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Paravalvular regurgitation (PVR) remains one of the drawbacks of transcatheter aortic valve implantation
(TAVI). Details of percutaneous closure (PCC) of PVR after TAVI remain obscure. We aimed to explore the
patient characteristics, procedural details, closure devices used, and outcomes of PCC after TAVI. A systematic
search of the MEDLINE/PubMed and Embase databases from January 2002 to September 2015 was conducted.
Reports considered to include same patient were excluded and only the studies with largest cohorts were
included. A total of 14 studies including 58 patients (61 cases) were included in the study. A balloon-
expandable (BE) valve was used more frequently compared with a self-expandable (SE) valve (72.6% vs 27.4%,
respectively). The mean success rate was 86.9% (100% and 77.8%, respectively; P = 0.097). The median
number of closure devices used was 1 (range, 1–4) and did not differ between SE and BE valves (P = 0.71). Mean
time from index procedure to PCC did not differ between SE and BE valves (295 ± 380 days vs 379 ± 353 days;
P = 0.71). Seven patients had history of valve-in-valve and 6 patients had procedural success. Among the
patients with available follow-up data (94.8%), there were 15 deaths (27.3%). Percutaneous closure of PVR
after TAVI had a high success rate in selected patients in both BE and SE valves. The success rate, timing, and
number of closure devices were similar between BE and SE valves. However, prognosis remains fairly poor.

Introduction
Paravalvular regurgitation (PVR) is one of the main
drawbacks of transcatheter aortic valve implantation (TAVI)
as compared with surgical aortic valve replacement (SAVR).
Previous articles have reported its negative prognostic
impact following TAVI in both midterm and long-term follow-
up.1,2 Some reports suggest that even mild PVR could affect
the prognosis.3 Even though the second-generation TAVI
prosthetic valves are promising in decreasing the PVR rate,
their long-term valve durability has not yet been proven.4

Revision cardiac surgery in TAVI patients is less desirable,
as these patients were deemed high or inoperable surgical
risks prior to TAVI. Postdilation (PD) and valve-in-valve
(ViV) have been widely performed for the treatment of
PVR after TAVI. However, the treatment strategy for PVR
after TAVI is not standardized, and it remains largely
dependent on institutions and operators. In addition, these
2 commonly utilized treatment modalities are not free from
complications.5,6
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Percutaneous closure (PCC), although it appears to be an
attractive additional treatment option, has not been studied
in detail compared with the aforementioned 2 treatment
modalities. Past reports have been restricted only to case
reports and case series with small numbers of patients.7,8

Concerns regarding its technical difficulty and safety could
be one of the reasons for underutilization of this method.

Therefore, we aimed to systematically review the current
published articles to elucidate patient characteristics,
procedural details, closure devices used, and outcomes in
PCC after TAVI.

Methods
Search Strategy

A systematic literature search was conducted through
MEDLINE/PubMed and Embase databases from January
1, 2002, to March 17, 2016. Observational studies and case
series/reports were searched with the following search
terms: (1) ‘‘TAVI’’ or ‘‘TAVR’’ or ‘‘transcatheter aortic valve
replacement’’ or ‘‘transcatheter aortic valve implantation’’
or ‘‘CoreValve’’ or ‘‘Sapien’’ or ‘‘balloon expandable’’ or
‘‘self expandable’’; and (2) ‘‘closure’’ or ‘‘paravalvular’’ or
‘‘perivalvular’’ or ‘‘periprosthetic’’ or ‘‘paraprosthetic.’’

Abstracts/titles were screened for relevant articles, and
if they were considered to include information related
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Table 1. Characteristics of Included Studies

Author Year Study Location(s) Study Design Cohort N No. of Cases

Cruz-González7 2015 Spain Case report 1 1

Okuyama8 2015 United States Case series 10 10

Rossi11 2015 Italy Case report 1 1

Saia12 2015 Italy, United States, Germany, Canada Case series 24 27

White13 2015 United States Case report 1 1

Cockburn14 2016 United Kingdom Case report 1 1

Arri15 2015 United Kingdom Case series 5 5

Saireddy16 2014 Australia Case report 1 1

Citro17 2014 Italy Case report 1 1

Luu18 2013 United States Case series 2 2

Estévez-Loureiro19 2013 Spain Case series 2 2

Whisenant20 2013 United States Case series 2 2

Sinning21 2012 Germany Case report 1 1

Feldman22 2014 Germany Case series 6 6

to the study’s purpose, full manuscripts were obtained
and reviewed. References of manuscripts included for full
review were also manually reviewed to minimize missing
relevant articles. Conference abstracts included in the Ovid
database were also reviewed. Screening and retrieval of
the studies and data were performed by 2 independent
reviewers on the basis of inclusion and exclusion criteria
(T.A. and T.H.). There was no language restriction. When
≥2 studies were considered to contain overlapping patient
cohorts, only the study with the largest number of patients
was included. Studies were included when PCC was
performed for PVR following TAVI and the study included
at least procedural or patient outcomes. Studies were
excluded when PCC was performed for PVR following
SAVR. Author, year of publication, study location, cohort
number, patient characteristics, procedural success/failure,
implanted prosthetic valve, deployed PCC device, and
in-hospital or follow-up outcomes were abstracted when
available. Procedural success was defined as ‘‘PCC device
was successfully deployed and residual PVR < moderate,
grade ≤2 or clinical improvement was achieved.’’ The time
from the TAVI procedure to PCC was abstracted. When
>1 PCC procedures were performed in the same patient,
the day from the TAVI to the latest PCC procedure was
abstracted and used to calculate the time from TAVI to PCC
procedure, regardless of success or failure. The present
study was reported in accordance with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.9

Statistical Analysis

Categorical variables are expressed as number and percent-
age; continuous variables are expressed as mean ± SD or
median (interquartile range). The χ2 test or Fisher exact

test was used to evaluate categorical variables, as appropri-
ate. Continuous variables were analyzed with the t test or
Mann–Whitney U test, as appropriate. A P value <0.05 was
considered significant. Statistical analysis was performed
with the EZR software program (Saitama Medical Center,
Jichi Medical University, Japan).10

Results
A total of 14 studies were identified and included in this
systematic review.7,8,11–22 All studies were either case
reports or case series. Included studies are summarized
in Table 1. (For a flow diagram of study selection, see
Supporting Information, Figure, in the online version of this
article.) The reported literature was from North America
and Europe.

A total of 58 patients (male, 77.6%; 1 patient had a total
of 3 PCC and another had 2 PCC procedures, making
total of 61 cases) were included, and the mean patient age
was 81.7 ± 7.9 years. Among the included studies, balloon-
expandable valves (BE; Sapien or Sapien XT; Edwards
Lifesciences LLC, Irvine, CA) were utilized in 72.4% of
patients (42/58) and self-expandable valves (SE; CoreValve;
Medtronic Inc., Minneapolis, MN) were utilized in 27.6%
(16/58). Patients were mostly elderly, with high surgical
risk. Only 1 study reported the incidence of PCC performed
out of the entire cohort, and it was 1.5% (10/657).8

The overall success rate was 83.6%. The success rate was
100% (16/16 cases) in the SE valve group and 77.8% (35/45
cases) in the BE valve group (P = 0.095). (Reasons for failure
are listed in Supporting Information, Table, in the online
version of this article.) The success rate was compared
between patients with and without previous SAVR or ViV
procedures in 12 studies including 28 patients.7,8,11,13–21

The overall success rate was 82.1% and did not differ

Clin. Cardiol. 39, 10, 608–614 (2016) 609
T. Ando and H. Takagi: PCC of PVR post-TAVI

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22569 © 2016 Wiley Periodicals, Inc.



Table 2. Patient and Procedural Characteristics and Outcomes

Author Age, y/Sex Surgical Risk, %

Valve Type and

Size, mm Successes/Cases

No. of Devices

for PVR Closure Outcome

Cruz-González 86/F LE 22 CV 26 1/1 2 Asymptomatic 1 month later

Rossi 82/F LE 32 SXT 23 0/1 (residual

severe PVR)

1 Patient admitted for CHF at 3 months,

residual severe PVR treated with

V-in-V, stable after 1 year (NYHA

class I–II)

Okuyama 81 (70–92)/M 60% STS 7.1

(4.0–13.1)

SP 23, 26;

SXT 23, 29

6/10 (all 4 cases

unable to pass

the sheath)

1 each for 6

patients

2 patients died at day 38

Saia 80.6 ± 7.1/M 75% STS 6.6 ± 3.9;

LE 23.5 ± 20.1

CV 26, 27, 29, 31;

SP 23, 26; SXT

20, 26

24/27 (1 case

unable to pass

the wire through

the leak;

prosthetic valve

embolized in 1

case; 1 case had

grade 3 residual

PVR)

1 for 18 patients;

2 for 6 patients

11 patients died during

12.3 ± 11.4 months follow-up

White 86/M NR SP 26 1/1 1 Discharged on day 3; no outpatient

follow-up data available

Cockburn 86/M LE 33 SXT (size NR) 1/1 1 Symptomatic improvement in

subsequent follow-up

Arri 77–85/M 100% Case 1, LE 10;

NR for the other

4 cases

CV 26, 29, 31 5/5 1 for 4 cases; 2

for 1 case

4 patients have outpatient clinical

follow-up and are stable; 1 patient

was safely discharged from hospital

but no outpatient follow-up data

available

Saireddy 75/F LE 35, STS 15 SXT 23 1/1 1 Death on day 14

Citro 71/M NR SXT 23 1/1 2 Discharged on day 5

Luu 86/M; 90/M NR; NR SP 26; SP 26 2/2 1; 1 NR; NR

Estévez-Loureiro 85/M; 84/M LE 17.7; LE 19.9 SP 26; SP 23 2/2 4; 1 Stable at 1 year; stable at 3 months

Whisenant 88/M; 83/M NR; NR SP 26; SP 23 2/2 2; 2 NYHA class II at 1-year follow-up; V-in-V

was performed to close central aortic

regurgitation after PVR closure,

stable at 16 months since V-in-V

Sinning 83/F NR SXT 23 1/1 1 Discharged on day 5

Feldman 78–91; M 83.3% STS 5.2–15.9 SP 23, 26 4/6 (2 cases had

moderate

residual PVR)

1 for 5 cases; 2

for 1 case

1 patient died at 1 month; during

follow-up (range, 1–11 months), the

remaining 5 patients were free of

symptoms

Abbreviations: CHF, congestive heart failure; CV, CoreValve; EuroSCORE, European System for Cardiac Operative Risk Evaluation; F, female; IQR,
interquartile range; LE, logistic EuroSCORE; M, male; NR, not reported; NYHA, New York Heart Association; PVR, paravalvular regurgitation; SD,
standard deviation; SP, Sapien; STS, Society of Thoracic Surgeons; SXT, Sapien XT; V-in-V, valve-in-valve.
Data are expressed as mean ± SD or median (IQR).

between patients with and without previous SAVR/ViV
(85.7% vs 81.0%; P = 1.00). There was 1 serious procedural
complication of valve embolization.12 Patient characteristics
and outcomes are summarized in Table 2.

The vast majority of the deployed closure devices were
Amplatzer vascular plugs (II, III or IV; Figure 1). Other
devices used were the Amplatzer septal occluder and ven-
tricular septal occluder in a total of 5 cases (Figure 2).11,12

Only 1 case was performed under transthoracic echocar-
diography plus fluoroscopy guidance14; other cases were
performed under fluoroscopy with transesophageal echocar-
diography (TEE).7,8,11,13,15–22 The imaging modality was
not described in other cases.12 After excluding patients
who had deployment failure of PCC devices (3 cases from
Saia et al, 4 cases from Okuyama), there was no differ-
ence in the average number of devices used between
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Figure 1. Details of deployed closure devices. Abbreviation: AVP,
Amplatzer vascular plug.

the BE and SE valve groups (1.11 ± 0.73 vs 1.31 ± 0.48;
P = 0.14).

The time from TAVI to PCC procedure was assessed
in 52 patients. Three patients who had the same-day
procedure13,14,16 and those with no description of the time
from TAVI to PCC procedure17,18 were removed from
analysis. Overall, the time from TAVI to PCC procedure
was 321 ± 371 days (range, 3–1506 days). There was no
difference between the BE and SE valve groups regarding
duration from initial TAVI to PCC (295 ± 380 days vs
379 ± 353 days; P = 0.71; Figure 3).

In 5 cases8,11,15,16, 6 ViV procedures were performed
during the clinical course. In 4 of these cases, 4 ViV

Figure 3. Time from TAVI to PCC. Abbreviations: PCC, percutaneous
closure; TAVI, transcatheter aortic valve implantation.

procedures were performed in order to decrease PVR after
TAVI11,15,16, whereas in 1 case, 2 VIV procedures were
performed because of PCC failure (severe residual PVR)8.

Finally, follow-up data including both inpatient and
outpatient data were available in 55 patients.7,8,11–17,19–22

The reported mortality rate was 27.3% (15/55).

Discussion
This is the first systematic review of PCC of PVR following
TAVI. In addition, we conducted statistical analyses of
patient-level data, when possible. The main findings were:

Figure 2. (A) AVP and AVP II, III, and IV; reproduced with permission from Weber C et al.42 (B) Amplatzer septal occluder; reproduced with permission from
Cubeddu RJ et al.43 (C) Amplatzer ventricular septal occluder; reproduced with permission from Springer. The AVP was not used for percutaneous
paravalvular closure. Figure reproduced with permission from Wang W et al.44 Abbreviation: AVP, Amplatzer vascular plug.
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(1) the success rate was high and did not differ between
SE and BE; (2) the Amplatzer vascular plug was used in
majority of the cases; and (3) survival remained relatively
poor in this analysis of only published data.

Percutaneous Closure as a Treatment Option for
Paravalvular Regurgitation After Transcatheter Aortic Valve
Implantation

The success rate was high and did not differ between the
SE and BE valve groups. The success rate of PVR closure
after surgical valve replacement (both aortic and mitral)
varied from 75% to 90% and numerically approximates the
success rate of our study.23–26 The only serious procedural
complication was valve embolization during an attempt to
cross the leak, reported by Saia et al.12 Complications of
PVR closure after aortic or mitral valve surgery included
emergent surgery (2.9%) and closure-device embolization
(1.6%).7,24–26

The indications for PCC were mainly shortness of
breath or symptomatic heart failure. None of the studies
included in our systematic review clearly indicated that PCC
was performed for the treatment of intractable hemolysis
following TAVI. There are limited data regarding hemo-
lysis after TAVI. Laflamme et al reported incidence of
hemolysis after TAVI at 14.8%, but no patient required
transfusion.27 There has been no report assessing the
clinical impact of hemolysis after TAVI.

One of the major reasons for underutilization of this
procedure is considered to be its technical difficulty. Indeed,
this procedure would be challenging to accurately identify
the culprit area of PVR and secure the passage of wire
into it. Sorajja et al reported a learning curve of PCC
in mitral and aortic PVR in 243 patients. With increased
operator experience, they demonstrated shorter procedural
and fluoroscopy time, lower administered contrast volume,
and shorter length of stay—and, more important, fewer
major adverse cardiovascular events in 30 days.28 This
result may imply that in PCC for the treatment of PVR after
TAVI, outcomes may improve with more experience.

Postdilation is commonly used as the first option because
it is considered an easy and effective measure in treating
PVR. Past studies have reported the usage of PD in treating
PVR from 12.4% to 28.0%, but the success rate in reducing
the PVR to less than moderate was limited to 54% to
63%.5,29,30 In addition, few studies have reported increased
death or stroke at 1 year in the PD group.5,31 Furthermore,
Watanabe et al reported numerically higher aortic-root
rupture rates (4.1% vs 1.7%) in the PD group.32 Percutaneous
closure was able to offer higher success rates compared
with PD. One of the potential explanations is that if PVR is
caused by the presence of focal and bulky calcification, PD
may unlikely be able to further expand the implanted valve.
In such a case, PCC will have an advantage over PD and
may be able to achieve higher success rates because the
vascular plug or other devices are able to close the leakage
area without forceful expansion of the valve adjacent to the
bulky calcification. The degree of calcification and balloon
PD was an independent risk factor for aortic-root rupture,
and therefore PCC may be safer in such a case.33

Valve-in-valve is another strategy for the treatment of
post-TAVI PVR. Toggweiler et al have reported 21 patients

who underwent ViV after TAVI. They reported the technical
success rate of 90%. At 1-year follow up, only 1 patient
had moderate PVR, and the mortality rate was 24.3%.34

Makkar et al reported on their series of 63 patients who
underwent ViV after TAVI and revealed that ViV was
associated with increased 1-year cardiovascular mortality.35

In our systematic review, there were 4 cases in which ViV
did not resolve the PVR, requiring PCC, which may be
useful in such cases.

Percutaneous Closure Device

The Amplatzer vascular plug (St. Jude Medical, St. Paul,
MN) was used in the majority of the cases. The vascular
plug was not initially invented specifically for PVR closure,
but it remains useful in off-label fashion in the absence of a
specific PVR closure device. However, recently Burriesci
et al examined the effectiveness of Amplatzer vascular
plugs II and III for efficacy on the reduction of PVR in
Sapien XT valves. They reported a maximum efficiency of
<50% and concluded that specifically designed devices are
warranted.36

Paravalvular regurgitation closure has been usually
performed under fluoroscopy and TEE guidance.24,26 The
majority of PVR after TAVI procedures were performed
under fluoroscopy and TEE guidance in our review.
Transcatheter aortic valve implantation generally has been
performed under TEE and fluoroscopy guidance in the
early experiences; however, transfemoral TAVI has also
been shown to be feasible and safe under fluoroscopic (but
without TEE) guidance.37 Further study is needed to access
the feasibility and safety of PVR closure after TAVI under
fluoroscopic guidance.

Mortality After Percutaneous Closure

The patient prognosis remained relatively poor despite
the high success rate. Percutaneous closure has been
utilized to treat PVR after surgical valve replacement.
Ruiz et al reported the high survival rate of 86.5% at 18
months.38 According to Sorrajja, 23.0% of patients died
during the median follow-up of 11.0 months after catheter-
based treatment of prosthetic PVR.26 It may not be fair to
compare these mortality rates with those of PCC after TAVI,
as TAVI patients are at higher risk than patients undergoing
surgical valve replacement. Although the success rate was
high in the included studies, there may be publication bias
as a cause of the discordance between the high success rate
and the relatively high mortality rate. Indeed, the largest
series by Saia et al showed a 1-year all-cause mortality rate
of 38.5%, and 45.8% of patients expired during the total
follow-up.12 These rates were numerically higher than 1-
year mortality in the first large trial of TAVI, which was
the Placement of Aortic Transcatheter (PARTNER) trial
(24.2%–30.7%).39,40 However, most of the deaths reported
by Saia et al were noncardiac (8/11, 72.7%), which was
different from the PARTNER trial. In the PARTNER trial,
the cardiovascular mortality rate was 56.0% to 63.6%.39,40 This
may imply that successful PCC of PVR may be associated
with decreased cardiac mortality. This hypothesis may
be supported by a meta-analysis by Millán et al, which
showed that successful PVR reduction was associated with
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decreased cardiac mortality.41 However, further clinical
trials are warranted to prove this hypothesis.

Study Limitations

There are several limitations that require attention to
interpret the data presented in this manuscript. First, the
search result only yielded case reports or case series, and
therefore the result may be subject to significant publication
bias. Especially, unsuccessful cases or cases with serious
complications would be less likely to be reported; therefore,
the data in the published-only articles may result in a higher
success rate and lower mortality rate than the actual rate.
Second, although we vigorously searched for published
articles based on inclusion and exclusion criteria, the total
patient cohort was limited. Third, because of the limited
available data, the statistical results would have limited
power.

Conclusion
Percutaneous closure for PVR after TAVI was feasible, safe,
and effective in this systematic review of published data.
However, mortality remains high, and establishment of a
treatment strategy for PVR after TAVI, including PCC as
well as specific closure devices, is warranted in the future.
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