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Structured Graphical Abstract

transcatheter tricuspid valve intervention (TTVI)?

TTVI was associated with similar outcomes in both women and men and increased 1-year survival over medical therapy, irrespective of 
sex.

trials.

Key Question

Key Finding

Take Home Message

Sex-related characteristics and outcomes after transcatheter tricuspid valve intervention.
CI, confidence interval; NYHA, New York Heart Association; OMT, optimal medical therapy; TR, tricuspid regurgitation; TTVI, transcatheter tri-
cuspid valve intervention.

Keywords Tricuspid regurgitation • Sex • Transcatheter tricuspid valve intervention

2 A. Scotti et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehac735/6849886 by H
ospital San R

affaele user on 13 January 2023



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abstract

Aims The impact of sexuality in patients with significant tricuspid regurgitation (TR) undergoing transcatheter tricuspid valve inter-
vention (TTVI) is unknown. The aim of this study was to investigate sex-specific outcomes in patients with significant TR
treated with TTVI vs. medical therapy alone.

Methods
and results

The Transcatheter Tricuspid Valve Therapies (TriValve) registry collected data on patients with significant TR from 24 cen-
tres who underwent TTVI from 2016 to 2021. A control cohort was formed by medically managed patients with ≥severe
isolated TR diagnosed in 2015–18. The primary endpoint was freedom from all-cause mortality. Secondary endpoints were
heart failure (HF) hospitalization, New York Heart Association (NYHA) functional status, and TR severity. One-year out-
comes were assessed for the TriValve cohort and compared with the control cohort with the inverse probability of treat-
ment weighting (IPTW). A total of 556 and 2072 patients were included from the TriValve and control groups, respectively.
After TTVI, there was no difference between women and men in 1-year freedom from all-cause mortality 80.9% vs. 77.9%,
P = 0.56, nor in HF hospitalization (P= 0.36), NYHA Functional Classes III and IV (P= 0.17), and TR severity >2+ at last
follow-up (P= 0.42). Multivariable Cox-regression weighted by IPTW showed improved 1-year survival after
TTVI compared with medical therapy alone in both women (adjusted hazard ratio 0.45, 95% confidence interval
0.23–0.83, P= 0.01) and men (adjusted hazard ratio 0.42, 95% confidence interval 0.18–0.89, P= 0.03).

Conclusion After TTVI in high-risk patients, there were no sex-related differences in terms of survival, HF hospitalization, functional
status, and TR reduction up to 1 year. The IPTW analysis shows a survival benefit of TTVI over medical therapy alone in
both women and men.

Introduction
Tricuspid regurgitation (TR) is a highly prevalent valvular heart disease and is
associated with increased long-term mortality and adverse clinical out-
comes.1–3 The majority of patients with significant TR are deemed to be
at high or prohibitive surgical risk, and surgery for isolated TR is seldom per-
formed.4 The unmet clinical need for operative TR management led to the
development of transcatheter tricuspid valve intervention (TTVI), which has
been shown to be a safe and effective therapeutic option.5,6 Several studies
have shown sex-related differences in the presentation and outcomesof pa-
tients with aortic stenosis ormitral regurgitation, irrespective of themedical
or operative management.7–9 In particular, women have been found to be
older at presentation for intervention, have less clinical benefit after mitral
transcatheter edge-to-edge repair (TEER), and have markedly higher mor-
tality after aortic valve intervention for low-flow, low-gradient aortic sten-
osis. Natural history studies report an increased prevalence of significant TR
in women,10 and risk score to predict outcomes for isolated tricuspid valve
(TV) surgery includes female sex as a risk factor.11 However, the impact of
sex on the characteristics and outcomes of patients with significant TR
undergoing TTVI remains unknown.

Hence,we sought to performa comprehensive analysis of sex-related dif-
ferences regarding clinical presentation, echocardiographic characteristics,
and outcomes of patients undergoing TTVI enrolled in a large real-world,
international registry [Transcatheter Tricuspid Valve Therapies (TriValve)
registry, NCT03416166] and compare them with a control group of pa-
tients with ≥severe isolated TR under optimal medical therapy (OMT).

Methods
Transcatheter tricuspid valve intervention
cohort
The details of the TriValve registry have been previously described.12 Briefly,
the TriValve registry included patients with symptomatic TR who underwent
TTVI across 24 centres in Europe and North America. All patients had

symptomatic heart failure (HF) and significant (≥ moderate) TR according
to the European and American guidelines.13,14 Patients were referred to
the registry by local investigators and were deemed at prohibitive risk by
the local interdisciplinary heart team. The Institutional Review Board at
each participating site approved the study protocol, and informed, written
consent for participation was provided by all patients. Baseline characteristics,
including clinical and echocardiographic data, were collected before TTVI.
Procedural success was defined as patient alive at the end of the procedure,
with the device successfully implanted and delivery system retrieved, with a
TR reduction of at least one grade, and an absolute residual TR ≤2+.

Medical therapy cohort
The control cohortwas formed by all consecutive patients with a newdiagnosis
of severe or greater TR made with echocardiographic assessment at the
Montefiore–Einstein Center for Heart and Vascular Care (Bronx, NY, USA)
between 2015 and 2018. All data were prospectively collected in an institution-
al registry and further examined for the presence of the inclusion (severe or
greater TR) and exclusion [age <18 years, previous TV intervention (whether
surgical or transcatheter), heart valvular intervention during the follow-up per-
iod, or patients with concomitant more than moderate mitral or aortic valve
disease] criteria. No transcatheter option was available for these patients in
the study period. Baseline characteristics, including clinical and echocardio-
graphic data, were collected at the time of the echocardiographic assessment.
Clinical follow-up was carried out by clinical visits and/or phone consultation.
The inclusion of patients in this study was approved by the local institutional
review board. All the patients in both the interventional and medical therapy
groupsweremedically treated according to guideline-directedmedical therapy.

Echocardiographic evaluation
All patients underwent comprehensive two-dimensional and Doppler echo-
cardiography. TR severity was graded into four grades: mild (1+), moderate
(2+), severe (3+), and massive/torrential (4+) using a combination of semi-
quantitative and quantitative assessment, as described by the American
Society of Echocardiography guidelines as well as the European
Association of Echocardiography guidelines.15–17 TR effective regurgitant ori-
fice area was quantified using the proximal isovelocity surface area method.
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Pacemaker-induced TR was diagnosed with targeted interrogation of the TV
leaflets in the presence of leads and leaflet impingement, leaflet adherence,
leaflet perforation, or pacing-mediated TR. Chamber sizes and functions
were quantified in accordance with the most recent European and US guide-
lines.16,18 Specially, right ventricular (RV) function was estimated by measuring
tricuspid annular plane systolic excursion (TAPSE) or Doppler tissue
imaging-derived tricuspid lateral annular systolic velocity. The RV end-diastolic
diameter was defined as the maximal transversal dimension in the basal
one-third of the RV inflow at end-diastole and right atrial volume was calcu-
lated using single-plane area length or disk summation techniques. All right-side
measurements were performed in a dedicated apical four-chamber view.

Clinical outcomes
In the absence of specific criteria and definitions for TTVI adverse out-
comes, Mitral Valve Academic Research Consortium criteria were adopted

to define adverse events. The primary endpoint was 1 year of freedom from
all-cause death. The secondary endpoints were HF hospitalization, function-
al status [assessed by the New York Heart Association (NYHA) functional
class], and recurrence of more than moderate TR severity. Acute kidney in-
jury was defined as Stage 2 or 3 of the modified RIFLE (Risk, Injury, Failure,
Loss of kidney function, and End-stage kidney disease) criteria. Follow-up
data were collected at discharge, at 30 days, and then according to the
time frame elapsed from the index procedure to data lock for the present
analysis.

Statistical analysis
Patients were divided into two groups according to sex in both cohorts.
Category variables were reported as numbers and corresponding propor-
tions and compared with the χ2 test with continuity correction or the
Fisher’s exact test, as appropriate. Continuous variables were described

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics according to sex

Overall (n=556) Women (n= 316) Men (n= 240) P-value

Age (years) 76.0± 9.6 76.1± 10.5 75.9± 8.2 0.82

BMI (kg/m²) 26.2± 5.2 26.3± 5.8 26.1± 4.4 0.68

BSA (m2) 1.8± 0.2 1.8± 0.2 2.0± 0.2 <0.001

Diabetes 148 (27.4) 92 (29.8) 56 (24.2) 0.18

COPD 121 (22.0) 60 (19.0) 61 (25.8) 0.07

Atrial fibrillation 370 (67.4) 209 (66.6) 161 (68.5) 0.70

Prior myocardial infarction 89 (16.2) 35 (11.12) 54 (23.1) <0.01

PM/ICD 140 (25.7) 67 (21.6) 73 (31.2) 0.02

NYHA Classes III and IV 509 (92.7) 294 (93.6) 215 (91.5) 0.19

Ascites 127 (25.5) 57 (20.3) 70 (32.1) <0.01

Peripheral oedema 396 (77.3) 222 (76.3) 174 (78.7) 0.59

Previous RV failure 341 (69.6) 185 (65.1) 156 (75.7) 0.02

CKD 427 (76.8) 239 (75.6) 188 (78.3) 0.52

Previous left-side valve intervention 168 (30.4) 108 (34.2) 60 (25.3) 0.03

TR aetiology – – – 0.28

Functional 492 (88.8) 274 (86.7) 218 (91.6) –

Degenerative 27 (4.9) 17 (5.4) 10 (4.2) –

Mixed 26 (4.7) 19 (6.0) 7 (2.9) –

Other 9 (1.6) 6 (1.9) 3 (1.3) –

EuroSCORE II (%) 6.3 (3.7–12.4) 6.7 (4.1–13.2) 6.0 (3.3–11.0) 0.11

STS mortality (%) 4.1 (2.6–6.9) 4.3 (2.7–6.7) 4.0 (2.3–7.4) 0.51

Haemoglobin (g/dL) 10.7± 2.3 11.0± 2.3 10.2± 2.3 <0.01

eGFR (mL/min/1.73 m²) 45.7± 20.5 46.6± 21.1 44.5± 19.8 0.25

NT-proBNP (pg/mL) 2656 (1309–5632) 2482 (1154–4830) 3038 (1640–6985) <0.01

AST (U/L) 28.2 (23.0–36.0) 29.0 (22.0–37.8) 28.0 (23.9–33.0) 0.67

ALT (U/L) 19.0 (14.0–26.0) 20.0 (14.0–28.0) 18.6 (13.0–24.0) 0.05

Data are mean± SD, median (interquartile range), or n (%).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; ICD, implantable cardioverter defibrillator; NT-proBNP,N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PM, pacemaker; RV,
right ventricular; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation.
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as mean± standard deviation (SD) or as median (interquartile range) and
compared with a two-sided Student’s t-test (parametric test) or the
Wilcoxon rank sum test (non-parametric test), according to their distribu-
tion. A propensity score methodology with inverse probability of treatment
weighting (IPTW) was performed to limit selection bias and balance base-
line characteristics between TTVI and medical therapy groups.19,20

Propensity scores predicting each patient’s probability of undergoing
TTVI or not were estimated using generalized linear models, including vari-
ables with a difference in their distribution between the two groups or con-
sidered clinically significant (age, atrial fibrillation, diabetes, and chronic
kidney disease). Propensity scores were used to compute stabilized weights.
IPTW was used to maintain the numbers of patients in both cohorts, con-
trary to traditional propensity matching that requires trimming both groups
in order to create a balanced match. The balance of measured covariance
between groups was compared by generating a standardized difference,
and the optimal balance was determined with a value of 10% or less.
Subsequent survival analyses, including both TTVI and medical therapy
groups, were weighted by IPTW. Overall survival and freedom from the
composite endpoint of death or unplanned HF hospitalization were esti-
mated using the Kaplan–Meier method and compared using the log-rank
test. The incidence of HF hospitalization was estimated using the cumulative
incidence function, accounting for death as a competing risk. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were determined using Cox

proportional hazards regression. Multivariable Cox proportional hazards
regression models were used to explore the association of TTVI and sex
with primary and secondary endpoints. A two-sided P-value of <0.05 was
considered statistically significant. Statistics were performed using R, ver-
sion 4.1.3 (The R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline and procedural characteristics
A total of 556 patients underwent TTVI and were included in the
TriValve registry. Among them, 316 (56.8%) were women. Baseline
characteristics according to sex are depicted in Table 1.
Compared with men, women were less likely to have ascites (20.3%
vs. 32.1%, P< 0.01) or previous hospitalization for RV failure (65.1%
vs. 75.7%, P= 0.02). Conversely, there was no difference regarding
the incidence of NYHA Classes III and IV (women 93.6% vs. men
91.5%, P= 0.19), diabetes (women 29.8% vs. men 24.2%, P= 0.18), or
atrial fibrillation (women 66.6% vs. men 68.5%, P= 0.70). Although
men had more implanted pacemaker or intracardiac defibrillators
(31.2% vs. 21.6%, P= 0.02), the TR mechanism was mainly functional
(88.8%) with similar proportions between men and women (91.6%

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Baseline echocardiographic characteristics according to sex

Overall (n=556) Women (n= 316) Men (n=240) P-value

LVEF (%) 50.6± 13.5 53.8± 11.5 46.3± 14.7 <0.01

LVEDD index (mm/m2) 27.3± 5.0 27.2± 5.1 27.4± 4.9 0.63

Left atrial volume index (mL/m2) 58.0± 28.2 57.7± 27.2 58.0± 29.7 0.82

Concomitant MR ≥3+ 181 (33.2) 97 (31.2) 84 (35.9) 0.29

TR jet location – – – 0.07

Central 362 (65.1) 205 (64.9) 157 (65.4) –

Anteroseptal 63 (11.3) 39 (12.3) 24 (10.0) –

Anteroposterior 11 (2.0) 2 (0.6) 9 (3.8) –

Posteroseptal 21 (3.8) 10 (3.2) 11 (4.6) –

Unknown 99 (17.8) 60 (19.0) 39 (16.2) –

TR vena contracta (mm) 10.5± 4.2 10.4± 4.2 10.6± 4.2 0.50

TR EROA (cm²) 0.68± 0.53 0.70± 0.57 0.65± 0.47 0.41

TR regurgitant volume (mL) 51.5± 30.5 51.0± 32.0 52.1± 28.8 0.80

Tricuspid annulus diameter index (mm/m2) 25.8± 5.0 26.0± 5.4 25.5± 4.3 0.37

Tricuspid coaptation gap (mm) 5.54± 2.96 5.33± 2.87 5.73± 3.04 0.28

Tricuspid tenting area (cm²) 2.42± 1.56 2.38± 1.62 2.46± 1.51 0.67

RVEDD index (mm/m2) 21.3± 6.9 22.4± 6.9 20.4± 6.0 0.05

Right atrial volume index (mL/m2) 58.1± 37.9 57.8± 36.5 58.5± 39.9 0.90

TAPSE (mm) 16.6± 4.9 16.8± 5.2 16.3± 4.6 0.28

S-TDI (cm/s) 9.80± 3.12 9.73± 3.18 9.98± 3.02 0.66

SPAP (mmHg) 40.7± 15.2 42.5± 15.7 38.4± 14.2 <0.01

Data are mean± SD or n (%).
EROA, effective regurgitant orifice area; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; RVEDD, right ventricular end-
diastolic diameter; S-TDI, S-tissue Doppler imaging; SPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
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vs. 86.7%, P= 0.28).Women had higher left ventricular ejection fraction
(53.8± 11.5% vs. 46.3± 14.7%, P< 0.01), with similar left ventricular
and left atrial sizes, measured as left ventricular end-diastolic diameter
index (P= 0.63), and left atrial volume index (P= 0.82). There were no
statistical differences in RV size (i.e. RV end-diastolic diameter) and
function (i.e. TAPSE; Table 2).

Transcatheter tricuspid valve intervention
and procedural outcomes
Procedural characteristics and outcomes are shown in Table 3. Overall,
the duration of the procedure was similar between women and men
(132.4± 66.4 vs. 132.0±60.4 min, P= 0.95).Womenwere less frequent-
ly treated with TEER thanmen (74.4% vs. 83.3%, P< 0.01), and in the case

of TEER, fewer clips were implanted in women compared with men
(P< 0.01). The rates of procedural success were similar between the
two groups (79.5% vs. 77.1%, P= 0.56) as well as the risk of acute kid-
ney injury (10.8% vs. 14.6%, P= 0.32), conversion to surgery (1.2% vs.
2.1%, P= 0.46), or in-hospital death (3.5% vs. 2.1%, P= 0.57).

Sex-related outcomes following
transcatheter tricuspid valve intervention
At 1 year after TTVI, all-cause mortality occurred in 66 (20.4%) pa-
tients, HF hospitalization in 81 (25.4%), and the composite endpoint
of all-cause mortality and HF hospitalization in 118 (35.4%). At 1
year, no differences between women and men were observed in the
Kaplan–Meier analyses for the freedom from all-cause mortality and
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Table 3 Procedural characteristics and post-procedural outcomes in the device group according to sex

Overall (n= 556) Women (n=316) Men (n=240) P-value

Procedure

Duration of procedure (min) 132.2± 63.7 132.4± 66.4 132.0± 60.4 0.95

Concomitant mitral or aortic intervention 127 (33.0) 69 (30.3) 58 (36.9) 0.21

Type of TTVI – – – <0.01

TEER 435 (78.2) 235 (74.4) 200 (83.3) –

TTVR 13 (2.3) 11 (3.5) 2 (0.8) –

Annuloplasty 52 (9.4) 40 (12.7) 12 (5.0) –

Others 56 (10.1) 30 (9.5) 26 (10.8) –

Number of clips – – – <0.01

1 20 (4.7) 8 (3.4) 12 (6.2) –

2 105 (24.6) 67 (28.9) 38 (19.6) –

3 199 (46.7) 115 (49.6) 84 (43.3) –

4 87 (20.4) 39 (16.8) 48 (24.7) –

5 13 (3.1) 3 (1.3) 10 (5.2) –

6 2 (0.5) 0 (0.0) 2 (1.0) –

Post-procedure outcomes

Procedural success 415 (78.4) 237 (79.5) 178 (77.1) 0.56

AKI 51 (12.4) 26 (10.8) 25 (14.6) 0.32

New-onset atrial fibrillation 6 (1.4) 5 (2.1) 1 (0.6) 0.41

Stroke 4 (0.9) 3 (1.2) 1 (0.5) 0.64

Length of stay (days) 4 (2–7) 4 (2–7) 4 (3–7) 0.59

Conversion to surgery 7 (1.6) 3 (1.2) 4 (2.1) 0.46

In-hospital death 13 (2.9) 9 (3.5) 4 (2.1) 0.57

30-day outcomes

TAPSE (mm) 15.7± 4.5 15.6± 4.5 15.8± 4.7 0.79

SPAP (mmHg) 43.3± 14.8 44.2± 14.1 41.9± 15.8 0.22

All-cause mortality 20 (4.9) 11 (4.5) 9 (5.6) 0.82

Data are mean± SD, median (interquartile range), or n (%).
AKI, acute kidney injury; SPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion; TEER, transcatheter edge-to-edge repair; TTVI, transcatheter
tricuspid valve intervention; TTVR, transcatheter tricuspid valve replacement.
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the composite endpoint of all-cause mortality or HF hospitalization, nor
in the cumulative incidence function of HF hospitalization (Figure 1).
After adjustment for left ventricular ejection fraction, previous myocar-
dial infarction, and hospitalization for RV failure on multivariable
Cox-regression analysis, results remained consistent with the unadjust-
ed Kaplan–Meier method: freedom from all-cause mortality (adjusted
HR: 1.02; 95% CI: 0.59–1.74; P= 0.95), HF hospitalization (adjusted
HR: 1.28; 95% CI: 0.79–2.09; P= 0.31), and all-cause mortality or HF
hospitalization (adjusted HR: 1.11; 95% CI: 0.74–1.65; P= 0.62). In add-
ition, there were no differences between women and men in NYHA
Functional Classes III and IV nor in TR severity >2+ at 30 days (P=
0.17 and P= 0.42, respectively), and at last follow-up (P= 0.87 and
P= 0.90, respectively; Figure 2).

Transcatheter tricuspid valve intervention
plus optimal medical therapy vs. optimal
medical therapy alone
A total of 2072 patients formed the control group and were compared
with those undergoing TTVI in the TriValve registry (Table 4). After
IPTW, baseline characteristics of the weighted groups were more ba-
lanced between TTVI and OMT patients, in particular with regard to
age (73.9± 11.5 vs. 73.4± 15.2 years, standardized difference=
3.8%), atrial fibrillation (48.6% vs. 42.8%, standardized difference=
5.8%), and chronic kidney disease (52.3% vs. 51.6%, standardized differ-
ence= 0.7%; Supplementary material online, Figure S1). Differences
persisted in the weighted groups, with the TTVI group having a higher

p = 0.56
Log-Rank test
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Figure 1 Kaplan–Meier curves of clinical outcomes after transcatheter tricuspid valve intervention according to sex. There was no difference at 1 year
in the Kaplan–Meier curves for death or heart failure hospitalization and death, nor in the cumulative incidence of heart failure hospitalization after
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left ventricular end-diastolic diameter index, a left atrial volume index,
and a lower TAPSE. Similar findings were observed when comparing
the two treatment groups within each sex category (Supplementary
material online, Tables S1 and S2). IPTW-weighted Kaplan–Meier ana-
lyses at 1 year showed a lower overall survival for women in the
OMT group (women 66.1% vs. men 70.7%, log-rank P= 0.01), that
was no longer evident after Cox-regression adjustment for age, body
mass index, left ventricular ejection fraction, and TAPSE (adjusted
HR: 0.70, 95% CI: 0.33–1.49, P= 0.35; Figure 3). In the TTVI cohort,
overall survival weighted by IPTW was not affected by sex (women
79.1% vs. men 78.6%, log-rank P= 0.74; adjusted HR: 0.98, 95% CI:
0.53–1.84, P= 0.96). Finally, the benefit of TTVI plus OMT over
OMT alone was consistently observed in women (TTVI plus OMT
79.1% vs. OMT alone 66.1%, log-rank P< 0.01; adjusted HR: 0.45,
95% CI: 0.23–0.83, P= 0.01), and men (TTVI plus OMT 78.6% vs.
OMT alone 70.7%, log-rank P< 0.01; adjusted HR: 0.42, 95% CI:
0.18–0.89, P= 0.03, adjusted pinteraction= 0.74; Figure 3).

Discussion
In this study, we investigated the sex-related differences in characteris-
tics and outcomes of patients undergoing TTVI for TR in the large, inter-
national real-world TriValve registry. After TTVI, women and men
showed similar improvements in terms of survival, HF hospitalization,
functional status, and sustained TR reduction up to 1 year follow-up.
Compared with a control group of patients with isolated TR under
OMT weighting by IPTW and adjusting with Cox-regression analyses,
TTVI plus OMT was associated with substantial and consistent increase
in 1-year survival in both women and men (Structured graphical abstract).

Sex-related differences in valvular disease epidemiology and ven-
tricular responses to changes in loading conditions lead to differences

in disease prevalence and clinical manifestations.8 Despite a predomin-
ance of males with aortic stenosis, several studies reported a higher
prevalence and incidence, ranging from 53% to 75%, of TR among wo-
men.10,21–24 Our results are consistent with these findings, with 57% of
women with significant TR referred for TTVI and 64% present in the
OMT group. Besides, the clinical manifestations of patients with signifi-
cant TR are different between women andmen.We showed that, com-
pared with men, women were less likely to have ascites or previous
hospitalization for RV failure, and less left ventricular systolic dysfunc-
tion, which is in line with recent findings from Dietz et al. and
Gual-Capllonch et al.25 In their study, Dietz et al.23 investigated the
sex-specific differences in prognosis in patients with significant TR. In
a cohort of 1569 patients (51% females), women had better 10-year sur-
vival rates compared with men (49% vs. 39%, P= 0.001). However, after
propensity score matching, there was no significant difference in mortal-
ity (P= 0.23). Accordingly, our analyses with IPTW and Cox-regression
adjustments for baseline characteristics show that women andmenwith
TR under medical management had similar overall survival.

Exploring gender differences in Medicare beneficiaries undergoing
mitral valve operations, women were found to have higher operative
mortality and lower long-term survival.26 However, these findings
were largely driven by older age, a higher number of comorbidities,
and a later presentation with more advanced disease for women. In
the subgroup of patients undergoing mitral valve replacement, the sur-
vival benefit over medical therapy was consistent, irrespective of sex. In
the case of TEER for mitral regurgitation, two studies from the rando-
mized COAPT (Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Failure Patients with
Functional Mitral Regurgitation) trial and the EuroSMR registry found
that women had a less pronounced reduction in HF hospitalizations
compared with men, with overall survival and improvement in clinical
outcomes being similar in both sexes.27,28

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Unweighted and weighted patient characteristics by treatment cohort (TTVI plus OMT vs. OMT alone)

Unweighted study population, n (%) Weighted study population, %

TTVI plusOMT
(n=556)

OMT alone
(n=2072)

Standardized
difference, %

TTVI plusOMT OMT
alone

Standardized
difference, %

Age (years) 76.8± 10.3 72.4± 15.6 33.1 73.9± 11.5 73.4± 15.2 3.8

Women 316 (56.8) 1335 (64.4) −7.6 61.2 64.2 −3.0

BMI (kg/m²) 26.2± 5.2 28.5± 8.6 −31.6 26.6± 5.4 28.3± 8.4 −24.9

Atrial fibrillation 370 (67.4) 752 (36.3) 31.1 48.6 42.8 5.8

COPD 121 (22.0) 468 (22.6) −0.6 21.4 23.7 −2.3

CKD 427 (76.8) 935 (45.1) 31.7 52.3 51.6 0.7

Diabetes 148 (27.4) 724 (34.9) −7.5 39.8 33.5 6.2

LVEF (%) 50.6± 13.5 50.4± 18.2 1.3 50.4± 13.6 50.5± 18.1 −0.8

LVEDD index (mm/m2) 27.3± 5.0 25.7± 5.2 30.9 26.9± 5.5 25.7± 5.2 22.5

Left atrial volume index (mL/m2) 58.0± 28.2 46.5± 18.7 48.2 56.3± 27.3 47.1± 18.7 38.4

Right atrial volume index (mL/m2) 58.1± 37.9 52.3± 25.2 18.2 55.2± 30.4 53.0± 25.4 6.7

TAPSE (mm) 16.6± 4.9 17.6± 5.5 −20.5 16.5± 4.9 17.7± 5.5 −23.0

Data are mean± SD or n (%).
BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; OMT, optimal medical therapy; TAPSE, tricuspid annular plane systolic excursion; TTVI, transcatheter tricuspid valve intervention.
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Few studies have investigated the sex-related differences in post-
operative outcomes after TV surgery. Exploring 92 patients who
underwent isolated TV surgery, Pfannmueller et al.29 did not show
significant differences in postoperative mortality between women

and men. Using the National Inpatient Sample to identify 5005
patients who underwent isolated TV surgery from 2004 to 2013,
Chandrashekar et al.30 compared outcomes in 366 paired patients
after propensity matching. They found that overall in-hospital mortality
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was similar for matched women and men. However, no assessment was
available after discharge.

To date, there are no data regarding the impact of sex in patients with
advanced TR undergoing transcatheter interventions. In our study, we
showed that after TTVI, clinical outcomes are similar in both women
and men, with 1-year survival rates of 81% and 78%, respectively.
Similarly, the survival benefit of TTVI over medical therapy was signifi-
cant irrespective of sex. These findings are in line with previous reports
on the transcatheter treatment of mitral regurgitation.27,28 In the
TriValve registry, there were no marked differences in baseline charac-
teristics between women and men. This may explain the discrepancies
with surgical series, where women were at much higher risk compared
with the male candidates. Also, this stresses the importance of timely re-
ferral and management of TV disease.

In the absence of any randomized controlled trial, our results suggest
that the benefits of transcatheter interventional treatment of TR are
substantial and not affected by gender. With increasing numbers of pa-
tients and TTVI options, further studies should explore the impact of
sex according to the type of procedure and the patient’s risk profile.

Study limitations
The most relevant limitations of this study are inherent to its non-
randomized, observational design with no centralized echocardiographic
core-lab or clinical event adjudication committee.However, it still provides
the most comprehensive information on sex-related characteristics and
outcomes of patients undergoing TTVI for TR. Although several statistical
methods, such as propensity IPTWandmultivariable Cox-regression ana-
lyses, have been applied, we cannot exclude the impact on outcomes of
unknown/unmeasured variables (e.g. TR aetiology) that could not be cor-
rected. RV basal diameter and TAPSEmay not be accuratemeasurements
of RV size and function in presence of different TR aetiology (i.e. atrial vs.
ventricular)31 and previous cardiac surgery. Longer term follow-up is re-
quired to determine if the observed outcomes with no differences be-
tween women and men are maintained or whether any new
interactions may become apparent over time. Finally, our results have to
be considered as hypothesis generating; randomized controlled trials are
needed to validate these findings and define the ideal candidates and timing
of transcatheter interventions for TR.

Conclusions
In the TriValve registry, after TTVI in high-risk patients with significant TR,
there were no sex-related differences in terms of survival, HF hospitaliza-
tion, functional status, and TR reduction up to 1 year. The IPTW analysis
suggests that TTVI may be associated with a substantial and consistent in-
crease in survival in both women and men compared with medical ther-
apy alone. Future studies are needed to assess whether sex-related
differences in outcomes may emerge at longer term follow-up.
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