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Abstract: Background: The mismatch between tricuspid valve (TV) leaflet length and annulus
dilation, assessed with the septal–lateral leaflet-to-annulus index (SL-LAI), predicts residual tri-
cuspid regurgitation (TR) following tricuspid transcatheter edge-to-edge-repair (T-TEER). When
posterior leaflet grasping is required, the anterior–posterior leaflet-to-annulus index (AP-LAI) may
offer additional information. Methods: This single-center retrospective cohort study included all
patients referred for T-TEER with severe and symptomatic TR with high surgical risk from April
2021 to March 2024. Patients were categorized into ‘optimal result’ (<moderate TR) or ‘suboptimal
result’ (≥moderate TR) groups. The SL-LAI and AP-LAI were calculated using pre-procedural trans-
esophageal echocardiography (TEE) measurements. Results: Of the 25 patients, 12 had suboptimal
post-procedural results, while 13 showed optimal outcomes. The optimal result group showed a
higher prevalence of type IIIA-IIIB TV morphology (85% vs. 45%, p < 0.05), a wider SL annulus diam-
eter (42.5 ± 5 vs. 37 ± 5 mm, p < 0.05), and a longer posterior leaflet length (28 ± 4 vs. 22 ± 5 mm,
p < 0.01). The SL-LAI was lower in the optimal group (1 ± 0.2 vs. 1.2 ± 0.32, p < 0.05), while the
AP-LAI was higher (0.7 ± 0.1 vs. 0.5 ± 0.2, p < 0.05). ROC curve analysis showed that the AUC
for the AP-LAI was 0.769 (95% CI 0.51–0.93, p < 0.05) and Youden test identified the best cut-off
value <0.5 (sensitivity 50% and specificity 100%) for a suboptimal result. The SL-LAI showed a very
low AUC in predicting suboptimal results (0.245, 95% CI 0.08–0.47). Comparing the two ROC curves,
we showed that AUC difference is significant with the AP-LAI showing the best association with the
outcome (p = 0.01). Conclusions: The AP-LAI and SL-LAI can help in predicting post T-TEER results,
ameliorating patients’ outcomes and avoiding futile procedures.

Keywords: tricuspid valve; tricuspid regurgitation; transcatheter edge-to-edge repair; leaflet-to-
annulus index

1. Introduction

High-grade tricuspid regurgitation (TR) is becoming more prevalent due to an aging
population with increasing comorbidities, affecting approximately 3% of individuals over
65 [1], and carries a poor prognosis without appropriate treatment [2].

Once considered benign, recent data show that TR is linked to higher morbidity
and mortality, even in patients without left ventricular dysfunction [3,4]. Tricuspid valve
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surgery for isolated TR is rare in the elderly due to high postoperative mortality [5], and
medical treatment only manages symptoms. Consequently, many symptomatic patients
receive no specific treatment [6]. However, transcatheter edge-to-edge tricuspid valve
repair (T-TEER) has recently been recognized as a safe and effective option for inoperable
patients [7,8] and is now included in current guidelines [9].

Current T-TEER treatment options include the TriClip (Abbott Vascular, Santa Clara,
CA, USA) or the PASCAL systems (Edward Lifesciences, Irvine, CA, USA) widely used for
their safety, ease of use, and availability [10,11]. Both methods generally work by bridging
the septal leaflet with the anterior leaflet using paddles and clasps. However, in cases of
complex valve anatomy, the posterior leaflet may also be grasped, and the implantation
of a second or third device might be necessary [12]. Greater TR severity reduction post
T-TEER is associated with improved exercise tolerance, symptom relief, survival rates, and
clinical outcomes [7,13]. Therefore, identifying anatomical and functional parameters that
predict TR reduction following the procedure is critical for enhancing patient outcomes
and for better planning the procedure itself, avoiding futility.

Tricuspid annular (TA) dilation is a common morphological feature of functional
TR [14,15]. TA dilation occurs secondary to right ventricular and atrial dilation, leading
to a reduced coaptation surface area. However, varying degrees of TR can be observed in
patients with the same extent of TA dilation, potentially due to differences in TV leaflet
size. Larger TV leaflets may theoretically prevent TR development when the TA dilates,
whereas relatively smaller TV leaflets compared to the TA dilation can exacerbate TR
development [16,17].

This mismatch between tricuspid leaflet length and annulus dilation is an important
anatomical feature linked to TR development. It can be assessed using the septal–lateral
leaflet-to-annulus index (SL-LAI) as proposed by Tanaka et al., who highlighted its role in
predicting significant residual TR after T-TEER [16].

In cases where TV anatomy requires grasping the posterior leaflet, this index may be
less useful in predicting residual TR after the procedure. In such contexts, assessing the
anterior–posterior leaflet-to-annulus index (AP-LAI) may provide additional information.
In this study, we measured both the SL-LAI and the AP-LAI to assess the leaflet-to-annulus
mismatch, and we investigated the added value of the latter index in predicting significant
residual TR after T-TEER.

2. Materials and Methods

The study is designed as a single-center retrospective cohort study including all
patients referred to our center with severe or more symptomatic TR despite guideline-
directed medical therapy (GDMT), with high surgical risk and judged suitable for TEER
suitable for TEER, from April 2021 to March 2024. TEER suitability was explored by
experienced physicians in imaging and in TEER intraprocedural guidance. The exclusion
criteria were (1) the poor quality of echocardiographic images; (2) the absence of post-
procedural echocardiographic evaluation; (3) a coaptation gap greater than 7 mm; and
(4) other concomitant valvular diseases with more than moderate severity.

All patients underwent a pre-procedural transesophageal echocardiogram (TEE) per-
formed with a commercial machine equipped with a 3-dimensional (3D) 7-2 Mhz probe
(Philips, Amsterdam, The Netherlands). Moreover, patients underwent to comprehensive
transthoracic echocardiogram (TTE) performed with the same machine with a phased array
5-1 Mhz probe (Philips, The Netherlands).

TEE was performed from middle esophageal, deep esophageal and transgastric views
optimized for right chamber and tricuspid valve studies, according to the American Society
of Echocardiography (ASE) guidelines [18]. TR was judged according to ERO, evaluated
with the PISA method, and to the VC area evaluated on 3D images with multiplanar recon-
struction (MPR). All measures of tricuspid annulus and leaflet length were performed via
3D images with MPR. The identification of the morphology of leaflets and of the localization
of jets were performed on both 2-dimensional (2D) and 3D images obtained by TEE. We col-
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lected different anatomical and functional echocardiography-derived parameters, aiming to
explore their association with the post-procedural result. Among these, we included the fol-
lowing in the study: TR etiology, tricuspid valve morphology, tricuspid annulus diameters,
leaflet length, septal–lateral leaflet-to-annulus index (SL-LAI), jet localization, tricuspid
annulus plane systolic excursion (TAPSE), fractional area change (FAC), systolic pulmonary
artery pressure (SPAP), right ventricle end-diastolic area (RV-EDA), and right atrium area
(RA-A). TR etiology was divided only in primary (flail or prolapse) and secondary to atrial
dilatation, and no other forms of TR were present in our population. To assess tricuspid
valve morphology, we referred to the classification proposed by Hahn et al. [19] which
clusters valve morphology according to the number of leaflets and to the localization of the
clefted leaflets.

Due to the limited number of patients, we chose to condense the types of tricuspid
valve morphology into three categories. The first category includes types I and II, the
second, types IIIA and IIIB, and the third, types IIIC and IV, reflecting increasing levels
of morphological complexity. Annulus diameters were measured at end-diastole using
the QRS reference. Leaflet lengths were measured at the end of systole. In cases of a split
leaflet, the length of the most representative portion was considered or the wider of the
two when their perimeters were similar.

The SL-LAI was calculated by the sum of the lengths of septal and anterior leaflets
normalized for the SL annulus diameter as previously described [16]. However, in our
center experience, many patients treated with initial antero-septal grasping showed an
intraprocedural persistence of significant TR and needed a second device implantation,
often grasping the posterior leaflet. Therefore, we developed a novel modified leaflet-to-
annulus index (LAI) derived from the sum of the anterior and posterior leaflets, normalized
for the antero-posterior annulus diameter and we defined it as the AP-LAI (see Figure 1).
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To better characterize this last concept, we collected the prevalence of posterior 
grasping needed in our population. Jet localizations were divided in 4 categories: isolated 
central when the prevalent jet was central, isolated antero-septal (AS) when the prevalent 
jet was located between anterior and septal leaflets, central + AS when both components 

Figure 1. (a) Drawing showing tricuspid valve annulus and leaflets and the measures of antero-
posterior diameter (red dotted line) and septal–lateral diameter (blue dotted line); (b) 3D trans-
esophageal echocardiography with MPR reconstruction showing antero-posterior diameter measure
(red) and anterior (green) and posterior (blue) leaflet measurement for computing the antero-posterior
leaflet-to-annulus index; (c) 2D transesophageal echocardiography with orthogonal cross-section view
showing the measure of septal–lateral diameter (red), septal (green) and anterior (blue) leaflet diame-
ter for computing septal–lateral leaflet-to-annulus index; Abbreviations: Ant—anterior, AP—antero-
posterior, Pos—posterior, Sep—septal, LA—left atrium, RA—right atrium, RV—right ventricle,
SL—septal–lateral.

To better characterize this last concept, we collected the prevalence of posterior grasp-
ing needed in our population. Jet localizations were divided in 4 categories: isolated
central when the prevalent jet was central, isolated antero-septal (AS) when the prevalent
jet was located between anterior and septal leaflets, central + AS when both components
coexisted and neither one was prevalent on the other, and finally, we included in a last
category named as “complex” all the jet localizations which cannot be included in the
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others, encompassing regurgitation characterized by multiple jets located in the posterior
commissures and star-shaped jets (see Figure 2).

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 4 of 12 
 

 

coexisted and neither one was prevalent on the other, and finally, we included in a last 
category named as “complex” all the jet localizations which cannot be included in the 
others, encompassing regurgitation characterized by multiple jets located in the posterior 
commissures and star-shaped jets (see Figure 2). 

 
Figure 2. (a) 2D transesophageal echocardiographic transgastric view showing complex tricuspid 
regurgitation; (b) 2D transesophageal echocardiographic transgastric view showing central + 
anterior–septal tricuspid regurgitation; (c) drawing showing residual tricuspid regurgitation 
between anterior and posterior leaflets after implantation of a single clip grasping anterior and 
septal leaflet. 

We collected also some essential procedural data including the type of implanted 
device that in our center can include NT, NTW, XT and XTW Mitraclip® (Abbott Vascular, 
Santa Clara, CA, USA) and Pascal® P10 or ACE (Edwards Lifesciences, Irvine, CA, USA). 
Procedures were performed under general anesthesia with 3D TEE and fluoroscopic 
guidance. The number of implanted devices was reported as well as total fluoroscopy time 
length. 

Implantation success was defined as the successful delivery and deployment of one 
or more clips to achieve leaflet approximation and retrieval of the delivery system. Post-
procedural success was defined as at least one-grade reduction in TR severity upon 
discharge. An ‘optimal result’ is achieved if the residual TR degree is less than moderate, 
while a ‘suboptimal result’ is indicated if the residual TR degree is moderate or greater. 

Statistical Analysis 
Continuous variables were expressed as means ± SD or median (25th; 75th 

percentiles) depending on normality. Categorical variables are expressed as numbers and 
percentages n (%). Normal distribution was assessed using the Shapiro–Wilk test. The 
comparison between continuous variables was performed by Student’s independent 
samples t-test or Wilcoxon test according to distribution. The association of the variables 
with the outcome was performed with receiving operating characteristic (ROC) curves 
and the area under the curve (AUC), and the graphical representation of the curves was 
calculated by the method of DeLong. The Youden test was used to identify the best cut-
off value according to sensitivity and specificity. A comparison of the AUC of the ROC 
curves was used to measure differences between the variables. All tests were performed 
as two-sided. Statistical significance was considered for a p value < 0.05. The statistical 
software applications used were SPSS version 23 (IBM Corp. 2015. Armonk, NY, USA, 
2015), STATA/MP 13.0 (College Station, TX, USA) and MedCalc version 14.8.1 (MedCalc 
Software bvba, Ostend, Belgium; 2014). 

3. Results 

Figure 2. (a) 2D transesophageal echocardiographic transgastric view showing complex tricuspid
regurgitation; (b) 2D transesophageal echocardiographic transgastric view showing central + anterior–
septal tricuspid regurgitation; (c) drawing showing residual tricuspid regurgitation between anterior
and posterior leaflets after implantation of a single clip grasping anterior and septal leaflet.

We collected also some essential procedural data including the type of implanted
device that in our center can include NT, NTW, XT and XTW Mitraclip® (Abbott Vascu-
lar, Santa Clara, CA, USA) and Pascal® P10 or ACE (Edwards Lifesciences, Irvine, CA,
USA). Procedures were performed under general anesthesia with 3D TEE and fluoroscopic
guidance. The number of implanted devices was reported as well as total fluoroscopy
time length.

Implantation success was defined as the successful delivery and deployment of one
or more clips to achieve leaflet approximation and retrieval of the delivery system. Post-
procedural success was defined as at least one-grade reduction in TR severity upon dis-
charge. An ‘optimal result’ is achieved if the residual TR degree is less than moderate,
while a ‘suboptimal result’ is indicated if the residual TR degree is moderate or greater.

Statistical Analysis

Continuous variables were expressed as means ± SD or median (25th; 75th percentiles)
depending on normality. Categorical variables are expressed as numbers and percentages
n (%). Normal distribution was assessed using the Shapiro–Wilk test. The comparison
between continuous variables was performed by Student’s independent samples t-test or
Wilcoxon test according to distribution. The association of the variables with the outcome
was performed with receiving operating characteristic (ROC) curves and the area under
the curve (AUC), and the graphical representation of the curves was calculated by the
method of DeLong. The Youden test was used to identify the best cut-off value according to
sensitivity and specificity. A comparison of the AUC of the ROC curves was used to measure
differences between the variables. All tests were performed as two-sided. Statistical
significance was considered for a p value < 0.05. The statistical software applications
used were SPSS version 23 (IBM Corp. 2015. Armonk, NY, USA, 2015), STATA/MP 13.0
(College Station, TX, USA) and MedCalc version 14.8.1 (MedCalc Software bvba, Ostend,
Belgium; 2014).

3. Results

Twenty-five patients were enrolled in our center to undergo TEER for symptomatic
≥ severe TR. Baseline characteristics of the patients are reported in Table 1. The mean age
was 71 ± 6 years, with 40% being male. All patients were symptomatic despite receiving
guideline-directed medical therapy (GDMT) and were classified as NYHA class II (48%) or
III (52%).
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Table 1. Clinical features of patients who underwent tricuspid transcatheter edge-to-edge repair,
distinguishing those with optimal post-procedural result from those with suboptimal optimal post-
procedural result.

Clinical Features Whole Population
(n = 25)

Suboptimal Result
(n = 12)

Optimal Result
(n = 13) p

Age (y) 71 ± 6 81 ± 5 77 ± 7 0.1
BSA (m2) 1.78 ± 0.2 1.8 ± 0.2 1.8 ± 0.2 0.6

Gender (M) 10 (40%) 4 (33%) 6 (46%) 0.4
Hypertension 16 (64%) 9 (75%) 7 (54%) 0.2
Dyslipidemia 10 (40) 5 (42%) 5 (38%) 0.6

Diabetes 1 (4%) 0 1 8(%) 0.5
NYHA II 12 (48%) 6 (50%) 6 (46%) 0.9
NYHA III 13 (52%) 6 (50%) 7 (53%) 0.9

MRAs 12 (48%) 6 (50%) 6 (46%) 0.6
ACEi-ARBs-ARNI 11 (44%) 6 (50%) 5 (38%) 0.4

SGLT2i 5 (20%) 4 (33%) 1 (8%) 0.1
BB 18 (72%) 10 (83%) 8 (61%) 0.2

Abbreviations: BSA—body surface area, NYHA—New York Heart Association, MRA—mineralocorticoid
receptor antagonist, ACEi—angiotensin-converting enzyme inhibitor, ARBs—angiotensin receptor blockers,
ARNI—angiotensin receptor–neprilysin inhibitor, SGLT2i—sodium–glucose cotransporter 2 inhibitor, BB—beta
adrenergic blocker.

The echocardiographic parameters are listed in Table 2. Regarding TR etiology, 92% of
patients showed atriogenic tricuspid regurgitation as the main mechanism of regurgitation
and showed type IIIA-IIIB morphology (67%). It is worth noting that our population was
characterized by complex jet localization, with most patients having more than one jet and
at least one jet involving posterior commissures. Functional RV parameters were in the
normal range (TAPSE and FAC), while RA presented significant dilatation. Interestingly,
tricuspid annulus was not particularly dilated, with a mean SL diameter of 39 ± 5 mm
and AP diameter of 41 ± 7 mm. The SL-LAI and AP-LAI were calculated with values of
AP-LAI lower than the SL-LAI (0.6 ± 0.2 vs. 1.1 ± 0.2).

During the procedure, all patients underwent a successful grasping of leaflets and 60%
of them received two devices, with only 12% receiving three devices and 28% receiving
only one device. Interestingly, 60% of our population presented an intraprocedural need of
posterior leaflet grasping, usually with the second implanted device.

After the procedure, 23 patients had a reduction in the degree of TR: 13 patients (52%)
showed a reduction to less than moderate, while 12 patients had a residual degree of TR
more than or equal to moderate; the two groups were respectively defined as “optimal
result” and “suboptimal result”.

Clustering the population according to the post-TEER result, we revealed that no
significant differences were identifiable among the clinical features.

Among anatomical and functional features regarding tricuspid valve and annulus,
we observed a higher prevalence of patients with more complex morphological classes
of the tricuspid valve in the optimal result group (type IIIA-IIIB 85% vs. 45%, p < 0.05);
otherwise, patients with a suboptimal result had a higher prevalence of type I-II tricuspid
morphology (8% vs. 54%). Pre-procedural TR severity was not different between the
groups, suggesting the absence of influence on the post-procedural result. Interestingly, the
SL annulus diameter and posterior leaflet were wider in patients with a post-TEER optimal
result (42.5± vs. 37 ± 5, p < 0.05 and 28 ± 4 mm vs. 22 ± 5 mm, p < 0.01, respectively). In
contrast, the AP annulus diameter was higher in the suboptimal group even though this
difference did not reach statical significance (42 ± 8 mm vs. 40 ± 5 mm).

It is worth noting that both the SL-LAI and AP-LAI were significantly different in the
two groups; however, the group with suboptimal results had a higher SL-LAI, an unex-
pected result since this condition should theoretically represent a more favorable anatomy
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for TEER according to the previous literature. Conversely, AP-LAI was significantly lower
in the suboptimal result group (0.5 ± 0.2 vs. 0.7 ± 0.1, p < 0.05) (see Figure 3).

Jet location did not show difference in the distribution among the two groups, even
though patients with complex jets showed a trend to be more prevalent in the suboptimal
result group (64% vs. 46%). For details, refer to Table 2.

Among the other echocardiographic features of right chambers, TAPSE was signifi-
cantly reduced (18 ± 4 mm vs. 23 ± 3 mm, p < 0.01) and FAC tended to be lower in patients
with a suboptimal result, while other measures including FAC, SPAP, TAPSE/SPAP ratio,
RV-ED area and RA area were not different, as shown in Table 2.

Table 2. Echocardiographic features of patients who underwent tricuspid transcatheter edge-to-edge
repair, distinguishing those with optimal post-procedural result from those with suboptimal optimal
post-procedural result.

Echocardiographic Features Whole Population
(n = 25)

Suboptimal Result
(n = 12)

Optimal Result
(n = 13) p

Primary Etiology of TR 2 (8%) 0 2 (15%) 0.9
Atriogenic Etiology of TR 23 (92%) 12(100%) 11 (85%) 0.5

Type I-II 7 (29%) 6 (50%) 1 (8%) <0.05
Type IIIA-IIIB 17 (71%) 6 (50%) 11 (85%) <0.05
Type IIIc-IV 1 (4%) 0 1 (8%) 1

AP Annulus (mm) 41 ± 7 42 ± 8 40 ± 5 0.5
SL Annulus (mm) 39 ± 5 37 ± 5 42 ± 5 <0.05

Anterior Leaflet Length
(mm) 24 ± 4 24 ± 4 24 ± 5 0.8

Septal Leaflet Length (mm) 19 ± 3 20 ± 4 18 ± 3 0.2
Posterior Leaflet Length

(mm) 26 ± 5 22 ± 5 28 ± 4 <0.01

SL-LAI 1.1 ± 0.2 1.2 ± 0.32 1 ± 0.2 <0.05
AP-LAI 0.6 ± 0.2 0.5 ± 0.2 0.7 ± 0.1 <0.05

Jet Location

Isolated Central Jet 4 (16%) 1 (8%) 3 (23%) 0.4
Isolated AS Jet 2 (8%) 1 (8%) 1 (8%) 1

Central + AS Jet 7 (28%) 3 (24%) 4 (31%) 0.8
Complex Jet Location 13 (52%) 7 (64%) 6 (46%) 0.4

Jet Severity

Severe 14 (56%) 6 (50%) 8 (61%)
Massive 7 (28%) 5 (41%) 2 (16%) 0.3

Torrential 4 (16%) 1 (8%) 3 (12%)
EROA (cm2) 0.6 (0.57–0.8) 0.6 (0.58–0.78) 0.65 (0.52–0.97) 0.5

Right Chambers’ Features

TAPSE (mm) 20 ± 4 18 ± 4 23 ± 3 <0.01
FAC (%) 41 ± 12 37 ± 12 44 ± 12 0.2

SPAP (mmHg) 42 ± 10 40 ± 12 44 ± 8 0.4
TAPSE/SPAP 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.3
RV-EDA (cm2) 22 ± 5 22 ± 5 22 ± 5 0.8

RA-A (cm2) 33 ± 7 32 ± 5 35 ± 9 0.2

Abbreviations: TR—tricuspid classification, AP—antero-posterior, SL—septal–lateral, LAI—leaflet-to-annulus
index, AS—antero-septal, EROA—effective regurgitant orifice area, TAPSE—tricuspid annular plane excursion,
FAC—fractional annular plane, SPAP—systolic pulmonary artery pressure, RV-EDA—right ventricle end-diastolic
area, RA-A—right atrium area.
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Figure 3. Boxplots showing differences in SL-LAI (a) and AP-LAI (b) in the two groups of
patients with suboptimal and optimal results. SL-LAI—septal–lateral leaflet-to-annulus index,
AP-LAI—antero-posterior leaflet-to-annulus index.

Regarding procedural features, fluoroscopy time was longer in the suboptimal group
(36 (24–51) min) compared to the optimal group (26 (19–39) min), likely due to more complex
and challenging procedures, although this difference was not statistically significant. The
number and types of implanted devices were not different among the groups. Interestingly,
we observe a trend of more prevalent posterior grasping in the suboptimal result group in
comparison to the optimal result group (75% vs. 46%), as shown in Table 3.

Table 3. Procedural features of patients who underwent tricuspid transcatheter edge-to-edge repair,
distinguishing those with optimal post-procedural result from those with suboptimal optimal post-
procedural result.

Procedural Features Whole Population
(n = 25)

Suboptimal Result
(n = 12)

Optimal Result
(n = 13) p

PASCAL ACE 15 (60%) 7 (58%) 8 (61%) 0.9
XTW 9 (36%) 5 (42%) 4 (31%) 0.9

PASCALE ACE + P10 1 (4%) 0 1 (8%) 1
Posterior grasping 15 (60%) 9 (75%) 6 (46%) 0.2

Number of implanted
devices

1 7 (28%) 3 (25%) 4 (31%) 0.9
2 15 (60%) 8 (67%) 7 (54%) 0.9
3 3 (12%) 1 (8%) 2 (15%) 0.6

Fluoroscopy duration
(min) 26 (19–39) 36 (24–51) 24 (12–28) 0.6

ROC curve analysis showed that AUC for AP-LAI was 0.769 (95% CI 0.51–0.93, p < 0.05) and Youden test identified
the best cut-off value < 0.5 (sensitivity 50%, specificity 100%) for a suboptimal result. SL-LAI showed lower AUC
in predicting suboptimal result (0.675, 95% CI 0.42–0.872). Comparing the two ROC curves, we showed that
AUC difference is significant, with AP-LAI showing the best association to the outcome (p < 0.05), as detailed in
Figure 4.
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Figure 4. Comparison of ROC curves for AP-LAI and SL-LAI, discriminating patients with optimal
post-procedural result from patients with suboptimal post-procedural results. ROC curve for SL-
LAI with AUC 0.675 (95% CI 0.42–0.87), ROC curve for AP-LAI with AUC 0.769 (95% CI 0.51–0.93,
p < 0.05), p < 0.05 for ROC curve pairwise comparison.

4. Discussion

The main finding of our study indicates that in patients undergoing T-TEER, the use of
AP-LAI is a better predictor of the procedure’s outcome compared to SL-LAI. Specifically,
the finding of an AP-LAI < 0.5 has 100% specificity in predicting a suboptimal result with
50% sensitivity. The elevated specificity provides our finding with an elevated negative
predictive value; therefore, finding a value > 0.5 theoretically excludes a suboptimal result
after procedure.

Selecting suitable patients for tricuspid TEER is crucial for optimal TR reduction
and several studies have demonstrated that residual TR with a degree of moderate or
greater severity adversely affects clinical outcomes [7,20]. Given the increasing demand
for tricuspid interventions, identifying predictors of substantial TR reduction after the
procedure is essential [15].

To prevent ineffective procedures, numerous echocardiographic exclusion criteria have
been established based on key studies like the CLASP TR easy feasibility study [11] and
the TRILUMINATE Pivotal Trial [7,21,22]. These criteria aim to identify patients who are
unlikely to benefit from the procedure. For example, the CLASP TR study excludes patients
with severe left ventricular dysfunction where the left ventricular ejection fraction (LVEF)
is below 30%, severe right ventricular dysfunction, coaptation gaps greater than 10 mm,
and leaflet lengths shorter than 8 mm. The TRILUMINATE trial sets even stricter criteria,
excluding patients with severe LVEF below 20% and coaptation gaps over 20 mm [7]. Both
trials share common exclusion factors, including those requiring a correction for left-sided
or pulmonary valve issues, a history of previous tricuspid valve procedures, tricuspid
stenosis, rheumatic leaflet degeneration, moderate to severe calcification in critical areas, an
Ebstein anomaly, pulmonary artery systolic pressure over 70 mmHg, and cardiac implanted
electronic devices (CIEDs) that could impede proper device placement.
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Despite following these recommendations, a suboptimal procedural outcome is ob-
served in a significant percentage of patients undergoing tricuspid TEER, with residual
moderate or greater tricuspid regurgitation occurring in about 30–50% of cases [23,24].

In this context, evaluating the mismatch between leaflet length and annulus dilation
may aid in better patient selection and prevent futile interventions. This assessment is
supported by Tanaka et al., who demonstrated that a lower LAI is associated with moderate
or greater residual TR after TEER, regardless of the baseline TR grade and other anatomical
parameters [16].

To justify this result, the authors provided several possible explanations. Firstly,
despite annulus dilatation, an excess of leaflet tissue (higher LAI) can facilitate coaptation
after edge-to-edge repair. Conversely, a short leaflet length (lower LAI) may impede
successful clip insertion, forcing clinicians to place devices farther from the main TR
jet, resulting in an ineffective reduction in TR. Furthermore, advanced TA dilation can
broaden the TR jet area, extending it from the center or anteroseptal commissure to the
anteroposterior or posterior–septal commissures of the TV. This expanded TR location has
been identified as a predictor of procedural failure [23].

In their study, Tanaka et al. used the SL-LAI to predict the severity of post-procedural
TR regurgitation and found that higher SL-LAI values correlated with better procedural
outcomes [16]. Contrarily, our study showed that patients with optimal procedural results
had lower SL-LAI values but higher AL-LAI values.

This discrepancy could be attributed to the fact that in our sample, patients with
optimal results had a significantly larger baseline SL annulus diameter and a similar,
though slightly lower, AP annulus diameter compared to those with suboptimal results.
Furthermore, patients with optimal procedural outcomes had a longer posterior leaflet,
suggesting more effective grasping. In our population, 60% of patients underwent posterior
leaflet grasping, whereas only 20% did in the population studied by Tanaka [16]. The need
to grasp the posterior leaflet in our population indicates a more complex and challenging
anatomy, as shown by 67% of patients having type IIIA-IIIB tricuspid anatomy according to
Hahn et al.’s classification [19]. This is further supported by the requirement of more than
one device in 72% of cases. In this context, evaluating the AP-LAI alongside the SL-LAI
can provide valuable insights for procedural planning and optimal patient selection. While
most clip devices were implanted along the anteroseptal coaptation line [25], occasionally,
to improve outcomes, the posterior leaflet, especially at the anteroposterior commissure,
was grasped when feasible.

We believe that our results can be particularly useful in planning the interventional
procedure, especially in patients with complex tricuspid valve anatomies, who may require
posterior grasping to optimize procedural outcomes (see Figure 5).
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The results of our research can assist healthcare professionals in choosing the most
suitable devices for tricuspid TEER intervention in clinical settings in order to maximize
TR reduction. In recent times, a number of innovative transcatheter devices specifically
designed for TR treatment have been developed [26]. One notable advancement is the
introduction of new edge-to-edge repair devices which have the capability to indepen-
dently grasp the leaflets of the tricuspid valve, thereby improving the accuracy of a clip
insertion [26]. This unique feature is particularly beneficial when there is a need to grasp
the posterior leaflet as it can result in a more effective reduction in TR. Furthermore, these
devices are also effective in cases with large coaptation gaps and significant tethering,
further enhancing their utility in clinical practice.

5. Conclusions

In conclusion, assessing leaflet length-to-annulus mismatch through the SL-LAI and
AP-LAI is highly valuable for planning interventional procedures and predicting post-TEER
residual TR. An AP-LAI evaluation is particularly beneficial for patients with complex tri-
cuspid valve anatomies, where posterior grasping is often required to optimize procedural
outcomes. Our findings demonstrate that AP-LAI, in particular, could aid in enhancing
procedural planning and predicting post-intervention results. By offering a more precise
method for device selection, our research supports healthcare professionals in choosing the
most appropriate devices for tricuspid TEER interventions, ultimately aiming to achieve
maximal TR reduction and improve patient outcomes in clinical settings.

6. Study Limitations

Several limitations to this study should be acknowledged. First, it was a single-center,
retrospective study with a relatively small number of participants. The study’s statistical
power was limited by the small number of participants. Consequently, advanced statistical
analyses to independently assess the variables’ association with the outcome were not
feasible, possibly biasing the results. To address this issue, multi-center studies on larger
cohorts are recommended. Additionally, it is important to consider that the valvular
anatomies and locations of regurgitation jets in our patients undergoing T-TEER were
highly complex. This complexity mandated the use of more than one device in 72% of
cases. For 60% of these cases, posterior leaflet grasping was also necessary, in addition to
the standard anterior and septal leaflet grasping, which is more conventionally executed.
These factors could have influenced the outcomes and may limit the generalizability of
the findings. The study results are limited to a parametric echo-derived post-procedural
result. No clinical outcomes were collected in our study and so we could not describe the
eventual clinical benefit derived from a successful procedure. Further studies with larger,
multi-center cohorts are warranted to validate these results.
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