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Abstract

Background and Aims: Paravalvular leak (PVL) is a serious complication of prosthetic
valve replacement. Both surgical and percutaneous closure techniques are used for
PVL closure, but optimal strategies and comparative outcomes are uncertain. This
study aimed to compare the efficacy and safety of percutaneous versus surgical PVL
closure by analyzing changes in leak severity, functional status, echocardiographic
parameters, and clinical outcomes.

Methods: A total of 72 patients were included in this retrospective cross-sectional
single-center study comparing percutaneous (n =25) and surgical (n=47) PVL clo-
sure from 2015 to 2022. Demographics, medical history, echocardiograms, labora-
tory data, complications, and mortality data were extracted from the records.
Changes in leak severity, NYHA class, echocardiographic parameters, and clinical
outcomes were compared between the percutaneous and surgical groups.

Results: Both percutaneous and surgical PVL closure significantly reduced leak severity
and improved NYHA class (both p < 0.01), with no difference between the quantity of
changes in each group. The 30-day mortality was 4% after percutaneous and 6.4% after
surgical closure (p=0.65). At 90 days, mortality was 24% percutaneous versus 17%
surgical (p=0.48). The length of stay in the hospital and post-procedural decrease in
hemoglobin were considerably lower in the percutaneous group. The rate of complication
rates was similar between the groups. Echocardiographic changes were also comparable.
Conclusion: Percutaneous and surgical PVL closure had similar efficacy in reducing
leaks and improving symptoms, with no significant difference in early outcomes.

Both options should be considered viable for PVL repair after heart team evaluation.
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1 | INTRODUCTION

Valvular heart disease is a significant public health concern that is
associated with various comorbidities and is estimated to affect over
100 million people globally.}? It affects approximately 2.5% of the pop-
ulation of the United States and accounts for 1.9% of all deaths there.®
The majority of cases involve individuals with aortic or mitral valve dys-
functions that often require valve replacement interventions. Surgical
valve replacement carries risks, especially in high-risk patients, and may
result in complications such as paravalvular leaks or endocarditis.*

Paravalvular leakage (PVL) of prosthetic valves, both mechanical and
bioprosthetic, refers to the presence of a leak around the prosthetic
valve, specifically in the area between the sewing ring of the valve and
the native tissue.®> The prevalence of paravalvular regurgitation, including
both mitral and aortic valves, ranges between 5% and 20% and it is more
commonly seen in left-sided prosthetic valves.® The exact cause of PVL
is not fully understood, but it is believed to result from suture dehiscence
between the sewing ring and the native tissue.® This can occur due to
factors such as inadequate suturing technique, tissue friability, or annular
tissue degeneration.

PVL is typically small and benign; It may occur early after the pro-
cedure remaining unchangeable until late follow-up.” However, in some
cases, it can lead to clinically significant regurgitation, a potentially seri-
ous condition.2 % The diagnosis of a prosthetic PVL can be challenging.
Echocardiography, including both transthoracic echocardiography and
transesophageal echocardiography (TEE), which is particularly useful for
assessing the severity and location of the leak, is commonly used for
initial evaluation.'* However, these imaging modalities may not always
provide a clear visualization of the paravalvular leak.® Due to the
detection difficulty, PVLs are often associated with increased late mor-
tality.?? Patients with PVL may remain asymptomatic, or depending on
the severity of the leak, they can experience complications such as heart
failure, hemodynamically significant hemolysis, and endocarditis.*®

Treatment options for PVL depend on the severity of the leak and
the patient's clinical presentation.* In some cases, conservative man-
agement may be appropriate, especially for small, asymptomatic
leaks.**1> While medication therapy is essential for symptom manage-
ment in patients with PVL-induced hemolysis or heart failure, no known
medical treatment prevents or reverses PVL or its underlying cause.*”
Therefore, if the leak is causing significant regurgitation and symptoms,
intervention may be necessary.'® Surgical repair or replacement of the
prosthetic valve is the traditional approach for treating paravalvular leaks
is still considered the gold standard for treating paravalvular leaks in
symptomatic patients.)? However, repeat open heart surgery carries
significant risks of morbidity and mortality. This is especially true for
patients with prior sternotomies, multiple comorbidities, or prohibitive
surgical risks.® Over the past decade, percutaneous PVL closure has
emerged as a less invasive alternative, using implanted occlusion devices

to repair leaks without surgery.®2°

Percutaneous repair of the PVL involves using catheter-based
techniques and devices to close the paravalvular defect. The Am-
platzer Vascular Plug and the Amplatzer Muscular Ventricular Septal
Defect Occluder are commonly used devices for the percutaneous
closure of PVL.2Y?2 The procedure is performed under fluoroscopy
and guided by multimodality imaging, including TEE and transthoracic
imaging.'°

Percutaneous closure of PVL has been successfully performed in
all types of prosthetic valves, including mitral, aortic, tricuspid, and
pulmonary valves.>?32¢ |t has also been used in patients with com-
plex clinical conditions that are poor surgical candidates.?” However,
there are some challenges associated with the percutaneous closure
of PVL. Device dislodgement and late complications have been re-
ported in some cases.??

Given that choosing the proper method to close PVLs can reduce
mortality and complications from re-surgery, and considering that no
technique has been definitively proven superior across all patient
populations due to limited direct comparative data, additional com-
parative data are needed to determine which approach results in the
best leak closure, fewest complications, and best outcomes for dif-
ferent patient subgroups. In addition, studies with a sufficient sample
size have not been conducted in this area; therefore, the objective of
this study was to compare changes in leak severity, functional status,
echocardiographic indices, complications, and mortality between
percutaneous intervention (Pl) and surgical repair for PVL closure,
using a sample of consecutive patients treated between 2015 and

2022 at a high-volume cardiovascular center.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This retrospective observational study compared the efficacy and
safety of prosthetic PVL closure with Pl and surgical intervention (Sl).
The study population included all consecutive patients who under-
went PVL closure at Rajaie Cardiovascular Medical and Research
Center, a tertiary referral center in Tehran, Iran, between 2015
and 2022.

Patients were identified retrospectively from the Rajaie Cardio-
vascular Medical and Research Center hospital database based on
ICD-9/10 codes corresponding to paravalvular leak repair. The
sample size was determined by the number of patients with available
records undergoing PVL closure in the specified timeframe. Con-
secutive patients undergoing PVL closure with either percutaneous
or S| between March 2015 and December 2022 were screened for
eligibility. The decision on choosing the percutaneous or surgical
approach were made by a heart team, including interventional car-

diologists, cardiac surgeons, and imaging specialists based on a
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comprehensive assessment of the patient's clinical presentation,
anatomical factors, technical feasibility, patient's comorbidities and
surgical risks, previous interventions, expected outcomes and effi-
cacy of the procedures, and patient preferences. The team also
considered the latest evidence clinical guidelines at the indexed time
to ensure the best possible decision aligned with the patient's specific
needs and circumstances.

Patients were excluded if they did not have complete medical
records or lacked pre- and post-intervention echocardiogram data.
Out of 102 potential participants screened, 72 met all eligibility
criteria and were included in the final analysis.

This study was a retrospective analysis of medical records and
was not registered prospectively in a clinical trial registry. The
research was approved by the Ethics Committee of Rajaie
Medical and Research Center, Tehran, Iran
(IR.RHC.REC.1401.092). In addition, written informed consent was
obtained from all study participants before their enrollment. All

Cardiovascular

participants voluntarily provided consent to have their medical
records used in this research.

2.2 | Data collection

Demographic information, medical history, comorbidities, type of
repair procedure, laboratory, echocardiographic, and clinical data
were extracted from electronic medical records. The patient's infor-
mation has been recorded once before and once after the surgery, at
the time of discharge, and at least 3 months after the surgery by
calling or visiting the doctor.

Baseline characteristics collected included age, sex, body surface
area, body mass index, comorbidities, NYHA class, PVL severity,
previous surgeries, and prosthetic valve details. The outcomes col-
lected were a procedural success, post-procedure NYHA class,
echocardiographic parameters, length of stay, complications, and
mortality.

2.3 | Definitions

Success in PVL closure was defined as post-intervention reduction by

at least 1 degree of severity, regardless of 30-day clinical outcomes.?®
Left ventricle (LV) function categories were defined as normal

(LVEF: 50%-70%), mild dysfunction (LVEF: 40%-49%), moderate

dysfunction (LVEF: 30%-39%), severe dysfunction (LVEF less than

30%) according to American College of Cardiology (ACC)

classification.?’

2.4 | Statistical analysis
Descriptive statistics were used to summarize the demographic and
clinical characteristics. Continuous variables are reported as mean +

standard deviation for normally distributed data or median

Open Access

(interquartile range) for skewed data. Categorical variables are re-
ported as numbers (percentages). Comparisons between the Pl and S|
groups were made using the Chi-square test for categorical data. For
continuous data, normality was assessed using the Shapiro-Wilk test.
If the data were normally distributed, an independent-samples t-test
was used between groups. For non-normally distributed continuous
variables, the Mann-Whitney U-test was applied.

To compare the efficiency of the percutaneous and surgical
approach in improving patients PVL severity, NYHA function class,
and LV function we used Chi-square test to compare the number of
patients with at least one-degree improvement in each of mentioned
aspects between groups. The Mann-Whitney U-test was utilized to
compare the periprocedural changes in each echocardiographic index
between Pl and S| groups.

All statistical tests were two-sided; a p <0.05 was considered
statistically significant. Analyzes were performed using IBM SPSS
Statistics (Version 27). Data visualization was performed using
R statistical software version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria). A Sankey diagram was generated to
visualize changes in the NYHA function classification and PVL

severity after percutaneous and SI.

3 | RESULTS

3.1 | Baseline characteristics

A total of 72 patients were included in this study, with 25 in the PI
group and 47 in the S| group. The mean age of patients was
53.12+14.13 years, and males comprised 55.56% (n=40) of the
total population. The majority of patients presented with dyspnea
(77.78%), followed by symptomatic hemolysis (58.3%), weakness
(44.44%), chest pain (44.44%), and anemia (9.72%). Hypertension and
coronary artery disease were the most prevalent comorbidities in 34
(47.22%) and 32 (44.44%) patients, respectively.

Prosthetic valve replacement was performed via surgery in all
patients, with the mitral valve being the most frequent (72.22%),
followed by the aortic (59.72%), tricuspid (16.67%), and pulmonary
valves (1.39%). Additionally, 31.94% (n=23) of patients had their
prosthetic valves repaired before, with two cases being due to
paravalvular leakage, and the procedure was performed surgically in
all of them. Thirty-two patients (44.44%) had more than one pros-
thetic valve. Among the valves with regurgitation, 44 mitral valves, 23
aortic valves, 5 tricuspid valves, and one pulmonary valve were
observed. Other details on the baseline characteristics of the studied
patients are summarized in Table 1. As demonstrated in Table 1, the
baseline characteristics of the two groups were compared, and no
statistically significant differences were observed in terms of
including age, sex, body surface area, body mass index, serum
hemoglobin, and creatinine levels, initial presentation, medical his-
tory, number of previous sternotomies, replaced prosthetic valves,
number of previously repaired valves, NYHA classification, and LV

function. However, given the small sample size of our study,
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TABLE 1 Characteristics of patients at baseline.

Male—n (%)
Age— years
Body surface area—m?
BMI—kg/m?
Hemoglobin—g/dL
Creatinine—mg/dL
Initial presentation—n (%)
Symptomatic hemolysis
Chest pain
Weakness
Anemia
Dyspnea
Other
Medical history—n (%)
Coronary artery disease
Hypertension
Diabetes mellitus
Hyperlipidemia
Chronic kidney disease
Liver disease
Number of previous sternotomies—n (%)
1
2
3
Replaced prosthetic valves—n (%)
Aortic
Mitral
Pulmonary
Tricuspid

Number of patients with 21 prosthetic valve—
n (%)

Number of previously repaired valves—n (%)
0
1
2
Valves with PVL?—n (%)
Aortic
Mitral
Pulmonary
Tricuspid

Previous procedure for PVL repair—n (%)

BAGHI T AL
OpenAccess
Total Pl Sl
N=72 N=25 N=47 p-value
40 (55.56%) 17 (68%) 23 (48.94) 0.12
53.12+14.13 53.16 + 14.48 53.11+14.1 0.95
108.2+11.96 107.39 +10.64 108.63+12.70 0.66
25.20£3.40 24.56 £3.14 25.54+£3.51 0.23
11.52+2.03 11.36+1.80 11.60+2.16 0.80
1.27+0.81 1.17 +£0.46 1.32+£0.95 0.74
42 (58.3%) 18 (72%) 24 (51.1%) 0.09
32 (44.44%) 13 (52%) 19 (40.43%) 0.35
32 (44.44%) 12 (48%) 20 (42.55%) 0.66
7 (9.72%) 2 (8%) 5 (10.64%) 0.72
56 (77.78%) 19 (76%) 37 (78.72%) 0.79
3 (4.17%) 1 (4%) 2 (4.26%) 0.96
32 (44.44%) 14 (56%) 18 (38.30%) 0.15
34 (47.22%) 11 (44%) 23 (48.94%) 0.69
11 (15.28%) 3 (12%) 8 (17.02%) 0.57
13 (18.06%) 3 (12%) 10 (21.28%) 0.33
9 (12.50%) 1 (4%) 8 (17.02%) 0.11
4 (5.56%) 1 (4%) 3 (6.38%) 0.67
38 (52.78%) 14 (56%) 24 (51.06%) 0.69
28 (38.89%) 10 (40%) 18 (38.30%) 0.89
6 (8.33%) 1 (4%) 5 (10.64%) 0.33
43 (59.72%) 18 (72%) 25 (53.19%) 0.12
52 (72.22%) 20 (80%) 32 (68.09%) 0.28
1 (1.39%) 0 1(2.13%) 0.46
12 (16.67%) 2 (8%) 10 (21.28%) 0.15
32 (44.44%) 13 (52%) 19 (40.43%) 0.35
49 (68.06%) 18 (72%) 31 (65.96%) 0.60
21 (29.17%) 7 (28%) 14 (29.79%) 0.87
2 (2.78%) 0 2 (4.26%) 0.30
23 (31.94%) 10 (40%) 13 (27.66%) 0.28
44 (61.11%) 14 (56%) 30 (63.83%) 0.52
1 (1.39%) 0 1(2.13%) 0.46
5 (6.94%) 1 (4%) 4 (8.51%) 0.47
2 (2.78%) 0 2 (4.26%) 0.30
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TABLE 1

(Continued)

PVL severity—n (%)
Mild
Mild to moderate
Moderate
Moderate to severe
Severe

NYHA functional class—n (%)

LV function—n (%)
Normal
Mild dysfunction
Moderate dysfunction

Severe dysfunction

Total
N=72

0

0

12 (16.67%)
36 (50%)
24 (33.33%)

4 (5.56%)

28 (38.89%)
29 (40.28%)
11 (15.28%)

24 (33.3%)
34 (47.2%)
8 (11.1%)
6 (8.3%)

Open Access

PI Sl
N=25 N=47 p-value
<0.01
0 0
0 0
3 (12%) 9 (19.15%)
6 (24%) 30 (63.83%)
16 (64%) 8 (17.02%)
0.48
0 4 (8.51%)
11 (44%) 17 (36.17%)
14 (56%) 15 (31.91%)
0 11 (23.4%)
0.34
9 (36%) 15 (31.9%)
8 (32%) 26 (55.3%)
5 (20%) 3 (6.4%)
3 (12%) 3 (6.4%)

Note: The bold p-values are the ones with statistical significance.

Abbreviations: BMI, body mass index; LV, left ventricle; PI, percutaneous intervention; PVL, paravalvular leakage; Sl, surgical intervention.

2One patient undergone valve replacement surgery for mitral and tricuspid valve simultaneously.

particularly in the percutaneous treatment group, the lack of statis-
tically significant differences should be interpreted with caution, as
our study may have been underpowered to detect small to moderate

differences between the groups.

3.2 | Functional and clinical improvement

A total of 98.61% (n = 71) of the patients (96% [n = 24] in the Pl group
vs. 100% [n=47] in the Sl group) showed at least one grade
improvement in the severity of the paravalvular leak compared to
their condition before interventions. Figure 1 illustrates the extent of
improvement in the patients. As shown in Table 2, the improvement
in PVL severity was similar between the Pl and surgery groups, with
no statistically significant difference.

In addition, 70.83% (n = 51) of the patients (76% [n = 19] in the PI
group vs. 68.08% [n=32] in the S| group) experienced at least one
class improvement in their functional class compared to their con-
dition before interventions, based on the NYHA classification, which
is visualized in Figure 1. The improvement in functional class was
similar between the Pl and Sl groups, with no statistically significant
difference (Table 2).

Regarding left ventricular function changes, 22.22% (n = 16) of
the patients (25.5% [n = 12] of the Sl group and 16% [n = 4] of the PI

group) improved by at least one grade and both groups showed
similar periprocedural improvement rate in the degree of LV dys-
function with no considerable difference (Table 2).

In the subgroup analysis, there were also no significant differ-
ences between the Sl and Pl groups in terms of the rate of
improvement in the periprocedural degrees of PVL severity, NYHA
function class, and LV function for the aortic and mitral valves, which
are described separately in Tables S1 and S2.

3.3 | Laboratory parameters

Serum hemoglobin levels for both groups significantly dropped after
the procedure as shown in Table 3. However, the Pl group presented
considerably lower amounts of drop than the Sl group (p < 0.01).
Serum creatinine levels elevated after the Pls whereas the S|
group appeared to have lower creatinine levels post-operatively.

Nonetheless, neither of the changes is statistically considerable.

3.4 | Echocardiogram indices

Changes in echocardiographic parameters after Pl and surgery are
outlined in Table 4. No significant differences were found
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FIGURE 1 Comparison of periprocedural changes in PVL severity and NYHA functional classification between surgery and percutaneous

intervention groups. PVL, paravalvular leakage.

between Pl and surgery concerning changes in left ventricular
end-diastolic diameter (LVEDD), left ventricular end-systolic
(LVESD), left
(LVEDV), right ventricular (RV) size, tricuspid annular plane sys-

diameter ventricular end-diastolic volume
tolic excursion (TAPSE), pulmonary artery pressure (PAP), left
atrial (LA) size, LA volume, right atrial (RA) size, aortic annulus
(AA) size, right atrial pressure (RAP), and Right Ventricular Ejec-

tion (RVE).

3.5 | Complications and mortality

In-hospital (30-day) mortality was low in both groups, with 1 (4%)
death in the PI group and 3 (6.4%) deaths in the Sl group (p = 0.65). A
90-day all-cause mortality (p = 0.48) and complications like pericardial
effusion (p =0.64) and thromboembolism (p = 0.30) were also com-
parable between the two groups. The length of hospital stay
after the procedure was significantly different between the PI
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TABLE 2 Periprocedural changes in PVL severity, NYHA classification, and LV function.
PI Sl
Before After Before After p-value® Odds ratio (95% Cl)
PVL severity 0.17 -
Mild 0 0 0 2
Mild to moderate 0 17 0 37
Moderate 3 3 9 8
Moderate to severe 6 5 30 0
Severe 16 0 8 0
NYHA functional class 0.48 1.48 (049-4.48)
| 0 7 4 16
Il 11 17 17 25
] 14 1 15 6
[\ 0 0 11 0
LV function 0.35 0.56 (0.16-1.95)
Normal 9 8 15 21
Mild dysfunction 8 11 26 17
Moderate dysfunction 5 4 3 7
Severe dysfunction 3 2 3 2

Abbreviations: Cl, confidence interval; LV, left ventricle; Pl, percutaneous intervention; PVL, paravalvular leakage; Sl, surgical intervention.

2Total number for reapired valves is 73 and the total number of enrolled patients is 72.

TABLE 3 Periprocedural changes in the laboratory data.
Pl
Before After
Hemoglobin— 11.7 11.2
g/dL (9.75-12.75) (8.8-11.95)
Creatinine— 1.1 (0.9-1.4) 1.2 (1-1.45)
mg/dL

Abbreviations: Pl, percutaneous intervention; Sl, surgical intervention.
Note: The bold p-values are the ones with statistical significance.

(7.36 +8.36 days) and Sl (8.81 +8.67 days) groups with lower num-
bers belonging to Pl (p = 0.04) (Table 5).

4 | DISCUSSION

In recent years, there has been increasing interest in Pls as an
alternative to surgery, and comparing the percutaneous approach to
surgical repair of prosthetic PVL is a topic of interest in the field of
cardiology.3°3! Traditionally, repeat surgery has been the standard
treatment for symptomatic patients with PVL, but it is associated
with high operative risk and variable results.>> However, per-

cutaneous treatment of PVL has emerged as a less invasive

Sl
p-value Before After p-value
<0.001 115 9 (7.6-10.5) <0.01
(10.1-13.4)
0.192 1.1 (0.8-1.5) 1(8-1.4) 0.08

alternative, with successful outcomes and the potential to eliminate
the need for open surgical correction.® Our results suggest that both
percutaneous treatment and surgery are effective options for
reducing the severity of prosthetic paravalvular leaks, with similar
improvements in patient function class, leak severity, and echo-
cardiographic parameters. In-hospital mortality and mid-term clinical
outcomes appeared to be comparable between the Pl and surgery
group.

The most important finding of our study was the absence of any
statistically significant difference in rate of patients with at least
one degree improvement in PVL severity, NYHA functional class, and
LV function between Pl and SI groups. Both interventions resulted in

significant improvement of PVL severity and NYHA class without
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TABLE 4 Periprocedural echocardiogram indexes.?
Pl Sl
Index Before After Before After p-value®
LVEDD 5.5(5.05-6.2) 5.6 (4.8-5.8) 5 (4.5-5.6) 5.2 (4.6-5.7) 0.35
LVESD 3.9 (3.25-4.3) 3.8 (3.3-4) 3.5 (3-4.03) 3.6 (3.2-4.1) 0.58
LVEDV 136 (115-169) 150 (115-169) 113 (86-135.2) 116 (93-145) 0.46
RV size 3.3 (3-3.85) 3.4 (3.05-3.9) 3.3 (3.06-3.7) 3.4 (3.2-3.6) 0.39
TAPSE 15 (14-17) 15 (13-16) 16 (13-18) 16 (13-18) 0.70
PAP 44 (35-61) 45 (35-57) 42 (34-45) 40 (30-48) 0.11
LA size 4.1 (3.55-4.6) 4.2 (3.45-5.35) 4.3 (4-5.6) 4 (3.4-5) 0.06
LA volume 78 (70-88) 85 (74-87) 75 (64-88) 75 (63-88) 0.09
RA size 2 (2-3) 2 (2-4) 2 (1-3) 2(1-4) 0.51
AA size 3.4 (3.3-3.5) 3.4 (3.3-3.5) 3.3 (3-3.5) 3.3 (3.1-3.6) 0.77
RAP 5(5-13.75) 5(5-10) 5(5-10) 5(5-8) 0.44
RVE 2(1-3) 2 (2-3) 2 (1-3) 2 (1-3) 0.09

Abbreviations: AA size, aortic annulus size; LA size, left atrial size; LA volume, left atrial volume; LVEDD, left ventricular end diastolic diameter; LVEDV,
left ventricular end diastolic volume; LVESD, left ventricular end systolic diameter; PAP, pulmonary artery pressure; Pl, percutaneous intervention; RA
size, right atrial size; RAP, right atrial pressure; RVE, right ventricular ejection; RV size, right ventricular size; Sl, surgical intervention; TAPSE, tricuspid

annular plane systolic excursion.

2The numbers are reported as median and interquartile (IQR) range; median (25th percentile to 75th percentile).

The reported p-values refer to the differences between changes in each parameter between the studied groups.

TABLE 5 Short-term and mid-term outcomes.

Total Pl
N=72 N

In-hospital (30 days) outcomes

All-cause mortality 4 1 (4%)

Length of stay in the hospital after
procedure—days 6 (3-7)°

90-Day outcomes

All-cause mortality 14 6
Pericardial Effusion 2 1
Thromboembolism 2 0

Note: The bold p-values are the ones with statistical significance.

Sl
N=47 p-value  Odds ratio (95% Cl)
3 (6.38%) 0.65 0.61 (0.06-6.2)

8.31+8.53" 7.36+8.365(3-7) 8.81+8.677(5-10) 0.04 -

8 0.48 1.53 (0.47-5.07)
1 0.64 1.91 (0.11-32)
2 0.30 =

Abbreviations: Cl, confidence interval; Pl, percutaneous intervention; Sl, surgical intervention.

#Mean + standard deviation.
PMedian (25th percentile to 75th percentile).

dramatic changes in LV function. The lack of significant improvement
in LV ejection fraction after percutaneous or surgical PVL repair in
our study can be explained in multiple ways. For instance, the
baseline LV dysfunction in our cohort was likely chronic and partially
irreversible due to longstanding volume overload from the PVL.
Besides, the follow-up duration has been too short to allow reverse

remodeling of the left ventricle, which occurs gradually over

time.>*%> Based on these results, we can infer that percutaneous
closure can be considered an effective alternative to repeat
surgery in suitable patients with paravalvular prosthetic leaks. This
study supports evidence from previous observations by Taramasso
et al.,3¢ Zhang et al.,3” and Zorinas et al.®° which have also shown
comparable outcomes between percutaneous and surgical treat-
ments for PVLs.
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The PI group showed a significantly lower amount of decrease in
serum hemoglobin levels than the SI group which is not unexpected
due to the minimally invasive nature of the percutaneous approach.
Our results align with other studies showing significantly higher
blood loss and transfusion requirements with redo valve surgery
compared to percutaneous approaches. An investigation by Panaich
et al. revealed that Pl leads to small but significant improvements in
markers of hemolysis such as lactate dehydrogenase and haptoglobin
levels.®® Additionally, patients undergoing percutaneous repair ex-
perience lower requirements for blood transfusion after the proce-
dure compared to baseline.*®

Comparative analysis of changes in echocardiographic parame-
ters after Pl and surgery did not show any considerable difference in
all indices. To the best of our knowledge, a comparison of changes in
echocardiographic parameters between percutaneous and surgical
approaches has not been performed before. Thus, these results need
to be interpreted with caution.

Regarding outcomes, both procedures resulted in low rates of
30- and 90-day mortality, and clinical complications with no consid-
erable difference between them. The reports in this regard are
somehow heterogeneous. In line with our study, Taramasso et al.*®
reported no in-hospital deaths in the percutaneous group compared
with 9.3% mortality in the surgical group. Similarly, Wells et al.3’
reported 7.1% versus 6.9% 30-day mortality in the transcatheter and
surgical groups, respectively. However, Pinheiro et al.8 reported that
complication rates were high in both groups during hospitalization,
with no statistically significant differences. In another investigation
by Angulo-Llanos et al., in-hospital mortality was significantly lower
with percutaneous treatment (2.2% vs. 14.6%). In-hospital mortality
was also noticeably lower with percutaneous repair (0% vs. 10%) in
the study by Yang et al.*°
Remarkably, the average length of in-hospital stay was signifi-
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cantly lower in Pl than in Sl groups. Angulo-Llanos et al.** and Yang

et al.*°

also reported a significantly lower length of hospital stay in
the PI group. This can be attributed to the less invasive nature of the
percutaneous approach, which avoids repeat sternotomy and car-
diopulmonary bypass used for surgical closure. The shorter length of
stay is an important advantage of the percutaneous technique,
resulting in lower cost and resource utilization for these repairs when
suitable.

Overall, our study supports both percutaneous approaches and
surgery as suitable options for PVL repair, with the choice between
them being dependent on multiple patient factors. Surgery remains
the gold standard for patients who require concomitant procedures
such as valve replacement or coronary bypass grafting. However, Pl
offers a less invasive approach that may be preferable for high-risk
surgical patients. Echo findings, PVL location, comorbidities, and
heart team recommendations must be considered on a case-by-case
basis. Although percutaneous closure of PVLs has shown promising
results, it is important to consider the limitations and potential
complications of the procedure. Percutaneous closure can be time-
consuming and may require a second procedure in some cases.*?

Complications, such as device dislodgement and mechanical valve
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dysfunction, have been reported.??*® Percutaneous closure of PVL is
a recently developed operation and is still considered to be techni-
cally challenging and not devoid of potential dangers.'® There are
potential complications associated with the technique that inter-
ventional cardiologists still encounter on occasion. More clinical ex-
perience will be required for percutaneous PVL closure to become an
established, mainstream therapy option. Therefore, larger compara-
tive trials are warranted to further define best practices for PVL
management.

Our study has several limitations. First, the exclusion of 29% of
the initial patients due to missing data may introduce selection bias
and reduce generalizability. Second, the small sample size from a
single center and the lack of randomization between the treatment
groups, which may have introduced selection bias, as patients with
higher surgical risk, advanced age, or multiple comorbidities were
more likely to be referred for percutaneous treatment, limit the sta-
tistical power and may not fully account for potential confounding
factors. Third, our subgroup analysis was limited to the mitral and
aortic valves due to the small sample sizes for the tricuspid (n = 5) and
pulmonary (n = 1) valves, which were insufficient to perform mean-
ingful statistical analyzes and draw reliable conclusions about the
comparative effectiveness of percutaneous and surgical treatments
for paravalvular leaks in these valve sites. Fourth, while our study
provides a valuable insight into the short-term outcomes of per-
cutaneous and surgical treatments for paravalvular leak closure,
longer-term follow-up is necessary to better assess late clinical out-
comes and treatment durability. Future prospective, randomized
studies with larger sample sizes and longer follow-up periods are
needed to validate our findings and provide more definitive evidence
regarding the comparative effectiveness and safety of percutaneous

and surgical treatments for paravalvular leak closure.

5 | CONCLUSIONS

This study suggests that percutaneous PVL closure may be a viable
alternative to surgical repair, with comparable improvements in
clinical and echocardiographic outcomes. These findings should be
interpreted as hypothesis-generating rather than conclusive due to
several limitations, including the small sample size, non-randomized
design, and potential for selection bias. While both options may be
considered for PVL repair after a multidisciplinary heart team
assessment, larger, prospective, and randomized studies are needed
to confirm these results and provide more definitive evidence re-
garding the comparative effectiveness and safety of percutaneous

and surgical treatments for paravalvular leak closure.
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