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Paravalvular leak (PVL) is an uncommon yet serious complication associated with the implantation of mechanical or
bioprosthetic surgical valves and more recently recognized with transcatheter aortic valves implantation (TAVI). A significant
number of patients will present with symptoms of congestive heart failure or haemolytic anaemia due to PVL and need further
surgical or percutaneous treatment. Until recently, surgery has been the only available therapy for the treatment of clinically
significant PVLs despite the significant morbidity and mortality associated with re-operation. Percutaneous treatment of PVLs
has emerged as a safe and less invasive alternative, with low complication rates and high technical and clinical success rates.
However, it is a complex procedure, which needs to be performed by an experienced team of interventional cardiologists and
echocardiographers. This review discusses the current understanding of PVLs, including the utility of imaging techniques in PVL
diagnosis and treatment, and the principles, outcomes and complications of transcatheter therapy of PVLs. (J Interven Cardiol
2016;29:382–392)

Introduction

Paravalvular leak (PVL) is an uncommon yet serious
complications associated with the implantation of
mechanical or bioprosthetic surgical valves and more
recently recognized with transcatheter aortic valves
implantation (TAVI).1,2

PVLs with trivial or mild regurgitation are present
at hospital discharge in up to 17.6% and 22.6% of

surgical aortic and mitral valve replacement, respec-
tively.3 Identified risk factors for PVL after surgical
valve replacement include extensive calcification of
the annulus, presence of endocarditis, large atria, renal
insufficiency and older age.4 In patients undergoing
TAVI, risk factors include annular calcification and
incorrect pre-procedural valve sizing.2,5 With mild or
moderate PVLs, patients are usually asymptomatic.6

However, patients with severe PVLs often have
symptoms of heart failure (HF) or haemolytic anaemia
(HA) and should be treated invasively.6 Probably in
patients with moderate PVLs and refractory HF or HA
might also be reasonable to close the PVL. Clinically
significant PVLs that warrant repair occur in 1–4% of
patients with prosthetic valves.7

Until recently, surgery has been the only available
therapy for the treatment of clinically significant
PVLs. However, re-operation is associated with
significant morbidity and mortality.8 They have been
reported hospital mortality rates of 12.6%, 14.9% and
37% after the first, second and third or subsequent re-
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operation, respectively.8 Furthermore, PVL recurrence
after first redo surgery has been reported to be 13% and
increases further to 35% after second redo surgery.9

Percutaneous treatment of PVLs has emerged in the
last few years as a safe, effective and less invasive
alternative to surgery.10–13 Percutaneous repair cannot
be performed or is contraindicated in patients with
active endocarditis, significant dehiscence involving
more than one-third of the valve ring or if the
prosthesis is “rocking”.

Imaging in Transcatheter Paravalvular
Leak Closure

Transesophageal echocardiography (TEE) is the
gold standard technique to establish the PVL diagnosis
and to assess the degree of paravalvular regurgitation
(PVR),14,15 (Fig. 1). Two-dimensional (2D)-TEE is

very sensitive in accurately identifying the presence of
PVL (88%).16 However, to assess the number, extent,
shape and exact anatomical location of the PVL can be
very challenging.17 Several studies have demonstrated
the concordance between 3D-TEE images and the real
anatomy, and the superiority of 3D-TEE over 2D-TEE
in PVL evaluation.18–20 To facilitate the communica-
tion between the interventionalist and echocardio-
grapher, it is recommended that mitral PVL location be
reported in a clockwise format from a surgeon’s
perspective or ‘surgical view’ (Fig. 2).14,15 To
determine the aortic PVL position, is also recom-
mended to use the clockwise format. The non-coronary
cusp is between 7 o’clock and 11 o’clock, the left
coronary cusp is between 11 o’clock and 3 o’clock,
and the right coronary cusp is between 3 o’clock and
7 o’clock (Fig. 2).10

Assess the severity of the PVL is complex and
multiple 2D and 3D-TEE parameters (qualitative and

Figure 1. Echocardiographic evaluation of a
mitral PVL. A: 3D-TEE imaging of a prosthestic
mitral valve in the surgical position with asterisks
identifying two PVLs. B: 3D-TEE colour doppler
imaging of the same patient with arrows
identifying two jets of mitral PVR (11:00 h and
2:00 h). C: Sizing of a mitral PVL by 3D-TEE
using the QLAB software (Philips Medical).
D: 3D-TEE imaging during the transseptal
puncture. ‘Tenting’ of the atrial septum can be
seen (red asterisk). E: Guidewire across the mitral
PVL (red asterisk). F: AVP-III devices deployed
(red asterisk). LAA, left atrial appendage; Ao,
Aortic valve. RA, right atrium; LA, left atrium.
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quantitative) are often required.14,15 Also, 3D-TEE is
the recommended technique to guide percutaneous
PVL closure procedures (Fig. 1).14,15,21 Note that
although 3D-TEE is an essential tool in the percutane-
ous closure of mitral PVLs, it can be not as necessary in
the closure of aortic PVLs. In addition, in certain cases,
intracardiac echocardiography can be an alternative or
a complementary technique to TEE.22 3D-TEE also
plays an important role in the selection of the most
appropriate closure device (morphology and size) in
each case.20,23 For this purpose it is essential to
perform a thorough characterization of the PVL
(length, width, area) by direct planimetry using a 3D
multiplanar reconstruction tool.20

Fusion of different imaging modalities has gained
increasing popularity over the last years.24 Computed
tomography (CT)-fluoroscopy fusion imaging repre-
sents a new option especially useful in trasapical
access.24 However, to date there is only limited
evidence that fusion imaging improves safety and
outcomes in these procedures.25

Transcatheter Paravalvular Leak Closure
Techniques

PVL closure is usually performed under general
anesthesia, with 2D/3D-TEE and fluoroscopic
guidance.
Mitral PVL Closures. Mitral PVL closure,

compared with aortic PVL closure, is technically
more challenging. Approaches include transfemoral
antegrade and retrograde, and transapical (Fig. 3).
The antegrade approach is performed via a trans-

septal puncture. After obtaining transseptal access
using standard techniques, heparin is administered. It
is usually recommended to perform a low puncture for
septal PVLs, and a relatively high puncture for lateral
and posterior PVLs. Subsequently, a diagnostic
catheter, such as a multipurpose or Judkins right
(JR), is advanced into the left atrium (LA). A 0.03500

hydrophilic guidewire (e.g., Terumo guidewire, Ter-
umo Medical-Corporation) is generally used to cross
the PVL, and the catheter is advanced over the wire

Figure 2. Mitral and aortic PVLs location. A: Schematic view of the mitral valve as seen from the left atrial perspective, oriented in the surgical
view. The aortic valve is positioned at 12 o’clock, the LAA is a 9 o’clock. The interatrial septum is located at 3 o’clock, and the posterior mitral
annulus is at 6 o’clock. B: 3D-TEE imaging, face view of the prosthetic mitral valve in a “surgical view” orientation. C: Fluoroscopic left caudal
view (“spider” angiographic view) showingmechanical mitral and aortic prostheses. The surgeon’s-view time-clockmethod is shown: 12:00 is in
the upper position and 3:00, on the septal side, whereas 9:00 is on the LAA side. D: 2D-TEEmidesophageal aortic valve short axis view. E: Aortic
PVL in the left coronary sinus region (red arrow). F: 2D-TEE imaging showing a crescent-shaped aortic PVL after CoreValve1 implantation in
posterior region (red arrow). LAA, left atrial appendage; Ao, Aortic valve. PMiV, prosthetic mitral valve; PAoV, prosthetic aortic valve.
NC, non-coronary cusp; LC, left coronary cusp; RC, right coronary cusp; TV, tricuspid valve.
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into the left ventricle (LV) (Fig. 3). After that, in most
cases an arteriovenous (AV) loop is established
snaring the wire in the aorta, or the guidewire is
exchanged for a high-support wire (Fig. 3). Finally, a
delivery sheath is advanced over the loop across the
PVL and the closure device is deployed. With a sheath
at least one French size bigger than the recommended
size for a specific device deployment, we can keep the
wire/AV loop in place and it can be used as a “safety”
wire. This “safety” wire allows repeat advancement of
the delivery sheath in case there is need for repeat
deployment. A mitral PVL in a septal location can
sometimes be very challenging due to the significant
angulation required to cross the defect. In these cases,
it can be very helpful to use a telescopic catheter

system26 or a deflectable catheter (Agilis, St. Jude-
Medical) (Fig. 3).12

In the retrograde approach, a 0.03500 hydrophilic
guidewire over a catheter (e.g., JR or Amplatz left
(AL) catheter) is often used to cross the PVL from the
LV to the LA. After that, an AV wire loop is created
snaring the wire in the LA and the delivery sheath
is advanced over the loop from the venous access
(Fig. 3).
After apical access, a hydrophilic guidewire is

often used supported by a steerable catheter to
direct the wire towards the PVL. Once across the
defect, the wire is exchanged for a high-support wire.
Then, the delivery sheath is advanced across the PVL
and the device is deployed into the defect. This

Figure 3. Techniques for PVL closure. A–C: Antegrade Transseptal Approach for mitral PVL closure. D–F: Retrograde aortic approach for
mitral PVL closure. G–I: Retrograde aortic approach for aortic PVL closure. PAoV, prosthetic aortic valve; PMiV, prosthetic mitral valve; AO,
Aorta; AL, Amplatzer left; AV, arteriovenous; LV, left ventricle; AVP, Amplatzer Vascular Plug.
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technique can be performed percutaneously or with a
minithoracotomy.10

ParavalvularMitral LeakClosureWithMultiple
Devices. If pre-procedural or intra-procedural imag-
ing suggests that the PVL cannot be completely closed
with a single device, multiple devices can be deployed
simultaneously or sequentially with the following
techniques. To deploy two devices simultaneously,
once the PVL has been crossed and the AV loop
established, the delivery sheath is advanced through
the PVL. Subsequently, another guidewire is inserted
by the delivery sheath and a second AV loop is
established. After removing the delivery sheath, two
delivery sheaths are advanced (one on each wire).
Finally, two devices are deployed simultaneously
(Fig. 4). Another approach is to deploy a first device

without releasing it from the delivery cable, remove
the delivery sheath and advance it again over the
“safety” guidewire. Then a second device is advanced
and deployed, and both are released (Fig. 4). Finally,
another approach is to deploy both devices using the
same delivery sheath one after the other. In this case,
the first device is deployed and released. After that, the
delivery sheath is advanced again over the safety
guidewire and the second device is advanced and
deployed. This technique has the great disadvantage
that the first device canmigrate at the time of deploying
the second device. Furthermore, if we do not have a
safety wire, it is necessary to cross the PVL again
(Fig. 4).
In our opinion, the deployment of multiple smaller

devices rather than 1 or 2 larger devices has a better

Figure 4. Mitral PVL closure with multiple devices. A–C: Deployment of two devices simultaneously. D–F: Deployment of two devices
sequentially. G–I: Deployment of two devices (asterisks) using the same delivery sheath one after the other (noting that after deploying the first
device, the PVL is crossed again). AV, arteriovenous; AVP, Amplatzer Vascular Plug.
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sealing within the PVL and less interference with the
prosthesis discs. Moreover, the adaptation of the
devices to the anatomy of the defect is probably greater
when both devices are deployed simultaneously.
Paravalvular Mitral Leak Closure in Special

Situations. Occasionally the closure of a PVL can be
very challenging. If the bioprosthetic surgical valve is
radiolucent throughout, the procedure becomes fluo-
roscopically complex.27 In this case, 3D-TEE is critical
during the procedure. Another complex situation is the
closure of PVL in patients with mitral and aortic
mechanical valve prosthesis. Mechanical aortic pros-
theses have been considered an important limitation or
contraindication for percutaneous closure of mitral
PVLs using femoral access with a retrograde approach.
In this sense, we have recently reported28 the retro-
grade approach of mitral PVLs using a hydrophilic
catheter to cross the aortic prosthesis and establish an
AV loop. Alternatively the procedure may be done
using a pre-shaped super-support wire in the left
ventricle via the transseptal puncture, therefore,
avoiding the need for an AV loop.

Another challenging situation is the closure of
mitral PVL in patients with percutaneous valve-in-
ring implantation. We have also recently reported
the first-in-man percutaneous transseptal closure
of paravalvular regurgitation after valve-in-ring
(Edwards SAPIEN XT valve, Edwards Lifesciences)
implantation.29

Aortic PVLs Closure. In patients with an aortic
PVL, the retrograde femoral arterial approach is most
commonly used (Fig. 3). The PVL is usually crossed
using a 0.03500 hydrophilic guidewire via a catheter
(e.g., AL-1). Once the PVL is crossed, the wire is
routinely exchange for a stiffer wire (e.g., Amplatz
Super-stiffTM, Boston Scientific) to provide support
(Fig. 3). The delivery sheath is then advanced over the
guidewire and the device of choice is deployed in the
PVL. In some cases where an extra support is needed,
an arterio-arterial loop can be established. For that,
once the PVL has been crossed, the guidewire is
directed towards the aorta (through the aortic valve).
Finally the guidewire is captured in descending aorta
and “exteriorized” via the left femoral artery. Another

Figure 5. Percutaneous PVL closure after TAVI. A: Significant PAR due to major focal calcification after implantation of a CoreValve1 valve.
B: 20° (Short axis) TEE showing the PVL (red arterisk). C: Measurements of the length, width, and area of the PVL were performed by 3D-TEE
planimetry using the QLAB multiplanar reconstruction tool (Philips Medical). D: A 5-F Amplatz-Left-1 catheter and straight hydrophilic guide
wire crossing the PVL. E: Deployment of the 8mm AVP IV device (red asterisk). F: 180° TEE showing marked reduction of the PAR. LA, left
atrium; LV, left ventricle.
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option could be the use of a combined retrograde/
antegrade approach.30

Paravalvular Leak After Transcatheter
Aortic Valve Replacement

Paravalvular aortic regurgitation (PAR) after TAVI
is not uncommon. Depending on the method of
assessment, the reported prevalence of this complica-
tion varies from 40% to 67%31,32 for trivial to mild
PVLs and from 7% to 20%31–33 for moderate to severe
PVLs. A recent meta-analysis including 12.926 TAVI
patients reported a pooled estimate incidence of
moderate or severe PAR of 11.7%.34

Assess the severity of the PAR after TAVI is
difficult on many occasions and it is often necessary
to use several imaging techniques.35 PAR most

commonly results from:2,5 (1) incomplete prosthesis
apposition to the native annulus due to extent of
calcification or annular eccentricity, (2) prosthesis
under-sizing and/or (3) prosthesis malpositioning
(high or low implantation), (Fig. 5). In most cases,
PAR is mild and clinically silent.36 However, residual
moderate/severe PAR has a relevant negative prog-
nostic impact and has been associated with an
increased risk of all-cause mortality.34,37

Saia et al.2 have recently published the largest series
of percutaneous PVL closure after TAVI. They
included 24 patients (13 with Edwards-Sapien1 valve
and 11 with CoreValve1 valve). The success of
the procedure was 88.9% (in the first procedure)
and 91.7% (after performing more than one procedure
in 2 patients). A significant improvement of the
functional status of the patients after the procedure
was observed.

Figure 6. Family of Amplatzer devices (St JudeMedical). A: Amplatzer Septal Occluder. B: Amplatzer Muscular VSDOccluder. C: Amplatzer
Duct Occluder. D: Amplatzer Vascular Plug II. E: Amplatzer Vascular Plug III. F: Amplatzer Vascular Plug IV.
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Paravalvular Leak Closure Devices

Currently, the devices most commonly used
(off-label) to PVL closure are the Amplatzer family
of devices (St. Jude Medical) (Fig. 6). The Amplatzer
Vascular Plug (AVP) II is the most used device in the
United States. Outside of the United States, the most
used device is the AVP III.38–40 It has European
Commission approval to embolize blood vessels in the
peripheral vasculature, but has not received Food and
Drug Administration approval in the United States.
Recently, the Occlutech device (Helsingborg, Sweden)
has been the first to obtained European Commission
approval for PVL closure.41

Outcomes and Complications of Percutaneous
Paravalvular Leak Closure

The safety and feasibility of percutaneous PVL
closure procedures have been confirmed in several
studies, registries and a meta-analysis,10,11,13,38,42

(Table 1). Reported technical success (defined as the
correct deployment of an occlusive device through the
PVL and the lack of significant residual regurgitation
or new prosthetic valve malfunction) ranged from 77%
to 86%. Likewise, reported clinical success (defined as
a reduction of �1 grade on the New York Heart
Association functional class scale and/or improvement
in HA) ranged from 67% to 77%. Procedural failures
were attributed mainly to an inability to cross the
defect or interference of the device with prosthetic
valve function.
In a meta-analysis recently published by Mill�an

et al.,13 a successful PVL reduction was associated with
a lower cardiac mortality rate compared with a failed
reduction (260patients;OR, 0.08; 95%CI0.01–0.90).A
positive tendency toward lower all-cause mortality was
also observed in successful procedures (311 patients;
OR, 0.52; 95% CI, 0.09–1.74). Also, a superior func-
tional class improvement or improvedHAwas observed
in successful compared with failed PVL reductions
(267 patients; OR, 9.95; 95% CI, 2.10–66.73).
Procedurally successful transcatheter PVL reduction
was also associated with fewer surgical reinterventions
(316 patients; OR, 0.08; 95% CI, 0.01–0.40).
However, there are several complications that can

occur either during percutaneous PVL closure or
in follow-up,10,11 (Table 2). The main in-hospital
complications related to the surgical correction of

PVLs also are shown in Table 2. As reported by
Akins,9 only 46% of patients were free of perioperative
complications such as prolonged intubation, arrhyth-
mia, pneumonia, re-exploration, renal failure, neuro-
logic or gastro-intestinal events. Redo operative
mortality was 6.6%.9

Consequently, the 2012 European Society of
Cardiology (ESC) guidelines43 state that percutaneous
PVL closure may be considered in patients at high risk
of reoperation and the 2014 American Heart Associa-
tion/American College of Cardiology (AHA/ACC)
guidelines44 granted to this procedure a level of
recommendation of IIa.

Treatment and Follow-Up After Paravalvular
Leak Closure

There is limited data regarding the time to
endothelization of devices following PVL closure.45

Table 2. Main Complications Associated With PVL Closure

Complications Percentage

Percutaneous closure
Emergency cardiac surgery for
prosthetic impingement

0.9% (12)

Device embolization 4% (10)
Embolic stroke 1.7% (12)
Intracranial hemorrhage 0.9% (12)
Cardiac perforation 4%� (10), 0% (38),

0% (12)
Vascular complications 2% (10), 0.9% (12)
Sepsis 0.9% (12)
Death 2% (10), 1.7% (12)

Surgical correction
Death 6.6% (9), 11.5% (54)
Pnemonia 11% (9)
Arrythmias 17% (9), 5.7% (54)
Pacer/ICD 9% (9)
Neurologic 5% (9), 1.9% (54)
Renal Failure 6% (9), 3.8% (54)
Prolongued intubation 10% (9), 32.7% (54)
Sepsis 1.9% (54)
Postoperative bleeding 5.7% (54)
Low CO syndrome 13.4% (54)
Cardiac tamponade 1.9% (54)

�Mainly transapical access. ICD, internal cardiac desfibrillator; CO:
cardiac output.
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In our centre, we reintroduce oral anticoagulants if
there have been no complications after the procedure.
In patients who are not on oral anticoagulants, we
administer aspirin (100mg/day) and clopidogrel
(75mg/day) for 3 months. In addition, all patients
undergo a TTE 24 hours after the procedure to rule out
complications. At 3 months after discharge, patients
are reviewed in outpatient clinics and we performed a
TEE to assess the degree of PVR.

Conclusions and Future Directions

Symptomatic PVR is an uncommon but serious
complication associated with surgical valve replace-
ment. Percutaneous PVL closure is a technically
challenging procedure requiring complex catheter
techniques and a large interventional armamentarium.
The success of the procedure is higher in centres with
extensive experience in this field. Newer imaging
modalities, including 3D-TEE and CT with 3D/4D
reconstruction, are important for pre-procedural
planning and intra-procedural guidance. Serious
complication rates are low at experienced centres,
but prompt recognition and management of potential
complications is critical. Probably, new advancements
in the material and the future arrival of specific devices
more appropriate to the anatomy of the defects, this
procedure may ultimately prove to become the gold
standard treatment in this setting.
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