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Abstract: Background: In patients with significant mitral regurgitation (MR) undergoing
transcatheter edge-to-edge repair (M-TEER), assessment of mitral valve (MV) anatomy
is essential. While transthoracic echocardiography (TTE) is the initial diagnostic tool,
transesophageal echocardiography (TOE) provides better anatomical details. The study
aims to assess whether TTE is as effective as TOE in selecting patients with severe MR who
are eligible for M-TEER. Methods: From January to December 2024, patients with severe MR
eligible for TEER were enrolled at the Fondazione Monasterio Heart Hospital, Italy. They
underwent a comprehensive TTE and TOE examination. Cardiologists assessed the severity
of MR and valve anatomy using specific protocols. Measurements included MV area, MV
gradient, posterior leaflet length, fossa ovalis high, presence of fails, clefts, and calcifications.
Three levels of anatomic complexity were defined to determine eligibility for TEER. Results:
The study includes 40 patients with severe MR. The correlation between TTE and TOE for
key parameters was strong, with coefficients ranging from 0.734 to 0.901, indicating high
agreement between the two methods. The comparison of categorical features showed high
agreement between TTE and TOE in detecting critical MV conditions, with kappa values
ranging from 0.717 to 0.930. The agreement for classifying patients as suitable for M-TEER
was 87.5%, indicating moderate consistency between the two methods. Conclusions: TTE
may be a viable alternative to TOE for assessing MV anatomy and function before M-TEER
in MR patients, especially in high-volume centers. While TTE strongly correlated with TOE
for most parameters, TOE was superior for some features. Further research is needed to
refine the clinical application of TTE and to define patient selection criteria for its use as the
primary imaging modality for pre-procedural M-TEER screening.

Keywords: transcatheter edge-to-edge repair; transthoracic echocardiography; transesophageal
echocardiography; mitral regurgitation repair
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1. Introduction
In patients with significant mitral regurgitation (MR) undergoing echocardiographic

screening for transcatheter edge-to-edge repair (TEER), careful assessment of mitral valve
(MV) anatomy is crucial to promote procedural success and minimize the risk of residual
regurgitation or valve stenosis [1]. Transthoracic echocardiography (TTE) is the first di-
agnostic tool for evaluating MR mechanisms and severity, as well as for the assessment
of other heart valve disease, biventricular function or the estimation of pulmonary artery
pressures [2,3]. However, transesophageal echocardiography (TOE) is widely recognized
as the best imaging technique for assessing MV anatomy and function before TEER due
to its high spatial resolution and ability to provide a detailed, three-dimensional view of
the valve [2–4]. In recent years, due to the increased number of procedures performed
worldwide and the experience achieved, especially in high-volume centers, the extensive
use of the EVEREST criteria for selecting patients with primary or secondary MR to TEER
has become outdated [5–11]. Some of the parameters that determine anatomical complexity
in MR include large coaptation gaps, complex flails, small MV area (MVA), high MV gradi-
ent, annulus or leaflet calcifications, multiple jets, leaflet–annulus index, and asymmetric
tethering [10–13]. While degenerative MR often presents with highly variable and complex
anatomical features that differ significantly from case to case, functional MR typically
exhibits less anatomical complexity, often characterized by more consistent and predictable
anatomical patterns, which can simplify procedural planning and decision making [7,8].
In this regard, we questioned if pre-procedural TOE is always necessary in specialized
high-volume centers. The aim of our study is to evaluate whether in a selected subgroup of
patients with MR, TTE may replace TOE in the morpho-functional assessment of MV and
adequately screen patients for TEER.

2. Materials and Methods
2.1. Study Population

From January 2024 to December 2024, we prospectively enrolled patients with a
diagnosis of severe MR who were eligible for TEER at the Fondazione Monasterio Heart
Hospital, Massa, Italy. All patients underwent a comprehensive two-dimensional (2D)
and three-dimensional (3D) TTE and TOE examination in our echo lab during the same
visit [3,4,14]. Experienced cardiologists performed a specific protocol for MV assessment as
part of a comprehensive TTE and TOE examination. All measurements were subsequently
performed by two cardiologists, one dedicated exclusively to TTE and one dedicated to
TOE. All patients provided written informed consent. For qualification purposes, the
severity of MR was assessed according to the criteria recommended in the European
guidelines for valvular heart disease [3]. This report compares measurements of the
same parameters related to MR severity and mechanism performed with TTE and TOE
(Figure 1 and [2]).
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Figure 1. Comparison of TTE and TEE imaging in the assessment of functional mitral regurgitation. 
Example of functional mitral regurgitation assessed using transthoracic echocardiography (TTE, 
left) and transesophageal echocardiography (TEE, right). (A) B-mode images acquired using X-
plane mode, showing the mitral valve structures with leaflet tethering due to left-ventricular 
dilation. (B) Color Doppler images were obtained with X-plane mode, showing the regurgitant jets 
extending into the left atrium. (C) Three-dimensional reconstructions of the mitral valve. The TEE 
3D image provides higher anatomical resolution. Ao = aorta; AL = anterior leaflet; LA = left atrium; 
LV = left ventricle; MA = mitral annulus; PL = posterior leaflet. 

2.2. TTE Protocol 

All TTE examinations were performed using a commercially available ultrasound 
system (Philips Epiq; Philips Medical Systems, Andover, MA, USA) equipped with the 
X5-1 probe. Multi-beat (when feasible) or single-beat 3D zoom imaging modality was used 
in the apical four-chamber view to assess the MV apparatus, including planimetric 
measurement of the MV area. The 3D images were cropped, rotated, and smoothed to 

Figure 1. Comparison of TTE and TEE imaging in the assessment of functional mitral regurgitation.
Example of functional mitral regurgitation assessed using transthoracic echocardiography (TTE, left)
and transesophageal echocardiography (TEE, right). (A) B-mode images acquired using X-plane
mode, showing the mitral valve structures with leaflet tethering due to left-ventricular dilation.
(B) Color Doppler images were obtained with X-plane mode, showing the regurgitant jets extending
into the left atrium. (C) Three-dimensional reconstructions of the mitral valve. The TEE 3D image
provides higher anatomical resolution. Ao = aorta; AL = anterior leaflet; LA = left atrium; LV = left
ventricle; MA = mitral annulus; PL = posterior leaflet.

2.2. TTE Protocol

All TTE examinations were performed using a commercially available ultrasound
system (Philips Epiq; Philips Medical Systems, Andover, MA, USA) equipped with the X5-1
probe. Multi-beat (when feasible) or single-beat 3D zoom imaging modality was used in the
apical four-chamber view to assess the MV apparatus, including planimetric measurement
of the MV area. The 3D images were cropped, rotated, and smoothed to visualize the
MV from the atrial perspective (surgical view) [1,4]. The number of MR jets was assessed
through 2D and 3D color Doppler. The quality of the images was evaluated based on the res-
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olution of the MV and the presence or absence of artifacts throughout the cardiac cycle. Im-
age quality was classified using a three-point scale as follows: score 1 = poor image quality
(diagnostic possible, but with poor visibility of the anatomic details of the MV leaflet, diffi-
cult delineation of anatomic details); score 2 = good image quality (good visibility of the
anatomical details of the MV); and score 3 = optimal (excellent visibility and differentiation
of the anatomical details of the MV) (Figures 1 and 2).

J. Cardiovasc. Dev. Dis. 2025, 12, x FOR PEER REVIEW 4 of 12 
 

 

visualize the MV from the atrial perspective (surgical view) [1,4]. The number of MR jets 
was assessed through 2D and 3D color Doppler. The quality of the images was evaluated 
based on the resolution of the MV and the presence or absence of artifacts throughout the 
cardiac cycle. Image quality was classified using a three-point scale as follows: score 1 = 
poor image quality (diagnostic possible, but with poor visibility of the anatomic details of 
the MV leaflet, difficult delineation of anatomic details); score 2 = good image quality 
(good visibility of the anatomical details of the MV); and score 3 = optimal (excellent visi-
bility and differentiation of the anatomical details of the MV) (Figures 1 and 2). 

 

Figure 2. Comparison of TTE and TEE imaging in the assessment of degenerative mitral regurgita-
tion with posterior leaflet flail. Example of degenerative mitral regurgitation with PL flail, assessed 
using transthoracic echocardiography (left) and transesophageal echocardiography (right). (A) 
B−mode images acquired using X−plane mode, showing PL flail. (B) Color Doppler images were 
obtained with X−plane mode, demonstrating severe mitral regurgitation with an eccentric jet. (C) 
3D reconstructions of the mitral valve. The TEE 3D image clearly highlights the PL flail. * = flail 

Figure 2. Comparison of TTE and TEE imaging in the assessment of degenerative mitral regurgitation
with posterior leaflet flail. Example of degenerative mitral regurgitation with PL flail, assessed using
transthoracic echocardiography (left) and transesophageal echocardiography (right). (A) B−mode im-
ages acquired using X−plane mode, showing PL flail. (B) Color Doppler images were obtained with
X−plane mode, demonstrating severe mitral regurgitation with an eccentric jet. (C) 3D reconstruc-
tions of the mitral valve. The TEE 3D image clearly highlights the PL flail. * = flail segment; Ao = aorta;
AL = anterior leaflet; LA = left atrium; LV = left ventricle; MA = mitral annulus; PL = posterior leaflet.
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2.3. TOE Protocol

All TOE studies were performed using a commercially available ultrasound system
(Philips Epiq; Philips Medical Systems, Andover, MA, USA) with a matrix array 3D TOE
probe (X7-2 t; Philips Medical Systems). At the end of a comprehensive MV 2D examination,
3D images were acquired. For the 3D measurements, the MV was visualized in the mid-
esophageal commissural view (approximately 50–70◦), and 3D imaging of the MV was
performed using the 3D zoom method, allowing for detailed and precise anatomical
assessment [1,4,15] (Figures 1 and 2).

2.4. Assessment of Anatomical Complexity for M-TEER Procedure

At the end of both TTE and TOE, the two cardiologists experienced in echocardiogra-
phy provided a detailed assessment regarding the anatomical complexity of the M-TEER
procedure. This evaluation was based on critical parameters for procedural success [10]. In
our protocol, we analyzed and compared the following variables: (1) MV area (cm2); (2) MV
gradient (mmHg); (3) posterior leaflet length (mm); (4) distance between fossa ovalis and
MV leaflets coaptation point (mm); (5) presence of Barlow’s disease; (6) presence of flail
leaflet; (7) evidence of bi-leaflet prolapse; (8) >2 independent significant jets; (9) presence of
annulus and/or leaflet calcification, (10) presence of cleft. After these parameters were care-
fully analyzed, three levels of anatomical complexity related to the M-TEER procedure were
identified: (1) non-complex valve anatomy, ideal for M-TEER; (2) complex valve anatomy,
suboptimal for M-TEER but suitable in experienced centers; and (3) very complex valve
anatomy, presenting significant challenges for M-TEER, even in highly experienced centers.
The level of anatomic complexity was assessed independently by the two cardiologists, one
evaluating the TTE assessment and the other evaluating the TOE assessment; these were
reported separately.

3. Statistical Analysis
Continuous variables were expressed as mean ± standard deviation or median and

inter-quartile range (IQR), according to Gaussian or non-Gaussian distribution. Normality
was tested using the Shapiro–Wilks test. Categorical variables were expressed as frequen-
cies and percentages. The different measurements were compared in the same patient
using the paired Student t-test. The Pearson correlation coefficient was used to assess the
relationship between TTE and TOE measurements. The agreement in categorical value
between techniques was evaluated with Cohen’s Kappa value. All computations relied on
commercially available software (SPSS IBMS v21 for Mac; SPPS Inc., Chicago, IL, USA and
JMPw 11; SAS Institute Inc., Cary, NC, USA), with statistical significance set at p = 0.05.

4. Results
Clinical and echocardiographic characteristics of the study population are summarized

in Table 1. Our study population consisted of 40 patients, including 15 (37.5%) women, with
a mean age of 79 ± 6.7 years. MR etiology included 18 patients (45%) with degenerative
MR, and 22 patients (30%) with functional MR. Of those with functional MR, 12 (30%) had
ventricular etiology, and 10 (25%) had atrial functional MR. Regarding imaging quality,
9 cases (22.5%) were rated as optimal, 23 cases (57.5%) as sufficient, and 8 cases (20%) as
insufficient for evaluating the feasibility of the M-TEER procedure. The mean effective
regurgitant orifice area (EROA) was 0.36 ± 0.2 cm2, and the regurgitant volume (RV)
averaged 55.9 ± 7.8 mL. The left-ventricular ejection fraction (LVEF) had a median value
of 57%. The left-ventricular end-diastolic volume (LVEDV) was 100.5 mL, and the left-
ventricular end-systolic volume (LVESV) was 42.5 mL. Procedural success, defined as a
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significant reduction in MR to grade ≤ 2+/4+ after device implantation, was achieved in
38 patients (95%).

Table 1. Clinical and echocardiographic characteristics.

Variables Total (N = 40)

Age, yrs 79 ± 6.7

Female, N (%) 15 (37.5)

Atrial fibrillation, N (%) 25 (62.5)

Previous HF hospitalization, N (%) 12 (30)

CRT-D, N (%) 2 (5)

ICD, N (%) 2 (5)

Previous MI, N (%) 16 (40)

B-blockers, N (%) 26 (65)

ACE-I/ARB/ARNI, N (%) 30 (75)

MRA, N (%) 20 (50)

Furosemide > 50 mg, N (%) 15 (37.5)

SGLT2i, N (%) 15 (23.4)

NYHA ≥ III, N (%) 29 (72.5)

egenerative MR, N (%) 18 (45)

Functional MR, N (%)
- ventricular, N (%)
- atrial, N (%)

12 (30)
10 (25)

Imaging quality
- Insufficient
- Sufficient
- Optimal

8 (20)
23 (57.5)
9 (22.5)

EROA, cmq 0.36 ± 0.2

RV, mL 55.9 ± 7.8

LVEF, % 57 (46.25–66.74)

LVEDD, mm 52 (48–58)

LVESD, mm 33 (27.5–40)

LVEDV, mL 100.5 (80–126)

LVESV, mL 42.5 (25.25–66)

LA area, cmq 26 (21–31.5)

LA volume, mL 86 (68–129)

PAPs, mmHg 43 (33–60)

TR (≥moderate), N (%) 5 (12.5)
ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor-
neprilysin inhibitor; CRT-D: cardiac resynchronization therapy with defibrillator; EROA: effective regurgitant
orifice area; HF: heart failure; ICD: implantable cardioverter-defibrillator; LA: left atrium; LVEDD: left-ventricular
end-diastolic diameter; LVEDV: left-ventricular end-diastolic volume; LVEF: left-ventricular ejection fraction;
LVESD: left-ventricular end-systolic diameter; LVESV: left-ventricular end-systolic volume; MI: myocardial
infarction; MR: mitral regurgitation, MRA: mineralocorticoid receptor antagonist; NYHA: New York heart
association functional class; PAPs: pulmonary artery systolic pressure; RV: regurgitant volume; SGLT2i: sodium-
glucose cotransporter-2 inhibitor; TR: tricuspid regurgitation.
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4.1. Comparison of TOE and TTE Parameters Useful for Evaluating M-TEER Feasibility

Table 2 compares measurements obtained using TTE and TOE for several continu-
ous variables. TOE showed higher mean values of MVA compared with TTE, but the
difference was not statistically significant (p = 0.438). The mean transvalvular gradient
was 1.9 ± 1.1 mmHg using TTE and 1.8 ± 1.3 mmHg with TOE (p = 0.714). The posterior
leaflet length measured by TOE is slightly higher on average compared to TTE (13.5 mm vs.
13 mm), but the difference is not statistically significant (p = 0.641). Lastly, the height of
the fossa ovalis was 44 ± 6.1 mm by TTE and 44.9 ± 5 mm by TOE, (IC = −1.970 to 1.355;
p = 0.706). The Bland–Altman plot results further supports the idea that the two methods
yield very similar results with minimal variation (Figure 3).

Table 2. Comparison of TOE and TTE measurements for evaluating M-TEER feasibility.

Variables TTE
Mean ± SD

TOE
Mean ± SD 95% CI Paired t-Test Bland–Altman

MVA, cm2 5.5 ± 1.1 5.8 ± 1.2 −0.466–0.208 0.438 0.323

Transvalvular gradient, mmHg 1.9 ± 1.1 1.8 ± 1.3 −1.970–1.3559 0.714 0.109

Posterior leaflet length, mm 13 ± 2 13.5 ± 3.3 −1.032–0.047 0.641 0.000

Distance septal puncture
point-mitral valve 44 ± 6.1 44.9 ± 5 −1.970–1.355 0.706 0.635

CI: confidence interval; MVA: mitral valve area; TTE: transthoracic echocardiography; TOE: transesophageal
echocardiography.
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4.2. Correlation Between TOE and TTE Parameters in the Evaluation of M-TEER Feasibility

MVA and mean transvalvular gradient exhibit strong correlations, with coefficients
of 0.750 (IC = 0.473–0.871) and 0.901 (IC = 0.799–0.952), respectively. The posterior leaflet
length also has a high correlation coefficient (r = 0.734; IC = 0.503–0.867). Additionally, the
fossa ovalis height demonstrates a strong correlation of 0.750 (IC = 0.524–0.871). Table 3
shows the agreement between TTE and TOE in assessing specific MV categorical features
needed for evaluating M-TEER feasibility. For evidence of Barlow’s disease, TTE identified
5% of cases, and TOE identified 7.5%. The observed agreement between the two methods
was 97.5%, with a kappa value of 0.787, (p < 0.001). In detecting flail, TTE reported 17.5%
of cases, while TOE identified 27.5% with an observed agreement of 90%, and a kappa
value of 0.717. Similarly, for bi-leaflet prolapse, TTE and TOE detected 5% and 7.5% of
cases, respectively. The observed agreement was 95%, and the kappa value of 0.640 showed
substantial agreement, with a p-value of <0.001 confirming statistical significance. For
evidence of annular and/or leaflet calcification, both TTE and TOE identified 25% of
cases. The observed agreement was 97.5%, and the kappa value of 0.930 suggested high
agreement, (p < 0.001). In cases involving more than two independent jets, TTE detected
22.5% of cases, and TOE identified 32.5%. The observed agreement was 90%, and the
kappa value of 0.752 indicated substantial agreement, again with statistical significance.
Finally, for evidence of clefts, TTE did not identify any cases (0%), while TOE detected 7.5%.
The observed agreement was 32.5%, suggesting very limited agreement between the two
modalities for this feature. Regarding the technical feasibility of MR for M-TEER, the results
showed substantial agreement between TTE and TOE (Table 3). For TTE, 68.8% of cases
were categorized as “ideal” for M-TEER, 21.9% as “suboptimal”, and 9.4% as “challenging”.
For TOE, 65.6% of cases were categorized as “ideal”, 28.1% as “suboptimal”, and 6.3%
as “challenging”. The observed agreement between the two methods was 87.5%, and the
Kappa value of 0.546 suggests moderate agreement. The result was statistically significant
(p < 0.0001).

Table 3. Correlation between TOE and TTE in the evaluation of categorical parameters useful for
assessing M-TEER feasibility.

Variables TTE
N (%)

TOE
N (%)

Observed
Agreement (%)

Kappa
Value p-Value

Evidence of Barlow’s disease 2 (5) 3 (7.5) 97.5 0.787 <0.001

Evidence of flail 7 (17.5) 11 (27.5) 90 0.717 <0.001

Bi-leaflet prolapse 2 (5) 3 (7.5) 95 0.640 <0.001

Evidence of annular and/or leaflet calcification 10 (25) 10 (25) 97.5 0.930 <0.001

>2 independent jets 9 (22.5) 13 (32.5) 90 0.752 <0.001

Evidence of cleft 0 (0) 3 (7.5) 32.5

Technical feasibility of MR *
- Ideal for M-TEER
- Suboptimal for M-TEER
- Challenging for M-TEER

22 (68.8)
7 (21.9)
3 (9.4)

21(65.6)
9 (28.1)
2 (6.3)

87.5 0.546 <0.000

* Patients for whom the feasibility of the M-TEER procedure could not be assessed using TTE are excluded from
this calculation. MR: mitral regurgitation; M-TEER: mitral-transcatheter edge-to-edge repair; TTE: transthoracic
echocardiography; TOE: transesophageal echocardiography.

5. Discussion
The main findings of our study are as follows: (1) although TTE generally provided

slightly lower values for MVA, posterior leaflet length and other important anatomical



J. Cardiovasc. Dev. Dis. 2025, 12, 149 9 of 12

measurements, these differences were not statistically significant; (2) The two imaging
modalities demonstrated moderate correlations in the assessment of MVA, transvalvular
gradient, posterior leaflet length, and fossa ovalis height, indicating a reasonable but not
complete concordance; (3) both TTE and TOE showed high agreement in identifying clinical
anatomical features critical to M-TEER, such as annular and/or leaflet calcifications, and
the presence of multiple independent jets; (4) There was a moderate agreement between
TTE and TOE in categorizing patients based on anatomic complexity for M-TEER. Previous
studies investigated the correlation between TTE and TOE methods in the assessment of
MV. Grayburn et al. found a modest correlation between TTE and TOE in the assessment
of functional MR and some anatomic parameters in patients with ischemic heart disease.
Significant variability, likely due to differences in imaging planes and timing of measure-
ments, limited the interchangeability of the methods [16]. Papadopoulos et al. investigated
3D assessment of the mitral annulus using TTE and TOE. Both methods showed strong
correlations for the dimensions of the annulus, although some parameters, such as tenting
height and intertrigonal distance, showed weaker agreement [17]. Berthelot-Richer M. et al.
compared the measurement of mitral annulus area in degenerative MR using TTE and
3D-TOE. While the circular model of TTE using the apical 4-chamber view underestimated
the area, 3D-TOE was found to be more accurate, emphasizing its superiority in accurately
assessing the mitral annulus area [18]. Another study investigated the ability of 3D TTE to
analyze the morphology of MV in degenerative MR. It showed high accuracy, good feasi-
bility and improved sensitivity in identifying specific prolapse segments [19]. Additionally,
a study comparing 3D TTE and 3D TOE in the preoperative evaluation of severe PMR
found both methods equally effective in identifying diseased scallops, though 3D TTE was
less reliable for detecting multiple chordal ruptures. Quantitative analysis showed consis-
tent results for static annular parameters but differences in dynamic measurements. With
dedicated 3D software, 3D TTE offers a thorough, non-invasive preoperative assessment,
especially for static parameters [20]. To date, no study has specifically examined the use of
TTE as the primary modality for assessing MV anatomy in patients scheduled for M-TEER.
Traditionally, TOE has been the gold standard for assessing MV anatomy because it offers
better image resolution and provides detailed views of the MV and surrounding structures.
Our findings suggest that TTE may be a reliable alternative to TOE for evaluating MV
anatomy in specific patient groups undergoing TEER. Given that TTE is less invasive, more
accessible, and easier to perform than TOE, its use in high-volume centers could streamline
the assessment, particularly in patients with less complex MV anatomy. Unlike TOE, which
often requires sedation and specialized expertise, TTE can be performed at the bedside
and provides immediate results without the need for additional resources. In patients
with uncomplicated MR or simple MV anatomy, TTE can provide sufficient imaging data
for accurate pre-procedural assessment, potentially reducing the need for more invasive
imaging procedures. In our study, in most patients, TTE and TOE provided comparable
information on key parameters. However, in eight patients, TTE was deemed insufficient
for reliably assessing the feasibility of M-TEER. This limitation underscores the challenges
of using TTE as a stand-alone imaging modality in cases of anatomical complexity or
poor image quality. Notably, five of these cases involved degenerative MR, which is often
associated with more complex and variable valve anatomy, such as valve prolapse, clefts, or
flail leaflets. This suggests that while TTE can accurately assess most parameters required
for M-TEER in the majority of patients, TOE may still offer an advantage in evaluating
MV with challenging anatomical features. This finding emphasizes the importance of
tailoring imaging modality choice to the patient’s specific MV pathology, with TTE being
particularly useful for preoperative screening in functional MR, where valve anatomy is
typically less complex.
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Limitations

Firstly, the sample size of 40 patients is relatively small, which could limit the general-
izability of the results. Second, the study only included patients from a single high-volume
center, meaning that the results might not be generalizable to lower volume centers with
less experience with TEER procedures. Third, the subjective nature of image quality as-
sessment in both TTE and TOE may also lead to variability in the interpretation of results
despite the use of a standardized three-point scale. Lastly, although no statistically signifi-
cant differences were observed between the measurements obtained with TTE and TOE,
this should not be misinterpreted as an indication of statistical equivalence between the
two modalities. Instead, it suggests the absence of a systematic measurement bias in TTE.
However, as highlighted by the correlation coefficients and Bland–Altman plots, substan-
tial variability exists at the individual patient level. This implies that while systematic
error appears negligible, random error may still affect the reliability of TTE in specific
cases. Consequently, careful patient selection and further validation studies are necessary
to determine the true clinical applicability of TTE as a standalone imaging modality for
TEER qualification.

6. Conclusions
TTE represents a promising alternative to TOE for the preprocedural assessment of

MV anatomy and function in patients with MR, particularly in specialized high-volume
centers. While TTE demonstrated a moderate correlation with TOE across most anatom-
ical parameters, TOE still offered superior performance in certain aspects. Given TTE’s
advantages of greater accessibility, ease of use, and non-invasive nature, further studies are
needed to refine its clinical application and to identify optimal patient selection criteria for
its use as the primary imaging modality in M-TEER.

Author Contributions: Conceptualization, M.B. and M.M.; methodology, F.P.; software, M.B.; valida-
tion, S.B., M.M. and U.P.; formal analysis, M.B.; investigation, R.C., F.P. and G.B.; resources, G.I., A.D.
and G.T.; data curation, M.B.; writing—original draft preparation, M.B.; writing—review and editing,
M.M.; visualization, R.M.; supervision, S.B., A.G. and M.M.; project administration, M.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study due to the observational nature
of the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available from the corresponding authors under reasonable
request.

Acknowledgments: We would like to express our thanks to the nursing and support team for their
constant help.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Agricola, E.; Ancona, F.; Bartel, T.; Brochet, E.; Dweck, M.; Faletra, F.; Lancellotti, P.; Mahmoud-Elsayed, H.; Marsan, N.A.;

Maurovich-Hovart, P.; et al. Multimodality imaging for patient selection, procedural guidance, and follow-up of transcatheter
interventions for structural heart disease: A consensus document of the EACVI Task Force on Interventional Cardiovascular
Imaging: Part 1: Access routes, transcatheter aortic valve implantation, and transcatheter mitral valve interventions. Eur. Heart J.
Cardiovasc. Imaging 2023, 24, e209–e268. [CrossRef] [PubMed]

https://doi.org/10.1093/ehjci/jead096
https://www.ncbi.nlm.nih.gov/pubmed/37283275


J. Cardiovasc. Dev. Dis. 2025, 12, 149 11 of 12

2. Doherty, J.U.; Kort, S.; Mehran, R.; Schoenhagen, P.; Soman, P.; Dehmer, G.J.; Amin, Z.; Bashore, T.M.; Boyle, A.; Calnon, D.A.; et al.
Rating Panel Members; Appropriate Use Criteria Task Force. ACC/AATS/AHA/ASE/ASNC/HRS/SCAI/SCCT/SCMR/STS
2017 Appropriate Use Criteria for Multimodality Imaging in Valvular Heart Disease: A Report of the American College of
Cardiology Appropriate Use Criteria Task Force, American Association for Thoracic Surgery, American Heart Association,
American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society for Cardiovascu-
lar Angiography and Interventions, Society of Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic
Resonance, and Society of Thoracic Surgeons. J. Nucl. Cardiol. 2017, 24, 2043–2063. [CrossRef] [PubMed]

3. Vahanian, A.; Beyersdorf, F.; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; De Bonis, M.; De Paulis,
R.; et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 2022, 43, 561–632, Erratum in:
Eur. Heart J. 2022, 43, 2022. [CrossRef] [PubMed]

4. Hahn, R.T.; Saric, M.; Faletra, F.F.; Garg, R.; Gillam, L.D.; Horton, K.; Khalique, O.K.; Little, S.H.; Mackensen, G.B.; Oh, J.; et al.
Recommended Standards for the Performance of Transesophageal Echocardiographic Screening for Structural Heart Intervention:
From the American Society of Echocardiography. J. Am. Soc. Echocardiogr. 2022, 35, 1–76, Erratum in: J. Am. Soc. Echocardiogr.
2022, 35, 447. [CrossRef] [PubMed]

5. Mauri, L.; Garg, P.; Massaro, J.M.; Foster, E.; Glower, D.; Mehoudar, P.; Powell, F.; Komtebedde, J.; McDermott, E.; Feldman, T.
The EVEREST II Trial: Design and rationale for a randomized study of the evalve mitraclip system compared with mitral valve
surgery for mitral regurgitation. Am. Heart J. 2010, 160, 23–29. [CrossRef]

6. Matteucci, A.; Bonanni, M.; Versaci, F.; Frati, G.; Peruzzi, M.; Sangiorgi, G.; Biondi-Zoccai, G.; Massaro, G. Cardiovascular
medicine: A year in review. Minerva Cardiol. Angiol. 2022, 70, 40–55. [CrossRef] [PubMed]

7. Hausleiter, J.; Lim, D.S.; Gillam, L.D.; Zahr, F.; Chadderdon, S.; Rassi, A.N.; Makkar, R.; Goldman, S.; Rudolph, V.; Hermiller, J.;
et al. Transcatheter Edge-to-Edge Repair in Patients With Anatomically Complex Degenerative Mitral Regurgitation. J. Am. Coll.
Cardiol. 2023, 81, 431–442. [CrossRef] [PubMed]

8. McCarthy, P.M.; Whisenant, B.; Asgar, A.W.; Ailawadi, G.; Hermiller, J.; Williams, M.; Morse, A.; Rinaldi, M.; Grayburn, P.;
Thomas, J.D.; et al. Percutaneous MitraClip Device or Surgical Mitral Valve Repair in Patients with Primary Mitral Regurgitation
Who Are Candidates for Surgery: Design and Rationale of the REPAIR MR Trial. J. Am. Heart Assoc. 2023, 12, e027504. [CrossRef]
[PubMed] [PubMed Central]

9. Sorajja, P.; Sato, H.; Bapat, V.N.; Cavalcante, J.L.; Bae, R.; Fukui, M.; Stanberry, L.; Enriquez-Sarano, M. Contemporary Anatomic
Criteria and Clinical Outcomes With Transcatheter Mitral Repair. Circ. Cardiovasc. Interv. 2023, 16, e012486. [CrossRef] [PubMed]

10. Hausleiter, J.; Stocker, T.J.; Adamo, M.; Karam, N.; Swaans, M.J.; Praz, F. Mitral valve transcatheter edge-to-edge repair.
EuroIntervention 2023, 18, 957–976. [CrossRef] [PubMed] [PubMed Central]

11. Shuvy, M.; Maisano, F. Evolving indications for transcatheter mitral edge-to-edge repair. EuroIntervention 2024, 20, e230–e238.
[CrossRef] [PubMed] [PubMed Central]

12. Stolz, L.; Orban, M.; Braun, D.; Doldi, P.; Orban, M.; Stark, K.; Mehr, M.; Steffen, J.; Löw, K.; Hagl, C.; et al. Impact of asymmetric
tethering on outcomes after edge-to-edge mitral valve repair for secondary mitral regurgitation. Clin. Res. Cardiol. 2022, 111,
869–880. [CrossRef] [PubMed]

13. Oguz, D.; Padang, R.; Rashedi, N.; Pislaru, S.V.; Nkomo, V.T.; Mankad, S.V.; Malouf, J.F.; Guerrero, M.; Reeder, G.S.; Eleid,
M.F.; et al. Risk for Increased Mean Diastolic Gradient after Transcatheter Edge-to-Edge Mitral Valve Repair: A Quantitative
Three-Dimensional Transesophageal Echocardiographic Analysis. J. Am. Soc. Echocardiogr. 2021, 34, 595–603. [CrossRef] [PubMed]

14. Zoghbi, W.A.; Adams, D.; Bonow, R.O.; Enriquez-Sarano, M.; Foster, E.; Grayburn, P.A.; Hahn, R.T.; Han, Y.; Hung, J.; Lang, R.M.;
et al. Recommendations for Noninvasive Evaluation of Native Valvular Regurgitation: A Report from the American Society of
Echocardiography Developed in Collaboration with the Society for Cardiovascular Magnetic Resonance. J. Am. Soc. Echocardiogr.
2017, 30, 303–371. [CrossRef] [PubMed]

15. Bonanni, M.; Trimarchi, G.; Benedetti, G.; D’agostino, A.; Iuliano, G.; Manzo, R.; Capasso, R.; Cerone, E.; Paradossi, U.; Berti,
S.; et al. Standardized 3D Transoesophageal Echocardiography Manoeuvre for Enhanced Tenting Height Evaluation During
Transcatheter Mitral Valve Edge-to-Edge Repair. J. Clin. Med. 2024, 13, 6525. [CrossRef] [PubMed]

16. Grayburn, P.A.; She, L.; Roberts, B.J.; Golba, K.S.; Mokrzycki, K.; Drozdz, J.; Cherniavsky, A.; Przybylski, R.; Wrobel, K.; Asch,
F.M.; et al. Comparison of Transesophageal and Transthoracic Echocardiographic Measurements of Mechanism and Severity of
Mitral Regurgitation in Ischemic Cardiomyopathy (from the Surgical Treatment of Ischemic Heart Failure Trial). Am. J. Cardiol.
2015, 116, 913–918. [CrossRef] [PubMed] [PubMed Central]

17. Papadopoulos, K.; Ikonomidis, I.; Özden, Ö.; Tzikas, A.; Arampatzis, C.A.; Vannan, M.A. Level of agreement between three-
dimensional transthoracic and transesophageal echocardiography for mitral annulus evaluation: A feasibility and comparison
study. Echocardiography 2022, 39, 1512–1521. [CrossRef] [PubMed]

18. Berthelot-Richer, M.; Vakulenko, H.V.; Calleja, A.; Woo, A.; Thavendiranathan, P.; Poulin, F. Two-dimensional transthoracic
measure of mitral annulus in mitral valve prolapse and moderate to severe regurgitation: A method comparison analysis with
three-dimensional transesophageal echocardiography. J. Cardiovasc. Imaging 2024, 32, 2. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.1007/s12350-017-1070-1
https://www.ncbi.nlm.nih.gov/pubmed/29067561
https://doi.org/10.1093/eurheartj/ehab395
https://www.ncbi.nlm.nih.gov/pubmed/34453165
https://doi.org/10.1016/j.echo.2021.07.006
https://www.ncbi.nlm.nih.gov/pubmed/34280494
https://doi.org/10.1016/j.ahj.2010.04.009
https://doi.org/10.23736/S2724-5683.21.05816-6
https://www.ncbi.nlm.nih.gov/pubmed/34713681
https://doi.org/10.1016/j.jacc.2022.11.034
https://www.ncbi.nlm.nih.gov/pubmed/36725171
https://doi.org/10.1161/JAHA.122.027504
https://www.ncbi.nlm.nih.gov/pubmed/36752231
https://pmc.ncbi.nlm.nih.gov/articles/PMC10111491
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012486
https://www.ncbi.nlm.nih.gov/pubmed/36802803
https://doi.org/10.4244/EIJ-D-22-00725
https://www.ncbi.nlm.nih.gov/pubmed/36688459
https://pmc.ncbi.nlm.nih.gov/articles/PMC9869401
https://doi.org/10.4244/EIJ-D-23-00700
https://www.ncbi.nlm.nih.gov/pubmed/38389473
https://pmc.ncbi.nlm.nih.gov/articles/PMC10870010
https://doi.org/10.1007/s00392-021-01961-5
https://www.ncbi.nlm.nih.gov/pubmed/34786592
https://doi.org/10.1016/j.echo.2021.01.018
https://www.ncbi.nlm.nih.gov/pubmed/33524491
https://doi.org/10.1016/j.echo.2017.01.007
https://www.ncbi.nlm.nih.gov/pubmed/28314623
https://doi.org/10.3390/jcm13216525
https://www.ncbi.nlm.nih.gov/pubmed/39518664
https://doi.org/10.1016/j.amjcard.2015.06.015
https://www.ncbi.nlm.nih.gov/pubmed/26170249
https://pmc.ncbi.nlm.nih.gov/articles/PMC4554976
https://doi.org/10.1111/echo.15481
https://www.ncbi.nlm.nih.gov/pubmed/36350103
https://doi.org/10.1186/s44348-024-00001-w
https://www.ncbi.nlm.nih.gov/pubmed/38907302
https://pmc.ncbi.nlm.nih.gov/articles/PMC11177645


J. Cardiovasc. Dev. Dis. 2025, 12, 149 12 of 12

19. Gripari, P.; Mapelli, M.; Bellacosa, I.; Piazzese, C.; Milo, M.; Fusini, L.; Muratori, M.; Ali, S.G.; Tamborini, G.; Pepi, M.
Transthoracic echocardiography in patients undergoing mitral valve repair: Comparison of new transthoracic 3D techniques to
2D transoesophageal echocardiography in the localization of mitral valve prolapse. Int. J. Cardiovasc. Imaging 2018, 34, 1099–1107.
[CrossRef] [PubMed]

20. Fioretti, G.; Tolomei, A.; Ciaramella, P.; Lio, A.; Cristiano, E.; Cacioli, G.; Tempestini, F.; Ranocchi, F.; Maestrini, V.; Pergolini,
A. Study of Degenerative Mitral Regurgitation Using Three-Dimensional Echocardiography and EchoPAC GE Health Care
Software 4D Auto MVQ: Comparison Between Transthoracic and Transesophageal Examination. Echocardiography 2024, 41, e70040.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s10554-018-1324-2
https://www.ncbi.nlm.nih.gov/pubmed/29484557
https://doi.org/10.1111/echo.70040
https://www.ncbi.nlm.nih.gov/pubmed/39601246

	Introduction 
	Materials and Methods 
	Study Population 
	TTE Protocol 
	TOE Protocol 
	Assessment of Anatomical Complexity for M-TEER Procedure 

	Statistical Analysis 
	Results 
	Comparison of TOE and TTE Parameters Useful for Evaluating M-TEER Feasibility 
	Correlation Between TOE and TTE Parameters in the Evaluation of M-TEER Feasibility 

	Discussion 
	Conclusions 
	References

