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RESUMO

Introdugdo: A insuficiéncia mitral (IM) grave estd associada a elevada morbilidade e
mortalidade, particularmente em doentes idosos, frageis ou com elevado risco cirurgico. A
reparacdo mitral transcateter edge-to-edge (M-TEER) com o sistema MitraClip emergiu como uma

alternativa terapéutica menos invasiva para doentes selecionados com IM grave sintomatica.

Objetivos: Descrever a experiéncia inicial de um centro portugués sem cirurgia cardiaca on-
site com a técnica de M-TEER, priorizando a avaliacdo da seguranca do procedimento e os

resultados clinicos a curto prazo.

Métodos: Realizamos um estudo retrospetivo, observacional e unicéntrico de todos os
doentes com insuficiéncia mitral grave sintomatica de etiologia primaria ou secundaria, incluindo
casos em que ambos 0s mecanismos coexistiam, avaliados por uma Heart Team multidisciplinar e
submetidos a M-TEER com o sistema MitraClip entre novembro de 2024 e dezembro de 2025. Nos
doentes com IM primaria, o procedimento foi considerado em individuos com alto ou proibitivo
risco cirurgico. Nos doentes com IM secundaria, a elegibilidade exigiu sintomas persistentes apesar
de terapéutica médica otimizada (TMO) e, quando indicada, terapéutica de ressincronizagdo
cardiaca (CRT). Foram extraidos dados relativos as caracteristicas demograficas dos doentes, estado
clinico, parametros laboratoriais, risco cirurgico, caracteristicas ecocardiograficas, cateterismo
cardiaco direito pré-procedimento, resultados do procedimento e follow-up clinico e
ecocardiografico. O endpoint primdrio de seguranca foi a ocorréncia de eventos adversos major
durante o internamento. O endpoint primério de eficacia foi o internamento por insuficiéncia

cardiaca durante os primeiros 6 meses de follow-up.

Resultados: Foram incluidos 11 doentes (45,5% com IM funcional, 36,4% com IM
degenerativa e 18,2% de etiologia mista). A idade média foi de 75,6 + 9,4 anos. As comorbilidades
mais frequentes da amostra foram hipertensdo arterial (72,7%), dislipidemia (63,6%) e fibrilhagdo
auricular (54,5%). Todos os doentes apresentavam insuficiéncia cardiaca sintomatica; 63,6%
encontravam-se em classe funcional NYHA llI/IV e 72,7% tinham tido pelo menos um internamento
por insuficiéncia cardiaca no ultimo ano. 72,7% dos doentes apresentaram uma anatomia mitral
complexa. O sucesso do dispositivo foi alcangado em todos os casos, enquanto o sucesso do
procedimento ocorreu em 90,9% dos doentes. Ndo ocorreram eventos adversos major durante o
internamento. IM residual <2+ a alta hospitalar foi observada em 90,9% dos doentes, sem casos de
IM grave aos 6 meses. Verificou-se melhoria da classe funcional NYHA em 72,7% dos doentes e

auséncia de internamentos por insuficiéncia cardiaca durante o follow-up.
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Conclusdes: Nesta experiéncia inicial, a M-TEER com MitraClip demonstrou ser exequivel e
segura num centro sem cirurgia cardiaca on-site, associando-se a uma elevada taxa de sucesso do
procedimento, reducdo sustentada da insuficiéncia mitral e resultados clinicos encorajadores a
curto prazo. Estudos prospetivos com maior dimensdao amostral e maior periodo de seguimento

serdao necessarios para confirmar estes resultados.

Palavras-Chave: Insuficiéncia mitral; MitraClip; Reparacdo mitral transcateter edge-to-edge (M-

TEER); Reparacgdo transcateter edge-to-edge (TEER); insuficiéncia cardiaca.
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ABSTRACT

Background: Severe mitral regurgitation (MR) is associated with substantial morbidity and
mortality, particularly in elderly, frail, or high surgical-risk patients. Mitral transcatheter edge-to-
edge repair (M-TEER) using the MitraClip system has emerged as a less invasive therapeutic

alternative for selected patients with symptomatic severe MR.

Objectives: Describe the initial experience of a Portuguese center without on-site cardiac

surgery performing M-TEER, focusing on procedural safety and short-term clinical outcomes.

Methods: We conducted a retrospective, observational, single-center study including all
patients with symptomatic severe MR of primary or secondary etiology, including cases where both
mechanisms coexisted, evaluated by a multidisciplinary Heart Team and who underwent M-TEER
with the MitraClip system between November 2024 and December 2025. In patients with primary
MR, the procedure was considered in those deemed at high or prohibitive surgical risk. In patients
with secondary MR, eligibility required persistent symptoms despite optimized guideline-directed
medical therapy (GDMT) and, when indicated, cardiac resynchronization therapy (CRT). Data
included patients baseline demographics characteristics, clinical status, laboratory parameters,
surgical risk, echocardiographic characteristics, preprocedural right heart catheterization,
procedural outcomes and clinical and echocardiographic follow-up. The primary safety endpoint
was the occurrence of major adverse events (MAEs) during hospitalization. The primary

effectiveness endpoint was hospitalization for heart failure within 6 months of follow-up.

Results: A total of 11 patients were enrolled in the study (45,4% functional MR, 36,4%
degenerative MR and 18.2% mixed etiology). Mean age was 75.6 * 9.4 years. The most prevalent
comorbidities were arterial hypertension (72.7%), dyslipidemia (63.6%), and atrial fibrillation
(54.5%). All patients had symptomatic heart failure, with 63.6% in NYHA functional class Ill/IV and
72.7% having had a prior heart failure hospitalization within the previous year. Complex mitral valve
anatomy was present in 72.7% of patients. Device success was achieved in all procedures, whereas
procedural success was achieved in 90.9% of cases. No MAEs occurred during hospitalization.
Residual MR <2+ at discharge was observed in 90.9% of patients, with no cases of severe MR at 6
months. Improvement in NYHA functional class was observed in 72.7% of patients, and no heart

failure hospitalizations occurred during follow-up.

Conclusions: In this initial experience, M-TEER with the MitraClip system was feasible and

safe in a center without on-site cardiac surgery, demonstrating high procedural success, sustained
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MR reduction, and encouraging early short-term clinical outcomes. Larger prospective studies with

longer follow-up are warranted to confirm these findings.

Keywords: Mitral Valve Regurgitation; MitraClip; Mitral transcatheter edge-to-edge repair
(M-TEER); Transcatheter edge-to-edge repair (TEER); Heart Failure.
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INTRODUCTION

Mitral valve insufficiency, or mitral regurgitation (MR) is one of the most prevalent valvular
heart diseases, affecting approximately 10% of individuals over 75 years of age.? Chronic severe MR
leads to persistent volume overload of the left atrium and left ventricle, resulting in progressive
chamber dilation and left ventricular dysfunction.>** This pathophysiological cascade ultimately
leads to pulmonary congestion, symptomatic heart failure, reduced quality of life, and increased

mortality if left untreated.?

MR can be classified as acute or chronic, and by etiology into primary (degenerative) and
secondary (functional) forms.?® Acute MR, usually due to papillary muscle rupture, chordal rupture,
or infective endocarditis, often causes acute pulmonary edema and requires urgent surgical
intervention.>* Chronic MR progresses slowly, initially compensated but eventually
decompensates, leading to heart failure.>* Primary MR results from intrinsic valve lesions (e.g.,
leaflet prolapse, rheumatic disease), while secondary MR develops from left ventricular or atrial
remodeling that prevents adequate leaflet coaptation despite structurally normal leaflets.? This
distinction is clinically relevant, as primary MR is often curable with surgery, whereas secondary

MR reflects myocardial disease with a different therapeutic profile.>*

Medical therapy, including guideline-directed treatment for heart failure, may alleviate
symptoms but may not completely prevent disease progression or correct the regurgitation.?
Surgical mitral valve repair or replacement remains the gold standard, particularly in primary MR,
with excellent long-term outcomes when performed in appropriate candidates and experienced
centers.>® However, many patients with severe MR, especially elderly, frail, or multimorbid
individuals, are deemed inoperable or at high surgical risk.> The situation is particularly challenging
in secondary MR, where surgical results are less favorable and recurrence rates remain high.>®
Consequently, a large proportion of patients with severe MR remain undertreated, with poor

outcomes under medical therapy alone.?

To address this therapeutic gap, transcatheter mitral valve therapies have been developed,
of which the most widely adopted is mitral valve transcatheter edge-to-edge repair (M-TEER) using
the Mitraclip device, which replicates the Alfieri surgical technique by grasping and joining the
mitral leaflets to reduce regurgitation.>” The first-in-human procedure was performed in 2003, with
Conformité Européenne (CE) marking approval in Europe in 2008, followed by United States Food
and Drug Administration (FDA) approval for primary MR in 2013 and for secondary MR in 2019.°
Since then, more than 200,000 patients worldwide have undergone M-TEER.2



Early evidence from the EVEREST Il trial (2011), conducted predominantly in patients with
primary MR, showed that M-TEER was less effective than surgery in achieving complete MR
reduction but was associated with fewer peri-procedural complications, with no significant
differences in mortality, supporting its use in high-risk patients.>® In secondary MR, initial
randomized trials yielded divergent results, with the MITRA-FR trial (2018) showing no significant
benefit over guideline-directed medical therapy (GDMT), whereas the COAPT trial (2018)
demonstrated significant reductions in heart failure hospitalizations and mortality in carefully
selected patients, highlighting the critical importance of patient selection.'®!! The long-term results
(5-year follow-up) from the COAPT trial confirmed that M-TEER reduced heart failure
hospitalizations and, especially, all-cause mortality compared with GDMT alone.'? More recently,
the RESHAPE-HF2 trial (2024) extended this evidence to patients with moderate-to-severe
secondary MR who remained symptomatic despite optimized medical therapy, demonstrating
reductions in recurrent heart failure hospitalizations and cardiovascular events, together with
improved health status, compared with medical therapy alone.'® Subsequently, the MATTERHORN
trial (2024) provided a direct comparison between M-TEER and surgery in patients with secondary
MR, demonstrating non-inferiority of M-TEER for major clinical outcomes (all-cause mortality, heart
failure hospitalization, and mitral valve reintervention), with a more favorable safety profile but a
higher rate of residual or recurrent MR.1* Accordingly, the 2025 European Society of Cardiology
(ESC) guidelines upgraded the recommendation for M-TEER in symptomatic patients with severe
primary MR who are at high surgical risk (class Ila, level of evidence [LOE] B) and, in secondary MR,
M-TEER is now highly recommended in carefully selected patients who remain symptomatic despite
optimized GDMT, emphasizing the importance of a stepwise and multidisciplinary approach to

patient selection (class I, LOE A).2

In this context, the present observational study aims to describe the initial experience with
MitraClip implantation at Unidade Local de Salde de Santo Antdnio (ULSSA), the first Portuguese
center without on-site cardiac surgery to perform M-TEER, through a retrospective analysis
focusing on procedural safety and short-term outcomes. Grounded in real-world clinical practice,
this work extends beyond a purely academic contribution to the expanding international literature
on transcatheter mitral repair. It is designed to generate evidence that may support clinical and
institutional decision-making regarding the long-term integration, development, and expansion of
TEER at ULSSA, with potential implications for the strategic evolution of both the department and
the hospital. In doing so, it may also provide valuable insights into the role of M-TEER in centers
without on-site cardiac surgery and contribute to the development of similar programs in

comparable healthcare settings.



METHODS

Study Design and Population
This is a retrospective, observational, single-center cohort study evaluating the use of M-

TEER with the MitraClip system at ULSSA, between November 2024 and December 2025.

Adult patients (218 years) with symptomatic severe mitral regurgitation, defined according
to an integrative echocardiographic assessment (including qualitative, semi-quantitative, and
guantitative criteria) as recommended by the ESC and European Association for Cardio-Thoracic

Surgery (EACTS) guidelines, were considered for inclusion.?

All patients were evaluated by a multidisciplinary Heart Team, including a heart failure
specialist, interventional cardiologist, and cardiac imaging specialist. M-TEER was considered in
patients who remained symptomatic despite optimized GDMT and, when indicated, cardiac
resynchronization therapy (CRT), particularly those considered unsuitable for surgery due to high

or prohibitive surgical risk.

Patients were stratified according to MR etiology into primary MR and secondary MR, the
latter further classified into ventricular or atrial secondary MR based on echocardiographic and
clinical criteria.® In some patients, primary and secondary MR mechanisms coexisted and were
classified as mixed MR.” In cases of mixed MR management decisions were individualized

accordingly.

In patients with primary MR, M-TEER was considered in symptomatic individuals with
severe MR who were deemed at high or prohibitive surgical risk, in accordance with ESC

recommendations (Class Ila).}

In patients with secondary MR, eligibility for M-TEER required persistent symptoms despite
optimized GDMT and assessment of clinical and echocardiographic characteristics, including those
used in landmark trials such as the COAPT trial.>!° These included left ventricular ejection fraction
between 20% and 50%, left ventricular end-systolic diameter <70 mm, evidence of elevated
natriuretic peptides or prior heart failure hospitalization, and absence of advanced heart failure or
indications for myocardial revascularization.? In this context, M-TEER was performed in accordance
with current guideline-supported indications, with Class | LOE A recommendation in selected
patients with ventricular secondary MR fulfilling COAPT-like criteria, and Class Ilb LOE B
recommendation in other clinical scenarios, including atrial secondary MR or patients not meeting

strict selection criteria.>*®



Final eligibility for M-TEER was determined by the Heart Team based on an integrated
assessment of clinical status, MR severity, underlying etiology, response to optimized GDMT, and
overall procedural suitability, reflecting an individualized patient-centered approach rather than

strict predefined criteria.

Patients were excluded if they had a life expectancy of less than one year due to non-
cardiac comorbidities, active infective endocarditis, unsuitable mitral valve anatomy precluding
device implantation, hemodynamic instability not amenable to percutaneous intervention, or had
an independent indication for cardiac surgery due to other cardiac conditions (e.g., significant

coronary artery disease requiring revascularization).>®

Data Collection and Study Variables
Clinical, laboratory, imaging, and procedural data were retrospectively collected from the

institution’s electronic medical records.

Baseline characteristics included demographic data (age, weight, height), cardiovascular
risk factors, and comorbidities, namely coronary artery disease, dyslipidemia, smoking status,
diabetes mellitus, arterial hypertension, prior myocardial infarction, previous percutaneous
coronary intervention (PCl) or coronary artery bypass grafting (CABG), peripheral arterial disease,
prior stroke, chronic obstructive pulmonary disease (COPD), atrial fibrillation, chronic kidney
disease requiring dialysis, and prior cardiac implantable devices (CRT, implantable cardioverter-
defibrillator, or conventional pacemaker). Previous structural cardiac interventions, including
transcatheter aortic valve implantation (TAVI), aortic surgery, or prior mitral valve procedures, were

also recorded.

Clinical status was assessed using the New York Heart Association (NYHA) functional class
and the number of hospitalizations for heart failure in the previous year. The presence of
contraindications to heart transplantation and other significant valvular diseases (defined as grade

>2+) was also documented.

Laboratory parameters included N-terminal pro—B-type natriuretic peptide (NT-proBNP),
estimated glomerular filtration rate (eGFR), hemoglobin, leukocyte count, platelet count,
international normalized ratio (INR), and serum creatinine. Baseline pharmacological therapy was
recorded, including angiotensin-converting enzyme inhibitors (ACEi), angiotensin Il receptor
antagonists  (ARAIl), angiotensin receptor-neprilysin inhibitors (ARNI), beta-blockers,
mineralocorticoid receptor antagonists (MRA), sodium-glucose cotransporter-2 inhibitors (SGLT2i),

digoxin, ivabradine, nitrates, and antithrombotic drugs.



Surgical risk was assessed using the Society of Thoracic Surgeons (STS) score and the
European System for Cardiac Operative Risk Evaluation Il (EuroSCORE Il), which estimate operative
mortality risk in cardiac surgery. Additionally, the EuroSMR score, an artificial intelligence—based

tool predicting 1-year mortality after M-TEER, was calculated for all patients.'”18

MR severity was assessed through an integrative echocardiographic evaluation in
accordance with current guideline recommendations and subsequently reported using a 0-4+
grading scale: 0 (none or trace), 1+ (mild), 2+ (mild to moderate), 3+ (moderate to severe), and 4+
(severe).>!® Structural and functional parameters included left ventricular end-diastolic and end-
systolic diameters (LVEDD, LVESD), left ventricular end-diastolic and end-systolic volumes (LVEDV,
LVESV), left atrial volume, and left ventricular ejection fraction (LVEF). Right ventricular function
and pulmonary pressures were assessed using tricuspid annular plane systolic excursion (TAPSE)

and systolic pulmonary artery pressure (sPAP).

Detailed mitral valve assessment included effective regurgitant orifice area (EROA),
regurgitant volume (RegVol), mitral valve area (3D planimetry), annular dimensions
(intercommissural and anteroposterior diameters), coaptation length and depth, leaflet
morphology (fibrosis and calcification), presence of flail and flail gap, tenting area, and jet
characteristics (location, number of jets, and vena contracta in two- and three-dimensional

assessment). Tricuspid regurgitation was equally graded from 0 (none) to 4+ (severe).

Pre-procedural invasive hemodynamic data obtained from right heart catheterization
included systolic, diastolic, and mean pulmonary artery pressures, pulmonary artery wedge
pressure (PAWP), right ventricular end-diastolic pressure (RVEDP), cardiac output (CO), cardiac

index (Cl), and pulmonary vascular resistance (PVR).

Procedural data included post-procedural mitral valve area, transmitral gradient (pre- and

post-procedure), and residual MR severity at discharge.

Procedural and in-hospital complications were systematically assessed, including
cardiovascular mortality, stroke, myocardial infarction, mitral valve reintervention, device-related
complications, vascular complications, in-hospital bleeding (classified according to Bleeding
Academic Research Consortium [BARC] criteria), and other procedure-related complications, such

as pericardial effusion and air embolism.®

Study Endpoints

Study assessments were performed at baseline, hospital discharge, and at 6-month follow-

up.



The primary effectiveness endpoint was hospitalization for heart failure within 6 months of

follow-up.

The primary safety endpoint was defined as the occurrence of major adverse events (MAEs)
from the procedure until hospital discharge, according to adapted Mitral Valve Academic Research
Consortium (MVARC) criteria.?° MAEs included all-cause death, stroke, life-threatening or major
bleeding, major vascular complications, major cardiac structural complications, stage 2 or 3 acute
kidney injury, myocardial infarction or coronary ischemia requiring PClI or CABG, severe
hypotension or heart failure requiring advanced hemodynamic or respiratory support, and device-

related dysfunction requiring surgical or percutaneous reintervention.?

Secondary effectiveness endpoints included: (i) reduction in MR severity at discharge
compared with baseline, as assessed by echocardiography; (ii) reduction in MR severity at 6-month
follow-up compared with baseline, as assessed by echocardiography; (iii) improvement in NYHA
functional class at 6-month follow-up; and (iv) changes in echocardiographic parameters at 6-
month follow-up, including LVEF, left ventricular dimensions and volumes, left atrial volume, sPAP

and TAPSE.

Device success was defined as successful delivery and deployment of the device in the
intended position, with adequate leaflet grasping and retrieval of the delivery system at the time

of patient exit from the cardiac catheterization laboratory.®

Procedural success was defined as proper placement of the device without procedural
mortality or the need for surgical or percutaneous intervention before hospital discharge, and with

effective reduction of MR, defined as a reduction to MR grade <2+ at discharge.®

Clinical success was defined as procedural success without MAEs and with sustained clinical
improvement at follow-up, including improvement in NYHA functional class and absence of heart

failure hospitalization at 6 months.*®

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics, version 31.0 (IBM Corp.,
Armonk, NY, USA). Categorical variables were expressed as frequencies and percentages (%), and

continuous variables as mean * standard deviation (SD).

Given the small sample size and the descriptive nature of the study, no formal hypothesis

testing was performed.



Ethical Approval
This study was conducted in accordance with the principles outlined in the Declaration of
Helsinki and was approved by the institutional Ethics Committee (protocol number 2025-254(212-

CAC/212-CE)). Written informed consent was obtained from all patients.

RESULTS
Study Population and Baseline Characteristics
Between November 2024 and December 2025, 11 patients underwent M-TEER with the

MitraClip system at ULSSA.

Mean age was 75.55 * 9.35 years, and 54.5% of patients were female. Baseline

demographic characteristics are summarized in Table I.

The study population had a high burden of cardiovascular comorbidities, including arterial
hypertension (72.7%), dyslipidemia (63.6%), atrial fibrillation (54.5%), and coronary artery disease
(45.5%). Renal dysfunction was common, with an estimated glomerular filtration rate below 30

mL/min in 45.5% of patients.

Most patients were highly symptomatic at baseline, with almost two-thirds in NYHA
functional class Il or IV. Heart failure hospitalization within the previous year occurred in 72.7% of

patients, and mean NT-proBNP level was 2829.20 + 2486.67 pg/mL.

Before M-TEER, all patients were evaluated by the local Heart Team, and GDMT was
optimized as clinically tolerated. Beta-blockers were prescribed in all patients, whereas ARNI,
ACEi/ARAIl, MRA and SGLT2i were used in 9.1%, 36.4%, 27.3%, and 63.6% of patients, respectively.

Diuretics were prescribed in 90.9% of patients.

Mean EuroSCORE Il and STS predicted operative mortality were 3.55 + 1.99% and 3.58 +
3.63%, respectively, consistent with a low-to-intermediate surgical risk profile.?*> Mean EuroSMR

score was 49.35 +9.10, corresponding to an estimated 1-year mortality risk of approximately 26%.%

Baseline Echocardiographic Characteristics

Baseline echocardiographic characteristics are summarized in Table Il.

Severe mitral regurgitation (grade 4+) was present in all patients at baseline. Secondary MR
was the predominant etiology (45.5%), whereas primary and mixed etiologies accounted for 36.4%

and 18.2% of cases, respectively.



Mean LVEF was 53.36 £ 11.77%, and mean sPAP was 51.27 + 20.49 mmHg. Among patients
with secondary MR, mean LVEF was 55.20 + 13.66%, with values of 41.50 + 10.61% in ventricular
secondary MR and 64.33 £ 2.98% in atrial secondary MR. Concomitant tricuspid regurgitation of at

least moderate severity (=22+) was present in 54.5% of patients.

A high degree of mitral valve complexity was identified in 72.7% of patients. Multiple
regurgitant jets were identified in 45.5% of cases, and leaflet calcification was present in 45.5% of

patients.

Pulmonary vein flow reversal was present in 54.5% of patients. Mean EROA and RegVol

were 41.80 + 9.30 mm? and 61.33 + 17.65 mL, respectively.

Echocardiographic measurements revealed a mean left atrial volume of 132.71 £+ 49.48 mL,

a mean LVEDV of 130.60 + 52.04 mL, and a mean LVESD of 40.74 + 12.11 mm.

Hemodynamic Assessment
Preprocedural right heart catheterization findings are summarized in Table Il
Hemodynamic assessment was available for most patients, although some parameters were not

available in all cases.

Mean pulmonary artery pressure was 33.63 + 12.65 mmHg, whereas mean PAWP was

19.62 + 10.07 mmHg.

Mean CO and Cl were 3.86 + 0.59 L/min and 2.24 + 0.33 L/min/m?, respectively. Mean PVR
was 3.67 £ 2.12 Wood units.

Procedural Outcomes

Procedural outcomes are summarized in Table IV.

Device success was achieved in all patients (100%), whereas procedural and clinical success
were achieved in 90.9% of cases. One patient did not meet procedural success criteria due to

persistence of grade 3+ residual MR at discharge in spite of successful device implantation.

One device was implanted in 45.5% of patients, two devices in 45.5%, and three devices in

one patient (9.1%), resulting in a mean of 1.64 + 0.67 clips per patient.

Mitral regurgitation severity was markedly reduced following the procedure. At hospital
discharge, 90.9% of patients presented residual MR grade <2+, including 18.2% with grade 1+ and
72.7% with grade 2+ MR. One patient (9.1%) remained with grade 3+ residual MR.



Mean transmitral gradient increased from 2.10 £ 0.77 mmHg to 2.73 £+ 1.10 mmHg following

M-TEER and mean mitral valve area decreased from 5.44 + 1.75 cm? to 2.75 + 0.76 cm?.
Mean length of hospital stay was 3.18 + 3.92 days, and all patients were discharged home.

During hospitalization, one device-related complication was observed, consisting of single
leaflet device attachment due to partial leaflet detachment not requiring specific intervention. No
major adverse events, cardiovascular mortality, stroke, myocardial infarction, vascular

complications, or mitral valve reintervention were observed.

Clinical and Echocardiographic Follow-Up

Clinical and echocardiographic follow-up findings are summarized in Table V.
No hospitalizations for heart failure were observed during the 6-month follow-up period.

Improvement in NYHA functional class was observed in 72.7% of patients. The proportion
of patients in NYHA functional class Ill/IV decreased from 63.6% at baseline to 9.1% at follow-up

(Figure 1).

Sustained reduction in mitral regurgitation severity was observed throughout follow-up. At
discharge, 90.9% of patients presented residual MR grade <2+, and all patients achieved at least a
one-grade reduction in MR severity compared with baseline. At 6-month follow-up, no patients
presented severe (grade 4+) mitral regurgitation, with most patients presenting MR grade 1+ or 2+

(Figure 2).

Available follow-up echocardiographic data demonstrated a numerical reduction in left
atrial volume and sPAP in the available examinations, although no formal statistical comparisons

were performed due to the limited sample size and incomplete follow-up echocardiographic data.

DISCUSSION

In this initial single-center experience, M-TEER with the MitraClip system was technically
feasible in all the 11 patients. Device success was achieved in 100% of cases and procedural success
in more than 90%, and no MAEs occurred during hospitalization. The single device-related event
consisted of partial leaflet detachment resulting in single-leaflet device attachment. This event did
not fulfil MVARC criteria for a MAEs, did not compromise the hemodynamic result, and did not
require reintervention during follow-up.®’ These findings compare superiorly with the
percutaneous arm of EVEREST I, in which the 30-day MAEs rate was 15% with a first-generation

MitraClip and at a time when operator experience was still being accumulated.® They are also in



line with the safety profile reported in more recent series.’>*3* COAPT reported 96.6% freedom
from device-related complications at 12 months, RESHAPE-HF2 reported periprocedural adverse
events in only 1.6% of patients in the device group, MATTERHORN demonstrated substantially
fewer adverse events with M-TEER than with surgical repair (14.9% vs 54.8% at 30 days), and the
MiCLASP post-market study reported a 30-day composite MAEs rate of 6.8% with an alternative
TEER system.1131418 The small size of the cohort makes the confidence interval around a zero event
rate wide, so this observation should be regarded as a hypothesis-generating signal rather than as
evidence of an established safety threshold. Even so, the fact that a high-complexity anatomical
profile (multiple jets in 45.5%, leaflet calcification in 45.5%, and complex valve morphology in
72.7%) was managed without major complications suggests that careful Heart Team preparation
and patient selection have surpassed the hypothetical drawbacks of initial experience and absence

of on-site surgical back-up.

Mitral regurgitation was substantially reduced after the procedure. All patients achieved at
least a one-grade reduction, 90.9% reached residual MR <2+ at discharge and, of these, all
maintained residual MR <2+ at 6 months. These figures are consistent with the benchmarks
reported in landmark trials and contemporary real-world series, in which MR <2+ at discharge is
achieved in 91 to 98% of treated patients.1%1317.18 |n the single patient with persistent grade 3+
residual MR, the procedure was limited by an increase in the transmitral gradient after the first clip,
which precluded the placement of additional devices without inducing significative mitral
restriction. This trade-off between MR reduction and iatrogenic stenosis is a well-recognized
constraint of the technique.?’ Across the cohort, post-procedural transmitral gradient (2.73 + 1.10
mmHg) and mitral valve area (2.75 * 0.76 cm?) remained within the safe hemodynamic range,
including in the patients who received multiple devices, indicating that effective MR reduction was

achieved without compromising mitral valve hemodynamics.?°

No heart failure hospitalization occurred during the 6-month follow-up period, and 72.7%
of patients improved by at least one NYHA functional class. The proportion of patients in class Il or
IV decreased from 63.6% at baseline to less than 10% at follow-up. These short-term clinical
observations are encouraging but must be interpreted with caution. The landmark randomized
trials in M-TEER, including EVEREST Il, MITRA-FR, MATTERHORN, COAPT, and RESHAPE-HF2, were
all designed with primary effectiveness endpoints assessed at 12 months or beyond, extending to
24 months in COAPT and RESHAPE-HF2.%191113.14 |n COAPT and RESHAPE-HF2, which demonstrated
a significant reduction in heart failure hospitalizations, the difference between the device and

control groups grew progressively throughout the 24 months of follow-up, highlighting the
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limitations of a 6-month observation window.}®'* Our primary effectiveness endpoint,
hospitalization for heart failure within 6 months of follow-up, therefore captures early symptomatic
response but is inherently limited for drawing conclusions about long-term hospitalization burden.
Regarding procedural safety, our primary safety endpoint, defined as MAEs from the procedure
until hospital discharge, reflected the immediate periprocedural risks of the intervention. This
window is shorter than the 30-day periprocedural safety assessment used in some M-TEER trials,
which may result in an underestimation of early post-discharge complications.>*® The absence of
a control group introduces an additional layer of uncertainty, limiting the ability to establish a causal

relationship between M-TEER and the observed clinical improvement.

Despite these limitations, the favorable early clinical trajectory observed in our cohort
highlights the importance of appropriate patient selection for M-TEER. This concept was reinforced
by the contrasting results of the MITRA-FR and COAPT trials, which led to the development of the
proportionate—disproportionate MR framework.?* According to this framework, the benefit of M-
TEER in patients with secondary MR depends not only on the severity of the regurgitation itself but
also on the extent of the underlying left ventricular disease and remodeling.?* Patients in whom MR
is disproportionately severe relative to ventricular dilatation appear more likely to derive benefit
from valve intervention than those in whom MR is largely a consequence of advanced ventricular
disease.?* Although direct comparison with these trials is not appropriate given the heterogeneous
distribution of MR etiologies and the small sample size of our cohort, the symptomatic
improvement and absence of heart failure hospitalizations observed during follow-up support the

importance of careful multidisciplinary patient selection for M-TEER.?

The present study was conducted during the implementation period of the 2025 ESC/EACTS
Guidelines for the management of valvular heart disease, which expanded and refined the
indications for M-TEER across different MR etiologies, including its establishment as a Class |, LOE
A recommendation in selected patients with persistent severe ventricular secondary MR despite
optimized GDMT and CRT (if indicated), fulfilling specific clinical and echocardiographic criteria.’
The distribution of MR etiologies treated at our institution (primary MR in 36.4%, ventricular and
atrial secondary MR in 45.5%, and mixed mechanisms in 18.2%) reflects the heterogeneity of a real-
world Portuguese referral population, in contrast to the more homogeneous populations evaluated
in some randomized trials.2%111314 This heterogeneity was further reflected in ventricular systolic
function, with mean LVEF being lower among patients with ventricular secondary MR than among
those with atrial secondary MR (41.5 + 10.6% vs 64.3 + 3.0%), consistent with the distinct

pathophysiological mechanisms underlying these entities.?
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This study has several limitations. First, the small sample size (11 patients) and the
descriptive nature of the study limit the generalization of the findings and preclude formal
statistical inference. Consequently, the absence of MAEs should be interpreted with caution.
Furthermore, the single-center, retrospective design and the absence of a control group prevent
causal attribution of the symptomatic improvement and low heart failure hospitalization burden
observed after M-TEER. Finally, the relatively short follow-up period of 6 months limits the
assessment of long-term outcomes, including mortality, durability of MR reduction, and ventricular
reverse remodeling. Echocardiographic assessment was not adjudicated by an independent core
laboratory, and follow-up imaging was incomplete in several patients, both factors that affect the
precision of the echocardiographic outcomes reported. Confirmation of these early findings will
require a larger sample, complete protocolized echocardiographic follow-up, longer clinical follow-

up, and ideally integration into a multicenter Portuguese or European registry.

CONCLUSION

This study demonstrates that M-TEER with the MitraClip system is feasible and safe in a
center without on-site cardiac surgery, with high procedural success, sustained MR reduction, and
encouraging short-term clinical outcomes. This initial experience contributes to the expanding
literature on M-TEER outside traditional surgical centers and highlights the importance of
structured Heart Team evaluation and careful patient selection in this setting. Beyond its academic
value, it also provides real-world evidence that may support institutional decision-making regarding
the consolidation and future expansion of TEER at ULSSA. Larger prospective studies with
standardized echocardiographic follow-up and longer clinical surveillance are warranted to confirm

the durability, reproducibility, and generalizability of these findings.
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APPENDIX

TABLE | - STUDY BASELINE DEMOGRAPHIC CHARACTERISTICS (N=11).
Values are presented as n (%) or mean * standard deviation, as appropriate. Abbreviations: CAD, coronary

heart disease; PCl, percutaneous coronary intervention; CABG, coronary-artery bypass grafting; EuroSCORE
I, european system for cardiac operative risk evaluation Il; ARNI, angiotensin receptor-neprilysin inhibitor;
ACEi/ARAII, angiotensin-converting enzyme inhibitors/angiotensin Il receptor antagonists; MRA,

mineralocorticoid receptor antagonists; SGLT2i, sodium-glucose cotransporter-2 inhibitors.

TABLE |. Study Baseline Demographic

Characteristics (N=11) Data n
Age, mean £ SD, years 75.55+9.35 11
Female, no. (%) 6 (54.5) 11
BMI, kg/m? 25.97+7.47 11
Arterial Hypertension, no. (%) 8(72.7) 11
Dyslipidemia, no. (%) 7 (63.6) 11
Diabetes mellitus, no. (%) 4 (36.4) 11
History of Smoking, no. (%) 5 (45.5) 11
CAD, no. (%) 5 (45.5) 11
Previous PCl, no. (%) 2 (18.2) 11
Previous CABG, no. (%) 1(9.1) 11
Peripheral vascular disease, no. (%) 1(9.1) 11
Previous stroke or transient ischemic 0 11
attack, no. (%)

Atrial fibrillation, no. (%) 6 (54.5) 11
Serum creatinine, mg/dL 1.29 £ 0.58 11
eGFR, mL/min 57.54 £ 23.28 11
Renal function 11
eGFR > 60 mL/min 2(18.2)

eGFR 30-60 mL/min 4 (36.4)

eGFR < 30 mL/min 5 (45.5)

Chronic kidney disease requiring dialysis, 0 11
no. (%)

Hemoglobin, g/dL 13,45 +1.83 11
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TABLE |. Study Baseline Demographic

Characteristics (N=11) Data n
Previous mitral annuloplasty ring, no. (%) 0 11
Contraindications to heart transplantation, 4 (36.4) 11
no. (%)

Other significant valvular diseases (2+2 mild 8(72.7) 11
to moderate severity) , no. (%)

Aortic regurgitation only 1(9.1)

Tricuspid regurgitation only 1(9.)

Aortic and tricuspid regurgitation 6 (54.5)

Scores

EuroSCORE Il, % 3.55+1.99 11
EuroSMR score 49.35+9.10 11
STS ACSD Operative Risk Calculator, % 3.58+3.63 11
Related to heart failure

NYHA functional class 11
I 0

I 4 (36.4)

1l 6 (54.1)

WY 1(9.1)

NYHA functional class llI/IV 7 (63.6) 11
Hospitalization for heart failure within 8(72.7) 11
previous 1 yr

Previous cardiac resynchronization therapy 2(18.2) 11
Previous implantation of defibrillator 2(18.2) 11
N-terminal pro—B-type natriuretic peptide 2829.20 £ 2486.67 10
level — pg/ml

Baseline pharmacological therapy

Beta-blockers 11 (100) 11
ARNI 1(9.1) 11
ACEi/ARAI 4 (36.4) 11
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TABLE |. Study Baseline Demographic

Characteristics (N=11) Data n
MRA 3(27.3) 11
SGLT2i 7 (63.6) 11
Diuretics 10 (90.9) 11
Direct oral anticoagulants 6 (54.5) 11
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TABLE Il - STUDY BASELINE ECHOCARDIOGRAPHIC CHARACTERISTICS (N=11).

Values are presented as n (%) or mean * standard deviation, as appropriate. Abbreviations: SMR, secondary
mitral regurgitation; MR, mitral regurgitation; RegVol, regurgitant volume; EROA, effective regurgitant
orifice area; MVA, mitral valve area; VCW (2C), vena contracta width (2-chamber view); VCW (3C) , vena
contracta width (3-chamber view); MVA, mitral valve area; Mitral valve complexity, Includes commissural
jets, two or more significant jets, mitral valve area <4 cm?, annular or leaflet calcification involving the
grasping zone, minimal tissue for leaflet attachment (posterior leaflet length <10 mm), and flail gap >10
mm; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVEDV,
left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular
ejection fraction; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic

excursion.

TABLE Il. Study Baseline
Echocardiographic Characteristics Data n
(N=11)
Related to Mitral Valve
MR severity grade 4+ 11 (100) 11
MR etiology 11
Primary 4 (36.4)
Secondary 5 (45.5)

AtrialSMR 3 (60)

VentricularSMR 2 (40)
Mixed 2 (18.2)
MR EROA, mm? 41.80+9.30 10
MR RegVol, mL 61.33+17.65 10
VCW (2C), mm 7.50 +3.41 10
VCW (3C), mm 7.45+2.30 9
MVA, cm? 5.44+1.75 11
Mitral valve complexity 8(72.7) 11
MR jet location 11
A1/P1 (lateral) 4 (36.4)
A2/P2 (central) 9 (81.8)
A3/P3 (medial) 5 (45.5)
>2 jets 5 (45.5)
Pulmonary vein flow reversal 6 (54.5) 11
Anterior leaflet length, mm 22.90+2.38 10
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TABLE Il. Study Baseline

Echocardiographic Characteristics Data n
(N=11)

Posterior leaflet length, mm 13.55+2.88 11
Bicommissural annular diameter, mm 40.33+3.12 9
3-chamber annular diameter, mm 36.82+3.76 11
Leaflet calcification 5 (45.5) 11
Coaptation length, mm 5.89 £ 2.67 9
Coaptation depth, mm 30.58 + 18.75 11
Tenting drea, cm? 2.66+0.61 9
Flail 4 (36.4) 11
Flail gap, mm 2.50+1.91 4
Cardiac chambers and ventricular function

LVEDD, mm 53.99+11.20 11
LVESD, mm 40.74 £ 12.11 9
LVEDV, mL 130.60 + 52.04 10
LVESV, mL 60.00 + 34.01 9
Left atrial volume, mL 132.71 +49.48 11
LVEF, % 53.36 £ 11.77 11
LVEF in secondary MR, % 55.20 + 13.66 5
LVEF in ventricular secondary MR, % 41.50+10.61 2
LVEF in atrial secondary MR, % 64.33+2.98 3
Right-sided echocardiographic parameters

SsPAP, mmHg 51.27 £ 20.49 11
TAPSE, mm 19.33 £ 4.47 9
TR severity > 2+, moderate 6 (54.5) 11
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TABLE Ill - PREPROCEDURAL RIGHT HEART CATHETERIZATION FINDINGS (N=11).

Values are presented as n (%) or mean * standard deviation, as appropriate. Abbreviations: sPAP, systolic
pulmonary artery pressure; dPAP, diastolic pulmonary artery pressure; mPAP, mean pulmonary artery
pressure; PAWP, pulmonary artery wedge pressure; RVEDP, right ventricular end-diastolic pressure; CO,
cardiac output; Cl, cardiac index; PVR, pulmonary vascular resistance.

TABLE lll. Preprocedural

Right Heart Catheterization Data n
Findings (N=11)

sPAP, mmHg 54.56 + 17.82

dPAP, mmHg 22.63 £9.56

mPAP, mmHg 33.63 £ 12.65

PAWP, mmHg 19.62 £ 10.07

RVEDP, mmHg 9.50+5.95 8
CO, L/min 3.86 £0.59 8
Cl, L/min/m? 2.24+0.33 8
PVR, UW 3.67+2.12 8
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TABLE IV - PROCEDURAL OUTCOMES (N=11).

Values are presented as n (%) or mean * standard deviation, as appropriate. Abbreviations: Device success,

successful delivery and deployment of the device in the intended position, with adequate leaflet grasping

and retrieval of the delivery system at the time of patient exit from the cardiac catheterization laboratory;
Procedural success, proper placement of the device without procedural mortality or the need for surgical or

percutaneous intervention before hospital discharge, and with effective reduction of MR, defined as a
reduction to MR grade <2+ at discharge; Clinical success, procedural success without MAEs and with

sustained clinical improvement at follow-up, including improvement in NYHA functional class and absence

of heart failure hospitalization at 6 months.

TABLE IV. Procedural Outcomes (N=11) Data n
Number of devices implanted 11
1 5 (45.5)

) 5 (45.5)

3 1(9.1)

Number of devices implanted devices 1.64 £0.67 11
Procedure limited by transmitral gradient, no. (%) 1(9.1) 11
Device success, no. (%) 11 (100) 11
Procedural success, no. (%) 10 (90.9) 11
Clinical success, no. (%) 10 (90.9) 11
Length of hospital stay, days 3.18£3.92 11
Patients discharged home 11 (100) 11
Postprocedural MR severity 11
Grade 0+ 0

Grade 1+ 2 (18.2)

Grade 2+ 8(72.7)

Grade 3+ 1(9.1)

Grade 4+ 0

Mitral gradient pre-procedure, mmHg 2.10+£0.77 10
Mitral gradient post-procedure, mmHg 2.73+1.10 11
MVA pre-procedure, cm? 544 +1.75 11
MVA, post-procedure, cm? 2.75+0.76 9
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TABLE V - CLINICAL AND ECHOCARDIOGRAPHIC FOLLOW-UP (N=11).
Values are presented as n (%) or mean * standard deviation, as appropriate. Abbreviations: HF, heart

failure; ALVEDD, change in left ventricular end-diastolic diameter between baseline and 6-month follow-up;
ALVESD, change in left ventricular end-systolic diameter between baseline and 6-month follow-up; ALVEDV,
change in left ventricular end-diastolic volume between baseline and 6-month follow-up; ALVESV, change
in left ventricular end-systolic volume between baseline and 6-month follow-up; ALA volume, change in left
atrial volume between baseline and 6-month follow-up; ALVEF, change in left ventricular ejection fraction

between baseline and 6-month follow-up; AsPAP, change in systolic pulmonary artery pressure between
baseline and 6-month follow-up; ATAPSE, change in tricuspid annular plane systolic excursion between
baseline and 6-month follow-up; AMR EROA, change in Mitral Regurgitation Effective Regurgitant Orifice
Area between baseline and 6-month follow-up.

TABLE V. Clinical and

Echocardiographic Follow-Up (N=11) Data n
Clinical Outcomes

HF hospitalization within 6 months of 0 11
follow-up

Improvement in NYHA functional 8(72.7) 11
class

NYHA functional class llI/IV 1(8.1) 11
Mitral Regurgitation Outcomes

2 1 grade reduction in MR 11 (100) 11
Echocardiographic Follow-Up

ALVEF, % 3.50+9.15 4
ALVEDD, mm 0.37+5.73 3
ALVESD, mm 5.00+1.41 2
ALVEDV, mL 40+31.51 3
ALVESV, mL 31+0 1
ALA volume, mL -7.50+42.4 4
AsPAP, mmHg -19+0 1
ATAPSE, mm 3.33+6.03 3
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NYHA Functional Class at Baseline and at
6-Month Follow-up
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FIGURE 1 - Distribution of NYHA functional class at baseline and 6-month follow-up
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Reduction in Mitral Regurgitation After TEER
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FIGURE 2 - Distribution of mitral regurgitation severity at baseline, discharge, and 6-month
follow-up after TEER
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