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Aims Isolated tricuspid valve surgery (ITVS) is considered to be a high-risk procedure, but in-hospital mortality is mark-
edly variable. This study sought to develop a dedicated risk score model to predict the outcome of patients after
ITVS for severe tricuspid regurgitation (TR).

...................................................................................................................................................................................................
Methods
and results

All consecutive adult patients who underwent ITVS for severe non-congenital TR at 12 French centres between
2007 and 2017 were included. We identified 466 patients (60 ± 16 years, 49% female, functional TR in 49%). In-
hospital mortality rate was 10%. We derived and internally validated a scoring system to predict in-hospital mortal-
ity using multivariable logistic regression and bootstrapping with 1000 re-samples. The final risk score ranged from
0 to 12 points and included eight parameters: age >_70 years, New York Heart Association Class III–IV, right-sided
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heart failure signs, daily dose of furosemide >_125 mg, glomerular filtration rate <30 mL/min, elevated bilirubin, left
ventricular ejection fraction <60%, and moderate/severe right ventricular dysfunction. Tricuspid regurgitation
mechanism was not an independent predictor of outcome. Observed and predicted in-hospital mortality rates
increased from 0% to 60% and from 1% to 65%, respectively, as the score increased from 0 up to >_9 points.
Apparent and bias-corrected areas under the receiver operating characteristic curves were 0.81 and 0.75, respect-
ively, much higher than the logistic EuroSCORE (0.67) or EuroSCORE II (0.63).

...................................................................................................................................................................................................
Conclusion We propose TRI-SCORE as a dedicated risk score model based on eight easy to ascertain parameters to inform

patients and physicians regarding the risk of ITVS and guide the clinical decision-making process of patients with se-
vere TR, especially as transcatheter therapies are emerging (www.tri-score.com).
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Graphical Abstract

TRI-SCORE: a new risk score for in-hospital mortality prediction after isolated tricuspid valve surgery. AUC: area under the curve; TR: tricuspid
regurgitation.
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Introduction

In the community, prevalence of significant—moderate or severe—
tricuspid regurgitation (TR) is estimated to be as high as 0.55% and
up to 3% after 75 years, a prevalence that is similar to that of aortic
stenosis or mitral regurgitation.1 Epidemiological studies suggest that
moderate or severe TR affects over 1.6 million individuals in the
USA1 and is associated with a twofold increased cardiac mortality
that persists after adjustment for potential confounders.2,3

Despite its high prevalence and its association with a dismal prog-
nosis, TR remains often conservatively managed and the number of
tricuspid valve (TV) surgeries, mostly performed at the time of mitral
valve surgery, is remarkably low.4–7 If the management of significant
TR at the time of mitral surgery is relatively well codified, the manage-
ment of patients with isolated—organic or functional—TR is less
established.8,9 Isolated tricuspid valve surgery (ITVS) is rarely per-
formed (few hundred interventions yearly in the USA)4–6 based upon
its reported high mortality rates. If the literature is consistent showing
that overall in-hospital mortality is �10% both in the USA and in
Europe, we have previously shown that it was markedly variable and
that it was predicted by the severity of the clinical presentation while
TR mechanism/aetiology had a limited impact.4

With the recent development of transcatheter interventions,
there is a critical need to accurately predict in-hospital mortality rates
for ITVS that could be used in routine practice and support clinical
decisions. Both the Society of Thoracic Surgeons (STS) cardiac sur-
gery risk model and the logistic EuroSCORE/EuroSCORE II were not
designed to predict outcomes of this type of rare interventions.
There have been few attempts to develop a specific risk score model
for ITVS,10 but so far an accurate and dedicated risk score model cap-
turing main parameters of interest in the setting of TR is cruelly lack-
ing. In particular, no score has integrated liver function or right
ventricular (RV) consequences, which are main prognostic factors in
TR, in a risk score model for ITVS.

Relying on a multicentre consecutive cohort of patients who
underwent ITVS for severe TR at 12 French tertiary centres, we
aimed to develop a dedicated risk score model to accurately predict
the outcome of patients after ITVS.

Methods

Study design
Using the local Programme de Médicalisation des Systèmes d’Information
(PMSI) database,11 among 5661 consecutive cases of TV surgery per-
formed in adult patients at 12 tertiary French centres between 1 January
2007 and 31 December 2017, we identified 466 patients who underwent
an ITVS on native valve for severe non-congenital TR. The design of the
study has been previously reported.4 Clinical information and immediate
and mid-term outcome were retrospectively collected locally at each
centre. Right-sided heart failure signs were defined as severe jugular ven-
ous distention, ascites, and/or marked peripheral oedema. Tricuspid re-
gurgitation mechanism was classified as functional (no intrinsic TV
disease) or organic (due to abnormalities of the tricuspid leaflets or chor-
dae). Glomerular filtration rate was calculated using the Cockcroft–Gault
formula according to sex. Left ventricular (LV) ejection fraction was
measured visually or using the biplane method of discs (modified
Simpson’s rule). Right ventricular size was visually assessed as normal,

mildly, moderately, or severely enlarged. Right ventricular function was
semi-quantitatively assessed using an integrative multi-parametric ap-
proach, as recommended.12–14 Moderate/severe RV dysfunction was
defined by a tricuspid annular plane systolic excursion (TAPSE) <17 mm
and/or a Doppler tissue imaging peak systolic annular velocity S0

<9.5 cm/s and/or a markedly reduced fractional area change based on vis-
ual assessment. Logistic EuroSCORE and EuroSCORE II were calcu-
lated.15,16 The Charlson index was used to assess patient comorbidities.
Urgent surgery was defined as non-elective and within the same hospital
admission. Centres were divided into quartiles according to average year-
ly number of interventions performed. The study was approved by each
local institutional review board.

Outcome
In-hospital mortality was defined as death occurring between the inter-
vention and hospital discharge during the same hospital stay. Major post-
operative complications were defined as death, shock, tamponade, acute
renal failure requiring dialysis, or prolonged (>72 h) mechanical ventila-
tion. One-year mortality was also collected based on hospital chart
reviews and telephone interviews with patients or family members.

Statistical analysis and risk score modelling
For risk score development, variables associated at the P-value <0.2 level
in univariate logistic regression were entered into multivariate analysis,
using a stepwise backward procedure based on the Akaike information
criterion (AIC) for variable selection, sequentially removing items until
the best final model with the lowest AIC was obtained. For the sake of
simplicity of use, continuous variables were dichotomized before incorp-
oration into regression analyses by means of recursive partitioning ana-
lysis and/or accounting for clinically relevant thresholds.17 Regression
coefficients of the final model were then considered for use as weights to
compute a simplified scoring system, by multiplying and rounding coeffi-
cients to their closest integer, following the approach from Cole to deter-
mine the optimal multiplier.18 Model discrimination was evaluated by the
area under the receiver operating characteristic curve (AUROC), and
calibration by plotting calibration curves to evaluate the concordance be-
tween observed and predicted survival probability. Internal validation was
performed using 1000 bootstrap re-samples, providing bias-corrected
AUROC and calibration curves to estimate and account for the amount
of optimism in model discrimination and calibration.19 To reduce poten-
tial bias arising from complete-case analysis, all regression models were
performed after missing data imputation using the non-parametric
missForest method20 and Rubin’s rules.21 Additional details are given in
Supplementary material online, Methods, regarding the missing data im-
putation and modelling strategy.

Analyses were performed at the two-tailed P-value <0.05 level, using
Stata v16.1 (StataCorp, College Station, TX, USA) for descriptive analy-
ses, and R v4.0.3 (R Foundation for Statistical Computing, Vienna, Austria;
packages party, MASS, rms, missForest) for missing data imputation and
model development and validation.

Results

Study population
The characteristics of the 466 consecutive patients who underwent
ITVS on native valve at our 12 tertiary French centres during the 10-
year period are presented in Table 1 and Supplementary material on-
line, Table S1. Briefly, the mean age was 60± 16 years, 229 patients
(49%) were female, and TR mechanism was functional in 229 patients
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Table 1 Baseline characteristics overall and according to discharge vital status (raw data only), and univariate logistic
regression (with imputed data) for predictors of in-hospital mortality

Characteristics Overall

(n 5 466)

By vital status Univariate

Discharged

alive (n 5 418)

In-hospital

death (n 5 48)

P-value Odds

ratio

95% CI P-value

Age (years) 60 ± 16 59 ± 16 68 ± 12 <0.001 1.05 1.02–1.07 <0.001

Age >_70 years 141 (30) 117 (28) 24 (50) 0.003 2.57 1.41–4.71 0.003

Female sex 229 (49) 205 (49) 24 (50) 1.00 1.04 0.57–1.89 0.90

Body mass index (kg/m2) 25 ± 5 25 ± 5 26 ± 6 0.66 1.02 0.96–1.07 0.60

Hypertension 190 (41) 166 (40) 24 (50) 0.22 1.52 0.83–2.76 0.18

Diabetes mellitus 62 (13) 56 (13) 6 (13) 1.00 0.92 0.38–2.27 0.90

Chronic lung disease 51 (11) 43 (10) 8 (17) 0.27 1.74 0.77–3.97 0.20

Peripheral vascular disease 16 (3) 14 (3) 2 (4) 0.68 1.25 0.28–5.69 0.73

Prior stroke 41 (9) 38 (9) 3 (6) 0.79 0.67 0.20–2.25 0.55

Prior left-sided heart valve surgery 111 (24) 95 (23) 16 (33) 0.15 1.70 0.89–3.23 0.11

Coronary artery disease 59 (13) 50 (12) 9 (19) 0.27 1.70 0.78–3.72 0.20

Chronic kidney disease 154 (33) 134 (32) 20 (42) 0.24 1.51 0.82–2.78 0.19

Permanent pacemaker 104 (22) 88 (21) 16 (33) 0.08 1.88 0.98–3.57 0.06

Hospitalization for congestive heart failure (<1 year) 163 (35) 138 (33) 25 (52) 0.01 2.21 1.21–4.03 0.01

Systolic blood pressure (mmHg) 125 ± 19 125 ± 20 122 ± 17 0.44 0.99 0.98–1.01 0.42

Diastolic blood pressure (mmHg) 73 ± 13 73 ± 13 70 ± 14 0.21 0.98 0.95–1.00 0.11

NYHA functional Class III–IV 217 (47) 184 (44) 33 (69) 0.002 2.80 1.48–5.31 0.001

Right-sided heart failure signs 264 (57) 223 (53) 41 (85) <0.001 5.12 2.25–11.7 <0.001

Ascites 39 (8) 29 (7) 10 (21) 0.003 3.53 1.60–7.79 0.004

Loop diuretics 301/451 (67) 260/404 (64) 41/47 (87) 0.003 3.68 1.53–8.86 0.001

Daily dose of furosemide (mg) 40 (0–80) 40 (0–80) 80 (40–250) 0.008 1.00 1.00–1.00 <0.0 01

Daily dose of furosemide >_125 mg 67 (15) 48 (12) 19 (40) <0.001 5.05 2.63–9.69 <0.001

Atrial fibrillation 181 (39) 154 (37) 27 (56) 0.01 2.20 1.20–4.03 0.01

Haemoglobin (g/dL) 12.3 ± 2.3 12.3 ± 2.3 11.9 ± 1.8 0.13 0.91 0.80–1.05 0.19

Glomerular filtration rate (mL/min) 72 ± 39 73 ± 40 58 ± 30 0.003 0.99 0.98–1.00 0.008

Glomerular filtration rate <30 mL/min 32/442 (7) 24/398 (6) 8/44 (18) 0.003 3.28 1.38–7.79 <0.001

Elevated ALT and/or AST 73/393 (19) 62/355 (18) 11/38 (29) 0.13 1.88 0.95–3.73 0.08

Elevated GGT and/or ALP 189/397 (48) 164/359 (46) 25/38 (66) 0.03 2.59 1.38–4.87 0.003

Elevated total bilirubin 143/389 (37) 119/352 (34) 24/37 (65) <0.001 3.78 2.03–7.02 <0.001

Left ventricular ejection fraction (%) 58 ± 9 58 ± 9 54 ± 9 0.009 0.96 0.93–0.99 0.005

Left ventricular ejection fraction <60% 199/452 (44) 169/404 (42) 30 (63) 0.01 0.38 0.19–0.79 0.006

Moderate/severe right ventricular dilatation 245/450 (54) 212/402 (53) 33 (69) 0.05 2.08 1.10–3.94 0.02

TAPSE (mm) 20 ± 7 20 ± 7 17 ± 6 0.004 0.90 0.85–0.95 <0.001

Peak systolic annular velocity S0 (cm/s) 11.9 ± 4.1 12.1 ± 4.1 10.7 ± 3.3 0.04 0.83 0.74–0.92 0.001

Moderate/severe right ventricular dysfunction 76/446 (17) 60/398 (15) 16 (33) 0.003 2.98 1.54–5.77 0.002

Tricuspid annulus diameter (mm) 44 ± 9 44 ± 8 46 ± 8 0.30 1.04 1.00–1.08 0.07

Systolic pulmonary artery pressure (mmHg) 40 ± 11 40 ± 11 45 ± 10 0.01 1.05 1.02–1.09 0.001

Systolic pulmonary artery pressure >_50 mmHg 52/274 (19) 42/247 (17) 10/27 (37) 0.02 1.93 0.80–4.63 0.16

Functional aetiology of the tricuspid regurgitation 229 (49) 196 (47) 33 (69) 0.007 2.49 1.31–4.73 0.004

Logistic EuroSCORE 5.2 (3.0–9.2) 5 (2.8–8.6) 7.6 (4.4–15.9) 0.01 1.05 1.02–1.08 0.002

EuroSCORE II 2.7 (1.4–5.0) 2.5 (1.3–5) 3.7 (2.5–6.7) 0.09 1.03 0.98–1.08 0.21

Charlson comorbidity index 3 (1–4) 3 (1–4) 4 (3–6) <0.001 1.29 1.14–1.45 <0.001

Charlson comorbidity index >_2 324 (70) 281 (67) 43 (90) 0.003 4.19 1.62–10.8 0.001

Urgent surgery 102 (22) 93 (22) 9 (19) 0.71 0.81 0.38–1.73 0.60

Beating heart 98 (25) 84 (23) 14 (37) 0.10 1.57 0.81–3.05 0.20

Tricuspid valve replacement 273 (59) 240 (57) 33 (69) 0.18 1.63 0.86–3.10 0.13

Major post-operative complications 145 (31) — — — — — —

Mortality at 1 year 55 (12) — — — — — —

Values are mean ± standard deviation, n (%), or median (interquartile range); bolded results are statistically significant at the P-value <0.05 level.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; GGT, gamma-glutamyl transferase; NYHA, New York Heart
Association; TAPSE, tricuspid annular plane systolic excursion.
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(49%) and organic in 237 patients (51%). Overall, in-hospital mortality
rate was 10% (n = 48), major post-operative complications rate was
31% (n = 145), and 1-year mortality rate was 12% (n = 55). In-hospital
and 1-year follow-up were 100% and 90% complete, respectively.

Univariate analysis
Factors associated with in-hospital death in univariate analysis are
presented in Table 1, showing comparisons according to final vital sta-
tus based on raw data in the left section, and unadjusted odds ratios
from logistic regression on imputed data in the right section. In-
hospital mortality was statistically significantly associated with older
age and more severe presentation based on clinical, laboratory, and
echocardiographic assessment such as history of congestive heart fail-
ure, severe symptoms [New York Heart Association (NYHA) Class
III/IV, right-sided heart failure signs), dose of furosemide, kidney or
liver impairment, TR mechanism, degree of RV dilatation and dysfunc-
tion, but not with previous left-sided heart valve surgery (P = 0.11).
When centres were divided into quartiles according to average year-
ly number of interventions, we did not observe an impact of centre

volume on in-hospital mortality (from the lowest-volume quartile to
the highest-volume quartile: 13%, 9%, 12%, and 9%, respectively;
P = 0.83).

Predictive model development and
scoring
Variables associated at the P-value < 0.2 level in univariate analysis
were entered into multivariate modelling. To develop a simplified
scoring system, continuous variables were dichotomized before in-
corporation into regression analyses and were defined as follows: age
>_70 years, daily dose of furosemide >_125 mg, glomerular filtration
rate <30 mL/min, abnormal total bilirubin, alanine aminotransferase/
aspartate aminotransferase and gamma-glutamyl transferase/alkaline
phosphatases levels, LV ejection fraction <60%, systolic pulmonary
artery pressure >_50 mmHg and Charlson comorbidity index >_2.
Using stepwise multivariate analysis based on AIC, eight variables
were selected in the final model: age, NYHA functional Class III–IV,
right-sided heart failure signs, daily dose of furosemide, glomerular fil-
tration rate, total bilirubin level, LV ejection fraction and moderate/
severe RV dysfunction. In the final simplified scoring model, 1 point
was attributed to a risk factor when odds ratio was between 1 and 2
and 2 points when odds ratio was >_2 (Table 2).

Predictive model validation and
calibration
Observed and predicted in-hospital mortality rates according to the
score from the risk score model ranged from 0% to 60% and from
1% to 65%, respectively, for a score of 0 to a score of 9 or more, with
exponential increased mortality rates as the score increased (Table 3
and Figure 1A). Good discrimination performance was found for the
final simplified risk score model with an apparent AUROC of 0.808
(0.817 for the raw regression model without scaling/rounding of
coefficients) and a bias-corrected AUROC of 0.753 (0.762) from in-
ternal validation. These results were found to be substantially higher
than those obtained with both logistic EuroSCORE and EuroSCORE
II (AUROC 0.668 and 0.629, respectively) (Figure 1B and C).
Calibration of the risk score model was appropriate, as shown in cali-
bration curves demonstrating very good agreement between actual

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

Table 2 Risk factors for in-hospital mortality: final model from multivariate analysis and scoring system

Risk factors Odds ratio 95% CI Regression coefficient Final scoring

Age >_70 years 1.65 0.84–3.21 0.50 1

NYHA functional Class III–IV 1.76 0.88–3.55 0.57 1

Right-sided heart failure signs 2.62 1.08–6.35 0.96 2

Daily dose of furosemide >_125 mg 2.25 1.08–4.68 0.81 2

Glomerular filtration rate <30 mL/min 2.47 0.92–6.62 0.90 2

Elevated total bilirubin 2.89 1.48–5.63 1.06 2

Left ventricular ejection fraction <60% 1.97 0.91–4.28 0.68 1

Moderate/severe right ventricular dysfunction 1.93 0.93–4.01 0.66 1

Total 12

CI, confidence interval; NYHA, New York Heart Association.

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

Table 3 Predicted vs. observed in-hospital mortality
rates according to the risk score value

Score Number of

patients

Predicted

in-hospital

mortality (%)

Observed

in-hospital

mortality (%)

0 40 1 0

1 53 2 4

2 70 3 1

3 76 5 0

4 69 8 10

5 73 14 18

6 49 22 25

7 22 34 32

8 9 48 33

>_9 5 65 60
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..and predicted probability of death for probabilities up to 50%, with a
slight overestimation of the model for higher probabilities (Figure 1D).

Distribution of the risk score model
according to tricuspid regurgitation
mechanism
Overall, mean score value was 3.5 ± 2.1 [median: 3 (2–5)] (Figure 2A)
and distribution (number of patients presenting with each score
value) is presented in Figure 2B. In-hospital mortality was worse for
functional than for organic TR, but the mechanism was not an inde-
pendent predictor of outcome and worse outcome observed in
patients with functional TR was related to the worse clinical presen-
tation in this subgroup. Thus, patients with functional TR were oper-
ated with a higher-risk score than patients with organic TR f4.3 ± 2.0
[median: 4 (3–6)] vs. 2.7 ± 1.9 [median: 3 (1–4)], P < 0.001g (Figure

2A) and there was a shift towards the right of the distribution of the
score in patients with functional TR compared to those with organic
TR (Figure 2B).

Predictive value of the score for
in-hospital major complications and
1-year mortality
Although the risk score model was originally designed to predict in-
hospital mortality, it was also significantly associated with major post-
operative complications (C-index 0.71) and 1-year mortality rates
(C-index 0.78). Major post-operative complications and 1-year mor-
tality rates according to the score value ranged from 15% to 80% and
from 3% to 60%, respectively, for a score value of 0 to a score of 9 or
more, with a progressive increase in event rates as the score
increased (Supplementary material online, Table S2).

Figure 1 Discrimination and calibration of the risk score model. (A) Predicted in-hospital mortality rate according to the final risk score model. (B)
Receiver operating characteristic curves from final multivariate risk score model, simplified risk score model, logistic EuroSCORE, and EuroSCORE II.
(C) Calibration of the final multivariate risk score model: scores vs. probability of in-hospital mortality. (D) Calibration of the final multivariate risk
score model: predicted vs. actual probability of in-hospital mortality. AUC: area under the curve.
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..Discussion

In this study, based on a large consecutive cohort of patients who
underwent ITVS for severe TR at 12 French tertiary centres with in-
depth clinical, laboratory, and echocardiographic characterization,
we developed a dedicated risk score model to predict in-hospital
mortality. The risk score model relied on eight parameters, four clin-
ical parameters (age >_70 years, NYHA functional Class III–IV, right-
sided heart failure signs, daily dose of furosemide >_125 mg), two la-
boratory parameters (glomerular filtration rate <30 mL/min, elevated
total bilirubin), and two echocardiographic parameters (LV ejection
fraction <60%, moderate/severe RV dysfunction) (Graphical Abstract).
The risk score model showed both an excellent discrimination and
calibration. Although designed to predict in-hospital mortality, our
risk score model also predicted in-hospital major complication rates
and 1-year mortality rates with good accuracy.

Despite its high prevalence and association with increased mortal-
ity and morbidity, surgery for isolated TR remains rarely performed.
Thus, only 10% of patients admitted in France with a diagnosis of TR
are referred for an intervention.7 Management of patients with se-
vere TR relied on two apparent contradictory beliefs, on the one
hand that TR is benign and on the other hand that surgical risk for
ITVS is prohibitive. In contrast to aortic stenosis or mitral regurgita-
tion, TR is a slowly progressive disease and adverse consequences
often occurred after decades explaining its falsely benign reputa-
tion.22 It is also true that the literature is fairly consistent showing an
overall high in-mortality rate of 8–10%.4–6,10,23–25 We also observed
that overall in-hospital mortality rate was indeed 10%,4 but in the pre-
sent paper we clearly showed that this 10% mortality rate is hiding
important disparities with in-hospital mortality rates ranging from 0%
to 60%. We have previously shown that outcomes were predicted
by the severity of the presentation while TR mechanism or aetiology
played a limited role. However, our findings were of limited use to
predict immediate and mid-term results of ITVS at the individual level

and a risk score model that could support clinical decisions for cardi-
ologists and cardiac surgeons was cruelly lacking.

The STS risk score model does not individualize ITVS as a specific
intervention contrary to aortic or mitral valve surgeries and thus
does not provide any specific risk calculation. The logistic
EuroSCORE and the EuroSCORE II were not designed for ITVS;
interestingly the EuroSCORE II population only encompassed 85
patients who underwent ITVS. Consequently, as shown in the pre-
sent study, both the logistic EuroSCORE and the EuroSCORE II
poorly predicted in-hospital mortality after ITVS (C-index 0.67 and
0.63, respectively). In an attempt to better assess the surgical risk of
ITVS, LaPar et al.10 proposed a dedicated risk score model derived
from a subset of the STS database from the states of Virginia and
Michigan. Although the authors should be commended for their sem-
inal work and indeed their risk model was an important step towards
a better risk stratification of patients referred for ITVS, it suffered
from two important limitations. First, because of the limited granular-
ity of the STS database, important prognostic factors in the setting of
TR as RV consequences and liver function were not accounted for.26

Second, their risk model was not well calibrated for high-risk patients
with a maximum predicted mortality rate of 34%. The Model for
End-Stage Liver Disease (MELD) score, which is used to stratify
patients awaiting liver transplantation, has also been shown to predict
mortality after TV surgery in a cohort of 168 patients but in whom
only 22 patients underwent ITVS.27,28 The MELD relies on three vari-
ables that reflect liver and renal function [international normalized
ratio (INR), total bilirubin, and creatinine]. However, it is worth not-
ing that this score may be unsuitable for most patients who under-
went ITVS as the majority of patients in our population were under
oral anticoagulation treatment (vitamin K antagonist or direct oral
anticoagulant), which increases the INR, and thus make this score
likely not interpretable.

In contrast, in the present study, relying on the in-depth character-
ization of our population, we were able to develop a dedicated, sim-
ple, and accurate risk score model for ITVS that could guide the

Figure 2 Risk score value and distribution overall and according to the mechanism of tricuspid regurgitation. (A) Box plot of risk score value.
Within each box, the horizontal line denotes the median value (50th percentile) and the cross the mean; boxes extend from the 25th to the 75th per-
centile of dataset. The whiskers mark the minimum and maximum values. (B) Number of patients presenting with each score value and trends. TR: tri-
cuspid regurgitation.
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.
clinical decision-making process. We collected all consecutive
patients who underwent ITVS for severe TR at 12 tertiary French
centres. Our risk score model was based on eight clinical, laboratory
and echocardiographic parameters easy to capture and to measure,
including those capturing the clinical sequalae of TR on the liver and
the right ventricle. Our risk score model, on a 0–12 point scale, pro-
vided both excellent discrimination (C-index > 0.75) and calibration
with a predicted mortality up to 65%. Interestingly, systolic pulmon-
ary artery pressure was not an independent predictor of outcome. In
the setting of severe TR, a laminar flow is commonly observed, and
echocardiographic assessment of systolic pulmonary artery pressure
may be not valid or may be underestimated in this situation. It is also
worth noting that as patients with functional TR presented with
more advanced disease than patients with organic TR, their risk score
was significantly higher and the distribution of the proportion of
patients with each score value was right-shifted (Figure 2).
Importantly, our risk score model designed to predict in-hospital
mortality also provided good predictive value for both in-hospital
major complications and 1-year mortality rates that are also critical
to appraise when ITVS is considered.

Study limitations
The present study deserves several comments. First, our sample size
was relatively small (466 patients), but ITVS is a rare intervention.
Our population, one of the largest to date, captured all ITVS per-
formed at 12 centres during a period of >10 years representing
>40% of all ITVS at the national level with in-depth clinical, laboratory
and echocardiographic characterization. Nevertheless, we were not
able to develop and validate a risk score model in different population
subsets and further external validation of our score is desirable.
Second, our study was retrospective but the low rate of ITVS pre-
cluded the prospective collection of a large number of patients
referred for ITVS. Third, not all variables were available for each pa-
tient, and we performed imputation for missing variables. However,
we performed multiple sensitivity analyses that found similar results;
it is also noteworthy that all variables retained in the final model had
clinical relevance, thus supporting the robustness of our findings.
Fourth, we voluntarily did not use prothrombin time in our score as
most patients were under oral anticoagulation treatment in our co-
hort, which can mislead its interpretation, especially if we consider
the increased use of direct oral anticoagulants in recent years. Fifth,
assessment of RV function relied on an integrative approach and not
a single parameter with a well-defined threshold. However, each
echocardiographic parameter proposed for the assessment of RV
systolic function suffers from intrinsic limitations and have not been
well validated in the setting of severe TR. Thus, an integrative ap-
proach was deemed the most accurate and reliable way to assess RV
systolic function and is the recommended approach.12,13,27 As an in-
ternal validation, TAPSE and peak systolic annular velocity S0 were
markedly different between patients who presented with moderate/
severe RV dysfunction compared to those who did not (13 ± 4 vs.
21± 6 mm and 7.6 ± 1.5 vs. 12.4 ± 3.2 cm/s respectively, both
P < 0.0001). In addition, RV function, as the other echocardiographic
parameters, was assessed locally by each centre with no centralized
evaluation. Finally, we cannot exclude a centre effect on outcome
after ITVS, but the very low rate overall (from two to six ITVS/year/
centre) precludes any formal conclusion.

Clinical implications
The main aim of our risk score model is to provide reliable informa-
tion to patients, cardiologists, and cardiac surgeons regarding the risk
of ITVS for severe TR at an individual level and to guide the clinical
decision-making process. The present score model is easy to use and
calculate as relying on eight parameters that are part of the routine
examination of all patients with severe TR. It helps stratifying the
mortality risk when an isolated TV intervention is considered. A risk
score <_3 could define a low surgical risk, a score of 4–5 an intermedi-
ate risk, and a score >_6 a high surgical risk. To enable wide use of this
new score (TRI-SCORE), we have developed an online calculator to
support physicians in their risk assessment (www.tri-score.com).

Severe TR is associated with a dismal prognosis with progressive
RV dysfunction, renal and liver failure, chronic right heart failure, and
need for increasing doses of diuretics. In the present study, we cap-
tured the full spectrum of disease stages, and we clearly show that a
substantial proportion are still referred for an intervention late in the
course of the disease with high scores (30% at intermediate risk and
18% at high risk based on the above proposed thresholds) and there-
fore high mortality rates. On the other hand, excellent outcomes can
be achieved when the intervention is timely performed early in the
course of the disease with a low score. Thus, the paradigm should be
shifted, the poor outcome of ITVS observed overall is not related to
the complexity of the procedure per se but to the late referral and
the advanced disease stage of many patients. Our results should be
seen as a strong incentive to consider a TV intervention earlier in the
disease course avoiding performance of TV intervention in patients
at a late or desperate disease stage. Nevertheless, we only provided
indirect evidence that earlier intervention is likely beneficial and best
timing remained to be determined.

With the rapid development of transcatheter interventions, our
risk score model will provide a unique tool to select the patients who
might be better suitable for surgery or for transcatheter interven-
tions. Importantly, most patients with severe TR still remain conser-
vatively managed. Transcatheter therapies, as a less-invasive
alternative to surgery, will further push for an early intervention as
well as for an extension of the number of patients treated if proved
to be safe and efficient. It is also worth noting that availability of trans-
catheter TV replacement might circumvent one main limitation of
edge-to-edge repair, i.e. significant residual TR. Ongoing and future
randomized controlled trials (TRILUMINATE Pivotal Trial, TRI-FR,
CLASP II TR, TRISCEND II Pivotal trial) will hopefully provide more
evidence regarding most appropriate timing and recommended type
of intervention to improve the outcome of this population.

Finally, the main accepted explanation of the discordant results be-
tween MITRA-FR and COAPT trials is the enrolment of different
subsets of patients with functional mitral regurgitation.29,30 TRI-
SCORE will provide a unique tool to characterize and compare pop-
ulations enrolled in ongoing randomized controlled trials evaluating
the benefit of TR correction.

Conclusion

We propose TRI-SCORE as a dedicated risk score model based
on eight easy to ascertain parameters to inform both patients and
physicians regarding the risk of ITVS. This risk score will guide the
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..clinical decision-making process at the bedside level, and we do
hope leads to earlier and wider interventions for patients with se-
vere TR before the occurrence of irreversible consequences that
markedly affect prognosis, especially as transcatheter therapies
are emerging (www.tri-score.com).

Supplementary material

Supplementary material is available at European Heart Journal online.
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