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ABSTRACT
Background: Significant paravalvular leak (PVL) after surgical valve
replacement can result in intractable congestive heart failure and
hemolytic anemia. Because repeat surgery is performed in only few
patients, transcatheter reduction of PVL is emerging as an alternative
option, but its safety and efficacy remain uncertain. In this study we
sought to assess whether a successful transcatheter PVL reduction is
associated with an improvement in clinical outcomes.
Methods: We identified 12 clinical studies that compared successful
and failed transcatheter PVL reductions in a total of 362 patients. A
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R�ESUM�E
Introduction : Une importante fuite paravalvulaire (PVL) suite à une
chirurgie de remplacement valvulaire peut entraîner une insuffis-
ance cardiaque r�efractaire et une an�emie h�emolytique. Comme il
est assez rare qu’une r�eop�eration soit effectu�ee, la suppression de
PVL par une proc�edure transcath�eter devient une option alterna-
tive, mais son innocuit�e et son efficacit�e restent incertaines. Dans
cette �etude, nous avons cherch�e à d�eterminer si une r�eduction
d’une PVL par transcath�eter est associ�ee à une am�elioration des
r�esultats cliniques.
Paravalvular leak (PVL) after surgical valve replacement
originates from an incomplete seal between the prosthetic
sewing ring and the native valve annulus, related to calcifi-
cation, infection, or suboptimal surgical technique or pros-
thetic sizing.1 PVL of various severities have been detected
in up to 17.6% of the aortic and 22.6% of the mitral valve
replacements and patients with symptomatic PVL have a
mortality rate comparable with lung cancer.2,3 Surgical
correction is currently the gold standard therapy for symp-
tomatic PVL and is typically performed in patients with
severe congestive heart failure (CHF) and/or refractory he-
molytic anemia. Repeated surgeries are associated with a
high rate of PVL recurrence and with a higher mortality rate
than the index procedure. For this reason, only a minority of
patients undergo a surgical correction, leaving a large
number of individuals with the need for alternative
therapies.4-8
ll rights reserved.
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Bayesian hierarchical meta-analysis was performed using cardiac
mortality as a primary end point. The combined occurrence of
improvement in New York Heart Association functional class or he-
molytic anemia and the need for repeat surgery, were used as sec-
ondary end points.
Results: A successful transcatheter PVL reduction was associated with
a lower cardiac mortality rate (odds ratio [OR], 0.08; 95% credible
interval [CrI], 0.01-0.90) and with a superior improvement in functional
class or hemolytic anemia, compared with a failed intervention (OR,
9.95; 95% CrI, 2.10-66.73). Fewer repeat surgeries were also observed
after successful procedures (OR, 0.08; 95% CrI, 0.01-0.40).
Conclusions: A successful transcatheter PVL reduction is associated
with reduced all-cause mortality and improved functional class in pa-
tients deemed unsuitable for surgical correction.

M�ethodes : Nous avons identifi�e 12 �etudes cliniques qui comparaient
les r�eductions r�eussies ou infructueuses de PVL par proc�edure trans-
cat�ether sur un total de 362 patients. Une m�eta-analyse hi�erarchique
bay�esienne a �et�e r�ealis�ee en utilisant la mortalit�e cardiaque comme
point d’aboutissement principal. Une am�elioration de la classe fonc-
tionnelle de la New York Heart Association ou d’une an�emie
h�emolytique et la n�ecessit�e d’une r�eop�eration, ont �et�e utilis�es comme
critères secondaires.
R�esultats : Une r�eduction r�eussie de PVL par proc�edure transcath�eter
a �et�e associ�ee à un taux plus faible de la mortalit�e cardiaque (ratio
d’incidence approch�e [RIA] 0,08; intervalle de cr�edibilit�e [CrI] à 95 %,
0,01 - 0,90) et à une am�elioration de la classe fonctionnelle ou d’une
an�emie h�emolytique (RIA 9,95; CrI à 95 %, 2,10 - 66,73). Moins de
r�eop�erations ont �egalement �et�e observ�ees après des proc�edures
r�eussies (RIA 0,08; CrI à 95 %, 0,01 - 0,40).
Conclusions : Une r�eduction significative de PVL par proc�edure
transcath�eter est associ�ee à une mortalit�e r�eduite, toutes causes
confondues, et à une am�elioration de la classe fonctionnelle chez les
patients jug�es inaptes à une r�eop�eration.
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In 1992, Hourihan et al. first described the potential of
transcatheter PVL reduction to improve survival and quality
of life in patients deemed unsuitable for repeat surgery.9 The
interest for transcatheter PVL reduction is exponentially
growing but the global experience remains limited to single-
centre experience with varying procedural success rates.10-26

Uncertainties persist on the benefits and risks associated
with this technique, which precludes an appropriate case se-
lection. To our knowledge, no group has previously system-
atically reviewed these data. In the present study we sought to
assess the association between transcatheter PVL reduction
and clinical outcomes including death, improvement in heart
failure or hemolytic anemia, and requirements for repeat
surgery. To this end, we systematically reviewed the literature
for randomized trials and nonrandomized studies and per-
formed a meta-analysis to appraise the feasibility, efficacy, and
safety of transcatheter PVL reduction in symptomatic
patients.
Methods

Objective

In this present analysis we sought to evaluate the rela-
tionship between a successful transcatheter PVL reduction and
clinical outcomes. More specifically, the in present analysis we
planned to estimate the odds ratios (ORs) for cardiac mor-
tality (primary end point), for improvement in functional class
or hemolytic anemia, and for the reduction in repeat surgery
(secondary end points).

Identification of studies

Randomized trials are the preferred source of data for meta-
analysis. However, considering the emerging nature of trans-
catheter PVL reduction and to obtain an appropriate
reflection of the global experience we also accounted for
nonrandomized studies. Studies that reported immediate and
long-term clinical outcomes for successful and failed trans-
catheter PVL reduction were considered for the systematic
review. No restrictions were applied with regard to language,
sample size, technical approach (anterograde/transseptal,
retrograde arterial, or transapical), or the type of device used.

Studies were searched (June 2014) using MEDLINE,
EMBASE, and CENTRAL. Search strategies included the
Medical Subject Heading term and text word searches
(Supplemental Table S1). We manually searched reference lists
of relevant studies for additional publications and we screened
relevant abstracts to see whether they were followed by a
complete publication. To this end, the American College of
Cardiology, American Heart Association, European Society of
Cardiology, Euro-PCR, Transcatheter Cardiovascular Thera-
peutics, Society for Cardiac Angiography and Interventions,
and Canadian Cardiovascular conference proceedings were
queried from the years 2008 to 2014. In addition, trial registers
including the World Health Organization International Clin-
ical Trial Registry Platform, clinicaltrials.gov, the ISRCTN
(International Standard Registered Clinical/Social Study
Number) register, and the MetaRegister were searched for
ongoing or completed studies with potential publication. Pre-
liminary reports were excluded from the systematic review.
Relevant studies were reviewed to exclude duplicate reports and
selected articles were read entirely. When multiple publications
from the same study population were found, the one with the
largest sample or the longest follow-up was selected. In case of
incomplete data in published studies, authors were contacted
and asked for missing information.

Data abstraction and quality assessment

To avoid that knowledge of the results biased the percep-
tion of the methods’ quality, data from the methods and re-
sults sections were abstracted on separate forms. To reduce
bias, 2 independent abstractors (X.M. and S.S.) independently
extracted variables describing the study population, the pro-
cedural characteristics, and clinical outcomes. A third reviewer
(E.M.J.) resolved discrepancies between abstractors. At all
times, abstractors were blinded to information believed to
possibly influence their judgement (authors, titles, journal,
institution, or country of origin).

http://clinicaltrials.gov
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For each selected randomized trial, the general quality of
reporting of information was assessed using the validated
criteria proposed by Jüni et al.27 For each selected non-
randomized study, the general quality of reporting of infor-
mation was initially assessed using the Strengthening the
Reporting of Observational Studies in Epidemiology
Consensus Statement.28 The specific risk of bias in non-
randomized studies was concomitantly assessed using the
Newcastle-Ottawa scale for cohort studies29 and a modifica-
tion of the validated checklist proposed by Downs and Black30

(Supplemental Table S2). For each study, an independent
quality score was given for the assessment of procedural suc-
cess, death, and clinical improvement.

Data were collected on a customized form adapted from
the Cochrane collaboration data collection form for non-
randomized studies.31 Information included the study design,
confounding factors, comparability between groups at base-
line, methods used to adjust for confounding, and effect es-
timate. The quality of studies was not used to adjust their
weight in the meta-analysis. Instead, quality is reported as an
indicator of external validity.

The reports of the methods presented in this report are
compliant with the Meta-analysis Of Observational Studies
in Epidemiology consensus statement for nonrandomized
studies32 and the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, an update of the Quality of
Reporting of Meta-analyses (QUOROM) guidelines for
reporting systematic reviews and meta-analyses.33,34

Clinical and end point definitions

For the present analysis, a successful PVL reduction was
defined as the delivery of a reduction device free of mechanical
prosthesis interference and resulting in an immediate �1-
grade regurgitation reduction. Alternatively, technical suc-
cess, defined as the successful delivery of a reduction device
(irrespective of PVL reduction obtained), was used for sensi-
tivity analyses.

Change in regurgitation grade was quantified using trans-
thoracic echocardiography and bi- or tridimensional trans-
esophageal echocardiography, as specifically detailed by
investigators (see Supplemental Table S3 for study-specific
criteria).

Death was abstracted as cardiac vs noncardiac. Cardiac
death included causes such as tamponade, cardiogenic shock,
CHF, transplantation, myocardial infarction, prosthesis
endocarditis, vascular access site complication, malignant
ventricular arrhythmias, and sudden death.

Improvement in CHF was defined as a reduction of � 1
grade on the New York Heart Association (NYHA) functional
class scale and improvement in hemolytic anemia was defined
as a decrease of transfusion requirements or significant
improvement on hemolytic parameters, quantified according
to hemoglobin/hematocrit, lactate dehydrogenase, reticulo-
cyte/schistocyte count, or bilirubin.

Statistical analysis

We used a Bayesian hierarchical meta-analysis model to
account for possible variations in methods, patient charac-
teristics, and other differences that are likely to occur espe-
cially across nonrandomized studies, which might affect the
ORs estimated.35 At the first level of the hierarchical model,
the probability of an event varies within each group and across
studies. To model this between-study variability, the loga-
rithms of the ORs of each outcome were assumed to follow a
normal distribution. The mean of the normal distribution of
log ORs across studies represents the average effect within
each study, and the variance represents the degree to which
the ORs vary across studies. Diffuse previous distributions
were used throughout, so that the data drove the final in-
ferences. Specifically, we used normal densities with mean
zero and variance of 100,000 or larger for all mean parame-
ters, and a uniform distribution with range (0-5) for the be-
tween study standard deviation, measured on a log scale. This
latter parameter implies that the 95% range of the ORs
(approximately 4 times the SD) is 20 on a log scale, meaning
that ORs from exp(�20) to exp(20) are accommodated; an
extremely wide range. We report the posterior median and
95% credible interval (CrI) for this between-study standard
deviation on the log odds scale. A posterior density concen-
trating near zero would be evidence that a fixed model might
suffice, and any other posterior density indicates important
heterogeneity is likely present and hence a random effects
model is to be preferred. A particular study did not account
for an outcome when no events were possible in either the
successful or the failure group. For this reason, variable group
sizes were obtained for each outcome. WinBUGS software
(version 1.4.3, MRC Biostatistics Unit, Cambridge, UK) was
used for analyses. We ran 5000 burn-in iterations to ensure
convergence of the Markov chains and a further 50,000 it-
erations to obtain highly accurate posterior estimates. No
convergence problems were detected in any of the analyses.
Forest plots were produced to display the ORs and 95% CrIs
for all major outcomes considered in our meta-analysis. CrIs
are the Bayesian analogues to frequentist confidence intervals.
Our Bayesian hierarchical model is similar in nature to a
frequentist random effects meta-analysis model, and with our
use of the factors already mentioned herein, should return
numerically similar interval estimates.

Sensitivity analyses

For the primary analysis, procedural success (device de-
livery and reduction in regurgitation volume) was used to
dichotomize patients between successful vs failed PVL
reduction. Because the delivery procedure itself bears a sig-
nificant risk, we also performed a sensitivity analysis in which
technical success (device delivery vs no device delivery) was
used to dichotomize patients into treatment groups. This
analysis was believed necessary to better reflect the risk to
benefit ratio conferred by the attempted intervention alone.
Results

Search results

Initial searches of randomized controlled trials and non-
randomized studies retrieved 58 and 553 reports respectively,
most of which were on nonrelated topics. As shown in
Figure 1, the initial screening retrieved 68 unique reports. A
manual search of conference proceedings retrieved 1 addi-
tional report.11 An important proportion of excluded reports



Figure 1. Flow diagram of eligible studies that compared successful vs failed procedures of transcatheter paravalvular leak reduction.

Millán et al. 263
Successful vs Failed Paravalvular Leak Reduction
were abstracts. Additional reports were excluded because
procedural details and follow-up information were not avail-
able (n ¼ 16). A total of 12 nonrandomized studies were
included in the systematic review. No randomized trials were
retrieved. The interabstracter agreement on study eligibility
was 100%.

Study characteristics

The characteristics of the study populations are shown in
Table 1. A total of 362 patients were included in the analysis,
with 213 men (59%) and 149 women (41%). The mean age
varied from 62 to 75 years. The primary indications for PVL
reduction were CHF (51%), hemolytic anemia (10%), or
both (39%). As shown by Society of Thoracic Surgeons scores
and logistic Euroscores, most patients were deemed poor
candidates for repeat surgery because of numerous previous
open-chest surgeries and multiple comorbid conditions (see
Supplemental Table S4 for study-specific inclusion/exclusion
criteria and surgical risk assessment). Despite the eventual
severity of symptoms, all procedures were performed elec-
tively, with no emergent interventions described.

Technical and procedural characteristics are summarized in
Table 2. PVL s were most frequently located at the mitral
position (70%). Mechanical and biological prostheses were
similarly represented. Aortic PVL reductions were most
frequently attempted using a retrograde approach (via the
femoral arteries), and the mitral PVL reductions were most
frequently attempted using an anterograde approach (via
transseptal puncture). In 31 patients with mitral PVL, the
reduction procedure was attempted using a transapical
approach. Globally, procedural success was achieved in 76.5%
of cases, ranging from 29.6% to 100%. Likewise, technical
success was achieved in 86.5% of cases, ranging from 62.5%
to 100% (Fig. 2A).

With respect to leak position, mitral transcatheter PVL
reduction was performed in 274 patients with a technical
success rate of 82.3% and a procedural success rate of 73.3%.
When information was available, authors reported success
rates of 100% in mitral leaks attempted via a transapical
approach, compared with technical and procedural success
rates of 78.4% and 66.4%, respectively, obtained in the
classical anterograde or retrograde approaches. Eighty-eight
patients underwent aortic procedures, with technical and
procedural success rates of 86.9% and 84.1%, respectively
(Fig. 2B).

Because no specific device is formally labelled for PVL
reduction, many devices of the Amplatzer occluders/plugs
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family currently used for the closure of other anatomical de-
fects were used. The device most commonly used was the
Amplatzer Duct Occluder, in 26% of the procedures. How-
ever, in the most recent publications, the Amplatzer Vascular
Plug III was the most used device. More than 1 device was
required in 66 patients (18%).

According to the high mortality risk of the global cohort,
22.7% (72 patients) died during a variable follow-up, of
whom 18 patients died from cardiac causes. Twelve per cent
of patients (6 of 50 patients) presented cardiac death after a
failed procedure but only 5.7% (12 of 210) died after a
successful procedure.

The combined end point of improvement in NYHA
functional class or hemolytic anemia was achieved in 71.0% of
patients (137 of 193) with a successful procedure and in
28.4% of patients (21 of 74) after a suboptimal transcatheter
PVL reduction.

When data were reported, 6.8% of patients with successful
procedures (17 of 250 patients) required surgical reinterven-
tion during follow-up, compared with 31.8% of patients (21
of 66 patients) after a failed procedure.

Results of the meta-analysis

A successful PVL reduction was associated with a lower
cardiac mortality rate compared with a failed reduction (260
patients; OR, 0.08; 95% CrI, 0.01-0.90; Fig. 3A). A positive
tendency toward lower all-cause mortality was also observed in
successful procedures (311 patients; OR, 0.52; 95% CrI,
0.09-1.74). The posterior standard deviation was estimated to
be 0.79 (95% CrI, 0.04-3.79), indicating a high probability of
clinically important between-study variability.

A superior functional class improvement or improved he-
molytic anemia was observed in successful compared with
failed PVL reductions (267 patients; OR, 9.95; 95% CrI,
2.10-66.73; Fig. 3B). This effect was mostly driven by an
improvement in NYHA functional class (192 patients; OR,
72.24; 95% CrI, 5.09-693). Wide CrIs for the estimated ef-
fect of PVL reduction on hemolysis alone (35 patients; OR,
2.22; 95% CrI, 0.06-194) preclude definitive conclusions.

Procedurally successful transcatheter PVL reduction was
also associated with fewer surgical reinterventions (316 pa-
tients; OR, 0.08; 95% CrI, 0.01-0.40; Fig. 3C).

The results of the sensitivity analysis showed that technical
success (appropriate device delivery regardless of the grade of
PVL reduction) was also associated with a combined
improvement in functional class or hemolytic anemia (162
patients; OR, 30.96; 95% CrI, 5.31-224). Nevertheless,
technical success was not associated with a significantly lower
rate of cardiac mortality (132 patients; OR, 0.08; 95% CrI,
0.003-1.91).
Discussion
Results of the present analysis suggest that a successful

transcatheter PVL reduction reduces cardiac mortality and
improves functional class in highly symptomatic patients
deemed unsuitable for surgical correction. In appropriately
selected cases, transcatheter reduction of PVL can be
attempted safely and with a technical success rate of 86.5%
(and improvement in regurgitation grade in > 75% of
patients).



Table 2. Technical and procedural characteristics

Characteristic

Study

Hein 200615

(n ¼ 21)
Cortes 200812

(n ¼ 27)

Garcia-Borbolla
Fernandez 200914

(n ¼ 8)

Nietlispach
201018

(n ¼ 5)
Ruiz 201121

(n ¼ 43)
Sorajja 201125

(n ¼ 126)
Swaans 201226

(n ¼ 7)
Boccuzzi 201311

(n ¼ 12)
Noble 201319

(n ¼ 56)
Smolka 201323

(n ¼ 7)
Smolka 201324

(n ¼ 7)
Cruz 201413

(n ¼ 33)

Technical successes vs
failures (n)

20 vs 1 17 vs 10 5 vs 3 5 vs 0 37 vs 6 115 vs 11 7 vs 0 12 vs 0 42 vs 14 15 vs 2 7 vs 0 31 vs 2

Procedural successes vs
failures (n)

19 vs 2 8 vs 19 4 vs 4 5 vs 0 35 vs 8 96 vs 30 7 vs 0 11 vs 1 40 vs 16 15 vs 2 7 vs 0 30 vs 3

Prosthesis position, n
Aortic 8 0 0 1 10 27 1 5 12 17 0 7
Mitral 13 27 8 4 33 99 6 7 44 0 7 26

Prosthesis type, n
Mechanical NR 27 7 1 15 49 4 2 50 11 4 32
Bioprosthesis 0 1 4 28 77 3 10 6 6 3 1

Total number of devices
implanted

26 17 7 6 57 156 7 NR 53 24 20 34

Device type
AVP-III 0 0 0 5 0 0 7 11 7 17 20 34
AVP-II 0 0 0 0 5 77 0 0 0 7 0 0
ADO 8 17 7 1 39 20 0 0 18 0 0 0
mVSD 13 0 0 0 11 10 0 0 28 0 0 0
ASO 5 0 0 0 2 12 0 1 0 0 0 0

Patients with �1 device
implanted, n

5 0 1 1 12 20 0 6 5 8 7 1

Approach, n
Retrograde NR 0 2 2 NR 32 0 NR 12 17 0 26
Anterograde 17 5 0 100 0 44 0 0 7
Transapical 0 0 4 13 7 0 0 7 0

ADO, Amplatzer Duct Occluder; ASO, Amplatzer Septum Occluder; AVP, Amplatzer Vascular Plug Occluder; mVSD, Amplatzer Muscular Ventricular Septum Defect Occluder; NR, not reported.
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Figure 3. Forest plot for (A) cardiac mortality in a comparison of successful vs failed transcatheter paravalvular leak (PVL) reductions; (B) functional
class or hemolysis improvement in a comparison of successful vs failed transcatheter PVL reductions; and (C) repeat surgery requirements in a
comparison of successful vs failed transcatheter PVL reductions. CrI, credible interval; M, number of possible events.

Figure 2. (A) Overall procedural and technical success rates. (B) Procedural and technical success rates in mitral and aortic paravalvular leaks.
Technical success is defined as successful delivery of a reduction device (irrespective of paravalvular leak reduction obtained); procedural success is
defined as delivery of a reduction device free of mechanical prosthesis interference and resulting in an immediate grade �1 regurgitation reduction.
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These results have important research and clinical appli-
cations because of the increasing use of this procedure,
nowadays applicable to even the highest-risk patients. In the
following years, the success rates associated with percutaneous
PVL reduction rates are expected to improve thanks to op-
erators beyond their learning curve with more developed
techniques available. Several studies included in this meta-
analysis support the transapical approach as an alternative
access method when anterograde transseptal or retrograde
transaortic approaches are unsuccessful or technically chal-
lenging (eg, septal or posterior locations for mitral PVL).
However, it is multimodality imaging and the possibility to
fuse different imaging techniques that make transcatheter PVL
reduction a safer and more successful procedure.36 The lack of
devices specifically designed for this purpose has been
repeatedly mentioned, but the use of more appropriate ap-
pliances as the Amplatzer Vascular Plug III, with its capability
to fit elliptical-shaped vascular structures, has allowed recent
success rates as high as 94%.13 Overall, the continuous
development of transcatheter PVL reduction provides the
potential to further advance this procedure.

The systematic review of the literature has highlighted
important disparities in the practice of this intervention on a
global scale: (1) the disagreement on the definition of success,
for which many studies focused on technical feasibility
regardless of the grade of PVL reduction achieved; (2) the
absence of standardized methods to quantify the severity of
PVL-related regurgitation with imaging; and (3) the variability
on outcomes assessment proven by the multiple definitions of
hemolysis improvement found among different studies. These
disparities would be best served by the creation of an academic
research consortium on the topic.

The incidence of PVL after surgical prosthesis implantation
has been known for years. Additionally, with the recent surge
in transcatheter aortic valve replacement and the upcoming
transcatheter mitral replacement,37 PVL is likely to reach
epidemic proportions in the years to come. Therefore, trans-
catheter PVL reduction could expand importantly in settings
after the transcatheter procedure. In the Placement of Aortic
Transcatheter Valves (PARTNER) trial, for instance, signifi-
cant PVLs were present in 12% of patients and its presence
independently predicted long-term mortality.38-40

Limitations and future directions

Information on transcatheter PVL reduction is limited
because of small sample sizes, lack of randomized data, vari-
able report rates, incomplete follow-up, and single-centre
retrospective nature of the data. This meta-analysis was per-
formed by abstracting data at the group level not at a patient
level. However, authors were contacted for clarification when
important data could not be abstracted directly from the
report. Besides, reports regarding success rates and follow-up
outcomes depending on the principal indication interven-
tion (heart failure or hemolysis) were incomplete, and the
available data did not allow a description of clinical end points
according to the prosthetic valve attempted (aortic vs mitral)
or its approach (anterograde transseptal, retrograde transaortic,
or transapical). Because the procedural risk is low, technical
failure (addressed in the sensitivity analysis) would be theo-
retically comparable with medical treatment, but this option
was not included in the current study design and has not been
specifically assessed.

The small numbers of studies precluded accurate estima-
tion of the between-study variance, which led to wide CrIs
across most of the outcomes, reflecting the probabilistic un-
certainty of the point estimates reported. Our results should
be taken with caution and are not meant to direct medical
practice.

Results of the present study demonstrate the need for
additional research to expand the emerging techniques of PVL
reduction. Our data offer an unprecedented insight into the
possible benefits and risks associated with this intervention,
and raises several unanswered questions, such as the differ-
ential effect of PVL reduction in mitral vs aortic position and
the appropriate case selection or timing for intervention.

To further the PVL reduction, these important questions
must be addressed by the creation of a patient-level data
register and a PVL academic research consortium. An inter-
national patient-level data register would allow a better un-
derstanding of the patient population, including the
development of a risk score specific to patients with PVL.
Such consortium would permit the unification on reporting of
outcomes and clinical assessment and the design of future
clinical investigations.
Conclusions
Results of the current study suggest that successful trans-

catheter PVL reduction is associated with a reduction in car-
diac mortality and functional class improvement in patients
unsuitable for surgical correction. An appropriately designed
multicentre trial is needed to confirm our findings regarding
this technique and to evaluate its efficacy in other subsets of
patients, especially in high surgical risk patients, compared
with surgical correction or medical treatment.
Funding Sources
Xavier Millán is supported by a research grant from Fun-

dación Alfonso Martín Escudero (FAME), Spain. E. Marc
Jolicœur is supported by research grants from les Fonds la
Recherche du Qu�ebec en sant�e (FRQS), the Canadian In-
stitutes for Health Research (CIHR), and by la Fondation de
l’Institut de Cardiologie de Montr�eal.
Disclosures
Dr Ibrahim, Dr Arzamendi, and Dr Cruz-González report

to be consultants for St Jude Medical. St Jude Medical had no
role in the design, subject recruitment, or preparation of this
report. The remaining authors have no conflicts of interest to
disclose.

References

1. Jilaihawi H, Kashif M, Fontana G, et al. Cross-sectional computed
tomographic assessment improves accuracy of aortic annular sizing for
transcatheter aortic valve replacement and reduces the incidence of par-
avalvular aortic regurgitation. J Am Coll Cardiol 2012;59:1275-86.

2. O’Rourk DJ, Palac RT, Malenka DJ, et al. Outcome of mild peri-
prosthetic regurgitation detected by intraoperative transesophageal echo-
cardiography. J Am Coll Cardiol 2001;38:163-6.

http://refhub.elsevier.com/S0828-282X(14)01660-2/sref1
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref1
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref1
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref1
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref2
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref2
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref2


268 Canadian Journal of Cardiology
Volume 31 2015
3. Office for National Statistics. Cancer Survival in England: Patients
Diagnosed 2005-2009 and Followed Up to 2010. London: Office for
National Statistics, 2011.

4. Exposito V, Garcia-Camarero T, Bernal JM, et al. Repeat mitral valve
replacement: 30-years’ experience. Rev Esp Cardiol 2009;62:929-32.

5. De Almeida-Brandão CM, Pomerantzeff PM, Souza LR, et al. Multi-
variate analysis of risk factorsfor hospital mortality in valvular reoperations
for prosthetic valve dysfunction. Eur J Cardiothorac Surg 2002;22:922-6.

6. Emery RW, Krogh CC, McAdams S, Emery AM, Holter AR. Long-term
follow up of patients undergoing reoperative surgery with aortic or mitral
valve replacement using a St Jude medical prosthesis. J Heart Valve Dis
2010;19:473-84.

7. Potter DD, Sundt TM, Zehr KJ, et al. Risk of repeat mitral valve
replacement for failed mitral valve prostheses. Ann Thorac Surg 2004;78:
67-72.

8. Akins CW, Bitondo JM, Hilgenberg AD, et al. Early and late results of
the surgical correction of cardiac prosthetic paravalvular leaks. J Heart
Valve Dis 2005;14:792-9.

9. Hourihan M, Perry SB, Mandell VS, et al. Transcatheter umbrella closure
of valvular and paravalvular leaks. J Am Coll Cardiol 1992;20:1371-7.

10. Alonso-Briales JH, Munoz-Garcia AJ, Jimenez-Navarro MF, et al.
Closure of perivalvular leaks using an Amplatzer occluder. Rev Esp
Cardiol 2009;62:442-6.

11. Boccuzzi GG, De Rosa C, Scrocca I, et al. Percutaneous closure of
periprosthetic paravalvular leak: single center experience. J Clin Exp
Cardiol 2013;S3:7.

12. Cortes M, Garcia E, Garcia-Fernandez MA, et al. Usefulness of trans-
esophageal echocardiography in percutaneous transcatheter repairs of
paravalvular mitral regurgitation. Am J Cardiol 2008;101:382-6.

13. Cruz-Gonzalez I, Rama-Merchan JC, Arribas-Jimenez A, et al. Para-
valvular leak closure with the Amplatzer Vascular Plug III device: im-
mediate and short-term results. Rev Esp Cardiol (Engl Ed) 2014;67:
608-14.

14. Garcia-Borbolla Fernandez R, Sancho-Jaldon M, CallePerez G, et al.
Percutaneous treatment of mitral valve periprosthetic leakage. An alter-
native to highrisk surgery? Rev Esp Cardiol 2009;62:438-41.

15. Hein R, Wunderlich N, Robertson G, Wilson N, Sievert H. Catheter
closure of paravalvular leak. EuroIntervention 2006;2:318-25.

16. Krishnaswamy A, Kapadia SR, Tuzcu EM. Percutaneous paravalvular
leak closure- imaging, techniques and outcomes. Circ J 2013;77:19-27.

17. Mookadam F, Raslan SF, Jiamsripong P, Jalal U, Murad MH. Percu-
taneous closure of mitral paravalvular leaks: a systematic review and meta-
analysis. J Heart Valve Dis 2012;21:208-17.

18. Nietlispach F, Johnson M, Moss RR, et al. Transcatheter closure of
paravalvular defects using a purpose specific occluder. J Am Coll Cardiol
Interv 2010;3:759-65.

19. Noble S, Jolicoeur EM, Basmadjian A, et al. Percutaneous paravalvular
leak reduction: procedural and long-term clinical outcomes. Can J Car-
diol 2013;29:1422-8.

20. Pate GE, Al Zubaidi A, Chandavimol M, et al. Percutaneous closure of
prosthetic paravalvular leaks: case series and review. Catheter Cardiovasc
Interv 2006;68:528-33.

21. Ruiz CE, Jelnin V, Kronzon I, et al. Clinical outcomes in patients un-
dergoing percutaneous closure of periprosthetic paravalvular leaks. J Am
Coll Cardiol 2011;58:2210-7.
22. Shapira Y, Hirsch R, Kornowski R, et al. Percutaneous closure of peri-
valvular leaks with Amplatzer occluders: feasibility, safety, and short-term
results. J Heart Valve Dis 2007;16:305-13.

23. Smolka G, Pysz P, Wojakowski W, et al. Clinical manifestations of heart
failure abate with transcatheter aortic paravalvular leak closure using
Amplatzer Vascular Plug II and III devices. J Invasive Cardiol 2013;25:
226-31.

24. Smolka G, Pysz P, Jasinski M, et al. Transapical closure of mitral para-
valvular leaks with use of amplatzer Vascular Plug III. J Invasive Cardiol
2013;25:497-501.

25. Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. Long-term follow-up of
percutaneous repair of paravalvular prosthetic regurgitation. J Am Coll
Cardiol 2011;58:2218-24.

26. Swaans MJ, Post MC, van der Ven HA, et al. Transapical treatment of
paravalvular leaks in patients with a logistic euroscore of more than 15%:
acute and 3-month outcomes of a “proof of concept” study. Catheter
Cardiovasc Interv 2012;79:741-7.

27. Jüni P, Altman DG, Egger M. Assessing the quality of controlled clinical
trials. BMJ 2001;323:42-6.

28. von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) State-
ment: Guidelines for Reporting Observational Studies. Ann Intern Med
2007;147:573-7.

29. Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies in
meta-analyses. Available at: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.htm. Accessed May 15, 2014.

30. Downs SH, Black N. The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and non-
randomised studies of health care interventions. J Epidemiol Commu-
nity Health 1998;52:377-84.

31. Reeves BC, Higgins JP, Wells GA. Chapter 13: including non-
randomized studies. In: Higgins JP, Green S, eds. Cochrane Handbook
for Systematic Reviews of Interventions Version 5.1.0. The Cochrane
Collaboration. Available at: http://www.cochrane-handbook.org. Accessed
May 15, 2014.

32. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational
studies in epidemiology: a proposal for reporting. JAMA 2000;283:
2008-12.

33. Moher D, Cook DJ, Eastwood S, et al. Improving the quality of reports
of meta-analyses of randomised controlled trials: the QUOROM state-
ment. Lancet 1999;354:1896-900.

34. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: the PRISMA Statement. Ann
Intern Med 2009;151:264-9.

35. Freixa X, Belle L, Joseph L, et al. Immediate vs. delayed stenting in acute
myocardial infarction: a systematic review and meta-analysis. Euro-
intervention 2013;8:1207-16.

36. Kliger C, Ruiz CE. Rethinking percutaneous paravalvular leak closure:
where do we go from here? Rev Esp Cardiol 2014;67:593-6.

37. Banai S, Verheye S, Cheung A, et al. Trans apical mitral implantation
(TAMI) of the Tiara TM Bio-prosthesis: pre-clinical results. JACC
Cardiovasc Interv 2014;7:154-62.

38. G�en�ereux P, Head SJ, Hahn R, et al. Paravalvular leak after transcatheter
aortic valve replacement: the new Achilles’ heel? A comprehensive review
of the literature. J Am Coll Cardiol 2013;61:1125-36.

http://refhub.elsevier.com/S0828-282X(14)01660-2/sref3
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref3
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref3
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref4
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref4
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref5
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref5
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref5
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref6
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref6
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref6
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref6
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref7
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref7
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref7
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref8
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref8
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref8
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref9
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref9
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref10
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref10
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref10
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref11
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref11
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref11
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref12
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref12
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref12
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref13
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref13
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref13
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref13
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref14
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref14
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref14
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref15
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref15
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref16
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref16
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref17
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref17
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref17
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref18
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref18
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref18
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref19
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref19
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref19
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref20
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref20
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref20
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref21
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref21
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref21
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref22
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref22
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref22
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref24
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref24
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref24
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref24
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref23
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref23
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref23
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref25
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref25
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref25
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref26
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref26
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref26
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref26
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref27
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref27
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref28
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref28
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref28
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref28
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref29
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref29
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref29
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref29
http://www.cochrane-handbook.org
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref30
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref30
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref30
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref31
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref31
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref31
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref32
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref32
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref32
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref33
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref33
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref33
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref34
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref34
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref35
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref35
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref35
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref36
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref36
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref36
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref36
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref36


Millán et al. 269
Successful vs Failed Paravalvular Leak Reduction
39. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-valve im-
plantation for aortic stenosis in patients who cannot undergo surgery.
N Engl J Med 2010;363:1597-607.

40. Smith CR, Leon MB, Mack MJ, et al. Transcatheter versus surgical aortic-
valve replacement in high-risk patients. N Engl J Med 2011;364:2187-98.
Supplementary Material
To access the supplementary material accompanying this

article, visit the online version of the Canadian Journal of
Cardiology at www.onlinecjc.ca and at http://dx.doi.org/10.
1016/j.cjca.2014.12.012.

http://refhub.elsevier.com/S0828-282X(14)01660-2/sref37
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref37
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref37
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref38
http://refhub.elsevier.com/S0828-282X(14)01660-2/sref38
http://www.onlinecjc.ca
http://dx.doi.org/10.1016/j.cjca.2014.12.012
http://dx.doi.org/10.1016/j.cjca.2014.12.012

	Transcatheter Reduction of Paravalvular Leaks: A Systematic Review and Meta-analysis
	Methods
	Objective
	Identification of studies
	Data abstraction and quality assessment
	Clinical and end point definitions
	Statistical analysis
	Sensitivity analyses

	Results
	Search results
	Study characteristics
	Results of the meta-analysis

	Discussion
	Limitations and future directions

	Conclusions
	Funding Sources
	Disclosures
	References
	Supplementary Material


