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Abstract

Background Tricuspid regurgitation has historically been neglected or treated too late. Outcomes of tricuspid surgery have been plagued
by high mortality. Recently, transcatheter therapies have emerged as a promising alternative.

Aims To assess the changes in tricuspid regurgitation patients’ referral, treatment, and in-hospital outcomes before and after
transcatheter technologies became established at our centre.

Methods We retrospectively reviewed our in-hospital data from patients with isolated >moderate-to-severe tricuspid regurgitation

and results referred for correction between January 2012 and December 2023. We compared two periods: before (2012-2017) and

after (2018-2023) the widespread adoption of transcatheter procedures. A total of 348 patients were referred. Admissions
rose from 108 (2012-2017) to 240 (2018-2023), reflecting a +12.4% annual growth (P <.001). Surgical treatment de-
creased from 68.5% to 37% (P < .001), while transcatheter interventions increased from 3.7% to 44% (P < .001) and indi-
cation to medical therapy alone declined from 27.8% to 19% (P =.046). Patients’ risk profile remained similar over time
(TriScore 7% vs 8%, P = .64). In-hospital mortality for tricuspid correction dropped from 10.3% to 3.6% (P =.039), but re-
sidual regurgitation >3+ rose from 2.6% to 16.3% (P <.001).

Conclusions After the advent of transcatheter therapies, more patients with isolated tricuspid regurgitation were referred and received
correction. In the last years, transcatheter therapies became the most used method to treat tricuspid regurgitation.
Procedural mortality fell, however residual regurgitation was more common. Patients’ risk profile remained similar.
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Twelve-year evolution of isolated tricuspid regurgitation treatment. After the advent of transcatheter therapies, more patients were admitted for tricuspid
regurgitation correction and more patients received treatment, with reduced in-hospital mortality but increased residual tricuspid regurgitation.
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Introduction

Tricuspid regurgitation (TR) has recently emerged from decades of
neglect." Its recognition has been a slow process, much like the grad-
ual onset of its clinical consequences. Initially, TR is often well tolerated
and easily managed with diuretics for an extended period.* However,
by the time symptoms persist despite escalating medical therapy, right
ventricular dysfunction has often set in. Historically, patients were fre-
quently referred for surgery at this late stage, where operative mortal-
ity becomes discouragingly high due to right ventricular failure. This, in
turn, reinforced delayed and infrequent referral, perpetuating a vicious
cycle that kept TR an underrated and undertreated condition.®

Over the past decade, transcatheter technologies have revolutio-
nized TR management, rapidly increasing cardiological awareness on
the matter. Indeed, early outcomes of transcatheter tricuspid interven-
tions demonstrated excellent safety profiles, even in high-risk patients,
offering the potential to shift the treatment paradigm® and current
guidelines now suggest transcatheter therapies for selected patients.”

The San Raffaele Hospital Valve Centre has been a tertiary referral
centre for surgical treatment and, more recently, for transcatheter
therapy of TR. It is therefore the ideal setting to analyse the impact
of the introduction of transcatheter therapies on patients’ referral,
treatment choices for TR correction, and in-hospital outcomes. This
study aims to evaluate the evolution of TR treatment before and after
the introduction of transcatheter technologies and to assess the

changes of patients’ in-hospital outcomes in the real-world clinical prac-
tice at the San Raffaele Hospital Valve Centre.

Methods

Patient selection

Case records of all patients admitted for TR treatment at the San Raffaele
Hospital Valve Centre from January 2012 to December 2023 (12 years)
with isolated moderate-severe or worse (>3+) TR were reviewed.
Patients with concomitant other valve pathology >moderate-to-severe
(>3+) as well as with untreated severe coronary artery disease or other se-
vere diseases requiring treatment were excluded (ascending aorta replace-
ment, atrial fibrillation ablation, left atrial appendage closure, left ventricular
assist device implantation, Supplementary Figure S1). Concomitant atrial
septal defect (n=9) and patent foramen ovalis (n=8) closures were
included.

Data collection

Data on patients’ baseline characteristics, pre-procedural echocardiograph-
ic parameters, intra-procedural features, and post-procedural in-hospital
outcomes were collected through the Department’s prospectively filled
in database and from patients’ medical records for all patients.

Through retrospective analysis of each patient’s medical record and
echocardiogram, the recently developed TriScore® was calculated and TR
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Figure 2 Percentages of treatments before (2012—2018) and after (2018-2023) transcatheter therapies introduction

mechanism was classified as primary, atrial, ventricular, and cardiac implan-
table electronic devices (CIED) related.’

TR was graded using a multiparametric approach as none, mild 1+, mod-
erate 2+, moderate-to-severe 3+, and severe 4+ until 2017; from 2017 mas-
sive 5+ and torrential 6+ were added to the clinical practice.w'11 However,
since TR grading beyond severe could not be retrospectively reliably
re-adjudicated for all patients before 2017, for the purpose of the present
manuscript we reclassified all ‘massive’ and ‘torrential’ cases into ‘severe’ to

avoid inconsistencies in grading over time. Post-procedural residual TR was
measured after the procedure before discharge.

Right ventricle (RV) dimensions and contractile function are presented
through mid-diameter, base diameter, tricuspid annular plane systolic
excursion (TAPSE), tissue Doppler imaging (TDI), and free wall strain
(FWS). According to Tricuspid Valve Academic Research Consortium
Definitions, to help to describe right ventricular assessment, right ven-
tricular dysfunction was also classified for all patients as absent, mild
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Transcatheter Edge-to-Edge (83.5%)
Valve-in-Valve (7.3%)
Orthotopic Native Replacement (6.4%)

Annuloplasty (1.8%)

Heterotopic Valve Implantation (0.9%)

Figure 3 Proportions of transcatheter therapies applied during the study period

(TAPSE 14-17 mm, TDIs’ 9-11 cm/sec, FWS 20-23%), moderate
(TAPSE 10-13 mm, TDIs’ 6-8 cm/s, FWS 15-19%), or severe (TAPSE
<10 mm, TDIs’ <6 cm/s, FWS <15%).""

Data analysis

Before 2018, only rare attempts at transcatheter tricuspid treatment were
performed. In 2018, transcatheter tricuspid edge-to-edge became routine
clinical practice at our centre and was immediately applied consistently,
making transcatheter treatment a real option for the patients. Therefore,
we divided the study population into two groups: patients admitted during
the 2012-2017 period (6 years) and those admitted from 2018 to 2023 (6
years). We then compared the characteristics and outcomes between
these two groups. The study aims were to assess:

* The change in the number of patients admitted for TR correction.

* The change in the number of TR treatments performed (surgery, trans-
catheter, medical therapy).

* The change in in-hospital mortality after TR correction.

The study was approved by the competent Ethics Committee. Given the
retrospective nature of the study and the use of completely anonymized
data, the administration of informed consent was waived in accordance
with the applicable regulations.

Statistical analysis

Statistical analysis was performed using RStudio (Posit Software, version
2023.09.1 +494).

Continuous variables are presented as mean =+ standard deviation for
data with a normal distribution or as median (25th and 75th percentile limits
in brackets) for data with a non-Gaussian distribution. Categorical variables
are expressed as proportions. Univariable comparisons have been per-
formed using the paired t-test for normally distributed data. For non-
normally distributed data, Wilcoxon Signed Rank Test was used for paired
continuous and Mann—Whitney test for unpaired continuous variables. The
%2 test and Fisher’s exact test were used for categorical data. Compound
annual growth rates from 2012 to 2023 and the Jonckheere trend test
were calculated to study temporal trends over time. A two-sided P-value
<.05 was considered significant.

Results

A total of 348 patients (20% out of 1742 screened) were admitted for
isolated TR correction and included in the study analysis; 163 treated
surgically, 110 treated by transcatheter procedures, and 75 who re-
mained on medical therapy.

Figure 1 illustrates the temporal trends of patients over 12 years
(2012-2023). The annual number of admissions for isolated TR >3+ in-
creased from 17in 2012 to 69 in 2023, with a compound annual growth
rate of +12.4% (P <.001). Patient growth rates varied by treatment
group: —4.17% per year for surgical intervention (P=.89), +45.6%
per year for transcatheter therapy (P <.001), and +19.5% per year
for medical therapy alone (P =.174).

Comparing the periods before and after 2018, the total number of
patients increased from 108 to 240 (+122%). Absolute numbers rose
across all treatment groups: surgery (74 to 89), transcatheter therapy
(4 to 106), and medical therapy (30 to 45). Proportionally, surgical pa-
tients declined from 68.5% to 37% (P < .001), while transcatheter ther-
apy cases grew from 3.7% to 44% (P <.001) and patients receiving
medical therapy alone decreased from 27.8% to 19% (P =.046),
Figure 2.

Figure 3 details tricuspid transcatheter interventions during the study
period: the most frequently performed was edge-to-edge repair
(83.5%) while orthotopic replacement in native anatomy was per-
formed in 6.4% of cases. Before 2018, only four transcatheter proce-
dures were performed (2014-2017); they were seldom attempts,
each one different from the other, including compassionate and first-
in-man cases: 1 Tricinch, 1 Navigate, 1 edge-to-edge, 1 Valve-in-Valve.

Tables 1 and 2 summarize the baseline clinical and echocardiographic
characteristics of patients admitted during the 2012-2017 and 2018-
2023 periods. Patients in the 2018-2023 cohort were older and had
lower estimated glomerular filtration rate (eGFR). The mechanism of
TR differed between the two periods, with atrial TR diagnosis increas-
ing over time (from 17% to 38%) and ventricular TR decreasing (from
52% to 36%) (P <.001). Correspondingly, smaller left and right ven-
tricular end-diastolic diameters were observed in the 2018-2023 co-
hort, though ventricular function remained unchanged.

In-hospital outcomes for patients undergoing surgical or transcath-
eter procedures in the two timeframes are summarized in Table 3.
Overall, in-hospital mortality of treated patients declined from 10.3%
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Table 1 Baseline patients features before and after the introduction of transcatheter therapies

Treatment, n (%)
Surgery
Transcatheter
Medical therapy
Age, years
Gender female, n (%)
Triscore mortality, %
Triscore class, (n %)
Low (£3)
Medium 4-5
High >6
CAD, n (%)
COPD, n (%)
AFib
Chronic AFib
eGFR, ml/min
eGFR < 60
Previous cardiac surgery, n (%)
Previous tricuspid surgery, n (%)
Previous tricuspid transcatheter procedure, n (%)
RV lead, n (%)
NYHA >lll, n (%)
Any sign of right failure, n (%)
Ascites, n (%)
Previous right HF hospitalization, n (%)
Bilirubin >1.5
Medications
Furosemide daily mg
MRA, n (%)
Beta-blockers, n (%)
ACEI/ARB, n (%)
Sacubitril/valsartan, n (%)
SGLT2 inhibitors, n (%)

Inotropes, n (%)

2012-2017 2018-2023 P value
(n=108) (n =240)
<.001
74 (68.5) 89 (37)
4(37) 106 (44)
30 (27.8) 45 (19)

71 (61-76) 73 (64-78) 043
71 (65.7) 165 (69) 57
7 (2-22) 8 (3-14) 64

18
54 (50) 113 (47)
21 (19) 68 (28)
33(31) 59 (25)
22 (20) 44 (18) 64
13 (12) 24 (10) 56
77 (71) 171 (70.8) 99
61 (56) 124 (52) 61

64 (46-88) 60 (40-78) 02
40 (37) 121 (50) 02
55 (51) 123 (51) 95

6 (5.6) 24 (10) A7
1(0.9) 4(17) 99
21 (19) 51 (21) 70
54 (50) 122 (514) 99
44 (41) 85 (35) 34
10 (9.3) 21 (8.8) 87
38 (39) 81 (34) 81
14 (13) 40 (17) 36

50 (24-125) 50 (25-100) 34
46 (44.2) 106 (44.9) 91
59 (56.7) 165 (69.9) 018
43 (413) 104 (44.1) 64

0 (0) 4(17) 18
0(0) 13 (5.5) 015
24 (23.1) 32 (13.6) 029

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; AFib, atrial fibrillation; eGFR, estimated glomerular filtration rate; RV, right ventricle; NYHA, New York
Heart Association; HF, heart failure; MRA, mineralocorticoid receptor antagonist; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; SGLT2,
sodium-glucose co-transporter 2. Inotropes: any intravenous inotrope including dopamine, dobutamine, adrenaline, noradrenaline, enoximone.

(8/78) to 3.6% (7/195) (P =.039, Figure 4). The incidence of acute kid-
ney injury decreased from 21% to 3.1% (P < .001), and post-procedural
length of stay shortened from 9 (6-16) to 6 (4-8) days (P <.001).
However, residual TR >3+ was more common in the 2018-2023 per-
iod, rising from 2.6% to 16.3% (P < .001, Figure 5).

Table 4 details the main reasons for procedural denial. Right ventricu-
lar failure was the leading cause of rejection in 2012-2017 (46.7%) and

remained the second most common in 2018-2023 (37.8%). On the
other hand, unfavourable anatomy became the most frequent cause
after 2018 (64.4%).

Tables 5 and 6 compare the characteristics of patients treated surgi-
cally, via transcatheter therapy, or managed medically in the 2018-2023
period. Compared with surgical patients, those in the transcatheter and
medical therapy groups were older (P<.001), had higher
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Table 2 Baseline echocardiographic features before
and after the introduction of transcatheter therapies

2012-2017 2018-2023 P value
(n=108) (n=240)

TR mechanism, n (%) <.001

Primary 25 (33) 55 (23)

Atrial 18 (17) 90 (38)

Ventricular 56 (52) 87 (36)

CIED related 9(83) 8 (3.3)
Infective endocarditis, n (%) 5 (4.6) 12 (5.0) .88
TR vena contracta, mm 9 (8-10) 9 (8-13) 79
Annulus diameter SL, mm 42 (40-49) 44 (40-48) 25
RA volume, ml 124 (95-178) 100 (68-155) A3
RV mid EDD 45 (44-50) 38 (34-43)  <.001
RV basal EDD 47 (43-50) 46 (42-51) .96
TAPSE, mm 20 (16-23.8) 18 (16-21) 18
S-TDI, cm/s 10 (8-12) 10 (9-13) 27
RV dysfunction 74

None 64 (59) 134 (56)

Mild 20 (19) 57 (24)

Moderate 14 (13) 30 (12)

Severe 10 (9.3) 19 (8)
sPAP, mmHg 40 (35-48) 40 (35-50) 91
LV EDD, mm 47 (43-52) 46 (40-50) 01
LV EF, % 57 (55-60) 58 (53-62) .08

TR, tricuspid regurgitation; CIED, cardiac implantable electrical devices; SL,
septo-lateral; RA, right atrium; RV, right ventricle; EDD, end-diastolic diameter;
TAPSE, tricuspid annular plane systolic excursion; S’-TDI, systolic wave at tissue
doppler imaging; sPAP, systolic pulmonary artery pressure; LV, left ventricle; EF,
ejection fraction.

Triscore-predicted mortality (P <.001), more comorbidities, more
severe symptoms (New York Heart Association NYHA class >lII,
P =.016), and worse right ventricular function (TAPSE, P <.001).

Nevertheless, transcatheter procedures resulted in fewer post-
procedural complications and shorter hospital stays compared with
surgery, with post-procedural mortality rates of 1.9% vs 5.6% respect-
ively (P=.25), Table 7. However, residual TR >3+ was significantly
more frequent after transcatheter treatment than after surgery
(30% vs 0%, P <.001).

Changes in the characteristics and outcomes of surgical patients be-
tween the 2013-2017 and 2018-2022 periods are reported in
Supplementary Tables S1-3.

Clinical and echocardiographic data of the entire study population
from 2012 to 2023 according to the treatment group are reported
in Supplementary Tables S4-5.

Discussion

To the best of our knowledge, this study is the first to analyse temporal
trends in the treatment, both surgical and transcatheter, of isolated TR
over the last 12 years, categorizing patients into surgical, transcatheter,

Table 3 Post-procedural outcomes in treated
patients before and after the introduction of
transcatheter therapies

2012~ 2018- P
2017 2023 value
(n=78) (n=195)
Death, n (%) 8 (10.3) 7 (3.6) .039
LCOS, n (%) 38 (49) 70 (36) 054
AKI, n (%) 16 (21) 6 (3.1) <.001
Stroke, n (%) 5(6.6) 4(2.1) A2
Bleeding, n (%) 11 (14) 15 (7.8) 10
Prolonged ventilatory support, n 29 (38) 43 (22) 01
(%)
PM implantation, n (%) 6 (7.8) 9 (4.6) .38
Residual TR, n (%) <.001
0 59 (81) 79 (41)
1 5(6.3) 44 (22.7)
2 8 (10) 40 (20)
3 2 (2:6) 18 (9.2)
4 0(0) 14.(7.1)
Post-procedural LOS, days 9 (6-16) 6 (4-8) <.001
ICU LOS, days 3 (1-6) 1(1-3) <.001

LCOS, low cardiac output syndrome; AKI, acute kidney injury; PM, pacemaker; TR,
tricuspid regurgitation; LOS, length of stay; ICU, intensive care unit.

p=0.039
8 (10.3%)
10t
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Timeframe

Figure 4 Post-procedural observed mortality of treated patients
during the study timeframes 2012-2017 vs 2018-2023

or medical therapy groups. The cohort includes all consecutive patients
admitted for isolated TR correction at a high-volume valve centre.
The key findings are: (i) after the introduction of transcatheter ther-
apies, the overall number of patients admitted for TR correction in-
creased; (i) the number of patients who actually received TR
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Table 4 Main reasons for procedure denial before
and after the introduction of transcatheter therapies

2012-2017 2018-2023 P
(n=30) (n=45) value
RV dysfunction, n (%) 14 (46.7) 17 (37.8) 46
Pulmonary hypertension 5(16.7) 2 (4.4) 07
LV dysfunction, n (%) 5(16.7) 7 (15.5) .53
TR <3+ without triggers 13 (43.3) 8 (17.8) .002
for intervention
Medical therapy not 1(33) 6 (13.3) 44
optimized
Unfavourable anatomy 4 (13.3) 29 (64.4) 014

RV, right ventricle; LV, left ventricle; TR, tricuspid regurgitation.

correction increased with fewer patients left on medical therapy alone;
(iii) in-hospital mortality among treated patients declined, albeit with a
higher incidence of residual TR. All of these findings were driven pri-
marily by the rise in transcatheter therapy, which became the most fre-
quent treatment performed in the last years.

Isolated TR remains a clinical challenge due to subtle symptoms, fre-
quent underdiagnosis, and complex, still-debated treatment algo-
rithms.'” TR has been historically an undertreated condition, largely

due to a lack of awareness regarding its prognostic impact’*'® and
the self-perpetuating cycle of late referral to intervention—poor out-
comes—late referral to intervention.'®!” Despite these challenges,
our data demonstrate a growing recognition of TR and an evolving ap-
proach to its management over the past decade.

Interesting trends emerge comparing the two study periods (2012—
2017 vs 2018-2023). Patients in the later cohort showed a trend to-
wards older age and lower eGFR, suggesting they could be people
who would have not been referred for TR correction before transcath-
eter procedures became available. They also exhibited a changing TR
mechanism, with atrial TR becoming more prevalent while ventricular
TR declined. This shift likely reflects the increasing recognition of atrial
functional TR as a distinct clinical entity and possibly an initial increase in
the referral of patients with atrial TR."®'? Concordantly, smaller left
and right ventricular end-diastolic diameters were observed in the
2018-2023 period, although no significant differences in ventricular func-
tion were noted. Of note, a role may also have been played by new heart
failure medications (Sacubitril/Valsartan and Sodium-Glucose co-
transporter 2 inhibitors), which were only used in the more recent
timeframe.

From a procedural perspective, overall in-hospital mortality among
patients undergoing surgical or transcatheter treatment significantly de-
clined (from 10.3% to 3.6%). Post-procedural complications, such as
acute kidney injury (AKI), also decreased, and hospital stays were not-
ably shorter in the later cohort. The reduction in observed mortality
after TR correction is long-awaited good news, since TR treatment
has been historically associated with high mortality in the past surgical
era.®® Notably, latest data from the Society of Thoracic Surgeons
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Table 5 Clinical features of surgical, transcatheter, and medical therapy patients in the 2018-2023 timeframe

Surgery
(n=89)
Age, years 64 (53-74)
Gender female, n (%) 64 (72)
Triscore mortality 3 (2-14)
Triscore class, (n %)
Low (<3) 61 (69)
Medium 4-5 17 (19)
High >6 11 (12)
CAD, n (%) 12 (13)
COPD, n (%) 3(34)
AFib 54 (61.1)
Chronic AFib 37(42)
eGFR, ml/min 74 (61-91)
eGFR < 60 20(22)
Previous cardiac surgery, n (%) 45 (51)
Previous tricuspid surgery, n (%) 9 (10)
RV lead, n (%) 14 (16)
NYHA > I, n (%) 34 (39.1)
Any sign of right failure, n (%) 21 (24)
Ascites, n (%) 4 (4.5)
Previous right HF hospitalization, n (%) 22 (25)
Bilirubin >1.5 14 (16)
Medications
Furosemide daily mg 25 (0-75)
MRA, n (%) 32 (37)
Beta-blockers, n (%) 58 (67)
ACEI/ARB, n (%) 44 (51)
Sacubitril/valsartan, n (%) 1(1)
SGLT2 inhibitors, n (%) 1(1)
Inotropes, n (%) 22 (25)

Transcatheter Medical therapy P value

(n=106) (n=45)

76 (68-80) 75 (69-79) <.001
73 (69.0) 28 (62.0) 52
8 (5-22) 8 (3-22) <.001

<.001
32 (30) 20 (44)
40 (38) 11(24)
34 (32) 14 (31)
20 (19) 12 (27) A7
12 (1) 9 (20) .006
91 (89.5) 26 (58) <.001
67 (63) 20 (44) <.001
44 (32-65) 53 (39-73) <.001
74 (70) 27 (60) <.001
55 (52) 23 (51) .98
11 (10) 4(89) 99
26 (25) 11 (24) 27
63 (59) 24 (53) 016
45 (42) 19 (42) .01
14 (13) 3(6.7) 09
43 (41) 16 (36) .07
19 (18) 7 (16) .87

50 (25-106) 50 (25-100) <.001
56 (53) 18 (41) .06
75 (71) 32 (73) .70

38 (36) 22 (50) .09
2(2) 1(2) .87

11 (10.5) 1(2) .01
6 (6) 409 <.001

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; AFib, atrial fibrillation; eGFR, estimated glomerular filtration rate; RV, right ventricle; NYHA, New York
Heart Association; HF, heart failure; MRA, mineralocorticoid receptor antagonist; ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin receptor blockers; SGLT?2,
sodium-glucose co-transporter 2. Inotropes: any intravenous inotrope including dopamine, dobutamine, adrenaline, noradrenaline, enoximone.

database confirm a similar trend: after years of disappointingly steadi-
ness,’ mortality after TR surgery has been decreasing over the last
few years.”> This reduction likely reflects improvements in patient se-
lection, perioperative management, and the availability of less invasive
transcatheter alternatives, like in our experience.

On the other hand, the rate of residual TR >3+ increased in the
2018-2023 period is disappointing, particularly among patients treated
with transcatheter therapies. This underscores the need for further ad-
vancements in device technology, patient selection, and earlier referral
to optimize long-term outcomes. Indeed, as highlighted by the similar
baseline Triscore, NYHA class, heart failure hospitalizations, tricuspid
annulus diameter, and RV function over time, many patients still pre-
sented at a late stage of disease. At this time advanced tricuspid appar-
atus remodelling frequently presents an unfavourable anatomy for

repair techniques, which cannot achieve optimal TR reduction, while
at the same time RV dysfunction increases the risk of afterload mis-
match after replacement with consequent increased post-procedural
mortality and complica‘cions.7 These concepts remain true for surgery
and transcatheter technologies alike.

Patients who were denied intervention diminished from 2012-2017
to 2018-2023, therefore not only more patients were admitted for TR
correction after the introduction of transcatheter therapies, but more
patients actually received treatment compared with the past. The
evolving criteria for procedural denial provide further insights into
the shifting landscape of TR management. Right ventricular failure, his-
torically the primary reason for rejection, remained a key factor but was
surpassed by unfavourable anatomy in the later cohort. This shift likely
reflects the expansion of transcatheter interventions, where anatomical
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Table 6 Echocardiographic features of surgical, transcatheter, and medical therapy patients in the 2018-2023

timeframe
Surgery
(n=89)
TR mechanism, n (%)
Primary 24 (27)
Atrial 38 (43)
Ventricular 23 (26)
CIED related 4 (4.5)
TR degree, n (%)
Moderate-to-Severe 9 (10)
Severe 80 (90)
TR vena contracta, mm 10 (8-12.3)

TR EROA, cm?

Coaptation gap, mm

0.60 (0.40-0.81)
12,0 (9.8- 13.5)

Leaflets coaptation depth, mm 9.3 (7-11.8)
Annulus diameter SL, mm 43 (40- 47)
RA volume, ml 95 (70-150)
RV mid EDD, mm 36 (33-41)
RV basal EDD, mm 45 (42-50)
TAPSE, mm 20 (17-23)
S-TDI, cm/s 10.4 (9-13)
RV FWLS —22 (=26, -17)
RV dysfunction
None 61 (69)
Mild 20 (22)
Moderate 5(5.6)
Severe 334
sappy, mmHg 40 (31-45)
LV EDD, mm 45 (40-48)
LV EF, % 60 (55-65)

Transcatheter Medical therapy P value
(n=106) (n=45)
A3
23 (23) 8 (18)
35 (33) 17 (38)
46 (43) 18 (40)
2(1.9) 2 (4.4)
01
10 (9.6) 12 (26.5)
95 (90.4) 33 (73.5)
9 (7-13.5) 10 (8-15) 36
0.60 (0.44-0.72) 0.60 (0.5-0.85) 73
8.0 (6.0-11.0) 6.5 (4.1-10.3) .09
10.5 (8.0-11.8) 12.0 (10.0-12.5) 26
44 (41-48) 45 (42-48) 18
108 (60-239) 100 (81-112) 87
50 (35-43) 41 (36-50) 059
46 (42-51) 47 (44-56) .06
18 (15-19) 18 (16-20.8) <.001
10 (8.1-11.8) 104 (9-13) .06
—20 (24, —14) —22 (24, -17) 19
<.001
50 (47) 23 (51)
28 (26) 9 (20)
21 (20) 4 (89)
7 (6.7) 9 (20)
41 (35-50) 50 (38-60) .001
46 (40-52) 47 (40-50) 27
58 (52-62) 56 (50-60) 01

TR, tricuspid regurgitation; CIED, cardiac implantable electrical devices; EROA, effective regurgitant orifice area; SL, septo-lateral; RA, right atrium; RV, right ventricle; EDD, end-diastolic
diameter; TAPSE, tricuspid annular plane systolic excursion; S’-TDI, systolic wave at tissue doppler imaging; FWLS, free wall longitudinal strain; sPAP, systolic pulmonary artery pressure;

LV, left ventricle; EF, ejection fraction.

feasibility plays a crucial role in patient selection. All patients left in med-
ical therapy were by definition not eligible for neither surgery or trans-
catheter therapies, typically with multiple reasons present at the same
time (e.g. bad anatomy for transcatheter and high risk for surgery due to
right ventricle failure).

When comparing surgical, transcatheter, and medically managed pa-
tients in the 2018-2023 period, those undergoing transcatheter or med-
ical therapy were older, had higher Triscore-predicted mortality, more
comorbidities, symptoms, and severe right ventricle dysfunction.
Despite these baseline differences, transcatheter interventions confirmed
afavourable safety profile, similar to previously reported experiences,”
with fewer post-procedural complications and shorter hospital stays com-
pared with surgery. However, the significantly higher rate of residual TR
>3+ after transcatheter treatment once again highlights the need for im-
provement. Of note, while most surgical patients received replacement
because, due to late referral, the disease was too advanced for repair,

the majority of transcatheter cases were repaired because replacement
was not widely available. The EVOQUE Transcatheter Tricuspid Valve
Replacement system (Edwards Lifesciences, Irvine, CA, US) received CE
mark only in October 2023 and was therefore not available during the
study period. It is worth to underline that with the expansion of emerging
transcatheter replacement options more patients who present with un-
favourable anatomy for transcatheter repair may be treated with replace-
ment, leading to reduced residual TR. On the other hand, it must also be
remembered that the presence of right ventricle dysfunction at the late
stages of the disease may limit the applicability of replacement technolo-
gies. Once again, earlier intervention when anatomy is still favourable for
effective repair and the right ventricle is still good enough for safe replace-
ment will be needed to really improve the outcomes of TR treatment.
In summary, our findings highlight a profound transformation in the
approach to isolated TR, characterized by increased recognition, evolv-
ing treatment strategies, and improved in-hospital survival. While
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Table 7 Comparison of outcomes between surgery
and transcatheter therapies in the 2018-2023 period

Surgery Transcatheter P
2018-2023 2018-2023 value
(n=289) (n=106)

Repair, n (%) 26 (29) 91 (86) <.001
Replacement, n (%) 63 (71) 15 (14)
Death, n (%) 5(5.6) 2(19) 25
LCOS, n (%) 41 (46) 29 (28) .008
AKl, n (%) 3(34) 3(29) 99
Stroke, n (%) 2(22) 2(1.9) 99
Bleeding, n (%) 9 (10) 6 (5.8) 27
Prolonged ventilatory 36 (40) 7 (6.8) <.001

support, n (%)
PM implantation, n (%) 5 (5.6) 4(3.8) 73
Residual TR, n (%) <.001

0 67 (57) 12 (11)

1 19 (21) 25 (24)

2 334 37 (35)

3 0 (0) 18 (17)

4 0 (0) 14 (13)
Post-procedural LOS, 7 (5-11) 5(4-6.2) <.001

days
ICU LOS, days 2 (1-4) 1(0-2) <.001

LCOS, low cardiac output syndrome; AKI, acute kidney injury; PM, pacemaker; TR,
tricuspid regurgitation; LOS, length of stay; ICU, intensive care unit.

transcatheter therapies offer a promising alternative to surgery, opti-
mizing long-term results remains an important challenge that will re-
quire earlier treatment as well as refined patient selection and
improved procedural techniques.

Study limitations
Several limitations of the present work should be acknowledged.

First, its retrospective and ‘historical’ nature, encompassing a wide
timespan in the past, undermined the quality of some data, especially
echocardiographic. Indeed, despite careful re-adjudication of TR mechan-
isms based on available data, it remains difficult to fully judge the increased
diagnosis of atrial TR after 2018. Similarly, the current TR grading with the
addition of ‘massive’ and ‘torrential’ was only proposed in 2017 and could
not be reliably re-adjudicated in the previous years of the study for all pa-
tients. Other parameters, like right ventricle strain, fractional area change,
and pro-BNP were also not routinely used in the early years of the study.
Moreover, we acknowledge that some cut-offs for right ventricle disfunc-
tion that we used based on the 2023 Tricuspid Valve Academic Research
Consortium Definitions slightly differ from those recently adopted by the
current 2025 ESC/EACTS Guidelines.”""

Second, the present analysis focused only on patients who were ad-
mitted to the valve centre department to undergo a TR correction pro-
cedure. Patients evaluated at the outpatient clinic or admitted to other
departments of the hospital not referred to the valve centre for TR cor-
rection were not captured. Therefore, the purpose of the present

work cannot be to give information about the entire population of
TR patients but only on those patients who were referred and admitted
for TR correction.

Moreover, the analysis of follow-up outcomes was beyond the pur-
pose of the present study and remains an important objective of future
work.

Furthermore, since the very early experience with transcatheter
technologies is included into the present analysis, its learning curve is
to be taken into account.

Also, the COVID pandemic did alter the number of all patients re-
ferred during 2020 and 2021 years, likely with a rebound in 2023.

Finally, this was a single-centre study whose results may not be gen-
eralizable and the small number of patients and events limit the statis-
tical power of the analyses. After cleaning the study population
removing concomitant diseases, only 348 patients with isolated TR
were included out of the 1742 screened with TR (20%).

Conclusions

Over the past decade, the introduction of transcatheter tricuspid ther-
apies has led to increased referrals for the correction of isolated TR and
a higher number of treated patients compared with previous years.
Transcatheter procedures have recently become the most used meth-
od to treat these patients. This shift has also resulted in reduced post-
procedural mortality; however, it has come at the expense of a higher
incidence of residual TR.

Despite this progress, TR patients are still not being referred early
enough, with many reaching treatment at an advanced stage of disease.
To further improve outcomes, a dual approach is necessary: continuous
technological advancements in transcatheter therapies and a shift to-
wards earlier intervention.
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