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A b s t r a c t

Introduction: The arteriovenous (AV) loop is recommended when further support is needed during paravalvular leak (PVL) closure. 
Aim: We report the feasibility and safety of mitral PVL closure without constructing an AV loop, based on a single-centre expe-

rience.
Material and methods: Fourteen patients with mitral valve replacement (MVR) who had New York Heart Association (NYHA) 

class III–IV dyspnoea or NYHA class II symptoms with significant haemolytic anaemia caused by severe or moderate-to-severe para-
valvular regurgitation and who underwent transcatheter PVL closure (TPVLC) between May 2014 and February 2017 were enrolled.

Results: In total, 15 PVL procedures and 19 device deployments were performed. The patients had one (n = 10), three (n = 1) or 
four (n = 1) devices for closure at the time of the procedure; one patient had two devices from two procedures at different times with 
different access ways. Nineteen devices (10 (66.6%) via transseptal access; 4 (26.6%), transapical access; and 1 (6.6%), retrograde 
access) were deployed successfully without making an AV loop.

Conclusions: The TPVLC is a less invasive and effective alternative to surgery in symptomatic patients with significant PVLs and 
high operational risks. The success rates are satisfactory, with improving techniques and devices. Procedural success without using 
an AV loop can be achieved with reduced costs, fluoroscopic times and complications.
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Introduction
Paravalvular leak (PVL) is an uncommon but serious 

complication of mechanical or bioprosthetic surgical 
valve replacement (e.g. mitral valve replacement – MVR) 
and may be seen in 2–12% of patients after MVR [1]. 
Most PVLs are clinically silent, but 1–5% of patients be-
come symptomatic because of heart failure, haemolysis 
or both and require re-operation [2, 3]. Although redo 
surgery has been accepted as a class I recommendation 
in the guidelines, transcatheter PVL closure seems to be 
a feasible alternative to surgery in patients with a high 
surgical risk and suitable anatomic features [4]. In many 
registries and metaanalyses, the safety and efficacy of 
PVL closure has been reported, with a  reasonable rate 
of procedural success and a low rate of major complica-
tions [5–7]. Because there are no specific devices for PVL 
closure and because of the heterogeneity in the size and 
shape of the defects, variable vascular and septal occlud-
er devices can be used by the operators [1].

There are three approaches for closure: transfemoral, 
transseptal and transapical [8]. Each approach can be 
chosen according to the location, shape and size of de-
fects, as per the expertise of the operator. In all approach-
es, an arteriovenous (AV) loop is recommended when fur-
ther support is needed, and if so, the wire can be snared 
and externalised via a  femoral artery sheath; however, 
each of these procedures is time consuming and costly 
and increases the risk of complications [8, 9].

Aim
We report the feasibility and safety of mitral PVL clo-

sure without constructing an AV loop in a  prospective 
registry from a single centre.

Material and methods
Fourteen patients with MVR with or without aortic 

valve replacement (AVR) who had New York Heart As-
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sociation (NYHA) class III–IV dyspnoea or NYHA class II 
symptoms with significant haemolytic anaemia caused 
by severe or moderate-to-severe paravalvular regurgi-
tation and who underwent a  transcatheter PVL closure  
(TPVLC) procedure between May 2014 and February 2017 
were enrolled in this study retrospectively. Symptomatic 
haemolysis was defined as haemolytic anaemia (hae-
moglobin ≤ 10 g/dl, lactate dehydrogenase ≥ 600 mg/dl,  
haptoglobin ≤ 50 mg/dl and reticulocytosis > 2%) requir-
ing 2 U of blood transfusions and/or erythropoietin in-
jections within 90 days to maintain a haemoglobin level  
of ≥ 10 g/dl, without any other source of blood loss [3].

All cases were discussed in a Cardiology and Cardio-
vascular council and were recommended for PVL closure 
because of high surgical risks. Operational high risk was 
defined based on the Logistic EuroSCORE (http://www.
EuroSCORE.org/calc.html) and the Society of Thoracic 
Surgeons score (http://209.220.160.181/STSWebRisk-
Calc261). The local ethics committee approved this study.

All procedures were performed under general anaes-
thesia. Two-dimensional (2D) and real-time three-dimen-
sional (3D) transoesophageal echocardiography (TEE) 
were performed before and during the operation, using 
an iE33 ultrasound system (Philips Medical Systems, An-
dover, Massachusetts) with a fully sampled 3D matrix ar-
ray TEE transducer. The location, size, shape and severity 
of the paravalvular regurgitation were evaluated before 
the procedure using 2D and 3D TEE, according to the cur-
rent guidelines [10]. The mitral valve is viewed as a clock 
face, and the leak origin is defined by the position on 
the clock (Figure 1) from the left atrial (LA) perspective 
(termed the ‘surgeon’s view’) [1]; 2D and 3D TEE were 
used to intraprocedurally guide the placement of the 
transseptal puncture, passage of the guidewire and cath-

eter through the defect, proper positioning of the opened 
occluder, proper seating of the device and evaluation of 
the function of the prosthesis and residual regurgitation.

Antibiotic prophylaxis was administered.

Procedure
Transseptal Access: For transseptal PVL closure, 

a transseptal puncture was performed according to the 
location of the PVL (with a higher puncture for laterally 
located PVLs and a  lower and more posterior puncture 
for medially located PVLs); once the atrial septum was 
punctured, an Agilis NxT steerable guide catheter (St 
Jude Medical) was advanced to the LA. An angled cathe-
ter (mostly a 5-Fr vertebral or 4-Fr angled Glide catheter 
(Terumo Medical)) was advanced into the LA via the Agi-
lis for facilitating the passage of the wire from the PVL. 
Then, a 0.035-inch angled hydrophilic wire (Poseidon, SP 
Medical A/S) was passed through the PVL. Once the de-
fect was passed, the hydrophilic wire was replaced with 
a super-stiff guidewire (Amplatz Super Stiff, J-TIP, Boston 
Scientific) via the angled catheter. The tip of the stiff 
guidewire was reshaped into a circle for greater stability 
in the left ventricle, as in the transaortic valve implan-
tation procedure; in all cases, the AV loop was not per-
formed. The Agilis was then removed, and the interatrial 
septum was dilated. Depending on the size and type of 
closure device, a 6- or 7-Fr Amplatz TorqueVue delivery 
sheath was advanced to the LA, and the device of choice 
was then deployed to the PVL.

Transapical access: For transapical access, a mini-tho-
racotomy was first performed. The apex was punctured 
under direct vision. A 7-Fr sheath was inserted and fixed. 
Under fluoroscopy and TEE guidance, the defect was 
crossed using a hydrophilic guidewire through a variety 
of catheters, including the left Amplatz (AL 1), right Jud-
kins and multipurpose (MP) catheter. After crossing the 
PVL, the hydrophilic guidewire was exchanged for a stiff 
wire. No AV loop was performed. The selected occluder 
was deployed through the long sheath.

Retrograde access: Through the femoral artery, 
a 0.035-inch hydrophilic guidewire was advanced to the 
PVL via a guiding catheter (i.e. AL-1 or MP). Once the PVL 
was crossed, to provide support, the hydrophilic guide-
wire was exchanged for a stiffer wire via a microcatheter. 
Then, the delivery sheath was advanced over the stiff 
wire, and the device of choice was deployed to the PVL.

Technical success was considered as the correct de-
ployment of the device without significant residual re-
gurgitation, new prosthetic valve malfunction or interfer-
ence with other cardiac structures.

After the procedure was completed, patients were 
closely observed in the coronary care unit. Before dis-
charge, all patients received control transthoracic echo-
cardiography, and the therapeutic international nor-
malised ratio level was assessed.

Figure 1. Anatomic mitral view depicting the loca-
tion and extent of the sites of paravalvular mitral 
regurgitation
Ao – aorta, LAA – left atrial appendage, IAS – interatrial septum and 
arrows: paravalvular defect.
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Statistical analysis
Data management and analysis were performed 

using SPSS Statistics version 17.0 (SPSS Inc., Chicago, 
IL). Continuous variables are expressed as mean and 
standard deviation (SD) or median and interquartile 
range (IRQ), according to the variable distribution. Nor-
mal distributions were confirmed using the Kolmogor-
ov-Smirnov test.

Results
The characteristics of patients’ clinical and paraval-

vular defects are shown in Tables I and II. The mean age 
of the study population was 58.7 ±12.7 years, and the 

NYHA classes were III and III–IV. Symptomatic haemol-
ysis was present in almost all patients (85.7%). Half of 
the patients had undergone > 1 cardiac operation; half 
of them had undergone AVR and MVR procedures, and 
the other half had received MVR operation only. The pre-
dicted surgical risk based on the logistic EuroSCORE was 
15.6 ±15.5.

A total of 14 patients were treated with 15 PVL and 
19 device deployment procedures. Ten patients had one 
device, 1 patient had four devices and 1 patient had three 
devices for closure at the time of the procedure; 1 pa- 
tient had two devices from two procedures performed 
at different times with different access ways (trans-

Table I. Characteristics of patients’ clinical status and paravalvular defects

Patients NYHA
class

Indication HGB LDH AVR + 
MVR

Device sizes Access way Location Catheters to pass  
the defects

1 III Haemolysis 8.1 1866 MVR 
only

10 × 3 AVP III Transseptally Anterolateral Agilis, 7 Fr MP, 5 Fr vertebral

2 III Haemolysis 
+ HF

10.6 1019 + 4 × 8 AVP III Transseptally Posterolat-
eral

Agilis, 7 Fr MP,
5 Fr vertebral

3 IV HF  
+ haemolysis

9.5 1098 + 10 × 5 AVP III Transseptally Anterolateral 
and medial

Agilis, 7 Fr RJ

4 III Haemolysis 8.7 2238 + 6 × 3, 10 × 5,  
8 × 4 AVPIII  

and 6 × 6 ADO

Transapically Posterior 7 Fr MP

5 III HF  
+ haemolysis

10.5 857 MVR 
only

6 × 3 AVP III Transseptally Anterolateral Agilis, 7 Fr MP, 5 Fr vertebral

6 III Haemolysis 
+ HF

10.7 + 10 × 3 AVP III Transapically Posterome-
dial

Agilis, Minnie, 7 Fr RJ

7 III HF 11.2 852 + 10 × 5 and  
12 × 5 AVP III

Transseptally Lateral Agilis, 7 Fr MP, 5 Fr vertebral

8 III Haemolysis 8.6 1177 MVR 
only

12 × 5 Occlutech Transseptally Posterolat-
eral

Agilis, 5 Fr vertebral

9 III–IV HF  
+ haemolysis

9 1585 + 6 × 3 AVP III Transseptally Lateral Agilis, 7 Fr RJ, 5 Fr vertebral

10 III HF  
+ haemolysis

10.5 504 MVR 
only

14 × 5, 6 × 3  
and 8 × 4 AVP III

Transseptally Medial Agilis, 7 Fr MP, 5 Fr vertebral

11 III Haemolysis 
+ HF

9.8 418 MVR 
only

10 × 3 AVP III Transseptally Lateral Agilis, 7 Fr RJ, 5 Fr vertebral

12 III HF 12.2 821 MVR 
only

8 × 4 AVP III Transseptally Lateral Agilis, 7 Fr RJ, 5 Fr vertebral

13 III–IV Haemolysis 
+ HF

9.1 2813 + 8 × 4  
and 6 × 3 AVP III

Transapically Posterome-
dial

7 Fr RJ

14 III Haemolysis 
+ HF

10.8 872 MVR 8 × 4  
and 8 × 4 AVP III

Transseptally 
vs. retro-
gradely

Anterolateral 
and antero-

medial

Agilis, 7 Fr RJ, 5 Fr vertebral,
Left Amplatz 2

HGB – haemoglobin levels (mg/dl), LDH – lactate dehydrogenase (U/l). Catheters to pass the defects: Agilis – Agilis NxT steerable introducer, St. Jude Medical;  
7 Fr RJ – 7 French right Judkins, launcher guiding catheter, 5 Fr vertebral – 5 French VER Super Torque, Cordis, 7 Fr MP – 7 French multipurpose A1, Boston Scientific, 
Minnie – Minnie support Catheter, Vascular Solutions Inc., 6 Fr – 6 French left Amplatz 2, Boston Scientific. Device sizes ≤ 10 Amplatzer vascular plug III (AVPIII)  were 
delivered via 7 French guiding catheters or 7 French AMPLATZER TorqVue 2 delivery sheaths. Device sizes > 10 AVP III were delivered via 9 French AMPLATZER TorqVue 
2 delivery sheaths.
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septal access for anterolaterally located PVL and retro-
grade access for anteromedially located PVL; Figure 2).  
A  total of 19 devices (10 (66.6%) via transseptal ac-
cess, 4 (26.6%) via transapical access and 1 (6.6%) via 
retrograde access) were deployed successfully, without 
constructing an AV loop (Figure 3). In 1 case, because 

the stiff wire changed the shape of the defect, passing 
through the defect became impossible via the catheter. 
Once the wire was exchanged for a  hydrophilic wire, 
passage was achieved easily. In another case, passage 
through the PVL was achieved with the hydrophilic wire 
before wire exchange.

In 1 patient, although the transapical and transsep-
tal access paths were tried, given the interference of the 
lateral leaflet of the prosthesis after device deployment 
and the severe calcification of the interatrial septum, the 
procedure failed, and the patient underwent mitral valve 
replacement surgery. In another patient, an Amplatzer 
Vascular Plug III (AVP III) was placed perpendicular to 
the defect, which could not be pulled back and resulted 
in residual regurgitation. The technical success rate was 
86.6%. In total, 16 AVP III devices, one Amplatzer Duct 
Occluder (ADO) device and one Occlutech device were 
used. One patient died soon after successful device de-
ployment because of advanced heart failure symptoms 
and multiorgan failure; 1 patient died at 28 days after 
successful closure because of rectus sheath hematoma; 
and haemothorax occurred in one patient after success-
ful transapical closure.

Table II. Clinical characteristics of the patient group

Parameter Patient group

Age 58.7 ±12.7

Gender, F, n (%) 6 (42.8)

HT, n (%) 6 (42)

DM, n (%) 4 (28.5)

KBY, n (%) 2 (14)

Hgb, mean ± SD 9.97 ±1.19

LDH, mean ± SD 1240 ±699

Log EuroSCORE II 12.75 (5.8–19.7)

LVEF, mean ± SD 49.4 ±13.7

Figure 2. Deployment of four devices to three separate defects, and complete closure of the defects via tran-
sapical access

A

C

B

D
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Discussion
In our case series, we demonstrated that PVL closure 

through an antegrade or a  retrograde approach can be 
performed safely and effectively without using an AV loop. 
Transcatheter PVL closure was first reported in 1992 [11]. 
Since then, because of the inherent morphological varia-
bility of PVLs, various techniques and devices have been 
used to make TPVLC an efficacious and safe procedure 
[12]. An AV loop through the wire snared and externalised 
via a femoral artery sheath (if the patient has a mechan-
ical AVR, the initial wire can be exchanged for a stiffer 
one, such as an Amplatz Super-Stiff, in the left ventricle) 
facilitates PVL closure and sequential device deployment. 
However, constructing an AV loop requires more fluoro-
scopic time and more equipment and has a higher risk 
of complications. Rihal et al. reported that among 141 
defects that were closed in 115 patients, snaring and 
wire exteriorisation was used in 29 (25%) patients [13]. 
Although diverse devices, including umbrella devices, 
vascular occluding devices and coils, have been used, the 
most preferred ones are the Amplatzer occluders [14]. 
However, these devices are often linked to interference 
with adjacent critical cardiac structures and device em-
bolisation because these devices have larger profiles and 
stiffer features [13, 14]. Furthermore, all the sheath and 
delivery catheter sizes that these devices are compatible 
with are relatively large (for ASO, 6–12 Fr; VSDO, 5–9 Fr; 
ADO, 5–7 Fr) [15]. Thus, to provide sufficient support for 
the device delivery catheter, an AV wire loop is usually 

needed [8, 14]. Alternatively, the AVP III has a  low pro-
file and relatively small retention rims, which may cause 
less interference with cardiac structures. Additionally, the 
sheaths and device delivery catheter sizes are smaller 
than those of ADOs (4–7 Fr) [16], which facilitates the 
passage of low-profile catheters from the defect with-
out using an AV loop. The feasibility and safety of using  
AVP III devices have been reported in the literature  
[2, 16–18]. In our case series, we mostly used AVP III de-
vices, and 16 devices were advanced through 6-Fr or 7-Fr 
delivery catheters and deployed successfully. Although 
10-Fr delivery catheters are used for PLD Occlutech de-
vices newly developed for PVL closure, the AVP III device 
is available in smaller sizes and has narrower overhang-
ing rims compared with the PLD Occlutech device [19]. In  
1 case, closure of a defect with a PLD Occlutech device 
was also accomplished without using an AV loop. Kilic 
et al. reported a  case series of three patients who un-
derwent percutaneous retrograde closure of PVLs with-
out constructing an AV loop and pointed out the reduced 
costs, fluoroscopic times and complications [9]. Especial-
ly in patients with AVR and MVR, an AV loop can be dif-
ficult to perform because of the aortic prosthesis; in our 
series, half of the patients had AVR and MVR operations, 
and closure without using an AV loop was an additional 
advantage in this instance.

These patients were already inoperable and severe-
ly symptomatic because of haemolysis or heart failure 
symptoms. Making the procedural technique easier and 

Figure 3. A – Passage through the paravalvular defect using a hydrophilic guidewire; a  low-profile catheter 
coming from the transapical access. B – Deployment of the device

A B
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procedural time shorter may decrease the risk of compli-
cations in these patients. Without an AV loop, procedural 
success can be achieved by the telescopic method, and 
making the tip of the stiff guidewire a circle for greater 
stability in the left ventricle especially by transfemoral 
access, as in transaortic valve implantation procedure, 
facilitated the procedure without the need for an AV loop.

In our study, the success rate was satisfactory (86%). 
In the literature, the technical and clinical success rates 
ranged from 77% to 86% and 67% to 77%, respectively, 
and the complication rates were low [2]. In addition to 
other studies and registries, our series has shown that 
TPVLC is a safe and feasible technique and can be used 
without constructing an AV loop.

Conclusions
The TPVLC is a  less invasive and an effective alter-

native to surgery in symptomatic patients with signifi-
cant PVLs and high operational risk. The success rates 
are satisfactory with improving techniques and devices. 
Procedural success can be achieved without using an AV 
loop with reduced costs, fluoroscopic times and compli-
cations.
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