogr 2020;33:42-53. https:/
doi.org/10.1016/j.echo.2019.08.016
. Lippi G, Sanchis-Gomar F, Cervellin G. Global epidemiology of atrial fibrillation: an in-
creasing epidemic and public health challenge. Int | Stroke 2021;16:217-21. https:/doi.
org/10.1177/1747493019897870
Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-Lundgyist C, et al. 2020
ESC guidelines for the diagnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic Surgery (EACTYS): the
task force for the diagnosis and management of atrial fibrillation of the European
Society of Cardiology (ESC) developed with the special contribution of the
European Heart Rhythm Association (EHRA) of the ESC. Eur Heart | 2021;42:
373-498. https:/doi.org/10.1093/eurheartj/ehaa612
. Lloyd-Jones DM, Wang T}, Leip EP, Larson MG, Levy D, Vasan RS, et al. Lifetime risk for
development of atrial fibrillation: the Framingham Heart Study. Circulation 2004;110:
1042—-6. https:/doi.org/10.1161/01.CIR.0000140263.20897.42
. Patlolla SH, Schaff HV, Nishimura RA, Stulak JM, Chamberlain AM, Pislaru SV, et al.
Incidence and burden of tricuspid regurgitation in patients with atrial fibrillation. |
Am Coll Cardiol 2022;80:2289-98. https:/doi.org/10.1016/jjacc.2022.09.045
10. Soulat-Dufour L, Lang S, Addetia K, Ederhy S, Adavane-Scheuble S, Chauvet-Droit M,
et al. Restoring sinus rhythm reverses cardiac remodeling and reduces valvular regur-
gitation in patients with atrial fibrillation. | Am Coll Cardiol 2022;79:951-61. https:/doi.
org/10.1016/j.,jacc.2021.12.029
11. Muraru D, Caravita S, Guta AC, Mihalcea D, Branzi G, Parati G, et al. Functional tricus-
pid regurgitation and atrial fibrillation: which comes first, the chicken or the egg? CASE
(Phila) 2020;4:458—63. https://doi.org/10.1016/j.case.2020.04.011
12. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021 ESC/
EACTS guidelines for the management of valvular heart disease. Eur Heart | 2022;43:
561-632. https:/doi.org/10.1093/eurheartj/ehab395
13. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP lll, Gentile F, et al. 2020
ACC/AHA guideline for the management of patients with valvular heart disease: a re-
port of the American College of Cardiology/American Heart Association joint com-
mittee on clinical practice guidelines. Circulation 2021;143:72-227. https:/doi.org/
10.1161/CIR.0000000000000923

I

w

B

wv

o

~

oo

Ned

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

Praz F, Muraru D, Kreidel F, Lurz P, Hahn RT, Delgado V, et al. Transcatheter treat-
ment for tricuspid valve disease. Eurolntervention 2021;17:791-808. https:/doi.org/
10.4244/E1]-D-21-00695

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 Heart | Cardiovasc Imaging 2022;23:913-29. https:/doi.org/10.1093/
ehjci/jeac009

Florescu DR, Muraru D, Volpato V, Gavazzoni M, Caravita S, Tomaselli M, et al. Atrial
functional tricuspid regurgitation as a distinct pathophysiological and clinical entity: no
idiopathic tricuspid regurgitation anymore. | Clin Med 2022;11:382. https:/doi.org/10.
3390/jcm11020382

Wang N, Fulcher ], Abeysuriya N, McGrady M, Wilcox |, Celermajer D, et al. Tricuspid
regurgitation is associated with increased mortality independent of pulmonary pres-
sures and right heart failure: a systematic review and meta-analysis. Eur Heart |
2019;40:476-84. https:/doi.org/10.1093/eurheartj/ehy641

Kasai A, Nishikawa H, Ono N, Unno M, Kakuta Y, Hamada M, et al. [Clinical evaluation
of severe idiopathic tricuspid regurgitation]. | Cardiol 1990;20:937-44.

Marui A, Mochizuki T, Mitsui N, Koyama T, Horibe M. Isolated tricuspid regurgitation
caused by a dilated tricuspid annulus. Ann Thorac Surg 1998;66:560-2. https:/doi.org/
10.1016/50003-4975(98)00509-8

Girard SE, Nishimura RA, Warnes CA, Dearani JA, Puga FJ. Idiopathic annular dilation:
arare cause of isolated severe tricuspid regurgitation. | Heart Valve Dis 2000,9:283-7.
Zhou X, Otsuiji Y, Yoshifuku S, Yuasa T, Zhang H, Takasaki K, et al. Impact of atrial fib-
rillation on tricuspid and mitral annular dilatation and valvular regurgitation. Circ / 2002;
66:913-6. https:/doi.org/10.1253/circ}.66.913

Mutlak D, Lessick J, Reisner SA, Aronson D, Dabbah S, Agmon Y. Echocardiography-
based spectrum of severe tricuspid regurgitation: the frequency of apparently idio-
pathic tricuspid regurgitation. | Am Soc Echocardiogr 2007;20:405-8. https:/doi.org/
10.1016/j.echo0.2006.09.013

Silbiger JJ. Atrial functional tricuspid regurgitation: an underappreciated cause of sec-
ondary tricuspid regurgitation. Echocardiography 2019;36:954—7. https:/doi.org/10.
1111/echo.14327

Utsunomiya H, Yoshida J, Izumi K, Takemoto H, Ueda Y, Nakano Y, et al. Predominant
posterior annular dilatation is associated with vena contracta morphology in atrial
functional tricuspid regurgitation. | Am Soc Echocardiogr 2022;35:588-99. https:/doi.
org/10.1016/j.ech0.2022.01.009

Reddy YNV, Obokata M, Verbrugge FH, Lin G, Borlaug BA. Atrial dysfunction in pa-
tients with heart failure with preserved ejection fraction and atrial fibrillation. | Am
Coll Cardiol 2020;76:1051-64. https:/doi.org/10.1016/j.,jacc.2020.07.009

Spinner EM, Shannon P, Buice D, Jimenez JH, Veledar E, Del Nido P), et al. In vitro
characterization of the mechanisms responsible for functional tricuspid regurgitation.
Circulation ~ 2011;124:920-9.  https:/doi.org/10.1161/CIRCULATIONAHA.110.
003897

Badano LP, Muraru D, Enriquez-Sarano M. Assessment of functional tricuspid regur-
gitation. Eur Heart | 2013;34:1875-85. https:/doi.org/10.1093/eurheartj/ehs474
Kato Y, Matsuyama TA, Fujishiro M, Hashimoto M, Sone H, Onizuka-Yamochi T. Local
variation and age-related change in atrial and ventricular myocardial contiguity at the
atrioventricular junction in human hearts. Circ Rep 2022;4:158-65. https:/doi.org/10.
1253/circrep.CR-22-0013

Schlossbauer SA, Faletra FF, Paiocchi VL, Leo LA, Franciosi G, Bonanni M, et al.
Multimodality imaging of the anatomy of tricuspid valve. | Cardiovasc Dev Dis 2021;8:
107. https:/doi.org/10.3390/jcdd8090107

Muraru D, Addetia K, Guta AC, Ochoa-Jimenez RC, Genovese D, Veronesi F, et al.
Right atrial volume is a major determinant of tricuspid annulus area in functional tricus-
pid regurgitation: a three-dimensional echocardiographic study. Eur Heart | Cardiovasc
Imaging 2021;22:660-9. https:/doi.org/10.1093/ehjci/jeaa286

Naser JA, Kucuk HO, Ciobanu AQ, Jouni H, Oguz D, Thaden JJ, et al. Atrial fibrillation is
associated with large beat-to-beat variability in mitral and tricuspid annulus dimen-
sions. Eur Heart | Cardiovasc Imaging 2021:jeab033. Online Ahead Print. https:/doi.
org/10.1093/ehjci/jeab033

Naser JA, Pislaru C, Roslan A, Ciobanu AO, Jouni H, Nkomo VT, et al. Unfavorable
tricuspid annulus dynamics: a novel concept to explain development of tricuspid regur-
gitation in atrial fibrillation. | Am Soc Echocardiogr 2022;35:664—6. https:/doi.org/10.
1016/j.ech0.2022.02.009

Deferm S, Bertrand PB, Verhaert D, Verbrugge FH, Dauw J, Thoelen K, et al. Mitral
annular dynamics in AF versus sinus rhythm: novel insights into the mechanism of
AFMR. JACC Cardiovasc Imaging 2022;15:1-13. https:/doi.org/10.1016/j.jcmg.2021.
05.019

Itakura K, Hidaka T, Nakano Y, Utsunomiya H, Kinoshita M, Susawa H, et al. Successful
catheter ablation of persistent atrial fibrillation is associated with improvement in func-
tional tricuspid regurgitation and right heart reverse remodeling. Heart Vessels 2020;
35:842-51. https:/doi.org/10.1007/s00380-019-01546-3

Hahn RT, Weckbach LT, Noack T, Hamid N, Kitamura M, Bae R, et al. Proposal for a
standard echocardiographic tricuspid valve nomenclature. JACC Cardiovasc Imaging
2021;14:1299-305. https:/doi.org/10.1016/j.jcmg.2021.01.012

$20Z YoJe\ 90 uo Jesn uiag Jo Alsianiun Aq L€€619//8800BYs/eayina/ca0) 0L /10p/ao1e-a0ueApe/lueayina/woo dno-olwapeoae//:sdiy Woll papeojumo(]


https://doi.org/10.1016/j.jcmg.2018.06.014
https://doi.org/10.1093/ehjci/jeaa194
https://doi.org/10.1093/ehjci/jeaa194
https://doi.org/10.1016/j.jcmg.2022.11.014
https://doi.org/10.1016/j.jcmg.2022.11.014
https://doi.org/10.1016/j.amjcard.2021.09.021
https://doi.org/10.1016/j.echo.2019.08.016
https://doi.org/10.1016/j.echo.2019.08.016
https://doi.org/10.1177/1747493019897870
https://doi.org/10.1177/1747493019897870
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1161/01.CIR.0000140263.20897.42
https://doi.org/10.1016/j.jacc.2022.09.045
https://doi.org/10.1016/j.jacc.2021.12.029
https://doi.org/10.1016/j.jacc.2021.12.029
https://doi.org/10.1016/j.case.2020.04.011
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.4244/EIJ-D-21-00695
https://doi.org/10.4244/EIJ-D-21-00695
https://doi.org/10.1093/ehjci/jeac009
https://doi.org/10.1093/ehjci/jeac009
https://doi.org/10.3390/jcm11020382
https://doi.org/10.3390/jcm11020382
https://doi.org/10.1093/eurheartj/ehy641
https://doi.org/10.1016/S0003-4975(98)00509-8
https://doi.org/10.1016/S0003-4975(98)00509-8
https://doi.org/10.1253/circj.66.913
https://doi.org/10.1016/j.echo.2006.09.013
https://doi.org/10.1016/j.echo.2006.09.013
https://doi.org/10.1111/echo.14327
https://doi.org/10.1111/echo.14327
https://doi.org/10.1016/j.echo.2022.01.009
https://doi.org/10.1016/j.echo.2022.01.009
https://doi.org/10.1016/j.jacc.2020.07.009
https://doi.org/10.1161/CIRCULATIONAHA.110.003897
https://doi.org/10.1161/CIRCULATIONAHA.110.003897
https://doi.org/10.1093/eurheartj/ehs474
https://doi.org/10.1253/circrep.CR-22-0013
https://doi.org/10.1253/circrep.CR-22-0013
https://doi.org/10.3390/jcdd8090107
https://doi.org/10.1093/ehjci/jeaa286
https://doi.org/10.1093/ehjci/jeab033
https://doi.org/10.1093/ehjci/jeab033
https://doi.org/10.1016/j.echo.2022.02.009
https://doi.org/10.1016/j.echo.2022.02.009
https://doi.org/10.1016/j.jcmg.2021.05.019
https://doi.org/10.1016/j.jcmg.2021.05.019
https://doi.org/10.1007/s00380-019-01546-3
https://doi.org/10.1016/j.jcmg.2021.01.012

16

Muraru et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

iy

52.

53.

54.

55.

56.

Meador WD, Mathur M, Sugerman GP, Malinowski M, Jazwiec T, Wang X, et al. The
tricuspid valve also maladapts as shown in sheep with biventricular heart failure. Elife
2020;9:¢63855. https:/doi.org/10.7554/eLife.63855

Bartko PE, Dal-Bianco JP, Guerrero JL, Beaudoin J, Szymanski C, Kim DH, et al. Effect of
losartan on mitral valve changes after myocardial infarction. ] Am Coll Cardiol 2017;70:
1232-44. https://doi.org/10.1016/j.jacc.2017.07.734

Castillero E, Fitzpatrick E, Keeney S), D’Angelo AM, Pressly BB, Simpson MT, et al.
Decreased serotonin transporter activity in the mitral valve contributes to progression
of degenerative mitral regurgitation. Sci Trans/ Med 2023;15:eadc9606. https:/doi.org/
10.1126/scitranslmed.adc9606

Topilsky Y, Khanna A, Le Tourneau T, Park S, Michelena H, Suri R, et al. Clinical context
and mechanism of functional tricuspid regurgitation in patients with and without pul-
monary hypertension. Circ Cardiovasc Imaging 2012;5:314-23. https:/doi.org/10.1161/
CIRCIMAGING.111.967919

Adamo M, Chioncel O, Benson L, Shahim B, Crespo-Leiro MG, Anker SD, et dl.
Prevalence, clinical characteristics and outcomes of heart failure patients with or with-
out isolated or combined mitral and tricuspid regurgitation: an analysis from the
ESC-HFA Heart Failure Long-Term Registry. Eur | Heart Fail 2023;25:1061-71.
https:/doi.org/10.1002/ejhf.2929

Hinojar R, Fernandez-Golfin C, Gonzalez Gémez A, Garcia-Martin A, Monteagudo JM,
Garcia Lunar |, et al. Clinical utility and prognostic value of right atrial function in severe
tricuspid regurgitation: one more piece of the puzzle. Eur Heart | Cardiovasc Imaging
2023;24:1092-101. https:/doi.org/10.1093/ehjci/jead052

Guta AC, Badano LP, Tomaselli M, Mihalcea D, Bartos D, Parati G, et al. The patho-
physiological link between right atrial remodeling and functional tricuspid regurgitation
in patients with atrial fibrillation: a three-dimensional echocardiography study. ] Am Soc
Echocardiogr 2021;34:585-94 e1. https:/doi.org/10.1016/j.echo.2021.01.004

Florescu DR, Muraru D, Florescu C, Volpato V, Caravita S, Perger E, et al. Right heart
chambers geometry and function in patients with the atrial and the ventricular pheno-
types of functional tricuspid regurgitation. Eur Heart | Cardiovasc Imaging 2022;23:
930-40. https:/doi.org/10.1093/ehjci/jeab211

Rivner H, Mitrani RD, Goldberger JJ. Atrial myopathy underlying atrial fibrillation.
Arrhythm Electrophysiol Rev 2020;9:61-70. https:/doi.org/10.15420/aer.2020.13
Lancellotti P, Pibarot P, Chambers J, La Canna G, Pepi M, Dulgheru R, et al.
Multi-modality imaging assessment of native valvular regurgitation: an EACVI and
ESC council of valvular heart disease position paper. Eur Heart | Cardiovasc Imaging
2022;23:e171-232. https:/doi.org/10.1093/ehjci/jeab253

Fender EA, Zack CJ, Nishimura RA. Isolated tricuspid regurgitation: outcomes and
therapeutic interventions. Heart 2018;104:798-806. https:/doi.org/10.1136/heartjnl-
2017-311586

Dahou A, Levin D, Reisman M, Hahn RT. Anatomy and physiology of the tricuspid
valve. JACC Cardiovasc Imaging 2019;12:458-68. https:/doi.org/10.1016/}.jcmg.2018.
07.032

Addetia K, Miyoshi T, Citro R, Daimon M, Gutierrez Fajardo P, Kasliwal RR, et al.
Two-dimensional echocardiographic right ventricular size and systolic function mea-
surements stratified by sex, age, and ethnicity: results of the world alliance of societies
of echocardiography study. | Am Soc Echocardiogr 2021;34:1148-57. https:/doi.org/10.
1016/j.ech0.2021.06.013

Hahn RT, Lawlor MK, Davidson CJ, Badhwar V, Sannino A, Spitzer E, et al. Tricuspid
valve academic research consortium definitions for tricuspid regurgitation and trial
endpoints. Eur Heart | 2023;44:4508-32. https:/doi.org/10.1093/eurheartj/ehad653
Muraru D, Gavazzoni M, Heilbron F, Mihalcea D), Guta AC, Radu N, et al. Reference
ranges of tricuspid annulus geometry in healthy adults using a dedicated three-
dimensional echocardiography software package. Front Cardiovascular Med 2022;9:
1011931. https:/doi.org/10.3389/fcvm.2022.1011931

. Soulat-Dufour L, Addetia K, Miyoshi T, Citro R, Daimon M, Fajardo PG, et al. Normal

values of right atrial size and function according to age, sex, and ethnicity: results of the
world alliance societies of echocardiography study. | Am Soc Echocardiogr 2021;34:
286-300. https:/doi.org/10.1016/j.echo.2020.11.004

Schlotter F, Dietz MF, Stolz L, Kresoja KP, Besler C, Sannino A, et al. Atrial functional
tricuspid regurgitation: novel definition and impact on prognosis. Circulation
Cardiovascular interventions 2022;15:e011958. https:/doi.org/10.1161/CIRCINTERVE
NTIONS.122.011958

Matta M, Layoun H, Abou Hassan OK, Rodriguez L, Schoenhagen P, Kanj M, et al.
Mechanistic insights into significant atrial functional tricuspid regurgitation. JACC
Cardiovasc Imaging 2021;14:2049-50. https:/doi.org/10.1016/}.jcmg.2021.05.025
Gavazzoni M, Heilbron F, Badano LP, Radu N, Cascella A, Tomaselli M, et al. The atrial
secondary tricuspid regurgitation is associated to more favorable outcome than the
ventricular phenotype. Front Cardiovascular Med 2022;9:1022755. https:/doi.org/10.
3389/fcvm.2022.1022755

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.
https:/doi.org/10.1016/j.jcmg.2014.07.018

Lang RM, Badano LP, Mor-Avi V, Afilalo ), Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography in adults:
an update from the American Society of Echocardiography and the European

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Association of Cardiovascular Imaging. Eur Heart | Cardiovasc Imaging 2015;16:
233-70. https:/doi.org/10.1093/ehjci/jev014

Addetia K, Muraru D, Badano LP, Lang RM. New directions in right ventricular assess-
ment using 3-dimensional echocardiography. JAMA Cardiol 2019;4:936—44. https:/doi.
org/10.1001/jamacardio.2019.2424

Genovese D, Mor-Avi V, Palermo C, Muraru D, Volpato V, Kruse E, et al. Comparison
between four-chamber and right ventricular-focused views for the quantitative evalu-
ation of right ventricular size and function. | Am Soc Echocardiogr 2019;32:484-94.
https:/doi.org/10.1016/j.echo.2018.11.014

Kubba S, Davila CD, Forfia PR. Methods for evaluating right ventricular function and
ventricular-arterial coupling. Prog Cardiovasc Dis 2016;59:42-51. https:/doi.org/10.
1016/j.pcad.2016.06.001

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 regur-
gitation and implications for transcatheter tricuspid valve repair. Eur Heart | 2020;41:
2785-95. https:/doi.org/10.1093/eurheartj/ehaa138

Stolz L, Weckbach LT, Karam N, Kalbacher D, Praz F, Lurz P, et dl. Invasive right ven-
tricular to pulmonary artery coupling in patients undergoing transcatheter
edge-to-edge tricuspid valve repair. JACC Cardiovasc Imaging 2023;16:564—6. https:/
doi.org/10.1016/j.jcmg.2022.10.004

Gavazzoni M, Badano LP, Cascella A, Heilbron F, Tomaselli M, Caravita S, et al. Clinical
value of a novel three-dimensional echocardiography derived index of right ventricle-
pulmonary artery coupling in tricuspid regurgitation. | Am Soc Echocardiograph 2023;
36:1154-66. https:/doi.org/10.1016/j.ech0.2023.06.014

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. https:/doi.
org/10.1016/j,jacc.2021.11.031

Ciampi P, Badano LP, Florescu DR, Villella F, Tomaselli M, Torlasco C, et al.
Comparison of RA volumes obtained using the standard apical 4-chamber and the
RV-focused views. JACC Cardiovasc Imaging 2023;16:248-50. https:/doi.org/10.1016/
j-jcmg.2022.08.018

Tomaselli M, Badano LP, Cannone V, Radu N, Curti E, Perelli F, et al. Incremental value
of right atrial strain analysis to predict atrial fibrillation recurrence after electrical car-
dioversion. | Am Soc Echocardiogr 2023;36:945-55. https:/doi.org/10.1016/j.echo.
2023.05.011

Muraru D, Previtero M, Ochoa-Jimenez RC, Guta AC, Figliozzi S, Gregori D, et al.
Prognostic validation of partition values for quantitative parameters to grade function-
al tricuspid regurgitation severity by conventional echocardiography. Eur Heart |
Cardiovasc Imaging 2021;22:155-65. https:/doi.org/10.1093/ehjci/jeaa282

Tomaselli M, Badano LP, Mene R, Gavazzoni M, Heilbron F, Radu N, et al. Impact of
correcting the 2D PISA method on the quantification of functional tricuspid regurgi-
tation severity. Eur Heart | Cardiovasc Imaging 2022;23:1459-70. https:/doi.org/10.
1093/ehjcil/jeac104

Muraru D, Spadotto V, Cecchetto A, Romeo G, Aruta P, Ermacora D, et al. New
speckle-tracking algorithm for right ventricular volume analysis from three-
dimensional echocardiographic data sets: validation with cardiac magnetic resonance
and comparison with the previous analysis tool. Eur Heart | Cardiovasc Imaging 2016;
17:1279-89. https:/doi.org/10.1093/ehjci/jev309

Medvedofsky D, Addetia K, Patel AR, Sedimeier A, Baumann R, Mor-Avi V, et al. Novel
approach to three-dimensional echocardiographic quantification of right ventricular
volumes and function from focused views. | Am Soc Echocardiogr 2015;28:1222-31.
https:/doi.org/10.1016/j.echo.2015.06.013

Kitano T, Nabeshima Y, Otsuiji Y, Negishi K, Takeuchi M. Accuracy of left ventricular
volumes and ejection fraction measurements by contemporary three-dimensional
echocardiography with semi- and fully automated software: systematic review and
meta-analysis of 1,881 subjects. | Am Soc Echocardiogr 2019;32:1105-15.e5. https:/
doi.org/10.1016/j.echo.2019.04.417

Muraru D. 22nd annual Feigenbaum lecture: right heart, right now: the role of three-
dimensional echocardiography. | Am Soc Echocardiogr 2022;35:893-909. https:/doi.
org/10.1016/j.ech0.2022.05.011

Hahn RT, Thomas D, Khalique OK, Cavalcante JL, Praz F, Zoghbi WA. Imaging assess-
ment of tricuspid regurgitation severity. JACC Cardiovascular Imaging 2019;12:469-90.
https:/doi.org/10.1016/j.jcmg.2018.07.033

Pulerwitz TC, Khalique OK, Leb J, Hahn RT, Nazif TM, Leon MB, et al. Optimizing car-
diac CT protocols for comprehensive acquisition prior to percutaneous MV and TV
repair/replacement. JACC Cardiovasc Imaging 2020;13:836-50. https:/doi.org/10.
1016/j.jcmg.2019.01.041

Dudzinski DM, Hariharan P, Parry BA, Chang Y, Kabrhel C. Assessment of right ven-
tricular strain by computed tomography versus echocardiography in acute pulmonary
embolism. Acad Emerg Med 2017;24:337-43. https:/doi.org/10.1111/acem.13108
Nogami M, Ohno Y, Koyama H, Kono A, Takenaka D, Kataoka T, et al. Utility of phase
contrast MR imaging for assessment of pulmonary flow and pressure estimation in pa-
tients with pulmonary hypertension: comparison with right heart catheterization and
echocardiography. | Magn Reson Imaging 2009;30:973-80. https://doi.org/10.1002/jmri.
21935

$20Z YoJe\ 90 uo Jesn uiag Jo Alsianiun Aq L€€619//8800BYs/eayina/ca0) 0L /10p/ao1e-a0ueApe/lueayina/woo dno-olwapeoae//:sdiy Woll papeojumo(]


https://doi.org/10.7554/eLife.63855
https://doi.org/10.1016/j.jacc.2017.07.734
https://doi.org/10.1126/scitranslmed.adc9606
https://doi.org/10.1126/scitranslmed.adc9606
https://doi.org/10.1161/CIRCIMAGING.111.967919
https://doi.org/10.1161/CIRCIMAGING.111.967919
https://doi.org/10.1002/ejhf.2929
https://doi.org/10.1093/ehjci/jead052
https://doi.org/10.1016/j.echo.2021.01.004
https://doi.org/10.1093/ehjci/jeab211
https://doi.org/10.15420/aer.2020.13
https://doi.org/10.1093/ehjci/jeab253
https://doi.org/10.1136/heartjnl-2017-311586
https://doi.org/10.1136/heartjnl-2017-311586
https://doi.org/10.1016/j.jcmg.2018.07.032
https://doi.org/10.1016/j.jcmg.2018.07.032
https://doi.org/10.1016/j.echo.2021.06.013
https://doi.org/10.1016/j.echo.2021.06.013
https://doi.org/10.1093/eurheartj/ehad653
https://doi.org/10.3389/fcvm.2022.1011931
https://doi.org/10.1016/j.echo.2020.11.004
https://doi.org/10.1161/CIRCINTERVENTIONS.122.011958
https://doi.org/10.1161/CIRCINTERVENTIONS.122.011958
https://doi.org/10.1016/j.jcmg.2021.05.025
https://doi.org/10.3389/fcvm.2022.1022755
https://doi.org/10.3389/fcvm.2022.1022755
https://doi.org/10.1016/j.jcmg.2014.07.018
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1001/jamacardio.2019.2424
https://doi.org/10.1001/jamacardio.2019.2424
https://doi.org/10.1016/j.echo.2018.11.014
https://doi.org/10.1016/j.pcad.2016.06.001
https://doi.org/10.1016/j.pcad.2016.06.001
https://doi.org/10.1093/eurheartj/ehaa138
https://doi.org/10.1016/j.jcmg.2022.10.004
https://doi.org/10.1016/j.jcmg.2022.10.004
https://doi.org/10.1016/j.echo.2023.06.014
https://doi.org/10.1016/j.jacc.2021.11.031
https://doi.org/10.1016/j.jacc.2021.11.031
https://doi.org/10.1016/j.jcmg.2022.08.018
https://doi.org/10.1016/j.jcmg.2022.08.018
https://doi.org/10.1016/j.echo.2023.05.011
https://doi.org/10.1016/j.echo.2023.05.011
https://doi.org/10.1093/ehjci/jeaa282
https://doi.org/10.1093/ehjci/jeac104
https://doi.org/10.1093/ehjci/jeac104
https://doi.org/10.1093/ehjci/jev309
https://doi.org/10.1016/j.echo.2015.06.013
https://doi.org/10.1016/j.echo.2019.04.417
https://doi.org/10.1016/j.echo.2019.04.417
https://doi.org/10.1016/j.echo.2022.05.011
https://doi.org/10.1016/j.echo.2022.05.011
https://doi.org/10.1016/j.jcmg.2018.07.033
https://doi.org/10.1016/j.jcmg.2019.01.041
https://doi.org/10.1016/j.jcmg.2019.01.041
https://doi.org/10.1111/acem.13108
https://doi.org/10.1002/jmri.21935
https://doi.org/10.1002/jmri.21935

A-STR: pathophysiology, definition, diagnosis, and treatment

17

76.

77.

78.

79.

80.

81

82.

83.

84.

85.

86.

87.

88.

89.

Hinojar R, Gémez AG, Garcia-Martin A, Monteagudo M, Ferndndez-Méndez MA, de
Vicente AG, et al. Impact of right ventricular systolic function in patients with significant
tricuspid regurgitation. A cardiac magnetic resonance study. Int | Cardiol 2021;339:
120-7. https:/doi.org/10.1016/j.ijcard.2021.07.023

Laubrock K, von Loesch T, Steinmetz M, Lotz ], Frahm J, Uecker M, et al. Imaging of
arrhythmia: real-time cardiac magnetic resonance imaging in atrial fibrillation. Eur J
Radiol Open 2022;9:100404. https:/doi.org/10.1016/}.ejro.2022.100404

Wang TKM, Akyuz K, Reyaldeen R, Griffin BP, Popovic ZB, Pettersson GB, et al.
Prognostic value of complementary echocardiography and magnetic resonance im-
aging quantitative evaluation for isolated tricuspid regurgitation. Circ Cardiovasc
Imaging 2021;14:¢012211. https:/doi.org/10.1161/CIRCIMAGING.120.012211

Chelu MG, King B, Kholmovski EG, Ma J, Gal P, Marashly Q, et al. Atrial fibrosis by late
gadolinium enhancement magnetic resonance imaging and catheter ablation of atrial
fibrillation: 5-year follow-up data. | Am Heart Assoc 2018;7:e006313. https:/doi.org/
10.1161/JAHA.117.006313

Fatima K, Asad D, Shaikh N, Ansari SA, Kumar G, Rehman HA, et al. A systematic re-
view and meta-analysis on effectiveness of mineralocorticoid receptor antagonists in
reducing the risk of atrial fibrillation. Am | Cardiol 2023;199:85-91. https:/doi.org/
10.1016/j.amjcard.2023.04.038

. Kittleson MM, Panjrath GS, Amancherla K, Davis LL, Deswal A, Dixon DL, et al. 2023

ACC expert consensus decision pathway on management of heart failure with pre-
served ejection fraction: a report of the American College of Cardiology solution
set oversight committee. | Am Coll Cardiol 2023;81:1835-78. https:/doi.org/10.1016/
jjacc.2023.03.393

Nishiwaki S, Watanabe S, Yoneda F, Tanaka M, Aizawa T, Yamagami S, et al. Impact of
catheter ablation on functional tricuspid regurgitation in patients with atrial fibrillation.
J Interv Card Electrophysiol 2023;66:1441-53. https:/doi.org/10.1007/s10840-022-
01410-x

Sasaki T, Nakamura K, Naito S, Minami K, Koyama K, Yamashita E, et al. The right to left
atrial volume ratio predicts outcomes after circumferential pulmonary vein isolation of
longstanding persistent atrial fibrillation. Pacing Clin Electrophysiol 2016;39:1181-90.
https:/doi.org/10.1111/pace.12953

Luong C, Thompson DJ, Bennett M, Gin K, Jue J, Barnes ME, et al. Right atrial volume is
superior to left atrial volume for prediction of atrial fibrillation recurrence after direct
current cardioversion. Can | Cardiol 2015;31:29-35. https:/doi.org/10.1016/j.cjca.
2014.10.009

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 |
2020;41:4304-17. https:/doi.org/10.1093/eurheartj/ehaa643

Zack CJ, Fender EA, Chandrashekar P, Reddy YNV, Bennett CE, Stulak M, et al.
National trends and outcomes in isolated tricuspid valve surgery. | Am Coll Cardiol
2017;70:2953-60. https:/doi.org/10.1016/j.jacc.2017.10.039

Hamandi M, Smith RL, Ryan WH, Grayburn PA, Vasudevan A, George T, et al.
Outcomes of isolated tricuspid valve surgery have improved in the modern era. Ann
Thoracic Surg 2019;108:11-5. https:/doi.org/10.1016/j.athoracsur.2019.03.004
Dreyfus J, Galloo X, Taramasso M, Heitzinger G, Benfari G, Kresoja KP, et al.
TRI-SCORE and benefit of intervention in patients with severe tricuspid regurgitation.
Eur Heart | 2023:ehad585. Online Ahead Print. https:/doi.org/10.1093/eurheartj/
ehad585

Navia JL, Nowicki ER, Blackstone EH, Brozzi NA, Nento DE, Atik FA, et al. Surgical
management of secondary tricuspid valve regurgitation: annulus, commissure, or leaf-
let procedure? | Thorac Cardiovasc Surg 2010;139:1473-82 e5. https:/doi.org/10.1016/
j.jtcvs.2010.02.046

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Gammie JS, Chu MWA, Falk V, Overbey R, Moskowitz A, Gillinov M, et al.
Concomitant tricuspid repair in patients with degenerative mitral regurgitation. N
Engl | Med 2022;386:327-39. https:/doi.org/10.1056/NEJM0a2115961

Deferm S, Bertrand PB, Verhaert D, Dauw J, Van Keer JM, Van De Bruaene A, et al.
Outcome and durability of mitral valve annuloplasty in atrial secondary mitral regurgi-
tation. Heart 2021;107:1503-9. https:/doi.org/10.1136/heartjnl-2021-319045
Shibata T, Takahashi Y, Fujii H, Morisaki A, Abe Y. Surgical considerations for atrial
functional regurgitation of the mitral and tricuspid valves based on the etiological
mechanism. Gen Thorac Cardiovasc Surg 2021;69:1041-9. https:/doi.org/10.1007/
$11748-021-01629-x

Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 2017 HRS/
EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and surgical
ablation of atrial fibrillation. Europace 2018;20:¢1-160. https:/doi.org/10.1093/
europace/eux274

Fan X, Tang Y, Ma Y, Zhang B, Lu J, Han L, et al. Mitral valve repair and concomitant
maze procedure versus catheter ablation in the treatment of atrial functional mitral
regurgitation. BMC Cardiovasc Disord 2022;22:543. https:/doi.org/10.1186/512872-
022-02972-4

Park I, Jeong DS, Park S-J, Ahn JH, Kim ], Kim EK, et al. Impact of maze procedure in
patients with severe tricuspid regurgitation and persistent atrial fibrillation. | Thorac
Cardiovasc Surg 2023;166:478-88.e5. https:/doi.org/10.1016/j.jtcvs.2021.10.057
Schlotter F, Orban M, Rommel KP, Besler C, von Roeder M, Braun D, et al.
Aetiology-based clinical scenarios predict outcomes of transcatheter edge-to-edge tri-
cuspid valve repair of functional tricuspid regurgitation. Eur | Heart Fail 2019;21:
1117-25. https:/doi.org/10.1002/ejhf.1547

Galloo X, Dietz MF, Fortuni F, Prihadi EA, Cosyns B, Delgado V, et al. Prognostic im-
plications of atrial vs. ventricular functional tricuspid regurgitation. Eur Heart |
Cardiovasc Imaging 2023;24:733—41. https:/doi.org/10.1093/ehjci/jead016

Sorajja P, Whisenant B, Hamid N, Naik H, Makkar R, Tadros P, et al. Transcatheter re-
pair for patients with tricuspid regurgitation. N Engl | Med 2023;388:1833-42. https:/
doi.org/10.1056/NEJM0a2300525

Russo G, Badano LP, Adamo M, Alessandrini H, Andreas M, Braun D, et al.
Characteristics and outcomes of patients with atrial versus ventricular secondary tri-
cuspid regurgitation undergoing tricuspid transcatheter edge-to-edge repair—results
from TriValve registry. Eur | Heart Fail 2023;25:2243 51 . https:/doi.org/10.1002/ejhf.
3075

Sugiura A, Tanaka T, Kavsur R, Oztiirk C, Vogelhuber |, Wilde N, et al. Leaflet configuration
and residual tricuspid regurgitation after transcatheter edge-to-edge tricuspid repair. JACC
Cardiovasc Interv 2021;14:2260-70. https:/doi.org/10.1016/j.jcin.2021.07.048

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. https:/doi.org/10.
1016/j.jcin.2019.04.019

Ruf TF, Hahn RT, Kreidel F, Beiras-Fernandez A, Hell M, Gerdes P, et al. Short-term
clinical outcomes of transcatheter tricuspid valve repair with the third-generation
MitraClip XTR system. JACC Cardiovasc Interv 2021;14:1231-40. https:/doi.org/10.
1016/j.jcin.2021.03.033

Paukovitsch M, Felbel D, Jandek M, Kessler M, Rottbauer W, Markovic S, et al.
Transcatheter edge-to-edge repair of functional mitral regurgitation induces significant
remodeling of mitral annular geometry. Front Cardiovasc Med 2023;10:1143702.
https:/doi.org/10.3389/fcvm.2023.1143702

$20Z YoJe\ 90 uo Jesn uiag Jo Alsianiun Aq L€€619//8800BYs/eayina/ca0) 0L /10p/ao1e-a0ueApe/lueayina/woo dno-olwapeoae//:sdiy Woll papeojumo(]


https://doi.org/10.1016/j.ijcard.2021.07.023
https://doi.org/10.1016/j.ejro.2022.100404
https://doi.org/10.1161/CIRCIMAGING.120.012211
https://doi.org/10.1161/JAHA.117.006313
https://doi.org/10.1161/JAHA.117.006313
https://doi.org/10.1016/j.amjcard.2023.04.038
https://doi.org/10.1016/j.amjcard.2023.04.038
https://doi.org/10.1016/j.jacc.2023.03.393
https://doi.org/10.1016/j.jacc.2023.03.393
https://doi.org/10.1007/s10840-022-01410-x
https://doi.org/10.1007/s10840-022-01410-x
https://doi.org/10.1111/pace.12953
https://doi.org/10.1016/j.cjca.2014.10.009
https://doi.org/10.1016/j.cjca.2014.10.009
https://doi.org/10.1093/eurheartj/ehaa643
https://doi.org/10.1016/j.jacc.2017.10.039
https://doi.org/10.1016/j.athoracsur.2019.03.004
https://doi.org/10.1093/eurheartj/ehad585
https://doi.org/10.1093/eurheartj/ehad585
https://doi.org/10.1016/j.jtcvs.2010.02.046
https://doi.org/10.1016/j.jtcvs.2010.02.046
https://doi.org/10.1056/NEJMoa2115961
https://doi.org/10.1136/heartjnl-2021-319045
https://doi.org/10.1007/s11748-021-01629-x
https://doi.org/10.1007/s11748-021-01629-x
https://doi.org/10.1093/europace/eux274
https://doi.org/10.1093/europace/eux274
https://doi.org/10.1186/s12872-022-02972-4
https://doi.org/10.1186/s12872-022-02972-4
https://doi.org/10.1016/j.jtcvs.2021.10.057
https://doi.org/10.1002/ejhf.1547
https://doi.org/10.1093/ehjci/jead016
https://doi.org/10.1056/NEJMoa2300525
https://doi.org/10.1056/NEJMoa2300525
https://doi.org/10.1002/ejhf.3075
https://doi.org/10.1002/ejhf.3075
https://doi.org/10.1016/j.jcin.2021.07.048
https://doi.org/10.1016/j.jcin.2019.04.019
https://doi.org/10.1016/j.jcin.2019.04.019
https://doi.org/10.1016/j.jcin.2021.03.033
https://doi.org/10.1016/j.jcin.2021.03.033
https://doi.org/10.3389/fcvm.2023.1143702

	Atrial secondary tricuspid regurgitation: pathophysiology, definition, diagnosis, and treatment
	Introduction
	Delineating a new entity within the spectrum of secondary tricuspid regurgitation
	Pathophysiology of the atrial secondary tricuspid regurgitation phenotype
	Proposal of a standardized nomenclature and definition of atrial secondary tricuspid regurgitation
	Characteristics of the atrial secondary tricuspid regurgitation phenotype
	Clinical context of atrial secondary tricuspid regurgitation
	Imaging challenges and practical tips for evaluating patients with atrial secondary tricuspid regurgitation
	Two-dimensional echocardiography
	Three-dimensional echocardiography
	Cardiac computed tomography
	Cardiac magnetic resonance

	Treatment of atrial secondary tricuspid regurgitation
	Medical therapy
	Sinus rhythm restoration
	Surgery
	Transcatheter tricuspid valve interventions

	Evidence gaps and future directions
	Conclusions
	Supplementary data
	Declarations
	Disclosure of Interest
	Data Availability
	Funding

	References


