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Aims

Methods
and results

Conventional parameters of right ventricular (RV) function are load-dependent and therefore do not accurately reflect
contractility in patients with relevant tricuspid regurgitation (TR). RV adaptability to load has been characterized using
the Dandel’s index in patients with heart failure, but its prognostic value in patients undergoing tricuspid transcatheter
edge-to-edge repair (T-TEER) has not been investigated so far.

From the EuroTR registry (2019 to 2022), patients with complete datasets and a minimum of 2-years of follow-up
were included. RV functional parameters (i.e. tricuspid annular plane systolic excursion [TAPSE], fractional area
change [FAC], TAPSE/systolic pulmonary arterial pressure [sPAP]), as well as a echocardiographic RV load adaptation
index (Dandel’s index) were assessed and their predictive value in terms of all-cause mortality evaluated using
logistic multivariate logistic regression. The majority of the 364 patients had secondary TR (96%) and were severely
symptomatic (New York Heart Association class >Ill; 92%). At 2-year follow-up, 36% of patients had died. Functional
RV parameters (TAPSE: hazard ratio [HR] 0.72, 95% confidence interval [CI] 0.62-0.84; FAC: HR 0.73, 95% CI
0.59-0.91), coupling index (TAPSE/sPAP: HR 0.8, 95% CI 0.65—0.99) and Dandel’s index (HR 0.67, 95% CI 0.53—-0.85)
were all associated with mortality at 2 years in univariable analyses. In a multivariate logistic regression model, the
Dandel’s index maintained its predictive value (p < 0.001), along with TAPSE and absence of signs of right heart failure,
with an optimal threshold of 20.5 determined by the receiver-operating characteristic analysis. This threshold also
successfully predicted cardiac hospital readmission. A multivariate analysis was conducted to identify parameters
linked to RV function and predicting clinical outcomes.

Assessment of the RV capacity to adjust for changes in loading conditions predicted mortality in patients with severe
symptomatic TR undergoing T-TEER. The use of a multiparametric approach including the Dandel’s index to assess
RV function had an incremental value for the stratification of patients into subgroups with different prognosis.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Graphical Abstract
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Introduction

Tricuspid regurgitation (TR) leads to volume overload of the
right ventricle, resulting in adverse remodelling and dysfunction.
The haemodynamic consequences of TR are complex with both
acute and chronic effects on the cardiovascular system.” Chronic
severe TR exposes the right ventricle to an increased preload
due to the regurgitant volume and, in early stages, to a decreased
afterload due to the high resistance, but low-pressure outlet into
the right atrium (RA). This is gradually followed by a remodelling
process with right ventricular (RV) eccentric hypertrophy.? As
long as these changes permit to keep the forward stroke volume
sufficient and the right ventricle is able to couple with pulmonary
vascular resistance (PVR), patients have little or no symptoms: RV
load adaptability may be a key factor for survival.® Eventually, RV
dilatation leads to increased wall stress (i.e. afterload according
to Laplace’s law) resulting in further chamber enlargement and
impaired contractile function.*

The gold standard for assessing contractility is the end-systolic
elastance (Ees) and RV—pulmonary artery (PA) coupling, which
is calculated as the ratio of end-systolic to arterial elastance
(Ees/Ea)®>~7 both derived from invasive pressure—volume loops.
Non-invasive surrogates have been proposed, such as the tricus-
pid annular plane systolic excursion to systolic pulmonary arte-
rial pressure (TAPSE/sPAP),®? and the ratio of stroke volume to
end-systolic volume (Graphical abstract).

As TR increases, the reliability of classic load-dependent param-
eters like TAPSE and fractional area change (FAC) for assessing
RV contractility diminishes. RV size, geometry, sPAP, and TR sever-
ity are crucial variables in the direct evaluation of RV contractile
function by echocardiography and their interrelation suggests that
an integrative assessment may be most reliable. Therefore, the RV
load adaptation index (RVLAI), also known as Dandel’s index, has
been introduced.?

Rather than consisting of a single load-dependent parameter to
assess RV function, this index integrates information about RV after-
load [AP(RV-RA)], preload (RV end-diastolic volume [RVEDV])
and geometry (RV end-diastolic length [RVEDL] vs. RVEDV)
using echocardiographic measurements/surrogates in patients with
severe TR. A slender right ventricle with a low volume relative to its
long-axis size, along with a high value of the velocity time integral
through the tricuspid valve (VTl;R), indicates good adaptation to
load, reflected in a high RVLAI (adapted right ventricle). Conversely,
a short rounded severely dilated right ventricle with low VTl (low
RVLAI) suggests impaired RV contractile function (maladapted right
ventricle) (Graphical abstract). This concept evaluating the changes
in RV morphology and size linked to the wall stress (preload and
afterload) has been investigated in populations with advanced dis-
eases such as severe pulmonary hypertension' or end-stage left
ventricular dysfunction requiring assist device implantation.> The
evaluation of the prognostic significance of RV adaptability indexes
to changes in load has been limited to single-centre investiga-
tions without comprehensive external validation. Additionally, no
study has compared them to standard RV remodelling or functional
parameters in the setting of severe TR (such as RV end-systolic
dimension or strain).

Using data of patients with severe TR who underwent tricuspid
transcatheter edge-to-edge repair (T-TEER) included into the
EuroTR registry, our aim was to assess the predictive value of
indexes of RV load adaptability compared to classical RV size and
function parameters. Death was chosen as primary, and hospital
readmission for heart failure as secondary endpoint.

Methods

Study design and patient selection

Patients from tertiary European heart valve centres who underwent
T-TEER for treatment of relevant TR between 2019 and 2022 were
retrospectively included into the EuroTR registry (NCT06307262).
Each patient’s treatment strategy was individually determined by an
interdisciplinary Heart Team. The T-TEER procedure was conducted
using either the PASCAL (Edwards Lifesciences, Irvine, CA, USA)
or the TriClip system (Abbott, Santa Clara, CA, USA) as previously
detailed.”® Heart failure symptoms were classified using New York
Heart Association (NYHA) functional class. Echocardiographic evalua-
tions were performed by experienced physicians at each centre in line
with current guidelines.’~"* In a subgroup of this cohort, advanced
three-dimensional (3D) echocardiograms were available. Patients were
followed for 2 years according to each centre’s standard of care. The
study was approved by each centres’ local ethics committee and
adheres to the principles of the Declaration of Helsinki.

Study procedures

Transthoracic echocardiograms were performed within 1 month prior
T-TEER; within a week in 60% of patients. Measurements included
RV areas (RV end-diastolic area [RVEDA] and RV end-systolic area
[RVESA]), RVEDL, VTl and right atrial maximal area obtained from
the apical 4-chamber view. In a subgroup of 190 patients, advanced 3D
echocardiographic parameters (3D RV volumes, ejection fraction, as
well as free wall and septal strain) were compared to the conventional
functional parameters. Classical RV functional parameters, including
TAPSE, FAC and echocardiographic TAPSE/sPAP were evaluated. The
Dandel’s index evaluating RV adaption to loading condition was calcu-
lated as follows?:

(RVLAI = [AP(RV — RA)]/[RVEDV/RVEDL]) ~ VTl /
(RVEDA/RVEDL) = [VTlrg (cm)  RVEDL (cm)] /

RVEDA (cmz) as a dimensionless index

where AP(RV-RA) is the maximum systolic pressure gradient between
the right ventricle and RA and RVEDV is the RV end-diastolic volume.
RVEDA is used as substitute for RVEDV and VTlrg for APy ga)-

In a subgroup with sufficient image quality, Lagrangian longitudinal
strain of the free wall and septum was assessed. Lagrangian longitudinal
strain was derived from the manually traced endocardial end-diastolic
and end-systolic lengths as (end-systolic length — end-diastolic
length)/(end-diastolic length). RV systolic pressure was either approx-
imated from the TR maximal velocity and estimated right atrial
pressure or measured using right heart catheterization.

Invasive haemodynamic assessment

Pulmonary artery pressures were evaluated using right heart catheter-
ization. A 6 or 7Fr Swan—Ganz catheter was introduced via the

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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femoral access and measurements of the pulmonary artery wedge
pressure (PAWP), sPAP, diastolic pulmonary artery pressure, and
mean pulmonary artery pressure (mPAP) were conducted. The
cardiac output was estimated utilizing the indirect Fick method
integrating calculated oxygen uptake values. PVR was defined as
PVR = (mPAP — PAWP)/cardiac output.

Clinical outcomes

The predictive value of RV size and function parameters for all-cause
mortality at 2years as the primary endpoint and hospital readmis-
sion for right heart failure (RHF) as the secondary endpoint was
assessed using multivariate logistic regression. Vital status at the time
of enrolment was assessed by review of medical charts and of follow-up
records.

Statistical analysis

Normality was assessed using the Shapiro—Wilk test. In case of nor-
mal distribution, quantitative values were expressed as mean + stan-
dard deviation and compared using t-test for independent samples;
otherwise values appeared as median and 25th—75th percentiles and
were compared by Mann—Whitney test. Uni- and multivariate regres-
sion analysis of continuous variables were performed to determine
relevant predictors of the primary outcome. In addition, adjusted
univariable analysis per standard deviation were performed to com-
pare echocardiographic parameters. Variables were included in the
univariable analyses based on previous literature, pathophysiological
considerations and the statistical significance for inclusion in the mul-
tivariate model was set at p<0.1. A variance inflation factor >5
was considered as marker for a significant collinearity. Event rates
were based on Kaplan—Meier estimates in time-to-first-event analy-
ses. Receiver-operating characteristic (ROC) analyses were used to
determine the optimal cut-offs for different RV parameters to pre-
dict the primary endpoint. For the prediction of the secondary end-
point, the incremental value of Dandel’s index and of a multiparametric
echocardiographic assessment of RV function were assessed using a
Kaplan—Meier analysis to develop a multiparametric echocardiographic
risk score incorporating data of RV function and geometry, we con-
ducted a subsequent multivariate analysis only taking these elements
into account and we also tested for collinearity. The most pertinent
echocardiographic parameters were employed in a non-hierarchical
additive risk score, after testing for collinearity: one point was given
for each pathological value (risk factors) according to the guidelines for
chamber quantification'® (except for the Dandel’s index whose cut-off
was defined according to a ROC analysis). A p-value <0.05 was con-
sidered to indicate statistical significance. Analyses were performed
with XLSTAT Premium, version 2022.1.2 (Addinsoft, New York, NY,
USA) or IBM SPSS Statistics for Windows, version 26 (IBM, Armonk,
NY, USA).

Results

Baseline characteristics

The analysed cohort consisted of 364 patients with complete
datasets. Mean age was 78 + 8years, 48% were women, and the
mean surgical risk was high (EuroSSCORE 6.9 +5.3; STS score
7.9+6.2) (Table 7). TR was secondary in 95% of the subjects

with TR classified as torrential in 64 (17.6%), massive in 130
(35.7%), severe in 161 (44.2%), and moderate in 9 individuals
(2.9%). The majority had dyspnoea NYHA class IlI-IV (92%)
with elevated N-terminal pro-B-type natriuretic peptide levels
(6104 +12035). Before treatment, 78% of patients presented
with signs of RHF, and renal function was impaired in most
participants (estimated glomerular filtration rate <45 ml/min in
63% of the population). Detailed echocardiographic quantitative
TR parameters are presented in Table 2. Left ventricular func-
tion was preserved, while according to conventional parame-
ters, RV function was borderline in the context of significant RV
dilatation.

Echocardiographic parameters/indices
and their correlations

Online supplementary Figure ST presents the correlation heatmap
of echocardiographic load adaptability indices and standard RV
parameters. The Dandel’s index showed moderate correlations
with both RVEDA and RVESA (r=0.51, p <0.0001; and r=0.42,
p <0.0001, respectively), weak correlation with RV-PA coupling
index (TAPSE/sPAP: r=0.31, p <0.0001) and TR severity, as eval-
uated by vena contracta width (r=0.36, p <0.0001), but no cor-
relation with free wall longitudinal function, i.e. TAPSE (r=0.02,
p =0.740). In contrast, the RV-PA coupling index demonstrated no
correlation with RV size (RVEDA and RVESA; r=0.04, p =0.421;
and r=0.05, p=0.321, respectively) or TR severity (r=20.08,
p=0.153).

Clinical outcomes according to right
ventricular adaptivity

During the follow-up period of 2years, 36% of patients died
(Figure 7). The univariable analyses of echocardiographic param-
eters per standard deviation® in relation to death are presented
in Figure 2.

Higher values of functional RV parameters (TAPSE and FAC), of
left ventricular ejection fraction, as well as of RV-PA coupling and
Dandel’s index were linked to a lower risk of mortality at 2 years
(Figure 2). In contrast, bigger vena contracta width values were
associated with a higher probability of meeting the primary end-
point. Interestingly, the quantitative evaluation of TR by the PISA
method was not predictive of the outcome. The span of the area
under the curve (AUC) of all significant parameters was relatively
small ranging from 0.538 to 0.624, with Dandel’s index having the
highest but still modest AUC for a single parametric approach.
In the subset examination of 190 individuals who underwent 3D
echocardiography, the 3D RV ejection fraction, as well as the septal
and free wall strain were not associated with the primary endpoint
in the univariable analysis. However, higher RV end-systolic volume
and RVEDV were linked to a higher mortality at 2 years (Table 3).

The univariate logistic regression analysis adjusted for all
selected clinical and echocardiographic variables is detailed in
online supplementary Table S7. Using the pre-specified criterion
of p<0.1 and after checking for collinearity, the optimal model

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline characteristics of the study population

Variable

Patients reaching
the primary endpoint
(n=124)

Patients not reaching
the primary endpoint
(n=240)

Age (years)
Sex, n (%)

Female

Male
TR aetiology, n (%)

Primary

Secondary
NYHA class, n (%)

[

Il

11l

v
TR severity grade, n (%)

[

Il

1]

v

\
TR aetiology, n (%)

Primary

Secondary atrial

Secondary ventricular
Any signs of right heart failure, n (%)
Peripheral oedema, n (%)
Ascites, n (%)
Jugular vein distention, n (%)
Pleural effusion, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Previous myocardial infarction, n (%)
Dyslipidaemia, n (%)
Pervious stroke or TIA, n (%)
Coronary artery disease, n (%)
Chronic obstructive pulmonary disease, n (%)
History of atrial fibrillation or flutter, n (%)
History of cardiac surgery, n (%)
Previous CRT, n (%)
Previous ICD, n (%)
Previous pacemaker, n (%)
Pacemaker lead crossing the RV, n (%)
ACE-inhibitor or ATll-antagonist, n (%)
Beta-blocker, n (%)
Aldosterone antagonist, n (%)
Loop diuretics, n (%)
EuroSCORE Il
STS score
TRI-SCORE
Total bilirubin (mg/dl)
AST (U/L)
ALT (U/L)
GGT (UL)
Creatinine clearance (ml/min)
NT-proBNP (pg/ml)

176 (48)
188 (52)

20 (5)
344 (95)

3(M)

28 (8)
265 (73)
68 (19)

0(0)

9 (2.4)
161 (44.2)
130 (35.7)
64 (17.6)

20 (6)

81 (22)
263 (72)
284 (78)
265 (73)
57 (16)

44 (12)
100 (34)
82 (22)
317 (87)
33 (9)

99 (33)

44 (12)
163 (45)
63 (17)
336 (92)
105 (29)
13 (4)

14 (4)

90 (25)
108 (30)
183 (50)
302 (83)
162 (45)
344 (95)
6.9+53
79+6.2

6 [4-7]
1.0+0.7
31.6+13.3
20.7+11.8
156.2+141.3
46 +22
6104 +12035

69 (56)
55 (44)

10 (8)
114 (92)

0(0)
54
82 (66)
37 (30)

0(0)
0(0)
42 (34)
50 (40)
32 (26)

9(7)

27 (22)

88 (71)
104 (84)
105 (85)
35 (28)

31 (25)

71 (57)

27 (22)
110 (89)
12 (10)

40 (32)

17 (14)

60 (48)

26 (21)
107 (86)
42 (34)

7 (6)

9(7)

32 (26)

39 (31)

55 (44)
105 (85)
57 (46)
118 (95)
7.1+68
7.1+59
5[4-7]
1.1+06
33.1+14.1
209+11.9
212.2+176.4
43+26
9772 +15970

107 (45)
133 (55)

10 (4)
230 (96)

3

23 (10)

183 (76)
31 (13)

0(0)
9(4)
119 (50)
80 (30)
32 (13)

12 (5)

53 (22)
175 (73)
180 (75)
160 (67)
22 (9)

13 (5)

29 (12)
55 (23)
207 (86)
21 (9)

59 (25)
27 (11)
103 (43)
37 (15)
229 (95)
63 (26)

6 (3)
5(2)

58 (24)
65 (27)
128 (53)
197 (82)
105 (44)
226 (94)
56+48
6.8+5.1
7 [6-8]
1.0+07
31+138
20.6+11.8
139.6 +124.9
47 £21
4992£10339

0.027

0.0002

0.003

0.151

0.002
0.006
<0.0001
0.006
<0.0001
0.965
0.314
0.324
0.199
0.329
0.466
0.273
0.009
0.229
0.191
0.252
0.778
0.624
0.494
0.478
0.424
0.842
0.032
0.690
<0.0001
0.247
0.219
0.865
0.001
0.162
0.001

ACE, angiotensin-converting enzyme; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ATII, angiotensin Il; CRT, cardiac resynchronization therapy; EuroSCORE
Il, European System for Cardiac Operative Risk Evaluation Il; GGT, gamma glutamyl transferase; ICD, implantable cardioverter-defibrillator; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; RV, right ventricle; STS, Society of Thoracic Surgeons; TIA, transient ischaemic attack; TR, tricuspid regurgitation.
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Table 2 Pre-interventional echocardiographic and invasive characteristics of the study population

Variable All
(n=364)
LVEF (%) 54+ 11
LVEDD (mm) 48+8
LA volume (ml) 107 +59
TR EROA (cm?) 0.65+0.54
TR RegVol (ml) 46 +23
TR VTI (cm) 80.9 +30.6
TR vena contracta width (mm) 10.9+4.4
RV FAC (%) 36.1+10.5
RVEDA (cm?) 28.1+9
RVESA (cm?) 18.1+6.8
RV mid diameter (mm) 40.1+85
RV base diameter (mm) 484+9.1
RV length (mm) 713+£11.6
TV annular diameter (mm) 47.2+9.2
RA area (cm?) 37.6+12.1
TAPSE (mm) 173+438
Echo sPAP 414+13.5
Dandel’s index 22.2+10.8
Ventriculo—arterial coupling (TAPSE/sPAP) 0.46 +0.2
PAP systolic (mmHg) 47.9+153
PAP diastolic (mmHg) 21.3+7.6
PAP mean (mmHg) 31.4+9.7
PAWP mean (mmHg) 19.2+7.1
PVR (WU) 28+1.8
Cardiac output (L/min) 47+19

Patients reaching Patients not reaching p-value
the primary endpoint the primary endpoint

(n=124) (n=1240)

52+12.8 54+10.9 0.040
49+8 48+8 0.505
118 +49 104 + 61 0.071
0.67+0.4 0.64+0.58 0.689
4419 47 +24 0.497
7991246 83.9 +30.67 0.057
122452 10.6 +4.1 0.003
33.7+94 36.7+10.7 0.020
30.3+105 274+84 0.009
20177 175+ 6.4 0.002
429+99 393178 0.047
48.6 +9.4 48.5+9.1 0.926
732+12 708+11.4 0.090
47.3+9.6 472+9.1 0.979
394+126 371£118 0.118
15.7+4.6 17.7+47 0.001
41.1+143 415+133 0.816
20.1+10.3 228+ 109 0.005
0.43+0.2 0.47+0.2 0.084
50.2+ 145 473+13.4 0.081
233+71 20.7 £6.7 0.002
33.5+9.2 30.7+84 0.010
19.9+6.5 19.1+49 0.199
35+24 28+16 0.108
42+13 48+2 0.166

EROA, effective regurgitant orifice area; FAC, fractional area change; LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; PAP,
pulmonary artery pressure; PAWP pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RA, right atrial; RegVol, regurgitant volume; RY, right ventricular;
RVEDA, right ventricular end-diastolic area; RVESA, right ventricular end-systolic area; sPAP, systolic pulmonary arterial pressure; TAPSE, tricuspid annular plane systolic

excursion; TR, tricuspid regurgitation; TV tricuspid valve; VTI, velocity time integral; WU, Wood unit.

consisting of six variables (TAPSE, FAC, RV Dandel’s index, mPAP,
absence of atrial fibrillation and indicators of RHF as defined by
peripheral oedema, ascites, pleural effusion, or jugular venous
distention) was included in the multivariate logistic regression
analysis: Dandel’s index was the echocardiographic parameter that
best predicted the primary endpoint (Table 4), and according to the
ROC analysis, the optimal cut-off for predicting mortality was 20.5
(AUC 0.624, sensitivity 0.64, specificity 0.80), which also allowed
to predict the risk of hospital readmission for RHF, as shown in
Figure 3. This model was compared to the now well-established
TRI-SCORE."” The AUCs derived from the ROC analysis for the
prediction of all-cause mortality at 2 years were 0.760 for the new
model and 0.745 for TRI-SCORE, with no significant difference
(p=0.7364; online supplementary Figure S2). Interestingly, when
Dandel’s index is excluded from the analysis, the optimal model,
consisting of five variables (FAC, mPAP, TAPSE/sPAP, absence of
atrial fibrillation, and indicators of RHF as previously defined), iden-
tifies TAPSE/sPAP as the echocardiographic parameter that most
accurately predicts the primary endpoint (online supplementary
Table S2).

Clinical outcomes using a
multiparametric approach

This study aimed to identify optimal echocardiographic param-
eters, independent of each other, to provide insight into differ-
ent aspects of RV function and geometry. Using validated cut-offs
for conventional parameters (TAPSE <17 mm, FAC <35%, pul-
monary coupling index (TAPSE/sPAP) <0.32, combined with a Dan-
del’s index <20.5), subgroups of patients were created: Group
1 =all values within normal range; Group 2 = one or two abnormal
value(s); Group 3 =more than two abnormal values. These sub-
groups had significantly different prognoses, suggesting the value
of an assessment of RV function integrating the Dandel’s index
(log-rank <0.0001, AUC 0.79 vs. AUC for TAPSE <17 mm 0.576,
FAC <35% 0.593, pulmonary coupling index (TAPSE/sPAP) <0.32
0.594, Dandel’s index 0.614; Figure 4).

Discussion

This study investigated a novel predictor of survival among patients
undergoing transcatheter tricuspid valve intervention, specifically

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Two-year Kaplan—Meier heart cumulative survival curve of patients who underwent tricuspid transcatheter edge-to-edge repair
with 95% confidence intervals (in orange).

Logistic regression for adjusted parameters

Hazard Ratio [95% ClI] p-values  AUC

1

|
RVESA ] — 1.25[1.08,1.5] 0.004 0.579
RVEF 3D E L 1.19 [0.85,1.67] 0.307 0.552
Dandel’s Index — : 0.67 [0.53,0.85] 0.000 0.624
Coupling (TAPSE/SPAP) »—l—‘l 0.8 [0.65,0.99] 0.041 0.576
TAPSE —— : 0.72 [0.62,0.84] 0.000 0.610
RV FAC — : 0.73 [0.59,0.91] 0.004 0.587
TR Reg Vol —I—:—' 0.91[0.73,1.13] 0.396 0.509
EROA ’—:—.—' 1.06 [0.84,1.34] 0.603 0.541
vC i — 1.41[1.14,1.73] 0.001 0.587
LVEF '—.—‘: 0.81 [0.66,0.98] 0.032 0.538

1

0.30 0.81 2.19 5.90

Hazard Ratio (log scale)

Figure 2 Displayed is a forest plot illustrating a logistic regression model for various echocardiographic parameters for the primary outcome,
adjusted per standard deviation. Cl, confidence interval; EROA, effective regurgitant orifice area; FAC, fractional area change; LVEF, left
ventricular ejection fraction; RV, right ventricular; RVEF, right ventricular ejection fraction; RVESA, right ventricular end-systolic area; SPAP,
systolic pulmonary arterial pressure; TAPSE, tricuspid annular plane systolic excursion; TR Reg Vol, tricuspid regurgitation volume; VC, vena

contracta.
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Table 3 Pre-interventional echocardiographic
subgroup analysis (n =190)

Variable

RVEDV 3D (ml) 203+76
RVESV 3D (ml) 116 +46
RVEF 3D (%) 42+9

RV septal longitudinal strain (%) -151+5.7
RV free wall longitudinal strain (%) -232+59

3D, three-dimensional; RV, right ventricular; RVEDV, right ventricular
end-diastolic volume; RVEF, right ventricular ejection fraction; RVESYV,
right ventricular end-systolic volume.

addressing the significance of RV load adaptation in predicting
contractility reserve and prognosis. Several echocardiographic RV
parameters were associated with all-cause mortality at 2years:
TAPSE, FAC, TAPSE/sPAP, and the Dandel’s index, which had the
highest AUC among individual parameter.

Assessment of right ventricular function
in the setting of severe tricuspid
regurgitation

Previous research on TR has emphasized its complex haemody-
namic consequences, leading to RV dysfunction and adverse out-
comes.'® In relevant TR, the high preload associated with regurgi-
tant volume and the low afterload due to the low pressure outlet

in the RA reduce the reliability of classic markers of RV contrac-
tile function or reserve.'® TAPSE is an imperfect one-dimensional,

0.9 +
0.8
0.7
0.6
0.5
0.4 +
0.3
0.2 +

== D|>20.5 === DI<20.5
0.1

Table 4 Multivariate logistic regression for the
primary outcome of death

Parameters Odds ratio 95% CI p-value

No signs of right heart failure 0.292 0.126—0.680 0.004

Dandel’s index 0.639 0.464-0.881 0.006
TAPSE 0.735 0.556-0.971 0.03

No atrial fibrillation 2.321 0.987-5.46 0.054
mPAP 1.211 1.050-1.67 0.042
RV FAC 0.930 0.703-1.23  0.609

Cl confidence interval; mPAP, mean pulmonary artery pressure; RV FAC,
right ventricular fractional area change; TAPSE, tricuspid annular plane systolic
excursion.

single-location, angle-dependent parameter. FAC appears to be
slightly more accurate because it captures both the longitudinal and
circumferential function of the right ventricle.'® However, despite
these limitations, these parameters were predictive of higher mor-
tality in our study population, as well as in reports by other
groups,?®2! while not always consistent.®2

The TAPSE/sPAP ratio stands out as the only RV-PA cou-
pling surrogates validated against the invasive gold-standard
pressure—volume loop-derived Ees/Ea, as demonstrated in dif-
ferent studies.? It has been extensively evaluated in patients
suffering from pulmonary hypertension.?* Recently, the 2022
ESC/ERS guidelines for the diagnosis and treatment of pulmonary
hypertension incorporated TAPSE/sPAP as an echocardiographic
parameter for risk assessment.?’

In the setting of severe TR, TAPSE/sPAP may have limita-
tions because of the specific haemodynamics with low resistance

Kaplan Meier Curve

Log-Rank 0.015

0 t
0 100 200 300

Number at risk==171 150 133
=193 164 135

400 500 600 700 800

Time to first rehospitalisation

115 105 94
123 98 89

Figure 3 Kaplan—Meier curve predicting the risk of cardiac hospital readmission for a follow-up of 2 years stratified by Dandel’s index (DI).
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Kaplan Meier Curve
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Figure 4 Kaplan—Meier curve predicting the risk of death for a follow-up of 2years according to risk stratification utilizing established
thresholds (tricuspid annular plane systolic excursion [TAPSE] <17 mm, fractional area change <35%, TAPSE/systolic pulmonary arterial

pressure <0.32 and Dandel’s index < 20.5).

towards the RA: in this case this parameter evaluate RV-RA-PA
coupling and not only RV-PA coupling. After optimal TR treatment,
afterload increases leading to a decrease of TAPSE, while right ven-
tricles with a better contractile reserve are still able to produce
increasing sPAP leading to a decrease of TAPSE/sPAP. Our data sup-
port the findings by Brener et al® by linking TAPSE/sPAP before
T-TEER to mortality after T-TEER with an almost identical optimal
cut-off value of 0.404 (vs. 0.406).

In contrast, the RVLAI integrates information about RV afterload
[AP(RV-RA)], preload (RVEDV) and geometry (RVEDL vs. RVEDV)
using echocardiographic measurements/surrogates. The synthesis
of several parameters may better account for RV remodelling due
to TR volume overload and increasing wall stress. This index is not
load-independent but takes into account load variables and should
allow, better than RVEDA, TAPSE or FAC, to distinguish between
adapted and maladapted right ventricle.? As single parameter, Dan-
del’s index had the highest AUC for the prediction of the primary
outcome in our study, which supports its value for the evaluation
of RV adaptation. This optimal cut-off value of 20.5 also demon-
strated effectiveness in anticipating RHF hospital readmission, as
shown by the log-rank analysis.

Multiparametric approach, is it the way
to go?
The RV has a complex morphology and its adaptability to volume

overload due to severe TR depends on the chronicity of valvular
heart disease and on the afterload determined by PVR. No single

echocardiographic parameter can account for this complexity. The
Integration of the Dandel’s index as part of a multiparametric
approach including TAPSE, FAC, and RV-PA coupling index was
best able to stratify patients into subgroups with different prognosis
(log-rank <0.0001).

Limitations

The retrospective design introduces inherent bias: less than
one-third of the patients included in EuroTR had complete data
sets allowing inclusion in the present study. The high risk charac-
teristics of the cohort may limit generalizability. In addition, the
study did not evaluate advanced echocardiographic parameters in
the entire cohort. The reliance on a single cut-off for the Dandel’s
index may oversimplify its predictive value. Although the study pro-
vides important contributions, these limitations warrant cautious
interpretation of the results and further validation is needed.

Conclusions

Assessment of the RV capacity to adjust for changes in loading
conditions using the RV load adaptation index predicted mortality
in patients with > severe symptomatic TR undergoing T-TEER
better than classical RV function and size parameters. The use of a
multiparametric approach including the Dandel’s index to assess RV
function had an incremental value for the stratification of patients
into subgroups with different prognosis.
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Clinical perspectives

The RV load adaptation index (Dandel’s index) incorporates sev-
eral RV echocardiographic parameters evaluating the RV response
to volume overload due to severe TR. It enables to differenti-
ate adapted and maladapted right ventricles and consequently to
predict mortality in patients treated with T-TEER better than tra-
ditional metrics. Such indexes should be incorporated into the risk
assessment of patients suffering from > severe TR to optimize
decision-making processes for the choice of treatment.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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