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Abstract

Background: The effective regurgitant orifice area to left ventricular end-diastolic volume
(EROA /LVEDV) ratio has been proposed to distinguish proportionate from dispropor-
tionate functional mitral regurgitation and to guide patient selection for transcatheter
edge-to-edge repair (TEER). Methods: We conducted a multicenter, retrospective cohort
study of 221 patients undergoing TEER with the Mitraclip system. Preprocedural echocar-
diographic parameters, including EROA, LVEDYV, diastolic indices, and chamber volumes,
were systematically collected. The primary outcome indicative of symptom worsening was
defined as Heart Failure Hospitalizations (HFH) requiring IV diuresis/death in the one
year following clip placement. Association of the preprocedural EROA/LVEDV ratio and
symptom worsening was assessed using multivariate regression models and ROC-AUC.
Results: In the one-year follow-up, 87 patients (39.36%) had symptom worsening. In the
multivariate regression analysis, preprocedural EROA /LVEDYV ratio was associated with
symptom worsening at one year (OR: 0.95 (0.92-0.97, p value < 0.01). In the ROC model,
the pre-procedural EROA/LVEDV ratio had an AUC value of 0.74 (0.69-0.83), with a
moderate value for predicting symptom worsening at one year. Conclusions: Results of the
study proved that a lower pre-procedural EROA/LVEDV ratio had a significant association
with symptom worsening, with the ratio proving to have a moderate value for predicting
symptom worsening/death at one year.

Keywords: Functional Mitral Regurgitation; transcatheter edge-to-edge repair; Mitraclip

1. Introduction

Since its initial approval, the use of Mitraclip has expanded rapidly, particularly
following the FDA’s expanded indication for Functional Mitral Regurgitation (FMR) [1].
Current ACC/AHA guidelines endorse transcatheter edge-to-edge repair (TEER) with
the Mitraclip device as a Class Ila recommendation for patients with chronic severe FMR
who remain symptomatic despite maximally tolerated guideline-directed medical therapy
(GDMT), provided they meet anatomical and clinical criteria suitable for the procedure [2].
This recommendation is largely informed by the findings of the COAPT trial, while another
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landmark trial, the MITRA-FR, did not demonstrate a significant reduction in All-Cause
Mortality (ACM) or Heart Failure Hospitalizations (HFH) with Mitraclip compared to
medical therapy alone, despite enrolling patients with severe FMR [3,4]. Insights have been
proposed by Packer and Grayburn, who articulated a conceptual framework distinguishing
“proportionate” from “disproportionate” FMR—based on whether the effective regurgitant
orifice area (EROA) is proportional to left ventricular end-diastolic volume (LVEDV)—to
explain the divergent results between COAPT and MITRA-FR trials [5,6]. These findings
underscore the potential value of the EROA /LVEDV ratio as a physiologic marker aiding
clinicians to stratify patients with proportionate Mitral Regurgitation (MR) who are more
likely to respond to neurohormonal strategies and other advanced heart failure therapies,
compared to disproportionate FMR who are more likely to benefit from mitral valve
interventions [7-9].

Our study aimed to evaluate the association between preprocedural EROA /LVEDV
ratio and one-year clinical outcomes following transcatheter edge-to-edge repair (TEER)
using the Mitraclip device. We hypothesized that patients with a lower degree of regurgita-
tion relative to left ventricular size would be a predictor of worsening clinical status in one
year following Mitraclip placement

2. Materials and Methods

The study was designed in a retrospective cohort format. Patients who underwent
mTEER using Mitraclip at Prisma Health Richland Hospital, Prisma Health Baptist Hospital
and Prisma Health Greenville campus (South Carolina, USA) between January of 2021 and
March of 2024 were selected for the study.

Inclusion Criteria: Patients aged > 18 years, who underwent successful Mitraclip
placement for FMR, with a 3+/4+ severity of mitral regurgitation, were included.

Exclusion Criteria: Patients undergoing Mitraclip placement for Primary/Degenerative
Mitral Regurgitation were excluded from the study. Patients with comorbid mitral stenosis
were excluded from the study.

After careful manual chart review of 326 patients, 221 patients were included in
the study. 36 patients were excluded due to unsuccessful procedure/clip deployment.
43 patients were excluded due to primary/degenerative MR being the indication, 8 patients
had documented Mitral stenosis, 18 patients were excluded because of combined degen-
erative and functional MR being the indication for the procedure, and 10 patients were
excluded as no follow-up data was available for chart review. One-year outcomes were
analyzed for the selected patients according to the criteria defined by the Mitral Valve
Research Consortium on efficacy and safety endpoints. All patients included in the analysis
had documented successful implantation, defined by the absence of procedural mortality,
successful access, delivery, and retrieval of the device delivery system, successful deploy-
ment and correct positioning of the first intended device and freedom from emergency
surgery or reintervention related to the device or access procedure.

As per the recommendations of the mitral valve Academic Research Consortium,
the primary endpoint was symptom worsening, defined by hospitalizations for heart fail-
ure/volume overload in the one year following mTEER placement, requiring IV diuretics
in the one-year post Mitraclip placement.

Pre-procedural echocardiographic assessment was performed according to American
College of Cardiology and American Society of Echocardiography guidelines. Effective
regurgitant orifice area (EROA) was quantified using the proximal isovelocity surface
area (PISA) method, and left ventricular end-diastolic volume (LVEDV) was calculated
using the biplane method of disks summation (modified Simpson’s rule) from apical four-
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and two-chamber views, with manual tracing of the endocardial border at end-diastole,
excluding papillary muscles and trabeculae from the LV cavity.

Statistical Analysis

Descriptive statistics were used to summarize patient and clinical data. Initial eval-
uation of differences in patient and clinical data by group were assessed using Chi-
squared or Fisher’s Exact Tests for categorical data, and Wilcoxon Rank Sum or Mood'’s
Median Tests for numeric data. Univariable logistic regression, followed by multivari-
able logistic regression (using backwards elimination), was used to obtain unadjusted
and adjusted odds ratios (ORs) with 95 percent confidence intervals (Cls). Age, Sex,
ACE/ARB/Mineralocorticoid use post-procedure, CKD history, use of Cardiac Resyn-
chronization Therapy, pre-procedural E/ A ratio, Pulmonary artery systolic pressure, and
diagnosis of atrial fibrillation were accounted for as covariates in the regression analysis.
Statistical significance was determined by 95% Cls or resulting p-values (p < 0.05) as appro-
priate. ROC/AUC models were based on significant results from the multivariable logistic
regression analyses.

IRB Approval: Prisma Health IRB: [2216293-1] Outcomes for Mitral Clip Placement:
Multi-Center Retrospective Cohort Analysis: Exempt category #4 (Informed consent waived).

3. Results

In the one-year follow-up, 87 patients (39.36%) had symptom worsening. Baseline
demographic and echocardiographic data of the outcome groups are depicted in Table 1.
Mean age and sex distribution were comparable among the outcome groups. Considering
GDMT adherence, a significant difference was noted in the use of mineralocorticoid receptor
antagonist among outcome groups. EROA as well as LVEDV were also different among
outcome groups. Patients with symptom worsening had a significantly lower participation
in cardiac rehabilitation post-procedure.

Table 1. Baseline patient characteristics.

Improved/Stable (n =134) Worsened (n = 87) p-Value

Mean Age 72.32 (70.17-74.56) 70.51 (67.71-73.34) 0.367
Male: 84 (63.21) Male: 58 (68.23)
Sex, n (%)
Female: 49 (36.84) Female: 27 (31.86)
Race, n (%)
White 91 (68.41) 40 (47.15) 0.004
Black 39 (29.34) 43 (50.67)
Hispanic 2 (1.51) 1 (1.20)
Other 1(0.81) 1(1.24)
ACE/ARB/Entresto use (post procedure) 81 (62.32) 50 (61.01) 0.846
Beta-blocker use (post procedure) 110 (84.02) 75 (92.61) 0.067
MRA use (post procedure) 57 (43.85) 52 (63.46) 0.006
SGLT2 inhibitor use (post procedure) 72 (56.73) 45 (67.26) 0.156
Rehabilitation participation 42 (33.12) 6 (7.45) <0.001
Atrial fibrillation 90 (68.74) 62 (75.68) 0.278

https:/ /doi.org/10.3390/medicina62040795


https://doi.org/10.3390/medicina62040795

Medicina 2026, 62, 795 40f11

Table 1. Cont.

Improved/Stable (n =134) Worsened (n = 87) p-Value

1(0.81) 1(1.30)

12 (9.20) 13 (16.31)
NYHA Class (pre-procedure) 112 (86.22) 61 (76.35) 0.279

5(3.84) 5(6.32)
CKD history 71 (53.42) 57 (67.15) 0.046
CKD Stage, n (%) 0.349
Stage 1 7(7.91) 2 (3.30)
Stage 2 23 (25.81) 9 (15.01)
Stage 3 42 (47.27) 36 (60.01)
Stage 4 10 (11.22) 8 (13.35)
Stage 5 7(7.93) 5(8.35)
COPD 55 (42.01) 35 (43.85) 0.801
MI history 57 (44.25) 24 (30.01) 0.041
Pulmonary hypertension 83 (62.46) 62 (74.75) 0.061
Cardiac Resynchronization Therapy 54 (41.53) 30 (37.01) 0.516
Severe Tricuspid regurgitation 13 (10.27) 5 (6.33) 0.605
2 or more clips used 127 (97.75) 72 (96.01) 0.671
EROA (cm?) (pre-procedural) 0.5+0.21 0.4+034 <0.01
LAVi (pre-procedural) 57.6 +24.71 60.8 £ 35.93 0.737
LVEDV (mL) (pre-procedural) 74.56 £ 22 157.2 £ 29 0.005
Mitral Valve Gradient (mm Hg) (pre-procedural) 2.21 +1.52 1.96 £ 0.94 0.700
Mitral Valve Gradient (mm Hg) (post-procedural) 3.17 £1.21 294 £0.12 0.082
RVSP (mm Hg) (pre-procedural) 46.32 +27.91 48.77 +12.35 0.019

ACE/ARB: Angiotensin Converting Enzyme inhibitor/ Angiotensin Receptor Blocker, SGLT2i: Sodium Glucose co-
Transporter 2 inhibitor, MRA: Mineralocorticoid Receptor Antagonist, CRT: Cardiac Resynchronization Therapy,
NYHA: New York Heart Association, CKD: Chronic Kidney Disease, MI: Myocardial Infarction, COPD: Chronic
Obstructive Pulmonary Disease, EROA: Effective Regurgitant Orifice Area, LVEDV: Left Ventricular End Diastolic
Volume, LAVi: Left Atrial Volume index, RVSP: Right Ventricular Systolic Pressure.

Results of the univariate regression analysis checking the association of clinical and
echocardiographic parameters with the primary endpoint are depicted in Table 2.

Table 2. Univariate Regression analysis .

OR (95% CI) p-Value
ACEi/ARB/ENTRESTO adherence 0.94 (0.53-1.67) 0.846
Beta Blocker adherence 2.38 (0.92-6.25) 0.074
MRA adherence 2.22 (1.27-3.85) 0.006
Variable 1.56 (0.84-2.94) 0.158
CRT 0.83 (0.47-1.47) 0.516
AF History 1.41 (0.76-2.63) 0.279
CKD History 1.79 (1.01-3.13) 0.047
COPD History 1.08 (0.61-1.89) 0.801
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Table 2. Cont.
OR (95% CI) p-Value
ESRD on HD 1.08 (0.29-4.00) 0914
History of PCI 0.54 (0.30-0.98) 0.042
Pulmonary Hypertension (>60 mm Hg) 1.49 (0.61-3.70) 0.376
MR EROA (mm?) 0.09 (0.02-0.44) 0.003
LVEDV (mL) 1.01 (1.00-1.01) 0.002
LAVi (mL/m?) 1.00 (0.99-1.01) 0.522
LA Diameter (cm) 1.04 (0.93-1.18) 0.494
LVEDD (cm) 1.56 (1.18-2.08) 0.002
RVSP (mm Hg) 1.00 (0.99-1.02) 0.512
LVESD (cm) 1.27 (1.01-1.59) 0.036
E/A Ratio 1.39 (1.03-1.89) 0.030
Transmitral Gradient (mm Hg) 0.86 (0.67-1.11) 0.240
MYV Deceleration Time (ms) 0.99 (0.99-1.00) 0.005

EROA /LVEDV ratio (mm?/mL) 0.94 (0.93-0.97) <0.001

ACEi/ARB: Angiotensin Converting Enzyme inhibitor / Angiotensin Receptor Blocker, MRA: Mineralocorticoid
Receptor Antagonist, AF: Atrial Fibrillation, CRT: Cardiac Resynchronization Therapy, CKD: Chronic Kidney
Disease, COPD: Chronic Obstructive Pulmonary Disease, ESRD: End Stage Renal Disease, PCI: Percutaneous
Coronary Intervention, EROA: Effective Regurgitant Orifice Area, LVEDV: Left Ventricular End Diastolic Volume,
LAVi: Left Atrial Volume index, LVEDD: Left Ventricular End Diastolic Diameter, RVSP: Right Ventricular Systolic
pressure, LVESD: Left Ventricular End Systolic Dimension, E/A: Mitral annular E/A velocity.

In the univariate regression analysis, MRNA adherence, CKD history, and history
of PCI were statistically different among the outcome groups. EROA, LVEDV, LVEDD,
LVESD, E/ A ratio and MV deceleration time were the echocardiographic parameters that
were different among the outcome groups. In the univariate regression analysis, lower
EROA /LVEDV was found to have a significant association with symptom worsening.

Analysis of the EROA/LVEDV ratio among symptom groups is depicted in Table 3.

Table 3. Mean EROA /LVEDV ratio among symptom groups.

Mean EROA/LVEDV (mm?/mL) 95% Confidence Interval *  p Value

Group 1 (n=134) 0.37 0.33-0.41 <0.01

Group 2 (n =87) 0.22 0.19-0.25 <0.01
EROA: Effective Regurgitant Orifice Area, LVEDV: Left Ventricular End Diastolic Volume, *: Using Wilcoxon Rank
Sum test.

Results of the Multivariate Regression Analysis assessing the association between pre-
procedural EROA/LVEDV ratio and primary endpoint/symptom worsening are depicted
in Table 4.

Table 4. Multivariate Regression Analysis comparing EROA/LVEDV with symptom worsening.

Odds Ratio  95% Confidence Interval *  p Value

EROA/LVEDV (mm2 /mL) 0.95 0.92-0.97 <0.01
MRA adherence 0.72 0.64-0.81 0.003
E/A ratio 0.62 0.44-0.88 <0.001

EROA: Effective Regurgitant Orifice Area, LVEDV: Left Ventricular End Diastolic Volume, MRA: Mineralocorticoid
Receptor Antagonist, E/A: Mitral annular E/ A velocity, *: Walds 95% confidence interval.
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Based on the multivariate regression analysis, a higher pre-procedural EROA/LVEDV
ratio was associated with significantly lower odds of symptom worsening after Mitraclip
placement (OR 0.95, 95% CI 0.92-0.97, p < 0.01). When scaled to a clinically meaningful
increment, each 0.1 mm?2/mL increase in the EROA/LVEDV ratio was associated with
approximately a 0.5% reduction in the odds of symptom worsening. The narrow confidence
interval and statistically significant p-value suggest a robust association.

ROC/AUC Analysis between EROA/LVEDV and symptom worsening was performed
after accounting for pre-procedural E/A ratio and Mineralocorticoid Use (based on signifi-
cance in the multivariate regression analysis). Results and the ROC/AUC are shown in
Table 5 and Figure 1.

Table 5. ROC/AUC statistics comparing EROA /LVEDV ratio and symptom worsening.

ROC Association Statistics
Mann-Whitney

ROC Model  Area Standard Error 95% Wald Confidence Limits
0.74 0.036 0.69-0.83

ROC Curve for Model
Area Under the Curve = 0.7417

029
1.00 YT, N I
00‘_4:‘)6?’_90\’ 032
0.45 ;.;_f.-i,‘
048 oF 0.44
N 0.45
048 pC0 40
51 ¢’0<0

0.75 053 o s

0.50

Sensitivity

0.00

Points labeled by predicted probability
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 1. ROC curve model. ROC: Receiver Operating Characteristic.

The ROC/AUC analysis demonstrated that the EROA /LVEDV ratio has good discrimi-
natory ability for predicting symptom worsening after mTEER, with an area under the curve
(AUC) of 0.74 (95% CI 0.69-0.83). This analysis was adjusted for ACE inhibitor/ ARB/ARNI
(sacubitril-valsartan) use and mineralocorticoid receptor antagonist use, variables identi-
fied as significant in the multivariate regression model. An AUC of 0.74 indicates that the
EROA /LVEDV ratio correctly distinguishes between patients who will and will not experi-
ence symptom worsening approximately 74% of the time, which is considered acceptable
to good diagnostic performance. The relatively narrow confidence interval (0.69-0.83) and
standard error of 0.036 suggest reasonable precision in this estimate.

4. Discussion

Based on our study, a lower preprocedural EROA/LVEDV ratio (expressed in
mm?/mL) had a significant association with symptom worsening at one year following
MitraClip placement for FMR. Patients who reached the primary efficacy endpoint had a
mean EROA of 52 mm? (95% CI: 43-61 mm?) and a mean LVEDV of 74.56 mL (62.55-86.57),
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resulting in a mean EROA /LVEDV ratio of 0.37 mm?2/mL (95% CI: 0.33-0.41). In contrast,
those with symptom worsening had a mean EROA of 38 mm? (95% CI: 32-44 mm?), mean
LVEDV of 157 mL (95% CI: 142-166 mL), and a lower ratio of 0.22 mm?/mL (95% CI:
0.19-0.25). On multivariate regression analysis, EROA/LVEDV ratio was independently
associated with symptom worsening (OR: 0.95, 95% CI:0.92-0.97 p < 0.0001). ROC analysis,
with an AUC of 0.74 (95% CI: 0.69-0.83), aligns with a moderate predictive utility of the
EROA/LVEDV ratio in identifying patients likely to have symptom worsening following
Mitraclip placement.

The pathophysiologic rationale behind the EROA /LVEDV ratio lies in its ability to
contextualize MR severity relative to left ventricular size, thereby distinguishing between
different mechanistic subtypes of FMR. It accounts for scenarios in which localized valvular
dysfunction, rather than global ventricular dilation, is the predominant driver of regurgita-
tion. There is growing recognition that asymmetric papillary muscle dysfunction—often
due to electrical or mechanical dyssynchrony—can result in malcoaptation of the mitral
valve leaflets and significant MR, even in the presence of relatively preserved or modestly
dilated LV chambers. This pattern is frequently observed in patients with left bundle
branch block or posteromedial infarction, where asynchronous contraction leads to uneven
tethering forces and displacement of one leaflet, producing disproportionately severe MR.
Unlike classic FMR, which stems from symmetrical leaflet tethering due to diffuse LV en-
largement, these cases mimic the mechanics of primary MR irrespective of the underlying
LV dysfunction. In the subgroup analysis from the COAPT trial, which stratified patients
with FMR based on EROA and left ventricular end-diastolic volume index (LVEDVi) to
examine the relative benefits of TEER, patients with disproportionate MR, defined by a
higher EROA-to-LVEDV ratio (e.g., EROA > 40 mm? and LVEDVi < 96 mL/m?, mean ratio
0.37 mm?/mL), derived the most substantial benefit from TEER, with a hazard ratio (HR)
of 0.61 (95% CI: 0.33-1.12) for ACM and HFH at 12 months. In contrast, the only subgroup
classified as having proportionate MR (EROA < 30 mm? and LVEDVi > 96 mL/m?, mean
ratio 0.11-0.12 mm?/ mL) showed no meaningful benefit from TEER, with a HR of 1.16
(95% CI: 0.73-1.84) [5]. Other subgroup analysis studies have further supported the concep-
tual framework of proportionate versus disproportionate FMR [10,11]. Further supporting
the clinical relevance of the EROA/LVEDV ratio, a recent single-center study by Chiariello
et al. demonstrated that patients with disproportionate mitral regurgitation (defined as
EROA/LVEDV > 0.15 mm?/mL) had significantly fewer heart failure hospitalizations and
better functional outcomes following mitral valve surgery, despite receiving similar opera-
tive interventions [12]. These findings reinforce the physiologic and prognostic utility of the
EROA/LVEDV ratio and align closely with our study’s observation that lower ratios are
independently associated with worsened symptomatic outcomes following transcatheter
edge-to-edge repair. However, other analyses have questioned the predictive utility of
this framework in broader populations. In the post hoc analysis of the COAPT trial by
Lindenfeld et al., it was observed that although the EROA/LVEDV ratio was initially
associated with favorable outcomes, this association diminished with longer follow-up,
limiting its long-term discriminative value [13]. Subsequent meta-analyses as well as
subgroup analyses have also questioned the predictive utility of the score [14]. While the
EROA/LVEDV ratio offers valuable mechanistic insight, it may need to be interpreted
alongside additional clinical, anatomical, and hemodynamic parameters to guide optimal
patient selection for TEER. The delayed clinical benefit in an MITRA-FR-like population un-
derscores the possibility that temporal dynamics in treatment response may also influence
outcomes [11,12].
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Several potential explanations may underline the inconsistent findings across real-
world and randomized studies evaluating the EROA /LVEDV ratio. First, optimization of
guideline-directed medical therapy (GDMT) differed substantially between trials. COAPT
incorporated a Heart Failure Committee to ensure stringent adherence both pre- and
post-enrollment, whereas MITRA-FR lacked such oversight, which may have introduced
variability in baseline management and attenuated procedural benefit [15]. Another poten-
tial aspect of consideration is whether the defined end points of HFH and ACM correlate
with functional outcomes, as real-world studies from the EuroSMR registry [14] proved
that although LV dominant MR group had significantly higher HFH and ACM, functional
outcomes like improvement in the baseline Kansas City Cardiomyopathy Questionnaire
(KCCQ) scores and 6 Minute Walk test were comparable among outcome groups. Addi-
tionally, Atrial Fibrillation (AF) prevalence was nearly twice as high in COAPT compared
to MITRA-ER (58% vs. 30%), potentially accounting for elevated natriuretic peptide levels
in COAPT and influencing patient selection and outcomes [3]. The presence or absence
of cardiac resynchronization therapy (CRT) may also play a role, as dyssynchrony can
exacerbate asymmetric papillary muscle dysfunction—a pathophysiologic substrate of
disproportionate MR—and CRT can acutely improve mitral valve geometry and reduce
regurgitation independent of LV remodeling. Chronic kidney disease (CKD), another
relevant confounder, has been associated with poorer long-term Mitraclip outcomes, poten-
tially diminishing the predictive utility of anatomical ratios such as EROA/LVEDV in this
subpopulation [16]. Baseline functional status is also critical: worse NYHA class or lower
Kansas City Cardiomyopathy Questionnaire (KCCQ) scores have been associated with
diminished post-procedural improvement and may independently influence perceived
benefit despite anatomical severity [17,18]. Lastly, pre-procedural diastolic dysfunction,
an often-overlooked parameter in the current patient selection criteria, may confound
symptom trajectories following Mitraclip; in a multicenter real-world cohort, advanced
diastolic dysfunction was significantly associated with poorer one-year symptomatic re-
sponse, regardless of regurgitant burden [19]. A key strength of our analysis lies in its
comprehensive multivariate adjustment of these clinical and echocardiographic factors
known to influence outcomes in FMR. These included atrial fibrillation, chronic kidney
disease, cardiac resynchronization therapy, and adherence to guideline-directed medical
therapy—further stratified by ACE/ARB and mineralocorticoid receptor antagonist use.
We also accounted for pulmonary artery systolic pressure and diastolic function markers
such as the E/A ratio in the multivariate regression analysis.

While the EROA/LVEDYV ratio provides a useful physiological framework for identi-
fying disproportionate functional mitral regurgitation (FMR), its predictive value may be
enhanced by incorporating regurgitant volume (RV). In the study by Gaasch et al., patients
in the COAPT and MITRA-FR trials demonstrated similar RV/LVEDYV ratios (0.15 vs. 0.18),
suggesting that EROA-based proportionality alone may not fully capture MR severity or
clinical benefit [20]. Likewise, Grayburn et al. highlighted that EROA reflects instantaneous
flow, whereas RV better represents the cumulative regurgitant burden over systole and is
influenced by ventricular geometry and loading conditions [21]. Consequently, patients
with similar EROA/LVEDV ratios may have markedly different hemodynamic profiles
if the RV differs. Additionally, both EROA and RV measurements are susceptible to geo-
metric assumptions and technical variability—particularly in atrial fibrillation or eccentric
jets—as noted by Uretsky et al., potentially limiting real-world applicability [22]. Vena
contracta (VC) assessment, especially the three-dimensional vena contracta area (3D-VCA),
has emerged as a more reproducible metric that directly quantifies the anatomic regurgi-
tant orifice, with less dependence on hemodynamic conditions. Smaller post-procedural
3D-VCA has been associated with improved 1-year survival and reduced heart failure hos-
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References

pitalizations, supporting its prognostic utility [23,24]. These considerations are particularly
relevant in patients with advanced heart failure and significant ventricular remodeling,
where persistent symptoms despite optimal therapy may warrant earlier evaluation for
durable mechanical support, including LVAD or heart transplantation [25,26].

Limitations of the Study

This study was designed as an observational retrospective cohort model and did not
contain a control group. A potential patient selection bias cannot be excluded, but the
indications for TEER were approved as per the standardized AHA/ACC criteria. An-
other limitation of our study is the lack of RV and VC data, as these were not routinely
recorded across the centers. Additionally, the follow-up period was limited to 12 months;
thus, it remains unclear whether the predictive utility of the EROA /LVEDYV ratio would
persist over longer durations. While GDMT adherence and resynchronization were used
in the multivariate regression analysis, the intensity and duration of treatment with spe-
cific GDMT /Resynchronization therapies could not be assessed in the study. Hence the
treatment-related confounding related to GDMT use and mechanical dysynchrony due to
LV failure could not be accounted for.

5. Conclusions

The concept of disproportionate regurgitation offers valuable physiologic insight but
requires further refinement through integration of broader clinical and imaging factors.
Continued multicenter investigations are needed to better define patient selection criteria
and optimize TEER outcomes.
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