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ABSTRACT  

 

Background 

Percutaneous mitral paravalvular leak (PVL) closure techniques are an effective and safe 

alternative to surgical treatment, but data regarding long-term outcomes are scarce. We aim 

to describe the impact of successful percutaneous mitral PVL closure on long-term 

outcomes.  

  

Methods  

All consecutive patients in whom a first-attempt percutaneous mitral PVL closure was 

performed in a single tertiary center between January 2010 and October 2021 were 

included. Clinical variables, procedural details and procedural success were collected. 

Patients were classified based on procedural success, defined as no more than mild residual 

leak. All-cause mortality was the primary endpoint. Cardiovascular death and heart failure 

hospitalizations (HFH) were key secondary endpoints. 

 

Results 

Ninety patients (median age 72.5 years [66.0-78.4]; median Euroscore-II 8.2 [5.3-12.46]) 

were included. Although reduction of at least one degree in PVL severity was achieved in 

82 (91.1%), procedural success was achieved in 47 (52.2%). Chronic kidney disease, 

previous surgery for PVL, and the presence of multiple jets, were independently associated 

with procedural failure. After a median follow-up of 3.2 (1.2-5.2) years, mortality rate was 

higher in the procedural failure group (27.3 per 100 patients-years) compared to the group 

with successful closure (8.2 per 100 patient-years). Procedural failure was associated with 



4 
 

all-cause death (adjusted hazard ratio [aHR]:2.59; 95%CI:1.41-4.78), cardiovascular death 

(aHR:3.53, 95%CI:1.67–7.49) and HFH (aHR:3.27, 95%CI:1.72–6.20). 

 

Conclusions 

A successful reduction in PVL to absent or less than mild may convey a survival benefit 

with improved rates of all-cause death , cardiovascular death and HFH.  
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INTRODUCTION  

 

A paravalvular leak (PVL) is a complication that occurs in 7-17% of patients undergoing 

mitral valve replacement, especially in those receiving mechanical valves (1,2). It results 

from an incomplete seal between the prosthetic sewing ring and the native valve annulus, 

which causes a paravalvular mitral regurgitation. Although many PVLs are subclinical, 

others may deteriorate over time, which can lead to heart failure (HF) or hemolytic anemia 

and consequently a higher risk of major cardiovascular outcomes and impaired quality of 

life (3,4). For this reason, surgical correction of PVLs with a prosthetic valve replacement 

or patch repair is recommended by current guidelines (5,6). However, this invasive 

procedure carries a high risk of mortality and a non-negligible risk of recurrence of PVL, 

which has led to a decrease in its widespread use (7,8). 

Transcatheter percutaneous PVL closure techniques have emerged as an effective 

and safe alternative to surgery in patients with moderate to high surgical risk (7–10). 

Successful closure of mitral PVL is hampered by anatomic considerations, a friable and 

irregular surrounding tissue and multiple jet origins. Thus, a multimodal imaging approach 

is usually required for assessment of the PVL (11). Although some reports suggest that 

percutaneous closure of PVL is associated with improved functional class and may improve 

survival if the residual leak is less than mild (12,13), other studies have failed to show any 

benefit on hard clinical outcomes. Since these discrepancies may be related to differences 

in definitions of procedural success or PVL severity grading, in 2017 the Paravalvular Leak 

Academic Research Consortium addressed the issue by establishing a new 5-Class Grading 

Scheme (14,15) in order to standardize mitral PVL characterization and provide uniform 

criteria for procedural success. 
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Even if PVL closure is routinely performed in selected high-volume catheterization 

laboratories, clinical factors associated to procedural failure are not well determined. In 

addition, the impact of procedural failure on long-term mortality and need for HF 

hospitalizations has not been well established according to the new recommendations for 

PVL grading. The present study aims to address these questions in a cohort of non-selected 

consecutive patients undergoing PVL at a high-volume tertiary referral center that were 

followed systematically for a minimum of one year. 

 

METHODS  

 

Study population  

This is a single-center retrospective cohort of all consecutive patients in whom a 

first-attempt percutaneous mitral PVL closure was performed between January 2010 and 

October 2021 at Vall d’Hebron University Hospital, a high-volume tertiary referral center 

in Barcelona, Spain. The indication for PVL closure and post-procedural management were 

determined by a multidisciplinary heart team. All patients included had either a mitral PVL 

considered at least moderate with symptomatic HF (New York Heart Association -NYHA- 

functional class III or IV) or a PVL of any severity associated with symptomatic hemolytic 

anemia (hemoglobin less than 10 g/dL with signs of intravascular hemolysis requiring 

recurrent blood transfusions). Active endocarditis was ruled out prior to PVL closure. 

Demographic, clinical, and procedural details, laboratory tests and outcomes occurring 

during follow-up were retrospectively extracted from the electronic medical records. The 

PVL severity was graded as per the Unifying 5-Class Grading Scheme recommendations 

(14,15) using images from transthoracic (TTE) and transesophageal echocardiography 
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(TEE) that were retrospectively reviewed by two expert cardiologists  who were blinded to 

clinical outcomes. Patients were followed up until death or censored if they were still alive 

at the last available follow-up. The follow-up was completed in November 2022. The study 

was conducted in accordance with the Declaration of Helsinki and was approved by the 

local Institutional Review Board (PR(AG)635/2021). 

 

Definitions  

Technical success was defined as successful release of the device correctly, without 

any interference with the prosthetic leaflets’ movement. Procedural success was considered 

when technical success was achieved, and the residual leak was equal or less than mild, 

assessed by TEE at the end of the procedure. Conversely, procedural failure was defined as 

a residual leak greater than mild. The primary endpoint was all-cause mortality. Secondary 

endpoints were cardiovascular death, non-cardiovascular mortality, HF admission and 

surgical or percutaneous reintervention due to recurrent PVL. The causes of death were 

established by chart review or telephone calls with physicians or family members of the 

deceased patient. Cardiovascular death was defined according to the Paravalvular Leak 

Academic Research Consortium (14,15). Stage III-V chronic kidney disease (CKD) was 

defined as CKD-EPI less than 60 mL/min/1.73m2 (16). 

 

PVL closure techniques 

All procedures were guided by TEE under general anesthesia and intubation except 

for one patient in whom intracardiac echocardiography was used due to severe restrictive 

lung disease. The use of vascular ultrasound for obtaining femoral access was not routinely 

performed throughout the cohort, being systematically implemented from 2015 onwards. 
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An antegrade transseptal approach was used to cannulate the PVL in most patients, while 

transapical access was used in a minority of cases to create an arteriovenous rail. 

Intravenous heparin was administered after transseptal puncture and cefazolin was 

administered for prophylaxis. An AMPLATZER Vascular Plug III (AVP-III; St. Jude 

Medical, St. Paul, MN) was used for PVL closure in most patients. The procedural 

approach was determined by the number, location, and size of the PVL. Several 

percutaneous techniques were used, including single device placement, sequential or 

simultaneous deployment.   

 

Statistical analysis 

Patients were compared according to the success or failure of the procedure. 

Categorical variables are presented as counts (%) and continuous variables as median 

[interquartile range] or mean (± standard deviation [SD]), as appropriate. Comparison of 

the continuous variables was performed using a Student t test or the Wilcoxon rank sum 

test, depending on the normality of the distribution as assessed with the Shapiro-Wilk test. 

The chi-square test or Fisher’s exact test was used to compare categorical variables, as 

appropriate. Potential predictors of procedural failure were analyzed using a univariate and 

multivariate logistic regression model using complete cases analysis, as there were no 

missing values. The association of procedural failure with the primary and secondary 

endpoints was analyzed using a multivariable Cox proportional hazards model, and the 

hazard ratios (HR) and 95% confidence intervals (CI) are provided. Additionally, the 

results were adjusted for variables associated with mortality. The incidence rates of primary 

and secondary endpoints were compared between groups. The survival function for all-

cause death was plotted using a Kaplan-Meier model, and significance was tested with the 
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log rank test. A two-tailed p-value of < 0.05 was considered statistically significant for all 

analyses. The statistical analyses were performed using Stata, version 15.1.0 (StataCorp, 

College Station, TX, USA). 

 

RESULTS  

 

During the study period, 90 patients underwent a percutaneous closure of a mitral 

PVL for the first time. The mean age was 72.5 years old, 51.1% of the patients were 

women and the average surgical risk was moderate to high (median Euroscore II score 

8.2%). Technical success was achieved in 94.4% of the procedures, and a reduction in at 

least one degree of mitral regurgitation was observed in 91.1% of the cases. However, 

procedural failure occurred in 47.8% of the patients, mainly due to the inability to reduce 

the leak to mild or less degree (Supplementary Figure 1). Procedural failure was more 

common among the first 30 procedures compared to the remaining two-thirds of the cohort 

(Supplementary Figure 2). 

Clinical characteristics and echocardiographic findings of the study population are 

summarized in Table 1. Patients with procedural failure had a lower body mass index, a 

more advanced NYHA class, more severe anemia and a higher transfusion requirement 

compared with patients with a successful closure. Chronic kidney disease, history of 

cerebrovascular accident, previous sternotomy and previous surgery for PVL were more 

common among patients with procedural failure. There were no differences between the 

groups based on the type of prosthesis or a prior history of endocarditis, but patients with 

procedural failure had more frequently complex PVL with multiple jets and a more severe 
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regurgitation. Among the variables related to the procedure, only the absence of 3D-guided 

TEE was associated with procedural failure (Table 2). 

Several clinical factors associated with procedural failure were identified in the 

univariate analysis (Table 3). In the multivariable model, however, only chronic kidney 

disease (OR 7.09, 95% CI 2.26-22.21, p=0.001), previous surgery due to PVL (OR 4.03, 

95% CI 1.17-13.92, p=0.03), and the presence of multiple jet origins (OR 4.41, 95%CI 

1.49-13.06, p=0.003) were associated with an increased risk of procedural failure.  

Periprocedural complications occurred in 15 (16.7%) patients and were mostly related to 

vascular access (Table 4). There were two patients who died within the initial 30 days after 

the procedure: one death was related to the perforation of the free wall with a guidewire 

which led to cardiac tamponade and subsequent electromechanical dissociation during the 

procedure and the other was related to respiratory failure and prolonged ventilatory support 

in the intensive care unit. At one year, 16 (37.2%) patients with procedural failure had died 

compared to 1 (2.1%) among those with a successful repair (p<0.001). One year after the 

procedure, the NYHA class had improved by more than 1 grade in 46.5% patients with 

procedural failure, compared to 76.6% of those with a successful closure (p=0.005). No 

patient experienced a late embolization of the closure device.  

Follow-up at 1 year was complete for 97.8% of the patients. After a median follow-

up of 3.2 (1.2-5.2) years (mean 3.7±3.2), 57.8% the patients had died. At the end of follow-

up, 17 (36.2%) patients with a successful closure had died compared to 35 (81.4%) among 

those with procedural failure (p<0.001). The incidence rate of all-cause death was higher in 

patients with procedural failure (27.3 events per 100 patient-years) compared with that of 

patients with a successful closure (8.2 deaths per 100 patient-years), so that procedural 
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failure was associated with a HR for all-cause death of 3.56 (95% CI 1.98-6.40) in 

univariate analysis. Other variables associated with all-cause death were age, NYHA class 

IV, CKD, higher Euroscore II score, diabetes mellitus and transfusion requirement in the 

last 6 months (Table 5). In the multivariate analysis, procedure failure remained associated 

with a more than 2-fold increase in mortality risk (adjusted hazard ratio [aHR] 2.61, 95% 

CI 1.42-4.77). The median survival in the procedural failure group was 1.6 years, compared 

to 6.8 years among those with a successful closure (Figure 1A, log rank p<0.001). A 

significant association between procedural failure and all-cause mortality remained when a 

landmark survival analysis after 30 days was performed (aHR 2.54, 95% CI 1.38-4.67, log 

rank p<0.001, Supplementary Figure 3).  

To assess the impact of reducing the leak by at least one grade, patients were 

analyzed in three groups using Kaplan-Meier curve analysis. Group A represented patients 

who achieved a residual leak no more than mild. Group B consisted of patients who had a 

leak reduction of at least one grade but still had a residual leak more than mild. Group C 

included patients who did not achieve any reduction in leak severity. When comparing 

patients in group B with those in group C, no differences in mortality were observed 

(Figure 1B, log rank = 0.454). However, group A had a significantly better survival when 

compared to groups B and C (Figure 1B, log rank < 0.001 for both comparisons). 

The incidence rates of HF hospitalization, cardiovascular mortality, and 

percutaneous re-do procedures were all significantly higher in the procedural failure group. 

In adjusted analyses, procedural failure was also found to be associated with significant 

increases in HF hospitalization (aHR: 3.27, 95% CI: 1.72–6.20), cardiovascular mortality 

(aHR: 3.53, 95% CI: 1.67–7.49) and percutaneous re-do procedures (aHR: 2.81, 95% CI: 
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1.15-6.87). However, there was no difference between groups in non-cardiovascular death 

(Table 6).  

When we analyzed the survival curves based on the presence of hemolysis, there 

was a similar mortality in patients with prior hemolysis when compared to those without 

hemolysis (Supplementary Figure 4A). Among patients with a successful PVL closure, 

there was no association between hemolysis and survival. Similarly, among patients who 

had a failed PVL closure, hemolysis did not impact on prognosis (Supplementary Figure 

4B).  

 

DISCUSSION  

 

This study shows that, even in a tertiary referral center, PVL closure failure, defined 

as the presence of a residual PVL greater than mild, is frequent and it is associated with 

complex PVLs with multiple jets, previous failed surgery for PVL and CKD stage III or IV. 

Procedural failure was associated with more than a 2-fold increase in the adjusted risk of 

all-cause death, cardiovascular death, and HF hospitalization. However, there was no 

significant reduction in non-cardiovascular death after a median follow-up of 3.2 years. 

This suggests that successful PVL closure may have a positive impact on survival.  

A crucial aspect of percutaneous closure techniques is how the medical community 

evaluates procedural success. In the percutaneous mitral repair field this seems to be of 

especial relevance. Despite the recommendations established in 2017 by the PVL Academic 

Research Consortium, each center still uses their own definitions for procedural success, 

thus hampering the comparison of results between centers and the assessment of predictors 

for procedural failure (17, 18, 19). Successful closure of mitral PVL in our cohort was 
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52.2% as per the recommended criteria, which constitutes a success rate lower than 

previously reported. In a metanalysis including 362 patients (70% mitral PVL) from 12 

different cohorts, a technical success was reported in 82.3% patients, with procedural 

success rate of 73.3% (20). However, procedural success was defined as an immediate 

reduction of more than 1 degree in mitral PVL severity. Should we follow this criterion, 

procedural success in our cohort would have been reached in 91.1%. In our study the 

criterion states that comparing patients with a reduction in leakage of at least one-degree, 

but still having leakage greater than mild, with those who did not have any reduction in 

leakage, did not show a correlation with a reduction in mortality. As a result, we consider 

this criterion to be outdated because it overestimates the success and fails to accurately 

discriminate clinical events.   

In several other studies, procedural failure has been reported from 70% to 75% 

using less permissive definitions, although without consistent correlation with long-term 

outcomes (12,21,22). The association observed in our cohort between procedural failure 

and all-cause death using the stringent PVL Academic Research Consortium definition 

suggests that near complete resolution of the PVL would be required to positively impact 

on patient prognosis. The AMPLATZER Vascular Plug III was the most commonly used in 

our study. Even if this device was not designed for PVL closure, it remains the most 

commonly used for this purpose (12,23). Devices specifically designed for PVL closure, 

such as the Occlutech PLD has been associated with improvement in long-term outcomes 

in a large series of complex PVLs, attaining a reduction in PVL severity of one or more 

grade in over 90% of cases (18). 

Previously described risk factors for procedural failure included multiple jets, 

prolonged time since surgery, other devices than AVP III and pulmonary hypertension 
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(13,23). In our cohort, median time from surgery to PVL closure was 7.4 years (similar to 

the one in the Spanish registry (23)) and 40% of patients have multiple leaks. In addition, 

we also identified prior surgery for PVL repair and CKD as independent risk factors for 

procedural failure previously not described.   

Although other groups have not reported a clear impact of the learning curve on 

outcomes (24), we observed a clear temporal trend in our institution. In our center, the 

initial experience with a heterogeneous assortment of percutaneous devices led to 

discouraging clinical results. However, the use of multiple devices and steerable sheaths 

along with improved understanding of the anatomy through multimodal imaging and 

increasing technical expertise likely contributed to better outcomes in the recent era. We 

believe that a more liberal and systematic use of 3D-echocardiography was a major 

determinant of improved outcomes during the last two tertiles, as previously suggested by 

other groups (25). Due to a less restrictive patient selection criteria and more complex cases 

in recent times, with larger and multiple PVLs, we have seen a slight deterioration in 

procedural success in the last tertile, although not significant when compared to the second 

tertile.  

 Despite being associated with higher risks than aortic PVL closure (19), few 

adverse events occurred after the mitral procedure in our series, with only 2 patients dying 

early after the mitral PVL closure (one of them unrelated to the procedure).   

The effectiveness of mitral PVL closure to improve functional class, HF symptoms and 

hemolytic anemia observed in our series has been described previously (8,9,26,27). 

However, the question about whether PVL closure could reduce all-cause mortality in the 

long term remained elusive (12,13,22). In this sense, a multicentric report based on 259 

patients (44% mitral, 48% aortic and 8% others PVLs) from 20 hospitals in the United 
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Kingdom and Ireland showed that procedural failure increased by 2-fold the risk of all-

cause death. Although median follow-up was notably shorter than ours (110 days, IQR 7-

452 days) (12) and the analysis included both mitral and aortic PVL closures, it indicates 

the likelihood of this positive association. A similar result was observed in a smaller cohort 

also combining aortic and mitral PVL closure procedures (22). These positive results 

conflict with those of the largest published, single-center cohort, in which a mortality 

benefit was observed in the initial 30 days following the procedure, but a landmark analysis 

showed no reduction in all-cause death in those surviving at least 30 days, despite a median 

follow-up of 2.0 years (13). Moreover, a contemporary single-center Spanish cohort has 

also failed to report a decrease in all-cause death associated to the procedural success. 

However, procedural success, which was achieved in 79.2% of patients, was defined in this 

study as a reduction in only one degree in the severity of regurgitation (19). Therefore, the 

potential benefit of the procedure success, if any, may have been diluted if the differences 

in the post-procedure PVL between the two groups were attenuated due to the definition of 

success and failure. In fact, a smaller cohort of 80 patients undergoing percutaneous PVL 

closure (of which 65 had a mitral PVL) observed a long-term survival benefit when the 

Paravalvular Leak Academic Research Consortium definition was used (28), as in our 

study. Our results, which show large differences between groups in the median survival, 

support that successful PVL closure and the adherence to the strict PVL consortium 

recommendations for leak quantification to guide the procedure may improve survival in 

patients with severe mitral PVL. In any case, the differences reported in the prognosis 

among studies emphasize the need to use homogeneous definitions both for the success of 

the procedure and for the results. 
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Additionally, it is important to consider the impact of hemolysis on patient 

outcomes. In some studies, the presence of hemolysis has been associated with higher 

mortality and worse survival compared to patients without hemolysis (17,19,,29). In 

comparison with previous literature, our observations reveal that prior hemolysis does not 

have an impact on survival by itself; instead, leaving a residual leak more than mild seems 

to confer an equally poor prognosis in both patients with and without prior hemolysis. This 

finding supports that in patients presenting with isolated HF and without prior hemolysis 

achieving a final leak of less or equal than mild is as important as in patients with prior 

hemolysis to improve long-term survival.  

As observed in our cohort, prior hemolysis may reflect a more complex PVL with a 

more challenging anatomy and higher rates of procedural failure, thus being a confounder 

in other series. Therefore, it is important to emphasize that successful closure of the leak 

can lead to comparable survival outcomes for all patients, regardless of the presence of 

hemolysis at baseline. 

 

Limitations 

As an observational, single-center retrospective study limitations must be 

acknowledged, and causality cannot be inferred from the association observed between 

procedural failure and death despite adjustment for several covariates. Although this is one 

of the largest single center reports of mitral PVL closure procedures, sample size remains 

relatively limited and precludes subgroup analysis. The generalizability of our results may 

be compromised, as we observed a trend towards higher rates of procedural success in other 

studies. In addition, the data obtained from this study is derived from a specific high-risk 

cohort undergoing percutaneous PVL closure, and the results may not be extended to a 
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surgical population, nor supports a percutaneous approach instead of surgery. Finally, these 

findings do not apply to cardiac surgeries, that were not included in the study, and data 

cannot be inferred from percutaneous PVL closure.  

 

CONCLUSIONS  

 

Procedural failure defined as a residual leak greater than mild, which may occur 

despite an initial technical success, leads to a higher risk of all-cause death, cardiovascular 

death and HF hospitalization. Therefore, perseverance in the reduction of the regurgitant jet 

to less than mild, as recommended by current consensus documents, may be required 

improve long-term clinical outcomes. 
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FIGURES 

 

Figure 1: Kaplan-Meier plot showing cumulative survival free from death based on the 

result of procedure. A: Based on procedural success. B: Based on leak reduction. 
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TABLES 

 

Table 1. Demographic and echocardiography baseline characteristics in patients 

undergoing percutaneous closure of a paravalvular mitral leak. 
 

All patients  
(n=90) 

Procedural 
Success† (n=47) 

Procedural 
Failure (n=43) 

P 
value 

Clinical characteristics 
Age, years 72.5 (66.0-78.4) 71.8 (63.4-76.4) 73.4 (68.5-79.2) 0.180 
Women 46 (51.1) 19 (40.4) 27 (62.8) 0.034 
Body mass index (kg/m2) 25.6 (22.3-29.1) 27.4 (24.3-29.8) 23.7 (21.1-26.4) <0.001 
Diabetes mellitus 22 (24.4) 10 (21.3) 12 (27.9) 0.465 
Procedure 
indication 

Heart failure 34 (37.8) 24 (51.1) 10 (23.3) 0.024 
Hemolysis 10 (11.1) 4 (8.5) 6 (14.0) 
Both 46 (51.1) 19 (40.4) 27 (62.8) 

NYHA 
functional 
class 

Class II 8 (8.9) 8 (17.02) 0 (0) <0.001 
Class III 58 (64.4) 33 (70.2) 25 (58.1) 
Class IV 24 (26.7) 6 (12.8) 18 (41.9) 

Transfusion requirement  45 (50.0) 16 (34.0) 29 (67.4) 0.002 
Chronic kidney disease  29 (32.2) 7 (14.9) 22 (51.2) <0.001 
Cerebrovascular disease 19 (21.1) 5 (10.6) 14 (32.6) 0.011 
COPD 15 (16.7) 5 (10.6) 10 (23.3) 0.109 
Coronary artery disease 11 (12.2) 8 (17.0) 3 (7.0) 0.146 
Atrial fibrillation 80 (88.9) 42 (89.4) 38 (88.4) 0.881 
Prior endocarditis  28 (31.1) 14 (29.8) 14 (32.6) 0.777 
Mechanical prosthesis 79 (87.8) 43 (91.5) 36 (83.7) 0.261 
≥ 2 sternotomies 54 (60.0) 23 (48.9) 31 (72.1) 0.025 
Previous PVL repair surgery 23 (25.6) 8 (17.0) 15 (34.9) 0.052 
Time since last surgery  7.4 (2.2-15.3) 9.7 (2.6-18.1) 6.3 (1.9-13.6) 0.343 
EUROSCORE II (%) 8.2 (5.3-12.5) 7.0 (4.8-11.2) 9.3 (6.1-13.9) 0,061 
Echocardiographic features 
PVL  
grade 

Moderate 1 (1.1) 1 (2.1) 0 (0) 0.004 
Moderate to severe 17 (18.9) 14 (29.8) 3 (7.0) 
Severe 72 (80.0) 32 (68.1) 40 (93.0) 

PVL type Simple jet 54(60.0) 35 (74.5) 19 (44.2) 0.003 
Multiple jets 36 (40.0) 12 (25.5) 24 (55.8) 

PVL 
location  

Anterior 25 (27.8) 16 (34.0) 9 (20.9) 0.408 
Posterior 27 (30.0) 11(23.4) 16 (37.1) 
Lateral 16 (17.8) 8 (17.0) 8 (18.6) 
Medial 22 (24.4) 12 (25.5) 10 (23.3) 

LVEF (%) 56 (48-62) 55 (47-61) 56 (50-62) 0.294 
Systolic PAP (mmHg) 60 (46-76) 58 (45-78) 60 (46-73) 0.887 
Laboratory values 
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Basal hemoglobin g/dL 9.7 (9-11.9) 10.7 (9.5-13.2) 9.4 (8.7-9.7) <0.001 
Basal LDH (UI/L) 1483 (741-2443) 1188 (615-2372) 1596 (970-2712) 0.091 

Values are median (Q1-Q3) or n (%). NYHA: New York Heart Association, eGFR: 

estimated glomerular filtration rate., COPD: chronic obstructive pulmonary disease., PVL: 

paravalvular leak, LVEF: left ventricular ejection fraction, PAP: pulmonary artery pressure, 

LDH: lactate dehydrogenase. † Procedural success was considered when residual leak was 

equal or less than mild. *Chronic kidney disease was considered as CKD-EPI less than 60 

mL/min/1.73m2 
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Table 2. Procedural features in patients undergoing mitral paravalvular leak closure. 
 

All patients  
(n=90) 

Procedural 
Success† 
(n=47) 

Procedural 
Failure (n=43) 

P 
value 

Procedure 
Ambulatory 68 (75.6) 40 (85.1) 28 (65.1) 0.049 
Hospitalized 20 (22.2) 7 (14.9) 13 (30.2) 
Emergent 2(2.2) 0 (0.0) 2 (4.7) 
General anesthesia 89 (98.9) 46 (97.9) 43 (100) 0.522 
Intraprocedural image guidance 
TEE 2D 23 (25.6) 4 (8.5) 19 (44.2) <0.00

1 TEE 3D 66 (73.3) 42 (89.4) 24 (55.8) 
ICE 1(1.1) 1(2.1) 0 (0) 
Approach 
Transseptal 86 (95.6) 44(93.6) 43 (97.7) 0.343 
Transapical 4 (4.4) 3 (6.4) 1(2.3) 
Arteriovenous loop 19 (21.1) 8 (17.0) 11 (25.6) 0.320 
Number of devices 
Multiple devices 51 (56.7) 27 (57.5) 24 (55.8) 0.876 
0 1 (1.1) 0 (0.0) 1 (2.3) 0.169 
1 38 (42.2) 20 (42.6) 18 (41.9) 
2 24 (26.7) 16 (34.0) 8 (18.6) 
≥ 3 27 (30.0) 11 (23.4) 16 (37.2) 
Implanted devices  183 94 89 

 

AVP III 118/183 (64.5) 59/94 (62.8) 59/89 (66.3) - 
AVP II 47/183 (25.7) 23/94 (24.6) 26/89 (29.2) - 
AVP IV 7/183 (3.8) 5/94 (5.3) 2/89 (2.3) - 
ADO 2/183 (1.1) 0/94 (0.0) 2/89 (2.3) - 
VSD 2/183 (1.1) 2/94 (2.1) 0/89 (0) - 
Coils 5/183 (2.7) 5/94 (5.3) 0/89 (0) - 
Other details 
Procedure time (min) 211 (177-260) 194 (160-248) 222 (185-272) 0.057 
Fluoroscopy time (min) 46 (29-72) 42 (28-66) 52 (34-77) 0.351 
X-ray dose (Gy/cm2) 546 (286-856) 487 (267-753) 636 (342-935) 0.239 
Iodinated contrast (ml) 75 (40-96) 84 (28-116) 63 (40-90) 0.185 
Hospitalization (days) 2 (1-6) 2 (1-6) 2 (1-9) 0.564 
Values are median (Q1-Q3) or n (%). ICE: Intracardiac echocardiography, TEE: 

Transesophageal echocardiography, 3D: Three-dimensional, 2D: Two-dimensional, AVP: 

Amplatzer Vascular Plug. ADO: Amplatzer Ductal Occluder. VSD: Ventricular Septal 

Defect Occluder. † Procedural success was considered when residual leak was equal or less 

than mild. 
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Table 3.  Univariate and multivariate predictors of > mild residual leak in patients 

undergoing percutaneous paravalvular leak (PVL) closure.  

 Univariate analysis Multivariate analysis 
OR  

(95% CI)  
P-

value  
OR  

(95% CI) 
P-

value     
Age, years 1.04 (0.99-1.08) 0.093 1.06 (0.99 -1.12) 0.073 
Women 2.49 (1.06-5.82) 0.036 2.58(0.90-7.36) 0.076 
Body mass index (kg/m2) 1.00 (0.99-1.00) 0.774   
NYHA class IV 4.92 (1.72-14.05) 0.003   
Hemolysis 3.04 (1.24-7.41) 0.015   
Transfusion requirement (last 6 m) 4.01 (1.67-9.66) 0.002   
Chronic kidney disease* 5.99 (2.20-16.29) <0.001 7.09 (2.26-22.21) 0.001 
Cerebrovascular disease 4.06 (1.32-12.50) 0.015   
Prior endocarditis  1.14 (0.47-2.78) 0.777   
EUROSCORE II, (%) 0.05 (-0.02-0.13) 0.161   
Time since last surgery, years 0.98 (0.94 -1.03) 0.468   
≥ 2 sternotomies 2.70 (1.12-6.49) 0.027   
Previous PVL repair surgery 2.61 (0.97-7.0) 0.056 4.03 (1.17-13.92) 0.028 
Mechanical prosthesis 0.48 (0.13-1.77) 0.268   
Severe basal PVL grade  6.25 (1.67-23.49) 0.007   
Multiple jets 3.68 (1.51-8.97) 0.004 4.41(1.49-13.06) 0.003 
SPAP > 60mmHg 0.99 (0.41- 2.36) 0.979   
First 45 procedures 2.69 (1.14-6.33) 0.023   
Intraprocedural 3D TEE imaging 0.18 (0.04-0.39) <0.001   

OR: Odds Ratio, CI: Confidence Interval, NYHA: New York Heart Association, eGFR: 

estimated glomerular filtration rate, PVL: paravalvular leak, 3D TEE: Three-dimensional 

transesophageal echocardiography, SPAP: Systolic pulmonary artery pressure, m: months. 

*Chronic kidney disease was considered as CKD-EPI less than 60 mL/min/1.73m2 
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Table 4. Thirty-day complications after percutaneous paravalvular leak closure.  

30-day complications 
Number of patients with complications 15 (16.7) 
Total number of complications 22 
Number of patients with major complications 9 (10.0) 
Total number of major complications 12 
Type of complications 
  Conversion to surgery 0 (0) 
  Leaflet impingement 4 (4.4) 
  Leaflet impingement (surgically resolved) 0 (0) 
  Device embolization (percutaneously resolved) 1 (1.1) 
  Pericardial effusion 2 (2.2) 
  Vascular 
complication 

Total 11 (12.2) 
Surgical requirement 1 (1.1) 
Transfusion requirement 3 (3.3) 
Pseudoaneurysm 4 (4.4) 
Arteriovenous fistulas 1 (1.1) 
Hematoma 6 (6.7) 

  Stroke 0 (0) 
  Transient ischemic attack 1 (1.1) 
  Ventilator-dependent respiratory failure 1 (1.1) 
  30-day mortality 2 (2.2) 
Values are n (%).  
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Table 5.  Univariate and multivariate factors associated with all-cause death in patients 

undergoing percutaneous paravalvular leak (PVL) closure.  

Variable Univariate analysis Multivariate analysis 
HR (95%CI) P-value  HR (95%CI) P-value     

Age, (years) 1.06 (1.03-1.09) <0.001 1.06 (1.02-1.09) 0.002 
Women 1.33 (0.76-2.32) 0.320     
Diabetes 2.50 (1.37-4.58) 0.003 2.19 (1.17-4.12) 0.015 
NYHA class IV  4.36 (2.47-7.7) <0.001 2.60 (1.39-4.85) 0.003 
Hemolysis 1.09 (0.62-1.93) 0.754   
Transfusion requirement (last 6 months) 2.0 (1.14-3.51) 0.015   
Chronic kidney disease * 3.21 (1.85-5.59) <0.001 1.64 (0.88-3.06) 0.118   
EUROSCORE II 1.07 (1.04-1.11) <0.001   
≥ 2 sternotomies 1.38 (0.76-2.49) 0.291   
Previous PVL repair surgery 1.46 (0.80-2.66) 0.220   
Severe basal regurgitation grade PVL 1.15 (0.66-2.01) 0.627   
Multiple jets 1.15 (0.66-2.01) 0.627   
Pulmonary hypertension (SPAP 
>60mmHg) 

1.10 (0.62-1.96) 0.743   

Left ventricular ejection fraction 1.02 (0.10-1.05) 0.108   
Intraprocedural 3D TEE imaging 0.97 (0.52-1.81) 0.927   
Procedural failure (residual leak > mild) 3.56 (1.98-6.40) <0.001   2.61 (1.42-4.77) 0.002 

HR: Hazard Ratio, CI: confidence interval, NYHA: New York Heart Association, SPAP: 

Systolic pulmonary artery pressure, TEE: transesophageal echocardiography *Chronic 

kidney disease was considered as CKD-EPI less than 60 mL/min/1.73m2 
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Table 6. Differences in incidence rates and risks of each endpoint according to the result of 

the procedure.    

IR: incidence rate (100 person/year); HR: Hazard Ratio. † Procedural success was 

considered when residual leak was equal or less than mild. ‡Adjusted by age, New York 

Heart association class IV, chronic kidney disease, transfusion requirement and diabetes.  

 

Endpoints All 
patients 
(n=90), 

IR 

Procedural 
Success † 
(n=47), IR 

Procedural 
Failure † 
(n=43),  

IR 

CI 95% of 
IR ratio 

Non-
adjusted HR  

(CI 95%) 
 

Adjusted 
HR†‡  

(CI 95%) 
 

All-cause death 15.5 8.2 27.3 (1.81-6.34) 3.56 
(1.98-6.40) 

2.59 
(1.41-4.78) 

Cardiovascular 
death 

10.7 4.8 20.3 (1.96-9.78) 4.74 
(2.27-9.88) 

3.53 (1.67-
7.49) 

Non-cardiovascular 
death 

4.8 3.4 7.0 (0.69-6.58) 1.14 
(0.40-3.32) 

1.29 
(0.36-4.66) 

Heart failure 
admission 

14.3 7.7 25.0 (1.73-6.32) 3.77 
(2.05-6.93) 

3.27 
(1.72-6.20) 

Surgical redo  3.3 2.4 4.7 (0.49-8.05) 1.30 
(0.37-4.55) 

0.99 
(0.01-65.71) 

Percutaneous redo  7.5 4.8 11.7 (1.02-6.04) 2.69 
(1.17-6.14) 

2.81 
(1.15-6.87) 
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SUPPLEMENTARY MATERIALS  

 

Supplemental Figure S1: Residual shunt severity assessment using the 5-Class Grading 

Scheme after mitral paravalvular leak (PVL) closure. 
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Supplemental Figure S2: Bar Chart illustrating temporal divisions of the cohort into three 

tiers, depicting changes in procedural success according to experience. 
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Supplemental Figure S3: Landmark analysis of patients who survived beyond 30 days.  
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Supplemental Figure S4: Overall survival according to the presence or absence of 

hemolysis (A) and according to the presence of hemolysis and procedural success (B). 
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