
European Heart Journal Open (2022) 2, 1–9 
https://doi.org/10.1093/ehjopen/oeac067

ORIGINAL ARTICLE 
Valvular heart disease

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

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

A validated score to predict one-year 
and long-term mortality in patients 
with significant tricuspid regurgitation
Aviram Hochstadt 1,†, Elad Maor 2,†, Eihab Ghantous 3, Ilan Merdler3, 
Yoav Granot3, Ronen Rubinshtein1, Shmuel Banai3, Amit Segev2, 
Rafael Kuperstein2,†, and Yan Topilsky 3,*,†

1Edith Wolfson Medical Center, Heart Institute, Holon, Israel and The Sackler school of medicine, The Tel-Aviv University, Ha-Lokhamim St 62, Holon, 5822012, Tel Aviv, Israel; 2Leviev 
Heart Center, Sheba Medical Center, Tel Hashomer. Sackler Faculty of Medicine, Tel Aviv University, Derech Sheba 2, Ramat Gan 526264239061, Tel Aviv, Israel; and 3Division of 
Cardiology, Tel-Aviv Sourasky Medical Center and the Sackler School of Medicine of The Tel Aviv University, Weizmann St 6, Tel Aviv-Yafo, 6423906, Tel Aviv, Israel

Received 16 June 2022; revised 12 September 2022; online publish-ahead-of-print 14 October 2022

Handling Editor: Patrizio Lancellotti  

Editorial for this article: Donal E and Lancellotti P. A new score to stratify the risk in tricuspid regurgitation: the icing on the cake. Eur 
Heart J Open 2022; https://doi.org/10.1093/ehjopen/oeac068

Aims Most patients with significant (defined as ≥ moderate) tricuspid regurgitation (TR) are treated conservatively. Individual 
mortality rates are markedly variable. We developed a risk score based on comprehensive clinical and echocardiographic 
evaluation, predicting mortality on an individual patient level.

Methods 
and results

The cohort included 1701 consecutive patients with significant TR, half with isolated TR, admitted to a single hospital, trea
ted conservatively. We derived a scoring system predicting 1-year mortality and validated it using k-fold cross-validation and 
with external validation on another cohort of 5141 patients. Score utility was compared with matched patients without 
significant TR. One-year mortality rate was 31.3%. The risk score ranged 0–17 points and included 11 parameters: age 
(0–3), body mass index ≤ 25 (0–1), history of liver disease (0–2), history of chronic lung disease (0–2), estimated glomerular 
filtration rate (0–5), haemoglobin (0–2), left-ventricular ejection fraction (0–1), right-ventricular dysfunction (0–1), right at
rial pressure (0–2), stroke volume index (SVI) (0–1) and left-ventricular end-diastolic diameter (0–1). One-year mortality 
rates increased from 0 to 100%, as the score increased up to ≥16. Areas under the receiver operating curves were 
0.78, 0.70, and 0.73, for the original, external validation, and external validation with SVI measured cohorts. The score re
mained valid in subpopulations of patients with quantified RV function, quantified TR and isolated TR. Significant TR com
pared to no TR, affected 1-year mortality stronger with higher scores, with a significantly positive interaction term.

Conclusion We suggest a robust risk score for inpatients with significant TR, assisting risk stratification and decision-making. Our findings 
underscore the burden of TR providing benchmarks for clinical trial design.
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Introduction
Prevalence of significant, moderate or severe, tricuspid regurgitation 
(TR) is ≈ 0.6% in the general population, and up to 3% after the age 
of 75 years, similar to that of aortic stenosis.1 Epidemiological studies 
suggest that significant TR is associated with almost doubling of mortal
ity after adjustment for potential confounders.2,3 In spite of the high 
prevalence of significant TR, and its poor prognosis, it is rarely managed 
surgically.4–6 However, mortality post tricuspid surgery is variable and 
predicted by the severity of the clinical presentation.7–9 Furthermore, 
with the recent development of trans-catheter interventions, asso
ciated with lower in-hospital mortality10 there is a critical need to ac
curately predict individual mortality rates with conservative therapy, 
in order to support individual decisions about timing of surgery or 
trans-catheter interventions.

Relying on two centres’ consecutive cohort of hospitalized patients 
with significant TR, treated conservatively, we aimed to develop a dedi
cated risk score model to predict the 1-year mortality of these patients.

Methods
Data collected retrospectively of all admitted patients who undergone 
echocardiography in the Tel-Aviv medical center from January 2011 until 
August 2019 and had at least 1-year of follow-up was used. In total, 1719 
patients with significant TR were found. Six patients underwent previous 
tricuspid surgery, and another 12 patients underwent tricuspid surgery dur
ing follow-up resulting in a final cohort of 1701 patients with significant TR 
treated conservatively for analysis. We collected demographic, clinical and 
echocardiographic data to create a score to predict 1-year mortality in pa
tients with significant TR. We chose hospitalized patients to get 

comprehensive clinical and laboratory data, unavailable for most outpati
ents. The utility of the score was compared with patients without significant 
TR, patients with quantified TR, patients with quantified right-ventricular 
(RV) function and patients with isolated TR. Isolated TR was defined as 
TR without any other valvular disease classified as moderate or above.11,12

The score was also externally validated using data of 5141 consecutive in
patients with significant TR from the Sheba Medical Center between 
January 2011 and December 2019, who were treated conservatively. As 
only 18.2% of the patients in the Sheba Medical Center database had left- 
ventricular stroke volume index (SVI) measured, we did a sensitivity analysis 
for the 948 patients with SVI measured.

Patients’ co-morbid conditions were evaluated by the patients’ personal 
physician. Medical history of relevant diagnoses was procured from patients’ 
electronic medical record, after chart review. Estimated glomerular filtra
tion rate (eGFR) was calculated using the CKD-EPI equation.13 Treating 
physicians were responsible for implementing contemporary heart failure 
guidelines in all patients, reflecting routine clinical practice. Mortality data 
were available for all patients of both institutions from national registry.

The ethics committee of the Tel-Aviv Medical Center approved the 
study.

Echocardiography
All patients had comprehensive two-dimensional and Doppler echocar
diography. LV diameters, volumes, ejection fraction (LVEF) were mea
sured as recommended.14 Measurements of mitral inflow included the 
peak early filling (E-wave) and late diastolic filling (A-wave) velocities, 
and E-wave deceleration time. Early diastolic mitral septal and lateral 
annular velocities (e′) were measured in the apical 4-chamber view. 
Left atrial (LA) volume was calculated using the biplane area length 
method at end-systole.
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Detection and gradation of TR was visually assessed using an integra
tive, semi-quantitative approach, including assessment of colour 
Doppler jet area, tricuspid valve morphology, right atrial (RA) and RV 
size, inferior vena cava size, jet density, and contour colour Doppler, 
as recommended by guidelines.11 Apart from gradation, TR was quan
tified in 566 patients. TR quantitation used proximal flow convergence 
(proximal isovelocity surface area—PISA) method which allowed calcu
lation of effective-regurgitant-orifice (ERO) area and regurgitant vol
ume. RV size was qualitatively assessed from an apical 4-chamber 
view. Right ventricle larger than the left in this view, or right ventricle 
displacing the left ventricle and occupying the apex signified right ven
tricle dilatation. Right-ventricular systolic function was qualitatively 
graded using all views available. Using multiple views, an integrative 
qualitative grading was formulated according to published guidelines.14

Apart of gradation, RV function was evaluated by tricuspid annular 
plane systolic excursion (TAPSE) or systolic tricuspid lateral annular vel
ocity (RV S’) measured in the apical four-chamber view, in 496 patients. 
Haemodynamic assessment measured the tricuspid regurgitant velocity 
and estimated right atrial pressure (RAP) using the inferior vena cava to 
calculate the systolic pulmonary artery pressure (SPAP).15 Forward 
stroke volume was calculated from left-ventricular outflow tract with 
subsequent calculation of cardiac output and index. TR was assessed 
by standard qualitative assessment, and significant TR was defined as 
≥ moderate TR.16 All echocardiographic findings were assessed by a se
nior cardiologist with experience in echocardiographic assessment 
blinded to the patients’ clinical characteristics.

Building to the score, validation, 
and investigation
To identify demographic, clinical, and echocardiographic variables 
which significantly affect 1-year mortality, we evaluated them using uni
variable logistic regression. All variables with a significant relationship 
were entered as a seed to a multivariable logistic regression, which 
was optimized to a model with the minimal number of relevant vari
ables. All significant variables in this model were used to create the final 
score. To simplify the model, we categorized all continuous variables to 
an optimal number of bins. These were put into another regression to 
extract numerical values assigned to each variable creating a formula for 
a simple score predicting 1-year mortality.

The score’s utility in prediction of 1-year mortality was assessed with 
both logistic regression and receiver operating curves’ (ROC) area un
der the curve (AUC). Predictive usefulness for long-term survival (upto 
5 years) was also determined. To determine external validity, the score 
was calculated on a different database of 5141 patients and its utility in 
prediction of 1-year and long-term mortality was assessed using the 
same methods.

To compare the specific utility of the suggested score in patients with 
and without TR the entire database was used, and patients with signifi
cant TR were matched in a 2:1 ratio to patients without TR. Patients 
were matched by age, renal function, body mass index (BMI), minimal 
haemoglobin levels, presence of chronic lung disease, left-ventricular 
ejection fraction (LVEF), and left-ventricular end-diastolic diameter 
(LVEDD), these variables were selected on one hand to control con
founding and on the other to evaluate morbidity specific to TR. The 
relative predictive ability of the score was assessed in patients with 
and without TR using an interaction term.

Statistical methods
Results are reported as Mean ± SD or median (IQR) for continuous 
variables, number (%) for categorical variables and ratios with their re
spective 95% confidence intervals (CIs). Comparison of proportions 

was performed using fishers’ exact method, while comparison of con
tinuous variables was performed using a Wilcoxon test. Multivariable 
and univariable predictors of 1-year mortality were evaluated using bin
ary logistic regression. Variables with P-values <0.2 level in univariate 
logistic regression were entered into multivariate analysis, using a step
wise procedure based on the Akaike information criterion (AIC) for 
variable selection. Binning of continuous variables was done using con
ditional inference trees. Long-term mortality was described using the 
Kaplan–Meier method with Cox proportional hazards models used 
for calculating the hazard ratios and the log-rank test for the P-values. 
Internal cross-validation was done using a k-fold cross-validation using 
10 folds. Comparison of the AUCs of different ROC curves was 
done using the Delong method. Matching of patients with and without 
TR was done using greedy nearest neighbour propensity score 
matching.

To reduce bias, all multivariable analyses were performed on data
bases with missing values imputed using a random forest algorithm, 
all fields had non-missing values in at least 80% of cases. Findings 
were considered statistically significant when P < 0.05. All calculations 
were performed using R version 4.0.4 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
The primary cohort consisted of 1701 patients aged 76 ± 14 years of 
whom 845 (50%) female. Overall, 1-year mortality was 31.3% (n = 
533). Baseline clinical and echocardiographic characteristics along with 
the results of the univariate analyses for 1-year mortality are presented 
in Table 1. Using the methods described, a risk score consisting of 0–3 
points for age, a point for BMI ≤ 25, 2 points for liver disease, 2 points 
for chronic lung disease, 0–5 points for eGFR, 0–2 points for minimal 
haemoglobin during admission, a point for LVEF ≤30%, a point for RV 
dysfunction, 0–2 points for estimated RAP, a point for SVI ≤ 30 mL/m2 

and a point for LVEDD ≤45 mm was constructed (Table 2). The score 
ranged between 0 and 17 with a median of 6 and an IQR of 4–9. 
Patient’s distribution according to each score value is shown in Figure 1.

Score utility
The score showed significant predictive ability for 1-year mortality 
with an odds ratio (OR) of 1.47 per point increase (95% CI: 1.41–1.54, 
P < 0.001). Rate of 1-year mortality for the various score ranged from 
0% for patients with a scores of 0–1 to 100% for patients with scores 
of 16–17 (Figure 2). ROC curves for the model show good predictive abil
ity with an AUC of 0.78 (95% CI: 0.76–0.81, Figure 3). Long-term mor
tality was also well predicted using the score, with an HR of 1.28 (95% 
CI of 1.25–1.31) and a log-rank P-value for trend <0.0001(Figure 4).

Score validation
The score was validated using k-fold cross-validation that showed al
most identical results with AUC of 0.78 and 95% CI of 0.75–0.81. 
Furthermore, sensitivity analyses of specified subpopulations shown 
similar discriminative ability for the 566 patients with quantified TR 
(AUC: 0.76, 95% CI: 0.71–0.80, P = 0.25 for difference with the original 
population), the 496 patients with quantified RV dysfunction (AUC: 
0.77, 95% CI: 0.73–0.81, P = 0.68 for the difference with the original 
population) and the 835 patients with isolated TR (AUC 0.76, 95% 
CI 0.73–0.80, P = 0.390 for the difference with the original population).

To enhance external validity, we calculated the score on a different data
base of 5141 consecutive patients with significant TR without tricuspid 
valve intervention (see baseline clinical and echocardiographic characteris
tics of patients in the validation cohort in Supplementary material online, 

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac067#supplementary-data
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Table S1). The score performed well on the validation cohort with an OR 
for 1-year mortality of 1.35 (95% CI: 1.32–1.39, P < 0.001) per point and an 
HR for long-term (5 years) mortality of 1.25 (95% CI: 1.24–1.27, P < 0.001) 
per point. The score accuracy was, however, lower than from the original 
database with an ROC AUC of 0.70 (95% CI: 0.68–0.72, P < 0.001 for 
comparison with the original cohort, Figure 3).

As the validation cohort had an extremely high number of missing va
lues of SVI (81.8%, n = 4204) we performed a sensitivity analysis for the 
937 patients who had SVI measured, that showed more accurate re
sults with an OR of 1.43 (95% CI: 1.35–1.53, P < 0.001) for 1-year 

mortality, HR of 1.26 (95% CI: 1.23–1.30, P < 0.001) and an ROC 
AUC of 0.73 (95% CI: 0.69–0.76; Figure 3)

Comparison to patients without 
significant TR
Applying the score to the full database, including all inpatients, the score 
predicted mortality also in the non-TR patients with a ROC AUC of 
0.76 (95% CI: 0.76–0.77, P = 0.14, in comparison with TR patients).

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

Table 1 Baseline characteristics and odds ratios for 1-year mortality in patients with significant tricuspid 
regurgitation

Parameter Odds ratio (95% confidence interval) P-value

N 1701
Age—years (mean ± SD) 76.24 (13.74) 1.04 (1.03–1.05) <0.001

Female gender (%) 845 (49.7) 0.98 (0.8–1.2) 0.853

BMI (mean ± SD) 25.90 (4.45) 0.96 (0.94–0.99) 0.002
eGFR—mL/min (mean ± SD) 44.53 (23.42) 0.96 (0.96–0.97) <0.001

Minimal haemoglobin—g/dL (mean ± SD) 10.42 (2.27) 0.82 (0.78–0.86) <0.001

Past pacemaker or ICD (%) 69 (4.4) 1.66 (1.01–2.7) 0.042
Heart failure diagnosis (%) 346 (22.0) 1.52 (1.19–1.95) 0.001

Atrial fibrillation diagnosis (%) 463 (29.4) 1.32 (1.05–1.65) 0.018

Ischemic heart disease diagnosis (%) 556 (35.3) 1.41 (1.13–1.75) 0.002
History of coronary bypass (%) 13 (0.8) 0.63 (0.14–2.07) 0.485

Essential hypertension (%) 1048 (66.5) 1.28 (1.02–1.62) 0.031

Diabetes mellitus (%) 456 (28.9) 1.14 (0.9–1.43) 0.269
Chronic lung disease (%) 67 (4.3) 1.75 (1.06–2.87) 0.026

Liver disease diagnosis (%) 33 (2.0) 2.07 (1.03–4.15) 0.038

LVEDD (mean ± SD) 52.62 (9.16) 0.98 (0.97–0.99) 0.002
LVESD (mean ± SD) 37.36 (11.54) 1 (0.99–1.01) 0.903

Estimated LVEF—% (mean ± SD) 46.44 (13.97) 0.98 (0.98–0.99) <0.001

LV mass index—g/m² (mean ± SD) 184.44 (42.49) 1 (0.99–1.01) 0.918
LV SVI—mL/m² (mean ± SD) 33.30 (11.96) 0.98 (0.97–0.99) <0.001

Cardiac index—L/min/m² (mean ± SD) 2.55 (1.21) 0.93 (0.79–1.06) 0.362

Mitral E velocity—cm/s (mean ± SD) 1.08 (0.31) 1 (0.7–1.44) 0.984
Mitral A velocity—cm/s (mean ± SD) 0.76 (0.33) 1.04 (0.67–1.62) 0.849

Mitral E/A ratio (mean ± SD) 1.67 (0.85) 0.93 (0.78–1.1) 0.405

Mitral E/e’ 17.91 (7.80) 1.02 (1.01–1.04) 0.009
LA volume index—mL/m² (mean ± SD) 57.45 (17.04) 1 (0.99–1.01) 0.812

Severe AS (%) 85 (5.0) 1.08 (0.67–1.7) 0.743

Severe MR (%) 333 (19.6) 0.79 (0.6–1.02) 0.079
Right-ventricular dilatation (%) 623 (36.6) 1.7 (1.38–2.09) <0.001

Right-ventricular dysfunction (%) 521 (30.6) 1.86 (1.5–2.31) <0.001

TAPSE—mm (mean ± SD) 17.51 (5.57) 0.97 (0.94–1) 0.035
TV s’—cm/s (mean ± SD) 9.79 (3.20) 0.94 (0.89–0.98) 0.006

Estimated systolic PAP—mmHg (mean ± SD) 50.39 (16.40) 1.02 (1.01–1.03) <0.001

RAP—mmHg (mean ± SD) 10.99 (6.09) 1.08 (1.06–1.1) <0.001
Diuretic use (%) 203 (11.9) 0.91 (0.66–1.25) 0.561

ACEI/ARB use (%) 45 (2.6) 0.54 (0.24–1.08) 0.102

Beta-Blockers use (%) 205 (12.1) 0.66 (0.46–0.91) 0.015

AS, aortic stenosis; BMI, body mass index; eGFR, estimated glomerular filtration rate; ICD, implantable cardioverter device; LVEF, left-ventricular ejection fraction; LV, left ventricle; LA, left 
atrium; LVEDD, left ventricle end-diastolic diameter; LVESD, left ventricle end-systolic diameter; MR, mitral regurgitation; PAP, pulmonary artery pressure; RAP, right atrial pressure; RV, 
right ventricle; SPAP, systolic pulmonary pressure; TAPSE, tricuspid annular plane systolic excursion; TV, tricuspid valve. ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin 
receptor blockers.

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac067#supplementary-data
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In order to diminish selection bias, we matched each significant TR 
patient with two non-TR patients by age, renal function, BMI, Minimal 
haemoglobin levels, presence of chronic lung disease, LVEF and 
LVEDD. The matched database showed that TR patients had higher 
RAP, lower SVI, and higher prevalence of RV dysfunction (Table 3). 
Patients with significant TR had higher 1-year and long-term mortality 
(OR: 1.21, 95% CI: 1.06–1.37, P = 0.004 for 1-year mortality, HR: 1.12, 
95% CI: 1.03–1.22, P = 0.006 for up to 5 years). The effect of significant 
TR on mortality was stronger with higher score levels as manifested by 
a positive interaction of significant TR with the score (OR: 1.07, 95% CI: 
1.02–1.13, P = 0.009).

Discussion
In this study, we developed a dedicated risk score predicting 1-year 
mortality. The risk score showed both an excellent discrimination 
and calibration. Although designed to predict 1-year mortality, it also 
predicted long-term mortality with good accuracy. Of note, despite 
the increased mortality of TR, only 12 (>1%) patients admitted with sig
nificant TR were referred for an intervention during long-term 
follow-up.

Management of patients with severe TR is misled by several errone
ous beliefs. The first is that TR is benign and/or improves once left sided 
cardiac disease is corrected.17,18 The second is that we should intervene 
only when patients have florid symptoms of right heart failure. The 
third is that surgical risk for TR is very high. In contrast to left sided 
valvular disease, TR’s symptoms are vague and progress slowly. Its first 
and most common symptom is effort intolerance, usually attributed to 
old age.19 Oedema, ascites, or end organ damage usually occur after 
many years, after severe RV dysfunction prevails. Unfortunately, pa
tients are usually sent for intervention only at this advanced stage, ex
plaining the falsely malignant reputation of TR surgery.7–9 Recent 
literature showed an overall high 1-year mortality of ≈ 25–30% in hos
pitalized patients with significant TR,20–22 consistent with our cohort. 
However, our data show that mortality rate is extremely heteroge
neous, with rates ranging from 0 to 100%. Previous natural history stud
ies have shown that the outcome is predicted by the severity of TR, and 
on its clinical presentation.19,20 However, these findings were of limited 
clinical use to predict mortality of TR at the individual level.

In the present study, we developed a simple and accurate model for 
1-year mortality in patients with significant TR. Our model is based on 
11 (four clinical, two laboratory, and five echocardiographic) easily 
measured parameters. Our risk score, on a 0–17 point scale, provided 
both valuable discrimination (AUC = 0.78) and calibration with a pre
dicted mortality ranging from 0–100%.

Interestingly, although SPAP was associated with higher mortality in 
non-adjusted analysis, it was not an independent predictor of outcome, 
and was excluded from the final model. In the setting of severe TR, lam
inar flow between the right ventricle and right atrium is usually ob
served and the assumptions behind the simplified Bernoulli equation 
are not valid, underestimating the pulmonary pressure. Furthermore, 
with low RV stroke volume, due to TR, pulmonary pressure may 
‘pseudo-normalize’ not capturing the true malignant nature of TR. 

Figure 1 Distribution of patients with significant tricuspid regurgitation presenting with each score value.

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

Table 2 Final simplified score calculation from 
multivariate analysis and scoring system

Parameter Points

Age ≥ 65 and <80 years +1
Age ≥ 80 and <85 years +2

Age ≥ 85 years +3

BMI ≤ 25 +1
Diagnosis of liver disease +2

Diagnosis of chronic lung disease +2

eGFR ≤ 50 and >30 mL/h/1.73m2 +1
eGFR ≤ 30 and >20 mL/h/1.73m2 +3

eGFR ≤ 20 mL/h/1.73m2 +5

Minimal Hgb ≤ 12.5 g/dL +1
Minimal Hgb ≤ 8 g/dL +2

LVEF ≤ 30% +1

RAP >5 and ≤ 15 mmHg +1
RAP >15 mmHg +2

Left-ventricular SVI ≤ 30 +1

LVEDD ≤ 45 +1
Echocardiographic signs of RV dysfunction +1

Egfr, estimated glomerular filtration rate; BMI, body mass index; LVEDD, left ventricle 
end-diastolic diameter; Hgb, haemoglobin; LVEF, left ventricle ejection fraction; RAP, 
right atrial pressure; RV, right ventricle; SVI, stroke volume index.
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However, RAP and SVI were the only hemodynamic parameters re
flecting right-ventricular performance entered the risk model. This is 
not surprising, since the combination of filling pressure and forward 
flow reflects RV’s Frank–Starling curve, in which as the RV function de
teriorates, filling pressures rise to maintain output, and ultimately fail to 
produce sufficient output despite further elevation in filling pressure.23

Importantly, our risk score model designed to predict 1-year mortality 
also predicted long-term mortality which is important when tricuspid 
interventions are considered.

Recently a risk score for predicting mortality in the population of pa
tients with isolated TR was developed,24 our score carries a comple
mentary value to it as it is robust to predicting mortality in 
multivalvular disease (P = 0.390 between patients with isolated TR 

and the entire cohort) which was relatively common in our database 
(49.1%). This robustness may be attributed to inclusion of echocardio
graphic hemodynamic measurements such as SVI and LVEDD which 
may indicate the severity of other left sided valvular disease. This fact 
also explains how the multivariable model did not show significance 
for severe mitral and aortic regurgitation or stenosis as their hemo
dynamic effects were already accounted for. Furthermore, the model 
described here had slightly better discerning ability than the model pre
sented by Wang et al. (0.78 vs. 0.73) and was also validated both intern
ally and externally.

The present risk score model, combined with the recently developed 
surgical TRISCORE risk score9 can support individual clinical decisions. 
For example, a patient with estimated 5% 1-year mortality under 

Figure 2 Prediction of 1-year mortality in patients with significant tricuspid regurgitation according to the final risk score.

Figure 3 Receiver operating curves for the predictive score in predicting 1-year mortality for the (A) original database and (B) validation database.
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conservative treatment and calculated post-surgical 30-day mortality of 
20% (based on the TRISCORE surgical risk score), should probably be 
followed up. On the other hand, a patient with estimated 50% 1-year 
mortality and calculated post-surgical 30-day mortality of 10%, should 
be recommended a tricuspid intervention.

The effect of significant TR on 1-year mortality, compared with pa
tients without TR was stronger with higher score levels, indicating that a 
significant excess mortality is caused by the TR itself rather than the TR 
being a surrogate marker for severe illness. Although the risk score pre
dict mortality in non-TR patients as well albeit to a lesser accuracy, the 
significant interaction between the score value and TR suggests that TR 
patients have a worse prognosis per score point which makes it unique 
towards predicting mortality in TR. Furthermore, the score contains 
measures of RV dysfunction, hepatic failure and lung disease that are 
relatively specific to TR and less for other structural diseases.

Importantly, we only provided evidence that no intervention is 
likely to be detrimental for some patients, yet timing, and interven
tion type remains to be determined. With the rapid development of 
trans-catheter interventions, and future development of risk score 
for mortality post trans-catheter procedures, our risk score model 
may provide a unique tool to select the patients who might be bet
ter suitable for conservative treatment vs. those that will benefit 
from trans-catheter interventions.

Study limitations
First, our sample size was relatively small (1701 patients), especially con
sidering a very small number of patients in very low and very high scores 
groups. Nevertheless, it was validated using a larger cohort (5141 pa
tients) from another centre. Second, our study is retrospective, and in
cludes only hospitalized patients. Third, not all variables were available 
for each patient, and we performed imputation for missing variables. 
However, all variables had at least 80% non-missing data. Fourth, assess
ment of RV function relied on an integrative approach and not a single 
parameter with a well-defined threshold. Yet, each echocardiographic 
parameter proposed for the assessment of RV systolic function suffers 
from limitations, and none have been well validated in the setting of se
vere TR. Thus, an integrative approach seems to be a preferable way to 
assess RV function and is recommended by recent guidelines.11,14

Furthermore, sensitivity analysis performed on patients with quantitative 
RV systolic assessment revealed similar results.

In the validation cohort AUC was 0.7 implying about 30% residual 
mortality not predicted by the model. As this cohort included all admit
ted patients with both combined and isolated TR, sumo with a substan
tial co-morbidities.it is reasonable to believe the residual mortality not 
predicted by the model is not related to TR and probably is not cardiac 
related.

Figure 4 Overall survival, under conservative management, in patients with significant tricuspid regurgitation according to the final risk score model.
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Conclusion
We propose a risk score model based on easily measured parameters 
to advise patients and physicians regarding the individual risk of TR both 
isolated and combined under conservative therapy. This risk score can 
guide the clinical decision-making process, leading to earlier interven
tions for patients with significant TR, before irreversible RV dysfunc
tion, RV failure, or end organ damage occur.
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