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EDITORIAL COMMENT
Paravalvular Leak Closure With
a Nonfenestrated Device*

Iqbal Malik, MBBCH, PHD, Henry Seligman, MA, MBBS
P ercutaneous closure of paravalvular leaks
(PVLs) has surpassed being merely an option
for patients ineligible for surgery and now

stands as the intervention of choice in the majority
of cases, with outcomes that compare favorably to
reoperation (1–3). The success of this technique de-
pends on proper case selection, expert imaging guid-
ance, and choice of a device that will minimize
residual post-procedural PVL. In this issue of JACC:
Case Reports, Cubeddu et al. (4) describe a case in
which they offered symptomatic relief to an unwell
patient with a large PVL after bioprosthetic mitral
valve replacement by using the Cardioform Septal
Occluder device (CSO, Gore Medical, Flagstaff,
Arizona).
SEE PAGE 468
PATHOPHYSIOLOGY OF

PARAVALVULAR LEAKS

Persistent PVLs after prosthetic valve replacement
occur at a rate of 5% to 10% in the aortic position and
7% to 17% in the mitral position (5,6). A total of 4% to
6% of patients with PVL will present with symptoms
(7), and the development of significant PVL is asso-
ciated with poor clinical outcomes (8). Complications
such as heart failure and hemolysis can arise and are
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independently associated with poor prognosis (5,9).
PVLs tend to occur either because of malapposition of
the prosthetic valve (most commonly from annular
calcification mismatched with the round shape of the
prosthesis) or because of failure of the valve’s
anchoring secondary to endocarditis or technical
difficulties with suturing (with continuous sutures,
uneven sutures, or improper suture tension) (10–12).
Unlike defects in the atrial septum, both mitral and
aortic PVLs encounter high (ventricular) pressures,
and therefore even small openings can become a
source of significant regurgitation. Furthermore,
because blood is driven through these small channels
at high pressure, hemolysis and transfusion-
dependent hemolytic anemia arise.

AN EFFECTIVE APPROACH TO

PARAVALVULAR LEAK CLOSURE

When faced with a new patient requiring PVL closure,
several steps are required to achieve a durable result
in a safe and timely manner, as described here.

CASE SELECTION. All interventions carry risk, and
thus guideline-recommended indications should be
adhered to (13):

1. Heart failure with progressive left ventricular
dysfunction

2. Hemolysis

Clinical assessment, imaging, and laboratory
studies are mandatory. Given the possibility that
young, fit patients may receive a more durable result
from reoperation, it is essential that a heart team
approach is followed. The ratio of surgical to percu-
taneous treatment in a given center may vary with
expertise, and percutaneous PVL closure can be
challenging.

PROCEDURAL PLANNING. Operators must select the
appropriate site of vascular access according to the
https://doi.org/10.1016/j.jaccas.2020.01.019
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FIGURE 1 Planning and Closure of Aortic PVL in a Patient With Previous Percutaneous Closure of Aortic and Mitral PVLs

(A to C) When the crosshairs are aligned with the valve and the left ventricular outflow tract, the third orthogonal plane will be close to the working view en face (the

green plane here), and thus the ideal c-arm angle can be derived (left anterior oblique [LAO] 59, cranial [CRA] 7 here). (D) This can then be used procedurally to

visualize the expected course of the jet according to transesophageal echocardiographic images (dashed arrow). The orthogonal view (F and G) resolves the overlapping

of the old device at 3 o’clock and the paravalvular leak (PVL) at 2 o’clock (white arrowheads). In E and G, the new device can be seen at 2 o’clock. Post ¼ post-

procedural; Pre ¼ pre-procedural.
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valve in question and the device to be used. For
example, the CSO requires a stiff sheath and therefore
essentially mandates transapical access for mitral PVL
closure. The most common site of access for aortic
PVLs is the femoral artery, and for mitral PVLs it is the
femoral vein (1). Transapical access and a hybrid
approach with multiple access and wire snaring have
been used. Next, the direction of crossing should be
decided, and whether it is antegrade or retrograde
will depend on the coordinates of the defect. This will
also determine the orthogonal angiographic views
likely to afford the best vantage points for operators
to minimize foreshortening (Figures 1A to 1G). Finally,
careful review of pre-operative transesophageal
echocardiography (TEE) is essential to characterize
the leak. Leaks may be multiple and split by suture
lines. It is common for the regurgitant jet of PVLs to
follow an irregular course and to travel eccentrically,
thus making underestimation of severity on color
Doppler imaging a possibility. In those valves where
washing jets arise from the sewing ring, further
confusion can occur (10).

INTRAPROCEDURAL IMAGING GUIDANCE. Most op-
erators standardize their visualization of the defect
position by using a clockface approach (14) (Figure 2,
mitral valve assessment). This allows the imager
and the interventionist to share a framework.
Continuous communication between the imager
and operator is essential to facilitate efficient
crossing and device delivery, as well as assessing
success and complications. The ability to use
both echocardiographic and fluoroscopic views to
optimize positioning is a key skill, and there may be
some benefit to coregistration of computed
tomography and TEE images on the fluoroscopy
screens.This is an option with the Azurion system
(Philips, Amsterdam, the Netherlands) although we
do not use it routinely.

DEVICE OPTIONS. Key determinants of device choice
are delivery requirements (i.e., what size catheter and
sheath can actually be delivered through the defect),
the correct waist size to ensure obliteration of the
defect itself (and whether multiple devices are
needed), and the appropriate disc size and shape to
ensure effective anchoring of the device but avoiding
prosthetic valve leaflet impingement.

In practice, a range of devices designed by Kurt
Amplatzer has been used (Abbott Vascular, Chicago,
Illinois). More recently a dedicated PVL closure de-
vice, the PLD (PVL device) (Occlutech, Helsingborg,



TABLE 1 Properties of the Devices Commonly Used in Percutaneous Closure of PVLs and

the Nonfenestrated CSO Device

Device Manufacturer Material
Delivery
Sheath

Size
Range (mm)

Amplatzer duct
occluder (ADO)

Abbott Nitinol mesh 5-F–7-F 9–22

ADO-2 Abbott Nitinol mesh 4-F–5-F 9–12

Amplatzer
muscular VSD
occluder

Abbott Nitinol mesh 5-F–9-F 9–26

Amplatzer AVP II Abbott Nitinol mesh 5-F–9-F 3–22

Amplatzer AVP III Abbott Nitinol mesh 3-F 2�4–5�14

Amplatzer AVP IIII Abbott Nitinol mesh 4-F–5-F 6–8

PLD-square twist Occlutech Nitinol mesh 6-F–7-F 3, 5, 7

PLD-square waist Occlutech Nitinol mesh 6-F–7-F 4, 5, 6, 7

PLD-rectangular
twist

Occlutech Nitinol mesh 6-F–9-F 5�4, 5�3, 7�4,
10�4, 12�5

PLD-rectangular
waist

Occlutech Nitinol mesh 6-F–10-F 4�2, 6�3, 8�4,
10�4, 12�5,
14�6, 16�8,

18�10

Gore CSO Gore Nitinol frame
polytetrafluoroethylene
membrane

11-F 20, 25, 30

ADO ¼ Amplatzer duct occluder; AVP ¼ Amplatzer vascular plug; CSO ¼ Cardioform septal occluder;
PLD ¼ paravalvular leak device; PVL ¼ paravalvular leak; VSD, ventricular septal defect.

FIGURE 2 Schematic Diagram of the Mitral Valve Seen on the

TEE Surgical View

Two paravalvular leaks can be seen at the 7 o’clock and 10

o’clock positions. This system allows for standardized defini-

tion of the defect location and facilitates communication be-

tween the operator and the imager. IAS ¼ intra-atrial septum;

LAA ¼ left atrial appendage; TEE ¼ transesophageal

echocardiogram.
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Sweden), has emerged as a dedicated tool. This de-
vice is made of a nitinol mesh and has a twisted waist
(like PFO closure devices) or a bulkier waist as in the
Amplatzer vascular plug (AVP-3) device (Abbott). The
twist system has the theoretical disadvantage of
leaving space for a residual jet, although flow is often
obliterated at the end of the procedure with either
device. It comes in square and rectangular forms.
Sometimes, however, a row of multiple devices ach-
ieves a better result. Table 1 provides an overview of
devices in current use.

THE PROMISE OF A

NONFENESTRATED DEVICE

We commend Cubeddu et al. (4) for their excellent
case presentation and share their interest in the use
of a nonfenestrated device. In patients with severe,
transfusion-dependent hemolysis, there is a drive to
achieve complete resolution of the aberrant flow
(although reducing the leak size can paradoxically
increase hemolysis). In the atrial septal position, the
theoretical benefits of the CSO include the rapidity
with which resolution of the shunt is achieved (15).
We have some concern that this device is not proven
in higher-pressure circulation. There are cases
showing its use in an atrioventricular position in
closure of mitral leaflet perforation (16,17). In 1 of
these cases, the device deformed because of the stiff
sheath and oblique angle in the transseptal approach.
This complication can, of course, be obviated with the
transapical approach, as in the current case. We seek
to avoid the transapical access where possible
because this approach is associated with a higher rate
of complications (18), and, although it is easier for the
operator once access is gained, it can be more un-
comfortable for the patient, given the prolonged
healing duration. Ultimately, this device is a useful
addition to the armarium of closure specialists, but
we should consider whether fenestrated devices
better suited to the task are able to achieve the same
result.

CONCLUSIONS

Percutaneous closure of paravalvular regurgitation
remains in the hands of subspecialist structural
interventionalists. In time, better and more dedicated
tools will emerge, and the option of a nonfenestrated
system may prove to be an important extension of
that tool set. We propose that adoption of this feature
should not occur at the expense of the valuable traits
of existing devices (flexibility, deliverability, waist
bulk, and shapeability), but rather, it should be ach-
ieved by incorporation of durable membranes into
that family of designs.
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