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ABSTRACT

Mitral paravalvular leaks (PVLs) commonly occur in patients with prosthetic valves. Paravalvular defects may be clinically inconsequential and
may aggravate hemolysis or cause heart failure through regurgitation. Accordingly, patients may eventually require intervention such as redo
surgery or a transcatheter closure of the defects. The introduction of purpose-specific closure devices and new steerable catheters has opened
a new frontier for the transcatheter PVL closure. This mode of treatment is an initial therapy in most centers with experienced structural heart
team. However, head-to-head data comparing two treatment modalities (surgery and transcatheter closure) are limited, and the world-wide ex-
perience is based on nonrandomized studies. Multimodality imaging, including three-dimensional transesophageal echocardiography, facilitates
the delineation of mitral PVLs and provides essential data that aids the communication between the members of the structural heartteam. In the
near future, the success of interventional therapies will most probably increase in patients with mitral PVLs with the introduction of hybrid imag-
ing modalities (echocardiography, cardiac computed tomography, and fluoroscopy). In conclusion, this paper summarizes the etiopathogenesis,

clinical characteristics, diagnosis, and treatment of mitral PVLs. (Anatol J Cardiol 2020; 24: 350-60)
Keywords: mitral valve, echocardiography, transcatheter closure, cardiac surgery

Introduction

Despite the recent advances in valve replacement tech-
niques, paravalvular leaks (PVLs) continue to be a life-threat-
ening complication in patients with prosthetic heart valves (1).
The incidence of mitral PVL after valve surgery is reported to
be 2.2% and may increase to 17% (mechanical valve) and 9%
(bioprosthetic valve) in a >10-year follow-up (2). PVLs are twice
as likely to occur with mitral than with aortic prosthesis (3, 4),
and the risk of PVL increases with mechanical heart valves than
with bioprosthetic valves (5). Furthermore, compared with index
procedures, redo sur-geries are associated with a high rate of
PVL recurrence and a higher mortality rate. Although most PVLs
after surgical valve replacement are trivial to mild and have a
benign course in the first year, moderate-to-severe PVLs may ag-
gravate hemolysis or cause heart failure through regurgitation.

Therefore, patients may eventually require surgical closure (SC)
or transcatheter closure (TC) of the defects.

In conclusion, this study summarizes the etiopathogenesis,
clinical characteristics, diagnosis including multimodality imag-
ing, and treatment of mitral PVLs.

Pathogenesis of surgical paravalvular leaks

PVLs occur due to a separation of the prosthetic valve or ring
from the adjacent tissue of the valve annulus. PVLs may devel-
op during the early period after a heart valve surgery and up to
several years after a surgery (6). Moreover, the risk factors for
PVL development include annular calcification, tissue friability,
prior endocarditis, active corticosteroid therapy, type of prosthe-
sis (mechanical implants pose a greater risk than bioprosthetic
implants), and surgical technique (continuous sutures pose a
greater risk than interrupted sutures for mitral prostheses) (1, 7).
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The risk of PVL is not the same in all parts of the prosthetic ring.
Several studies have revealed that mitral PVLs more frequently
occur at the anterolateral and posteromedial segments of the
mitral valve annulus (8, 9). Multiple theories have highlighted
the predisposing factors for PVL development in these areas. A
study has indicated that collagen fibers in the mitral valve an-
nulus are not homogeneously distributed (10). The mitral annu-
lus does not exhibit a uniformly well-formed chord-like fibrous
structure, especially along the posterior segment. This feature
may render the posterior annulus vulnerable to mechanical in-
juries, thereby resulting in PVL (11). Furthermore, the posterior
annulus is longer than the anterior region; sutures may separate
easily, and annular dilation particularly affects this region (12,
13). Komoda et al. (14) described the altered dynamics of the mi-
tral valve annulus following mitral valve replacement. They stat-
ed that following valve replacement, the annulus becomes rigid
and exhibits an anti-physiological tilting of the anterior portion of
the mitral valve annulus toward the left ventricular base during
the systolic phase. The posterior portion exhibits a normal angle
of movement. The changes in these aforementioned dynamics
may increase the mechanical stress on both posteromedial and
anterolateral segments, thereby leading to PVL in these areas.

Clinical presentation and laboratory findings

The majority of PVLs are clinically insignificant and have a
benign course in the absence of endocarditis. Early mild PVL may
spontaneously resolve during wound healing process, whereas
new PVLs may develop as a late complication of valve operation
(15). Large PVLs may be hemodynamically significant, result-
ing in heart failure and posing an increased risk of infectious
endocarditis. Furthermore, large PVLs may result in clinically
significant hemolytic anemia characterized by jaundice and/or
choluria necessitating repeated blood transfusions. Moreover,
PVL is the most common cause of hemolytic anemia in patients
with prosthetic heart valves, especially in mitral prostheses re-
lated to the high velocity of the regurgitant jet that occurs due to
the larger pressure gradient of the systolic phase. Turbulent flow
through the PVL increases red blood cell shear stress, thereby
resulting in mechanical trauma and the fragmentation of red
blood cells. Notably, the severity of hemolysis does not always
correlate with the size of PVL. A small defect with a high-velocity
jet may also cause clinically significant hemolysis, especially in
eccentric jets that hit the limbus (Marshall ligament) (9, 15).

Upon physical examination, a holosystolic murmur, usually at
the left sternal border or in the midaxillary line, may be heard
with the mechanical heart sound (6). The location, pitch, and in-
tensity of the murmur may vary with the position and extension
of the mitral regurgitant jet. Large mitral PVLs are usually associ-
ated with a murmur, but an eccentric PVL jet may be inaudible.

Laboratory analysis is an essential part of cardiac assess-
ment in patients with suspected mitral PVL. First, hemoglobin and
hematocrit should be evaluated. Significant hemolysis may still
be present despite a normal hemoglobin level if the bone marrow
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is capable of compensating for the peripheral red blood cell de-
struction. Accordingly, the calculation of a reticulocyte produc-
tion index may lead to correct diagnosis. Furthermore, serum lac-
tate dehydrogenase, haptoglobin, iron and folic acid levels, and
peripheral blood smear examination for schistocytes (fragmented
red blood cells) should be evaluated (1, 16). Overall, symptomatic
hemolysis is defined as hemolytic anemia (hemoglobin <10 g/dL,
lactate dehydrogenase >600 mg/dL, and haptoglobin <10 mg/dL)
requiring >2 U of blood transfusions and/or erythropoietin injec-
tions within 90 days to maintain hemoglobin >10 g/dL without any
other source of blood loss (17). The possibility of endocarditis
should also be considered when new PVL is detected, and blood
cultures should be obtained as appropriate. White blood cell
count and C-reactive protein should also be evaluated. Moreover,
B-type natriuretic peptide or N-terminal pro-BNP might be help-
ful in assessing and monitoring patients with heart failure.

Evaluation of paravalvular leaks using multimodality imaging

An eccentric turbulent jet with its origin beyond the edge
of the sewing ring was considered to indicate PVL, whereas
a laminar low-velocity regurgitant jet with its origin within the
orifice of the prosthetic ring was considered to be transvalvular
(5, 9). Multimodality imaging is crucial for evaluating prosthetic
valves and related complications. The major diagnostic tools are
transthoracic echocardiography (TTE), two-dimensional (2D)
and three-dimensional (3D) TEE, intracardiac echocardiography
(ICE), computed tomography (CT), magnetic resonance (MR),
and cinefluoroscopy (CF).

Echocardiography

Echocardiography is central to any integrated imaging ap-
proach for evaluating mitral PVLs. TTE is the initial imaging mo-
dality. Increased transmitral flow compared with left ventricular
outflow tract flow in the setting of a normal pressure halftime
may indicate a mitral prosthetic valve dysfunction secondary to
regurgitation. Atrial and ventricular size and function, pulmonary
artery systolic pressure, and concomitant native valvular disease
should also be evaluated (18). Furthermore, any mobile masses/
vegetation on either the prosthetic or native valves should be
considered as PVL may be associated with endocarditis.

Imaging with TTE is often limited by the acoustic shadow-
ing of prosthetic valves. Acoustic shadowing may also result in
the absence of color Doppler signal, with a potential underesti-
mation of the degree of PVL. Therefore, delineating valvular vs.
paravalvular regurgitation becomes difficult. This is especially
true for the assessment of mitral valve prostheses wherein PVL
may only be detected in off-axis imaging (e.g., subcostal views)
or not seen at all (19). In most cases of PVL, additional imaging
with TEE is required to confirm the presence and severity of PVL
and distinguish it from transvalvular regurgitation. With TEE, the
left atrium becomes the near-field chamber and mitral regurgita-
tion can be more easily depicted (20). Color-flow imaging helps in
the localization of the PVLs as well as assessment of the sever-
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ity. The entire mitral prosthetic ring should be carefully exam-
ined by sweeping the prosthesis from 0° to 180° during TEE study
as the PVL defect might occur at any location around the ring.
The PVL jet is usually eccentric, and the quantification of the
severity may become difficult. Therefore, the echocardiographic
measures used to grade PVL are semi-quantitative and have lim-
ited validation (21). Table 1 summarizes the echocardiographic
assessment of mitral PVL.

Although 2D TEE may differentiate several potential patholo-
gies responsible for PVL, including the separation of sutures, fis-
tulas, perivalvular abscess, and dehiscence, PVL origin and the
length of the defect cannot be shown anatomically (13). Multiple
jets may also appear as a single broad jet on 2D TEE. Moreover,
2D imaging cannot distinguish whether it is a crescentic or oval
defect (22). In the last 15 years, real-time three-dimensional (RT-
3D) TTE has played an incremental role in evaluating prosthetic
valves, especially mitral prosthesis. RT-3D TEE permits the visu-
alization and understanding of the anatomy of the PVL, including
the defect size and shape, entry and exit points, tunnel length, re-
lation with the prosthetic ring, presence of retained sutures, and
number of PVLs (23). 3D TEE has a superior diagnostic accuracy
in the assessment of the leak compared with 2D TEE, particularly
for complex and multiple defects. Further, dropout artifacts may
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lead to inappropriate diagnoses of PVL when no such defect ex-
ists. Therefore, integrating 2D and 3D imaging is essential for an
accurate PVL diagnosis and should be considered as comple-
mentary imaging tools.

PVL is defined as “small” if the defect is lower than 10% of
the circumference of the annular ring, “moderate” if the defect
is between 10% and 20%, and “large” if the defect exceeds 20%.
Moreover, the rocking motion of the prosthesis with the large
paravalvular defect exceeding 25% of the circumference of the
annular ring indicates dehiscence (9). Multiple types of PVLs in-
clude crescentic, oval/round, slit-like, and slope tunnel shaped
with variable sizes (Fig. 1).

Crescentic: The curved defect around the annular ring is
defined as “crescentic.” It may be divided by tight sutures and
defined as “multi-fenestrated” crescentic PVL.

Slit-like: In this type of defect, the length of the PVL is much
larger than the width of the defect.

Oval/round: The length of the defect is close to the width of
the defect in oval/round defects.

Slope tunnel shaped: It is an oblong-shaped defect with a
wide atrial orifice.

The contour of PVLs can be regular or irregular. The regurgi-
tant jets may be “central” or “eccentric” (laterally or medially).

Table 1. Echocardiographic parameters to assess the degree of paravalvular leak for mitral valve prostheses

Parameters Mild Moderate Severe
LV size Normal Normal to Moderately or
moderately severely dilated
dilated
Prosthetic valve Normal Abnormal Abnormal
RV size and function Normal Normal to Moderately or
moderately severely dilated
dilated
Color flow jet area Small, central jet (usually Variable Large, central jet (usually
<4 cm? or <20% of LA area) >8 cm? or >40% of LA area)
Proximal flow convergence None or minimal Intermediate Large
Jet density Incomplete or faint Dense Dense
Jet contour Parabolic Variable Early peaking, triangular, holosystolic
Pulmonary venous flow Normal Systolic blunting Systolic flow reversal
Mean gradient Normal Increased >5 mm Hg
Diastolic PHT Normal (<130 ms) Normal (<130 ms) Normal (<130 ms)
PASP Normal Variable, usually Increased (TR velocity >3 m/s, PASP
increased >50 mm Hg at rest or with exercise)
Vena contracta width (mm) <3 3-6.9 >7
Circumferential extent of PVL, % <10 10-29 >30
MVPR: LVOT flow Approximately 1 Intermediate >2.5
RVol, mL/beat <30 30-59 >60
RE, % <30 3049 >50
EROA, mm? <20 20-39 >40

PVL - paravalvular leak
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Figure 1. Multiple types of PVLs demonstrated by real-time three-
dimensional transesophageal echocardiography

A standardized orientation and nomenclature has been used
to define PVLs for the communication between the echocardiog-
rapher and the interventionalist. The location of PVLs is best
defined in relation to internal landmarks such as the left atrial
appendage and aortic valve. On the 3D imaging of mitral valve
prostheses, the aortic valve is located anteriorly at the 12 o’clock
position, the interatrial septum medially at the 3 o'clock position,
and the left atrial appendage laterally at the 9 o’clock position.
This type of description is also known as the “surgeon’s view.”
Figure 2 depicts the special landmarks on the mitral prosthesis
from a “surgeon’s view.”

Multiple studies have investigated the distribution of PVLs
in the mitral prosthetic ring. Our group indicated that severe
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Figure 2. Schematic figure indicates the mitral prosthesis and the
relation between the cardiac structures from the atrial side on clock-
wise format in surgical view
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PVLs are mainly located at the antero-lateral and postero-
medial commissures and postero-lateral region. Furthermore,
the most common observed defect types are “oval/round” and
crescentic (9). These findings are consistent with the previ-
ous data (8, 17); mitral PVLs are more frequently located at the
antero-lateral and postero-medial segments of the mitral valve
annulus. As described in the “Pathogenesis of surgical PVLs”
section, these heterogeneities concerning the localization of
PVL may be attributed to the altered dynamics of the mitral
valve annulus and related artificial valve ring as described by
Komoda et al. (14).

3D imaging is crucial in the periprocedural assessment of
PVLs. For patients undergoing valve surgery, the intraoperative
localization of the PVL may be difficult due to low hemodynam-
ics and poor exposure, especially in small defects (24). RT-3D
TEE provides the “en face” view of the mitral prosthesis and di-
rectly contributes to the successful SC of PVLs (25). During TC,
RT-3D TEE provides essential guidance for all procedural steps:
the determination of the transseptal puncture site, navigation of
the passage of wires and catheters across the PVL, apprecia-
tion of the correct number and the irregular shape of PVLs, and
adequate device selection and positioning (26).

RT-3D TEE has several limitations: artifacts of ultrasound im-
aging such as acoustic shadowing and reverberation artifacts as
well as reduced temporal and spatial resolution (27).

Furthermore, it is a time-consuming process. Unobstructed
visualization is not always possible, necessitating cropping fea-
tures to remove obstructive anatomy to an en face view.

A major concernis tissue dropout due to undergained image.
Dropout may mimic an anatomic defect, leading to the specula-
tion of nonexistent pathology (28); therefore, confirmation with
color mapping should be performed to avoid misdiagnosis.

Other imaging modalities used in patients with paravalvular

leaks

CF. an essential modality in the catheterization laboratory
during closure, is rarely needed in the preprocedural evalua-
tion of PVL. It provides limited data regarding the diagnosis of
PVL location and severity, unless a significant rocking motion
(dehiscence) of the prosthetic ring is observed. During inter-
vention, fluoroscopic views can provide complementary data to
echocardiographic views; the two modalities are mirrored and
upside-down views of each other. Anterolateral PVLs are best
approached with fluoroscopy in the posteroanterior view with
cranial angulation, posteroseptal PVLs in the right anterior view,
and lateral PVLs in the lateral view (29).

Nuclear studies, such as labeled leukocyte scintigraphy and
positron emission tomography with 18F-fluorodeoxyglucose,
may play an additive role in the diagnosis of endocarditis after 3
months of prosthetic valve implantation as it may be the cause
of PVL (30). This may be crucial in daily clinical practice as the
presence of endocarditis may significantly alter the manage-
ment of PVLs (31).
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CT, which provides images with improved spatial resolution,
is useful for the differential diagnosis of prosthetic valve obstruc-
tion (pannus/thrombus) (32) and assessment of endocarditis-
related complications (valve dehiscence and pseudoaneurysm).
Although CT has been reported to have no clear advantage over
echocardiography in the detection of vegetations or PVL, it can
be invaluable in the anatomical characterization of PVL in pa-
tients with significantly limited echocardiographic images and
can help define optimal fluoroscopic angles of the prosthetic
annular plane to be used for the TC of PVLs (33). However, CT re-
quires ionizing radiation and intravenous contrast. Furthermore,
it cannot demonstrate blood flow, and cardiac gating becomes
difficult in patients with rapid or irregular heart rates (1).

Cardiac magnetic resonance (CMR) may be particularly
useful for assessing the severity of PVL in cases where echo-
cardiography remains inconclusive and/or when discordance is
found between the echocardiographic findings and the patient’s
symptoms. CMR measures regurgitant volumes for multiple valve
types, irrespective of the regurgitant jet number or morphology;
TTE and TEE have failed to adequately do so due to acoustic
shadowing (34). In daily clinical practice, CMR compatibility is
frequently consulted to cardiologists; all prosthetic valves (in-
cluding mechanical valves in the last three decades) can be
imaged by CMR. However, CMR may provide limited data in the
setting of arrhythmia and may overestimate the degree of PVL
compared with echocardiography due to the incorporation of
coronary flow (35).

The Echo Navigator; EchoNavigator® facilitates TC of PVLs. It
enables real-time image synchronization and fusion of 2D or 3D-
TEE images with fluoroscopic images. In addition, it depicts the
position of the PVL on the fluoroscopic view and facilitates the
precise steering of the guidewire through the PVL (36).

Intracardiac echocardiography can guide the TC of PVLs.
It is feasible, safe, and associated with acceptable procedural
success rates. It has several advantages over TEE during inter-
ventions: it eliminates the need for general anesthesia; provides
clearerimaging; and reduces procedure time, hospital stays, and
radiation doses. However, the procedural success with this ap-
proach is limited in lateral mitral PVLs (37).

Treatment

The treatment includes medical and interventional therapy.
Medical therapy may be considered in symptomatic patients with
mild-to-moderate PVL. It includes diuretic therapy and afterload
reduction to treat heart failure. Hemolysis may be managed with a
combination of iron, folate, and vitamin B12 supplements as well
as packed-red blood cell transfusions in severe cases (1). Howev-
er, these therapies may be unsuccessful to relieve the symptoms
completely, and patients may suffer from progressive heart failure
and/or continued hemolysis, necessitating further management.

The two main types of interventions include SC and the TC of
PVLs. Each strategy has its own pros and cons. Figure 3 depicts
the algorithm for the diagnosis and treatment of PVLs.
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Repeat heart valve surgery has been performed for years due
to expected high rates of complete success, but it may also lead
to suboptimal long-term outcomes as technical or anatomic fac-
tors that could have led to the development of these PVLs often
persist. Therefore, in the last two decades, TC has emerged as a
relatively less invasive therapy.

According to the 2017 American College of Cardiology/Ameri-
can Heart Association Focused Guidelines Update for the man-
agement of valvular heart disease, SC is a Class IB recommen-
dation for operable patients with mechanical heart valves with
intractable hemolysis or heart failure due to PVL. Furthermore, the
TC of PVLs is a Class lla recommendation in patients with pros-
thetic heart valves and intractable hemolysis or New York Heart
Association (NYHA) Class l1l/IV heart failure who are at high surgi-
cal risk and have suitable anatomic features for TC in an experi-
enced center (38). In the 2017 ESC guidelines for the management
of valvular heart disease, SC and TC have been considered as a
Class IC and IIb recommendation, respectively (39). The two inter-
ventional strategies are described in greater detail below.

Surgery

Before the introduction of the TC of PVLs, SC has been used for
decades as the main mode of treatment. In most reoperation cases,
the exposure of the mitral valve is difficult due to severe adhesions.
It is also challenging to evaluate a mitral PVL in a nonphysiologic
state. When the left ventricle is decompressed, the surrounding
anatomy becomes distorted, making PVLs difficult to detect or lo-
calize (40). Therefore, perioperative real-time 3D TEE imaging would
be a great guide for surgeons to identify the location of PVL (24).
Surgical options include PVL repair or prosthesis replacement. The
type of surgery depends on the size and extent of the PVL, the con-
dition of the native valve ring, and the patient’s surgical history.

Repair of PVL includes several techniques such as direct su-
turing in case of small and well-seated PVLs, use of patches, and
incorporation of healthy full-thickness autologous tissue (41, 42).
They can be technically demanding due to the presence of friable
tissue, fibrosis, and calcification from a previous infection. This
may be associated with uncorrected annulus and unstable sutures
left, leading to clinically significant residual PVL after surgery (23).

The Canadian and Swiss experiences have revealed that
patch or pledgeted suture repair is utilized in 75% and 65% of
the patients, respectively (41, 43). Furthermore, valve re-replace-
ment is performed in 50%, 51%, and 90% of the patients in three
largest US states (44-46).

Although the current literature does not allow outcome com-
parison by the type of surgical technique, the decision to repair
PVLs or replace the prosthesis depends on the experience of
the operators and the surgical volume as well as the anatomical
characteristics of PVL (47).

Transcatheter closure
TC was initially performed in inoperable patients as an alter-
native to medical treatment, but in the last decade, it has been
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adopted as a first-line therapy in many experienced centers (23).
Although most cases of PVL are treatable with TC, the contraindi-
cations to TC should be carefully assessed. An ongoing process
of endocarditis should be excluded. If a PVL is getting rapidly
larger in a short period of time, it may be associated with an on-
going process of suture/tissue rupture, and performing TC may
be impractical (48). Unstable prosthesis (dehiscence) and large
defects comprising >1/3 of the annular circumference necessi-
tate surgical intervention (15). The anatomical characteristics of
PVL mostly determine the mode of initial therapy and the likeli-
hood of success if TC is preferred. The success rates are high-
estin the small, slit-like, crescentic, and single defects, whereas
larger, irregular, and slope tunnel shaped and multiple defects
are associated with poorer results (48). Furthermore, crescentic
or large oblong defects usually require multiple devices. Table 2
presents the favorable and unfavorable characteristics of the TC
of PVLs.

TC has multiple techniques, including antegrade (transsep-
tal), retrograde aortic, and apical approaches (1, 49).

The interventional cardiologists should be experienced in
this complex catheter-based procedure, such as the transseptal
or apical puncture, snaring, and creation of arteriovenous loops
(1). Antegrade transseptal puncture is generally the first method
of choice for mitral PVL closure. The optimal location for trans-
septal approach puncture depends on the localization of PVL.
Like other mitral valve interventions, TEE plays a critical role in
guiding transseptal puncture. Lateral defects are amenable to
high puncture on the interatrial septum. Since posteriorly and
medially localized PVLs are difficult to engage, the puncture
should be lower and more posterior to allow more direct ac-
cess to the PVL origin (50). A retrograde transapical approach
provides the shortest route and may be reasonable in patients
with posterior or septal PVL or multiple PVL at different locations
(6). Many interventional cardiologists prefer to create an arte-
riovenous wire loop in the antegrade transseptal and retrograde
transfemoral approaches. Each of these procedures is associ-
ated with increased procedural time and cost and high risk of
complications. Previous case reports have demonstrated that

Table 2. Favorable and unfavorable characteristics for the
transcatheter closure of paravalvular leaks

Favorable Unfavorable

<2 mm distance
from valve sewing ring

>5 mm distance from
sewing ring to defect

Small PVL Large PVL
Single PVL Multiple perforated
Straight/short-tunnel Slope tunnel

Rocking valve
Calcified paravalvular tissue
Infective endocarditis

PVL - paravalvular leak
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an arteriovenous wire loop is not necessary in all cases (51-53).
Moreover, retrograde transfemoral closure of mitral PVL is pos-
sible without creating a wire loop, which was first described a
decade ago by Kursaklioglu et al. (51).

The other steps of TC may also become challenging, resulting
in a prolonged procedural time. In some cases, the defect can be
crossed with a guidewire, but crossing with an available delivery
sheath or catheter may be impossible. The defect may be crossed
and closed; however, the closure device may interfere with the
function of the prosthetic valve, prohibiting the release of the
device (17). The TC of mitral prosthesis may also become more
challenging in the case of concomitant aortic prosthesis. An an-
tegrade trans-septal mitral PVL closure without the creation of
an arteriovenous wire loop can be successfully performed (53).
A transapical, retrograde, or combined retrograde/antegrade ap-
proach may also be an option for experienced operators (54).
Therefore, periprocedural planning as well as communication
between experienced members of the structural heart team is
crucial for procedural success.

Irregular leak morphology and complex anatomy of the sur-
rounding tissue may be associated with incomplete PVL sealing.
Partial TC of PVLs may reduce regurgitant volume and improve
heart failure symptoms, but the degree of hemolysis may not be
affected or may even be potentially worsened. Therefore, dedi-
cated devices in multiple sizes and shapes are crucial for com-
plete PVL sealing (55). The ideal device for the TC of PVLs should
be retrievable and repositionable and should be larger than the
defects to avoid embolization (19). Larger devices and those
deployed close to the hinge point may interfere with prosthetic
function. Furthermore, it can even fracture the sewing ring from
the annulus, exacerbating the PVL. Bleeding, pericardial effu-
sion, hemothorax (in transapical procedure) together with tran-
sient hemolysis, transient ischemic events, or stroke may occur
during the TC of PVLs (56).

So far, numerous devices have been used in the TC of PVLs,
but the outcomes have been usually unsatisfactory due to the
potential limitations of the devices and the cresentic nature of
most PVLs (1). They are mostly Amplatzer [St. Jude Medical (now
Abbott), St. Paul, MN, USA] devices and include the Amplatzer
Vascular Plug (AVP) family of occluder devices (AVP I, AVP I,
and AVP 1V), the Amplatzer Duct Occluder (ADO | and ADO ll),
the Amplatzer Atrial Septal Occluder (AS0), and the Amplatzer
Muscular Ventricular Septal Defect (VSD) Occluder.

Around or long tunnel-shaped PVL can be sealed with a Vas-
cular Plug Il, whereas a large crescentic leak can be treated
with a large device such as a VSD Occluder (57), which itself
also carries a risk of hemolysis. Therefore, a large PVL defect
is most effectively closed with the “nesting” of multiple devices
(58), which may be more successful than using a large single de-
vice (e.g., VSD Occluder).

In the last decade, two devices AVP Il (St. Jude Medical,
St. Paul, MN, USA) and Occlutech paravalvular leak device
(PLD) (Occlutech, Helsingborg, Sweden) have gained popular-
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ity and are specifically dedicated to PVL closure as their shape
is closer to the anatomy of the majority of PVL defects (19).
AVP 1l has an oval shape, smaller pore size, improved sur-
face contact, and faster occlusion compared with other Am-
platzer devices. It offers a chance to fully occlude the defect
without interfering with the leaflet movement (53). Occlutech
PLD is a self-expanding, flexible, double-disc device; the discs
have either a rectangular frame with an ellipsoid waist or a
square frame with a circular waist (55). Both rectangular and
square designs have 35% less surface area compared with a
similar sized, circular design, which decreases the possibility
of mechanical interference with a valve and minimizes device
overlap when multiple Occlutech® PLDs are needed to seal the
defect. The rectangular-shaped device can cover a cresentic
defect (59). Although Occlutech® PLD has no radial strength
due to its waist design, its intrinsic clamping force keeps the
prosthetic valve and surrounding tissue in close proximity to
each other after the TC of PVLs. The vascular plugs of the Am-
platzer family (e.g., Amplatzer Vascular Plug Il1) have high radi-
al strength due to the large waist design and lack the clamping
force; the thicker waist and circular design may exacerbate the
regurgitation (59).

The success and complication rates of TC vary between dif-
ferent series, as this is a complex and technically demanding
procedure. Furthermore, the type of closure devices varies in dif-
ferent countries. Oblong and purpose-specific devices are not
available in the US, whereas they are used for the TC of PVLs
in Europe. Although the data regarding the potential benefits of
these devices are insufficient, several studies have suggested a
potential superiority of these devices (55, 57, 59, 60).

In the Spanish registry (514 procedures in 469 patients from
19 centers; mitral prosthesis 70.2%), technical and procedural
success was achieved in 86.6% and 73.2% of the patients, re-
spectively (57). Furthermore, 80.2% of the patients did not ex-
perience any complications; the most frequent one was minor
bleeding related to the vascular access (8.6%), which did not
have a major clinical impact. The 30-day incidence of major
complications (death, stroke, or need for emergency surgery)
was 5.6%. The reasonable rate of procedural success and a
low rate of complications were attributed to the use of spe-
cifically designed devices, dedicated techniques for catheter
delivery, and improved echocardiographic imaging including
RT-3D TEE. This registry indicated a higher success rate for
mitral procedures in centers with more experience, highlight-
ing the relation between operator experience and favorable
results after TC (57). The registry from the United Kingdom and
Ireland (259 patients from 20 different centers) revealed simi-
lar findings and indicated a hospital mortality rate of 2.9% for
elective procedures (60). They strongly suggested TC as an al-
ternative to repeat surgery. A most recent multicentric study
in Europe evaluated the midterm procedural and clinical out-
comes of TC with the Occlutech PLD (55). The results revealed
that procedural success for mitral PVL closure (n=69) with the
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Occlutech PLD was high, with a low rate of residual or recur-
rent leaks, and was associated with significantimprovement in
NYHA class and reduction of hemolytic anemia and transfusion
dependency.

Comparison of transcatheter closure and surgical correction

Head-to-head data comparing two treatment modalities (SC
& TC) are limited (41, 44, 45, 61, 62), and the world-wide experi-
ence is based on nonrandomized studies.

The largest study that compared patients with PVL treated
with TC (n=195) or SC (n=186) at the Mayo Clinic, USA, between
1995 and 2015 demonstrated a higher technical success in the
SC group (95.5% vs. 70.1%; p<0.001) (44). The patients in the SC
group had higher in-hospital mortality (8.6% vs. 3.1 %, p=0.027),
but no difference between the two therapeutic modalities in
terms of mortality or need for reintervention during the follow-up
period was observed.

In 2018, Busu et al. (47) reported a meta-analysis regarding
the comparison of these two treatment strategies and provided
significant data. In this meta-analysis, 22 studies were included:
17 single-arm retrospective studies and 5 retrospective studies
that compared SC and TC. Furthermore, 2.373 patients were en-
rolled: 862 (36.3%) in the SC group and 1.511 (63.7%) in the TC
group. The primary indications for TC were symptomatic heart
failure (65.9%) followed by hemolytic anemia (21.9%). Mitral
position was the most common PVL location (74.4%). The most
common device used in the meta-analysis was the Amplatzer
Vascular Plug Il (71%). The number of patients who underwent
prosthetic reimplantation versus patch or pledgeted suture re-
pair was similar in the SC group. SC was associated with higher
rates of technical success (96.7% vs. 72.1%) due to the nature
of the intervention, but it appeared to bring with it an upfront
cost, including a higher 30-day mortality (8.6% vs. 6.8%), stroke
(3.3% vs. 1.4%), and hospitalization duration. Moreover, no differ-
ences between the two strategies regarding mortality (17.3% vs.
17.2%), reoperation rates (9.1% vs. 9.9%), NYHA class, or heart
failure readmissions at the end of a one-year follow-up period
were observed.

It is difficult to interpret these results and make clear con-
clusions due to the heterogeneity of the small-scaled studies
regarding PVL characteristics and transcatheter techniques
used (purely percutaneous or via a transapical approach) even
if multivariate analyses or propensity score matching are used
to reduce confounding factors. A trend toward the use of TC as
the default treatment option has been observed in large centers
with a well-integrated and experienced structural heart team.
Unfortunately, a randomized study in the future seems unlikely
due to practical and financial limitations.

Ways to prevent PVL development: Future perspectives for

better management

As PVL is commonly detected early after valve surgery, sev-
eral precautions should be taken during the perioperative period.
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The routine use of intraoperative TEE may prevent PVL develop-
ment. Especially, during surgery, eradicating the infected tissue
in patients with active infectious endocarditis is crucial to avoid
late PVL. Furthermore, extensive mitral annular calcification may
interfere with the proper seating of the prosthesis. In such cir-
cumstances, the resection of the calcium bar and creation of a
new annulus with pericardium may provide better seating of the
prosthesis (63).

New technological advancements are especially essential
for the success of the TC of PVLs. The development of new de-
vices specifically dedicated to the TC of PVLs is crucial, partic-
ularly in relation to the often irregular and crescentic defects.
3D printing may play an invaluable role in patient-specific PVL
device production. Furthermore, steerable catheters with radi-
opaque markers open a new frontier for TC and will become a
valuable tool as interventional cardiologists continue to push the
edge of endovascular therapy (64). Moreover, the improvements
in hybrid imaging (including echocardiography, cardiac CT, and
fluoroscopy) may also yield appreciable results in terms of the
TC of PVLs. Finally, further data regarding the role of profession-
al experience required to optimize clinical outcomes should be
available for interventionalists to perform the TC of mitral PVLs,
one of the most demanding interventional procedures used for
structural heart valve disease.

Conclusion

PVLs are life-threatening complications of prosthetic valve
surgery. PVLs in mitral position may be clinically inconsequen-
tial, but severe forms may also aggravate hemolysis or cause
heart failure. The TC of severe mitral PVLs can be offered as
an initial therapy in experienced centers as a transcatheter at-
tempt does not preclude subsequent surgery as an alternative
treatment, therefore allowing a step-wise approach to a chal-
lenging clinical disorder. Furthermore, technical advancements
in purpose-specific devices, catheters, surgical techniques,
and materials with the guidance of multimodality imaging will
progressively increase the success of interventional proce-
dures. An integrated approach to select the optimal treatment
for the appropriate patient is crucial. Prospective registries
and further randomized studies will probably address the gaps
in evidence.
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