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Abstract

Background: Clinical significant periprosthetic paravalvular leak (PVL) is an uncommon but serious complication
after surgical valve replacement. Percutaneous closure has been utilized as an alternative to surgical repair in high-
risk surgical patients.

Aim: to evaluate the feasibility and efficacy of percutaneous closure of PVL using the Amplatzer vascular Plug
Il device in a consecutive series of patients referred to our structural heart disease center.

Methods: Between February 2010 and February 2013, 12 patients (mean age 68.3 + 9.2 years, 66% male)
who were believed to be poor operative candidates (heart team evaluation) underwent PVL closure with Amplatzer
Vascular Plug Ill device.

Results: 58.3 % of patients had mitral paravalvular leak, 41.7% had aortic one. The median time since valve
replacement (biologic prosthesis 88% and mechanical prosthesis 12%) was 36 + 9 months. Technical procedural
success was achieved in 92% of cases; in 6 patients (50%) more than one device was necessary. One intra-Hospital
death occurs after fifteen days from procedure for non-cardiac causes. At follow up (ranging between 3-20 months)
clinical success was achieved in 83% (10 of 12 patients). One patient underwent second procedure with third
device implantation 49 days after first closure; one patient, with persistent residual leak and haemolysis parameters
worsening, underwent surgical repair. At 12 month 83.3% of patients were alive.

Conclusions: In our experience, percutaneous closure of PVL is feasible and safe. It may be considered in

selected patients in whom re-surgical intervention is deemed high-risk or is contraindicated.

Keywords: Paravalvular leak; Cardiac catheterization; Transcatheter
closure

Introduction

The incidence of primary paravalvular leak (PVL) after cardiac
valve replacement varies from 2% to 17% in the different series. Most
frequently it is observed after mitral valve replacement, occurring in up
to 12.5% of patients and represents the most common reason for repeat
of mitral valve replacement surgery [1-3]. Most PVLs remain clinically
silent; however, 1-5% of patients with PVLs can lead to serious clinical
consequences [4-6]. Surgical reoperation is the gold standard therapy
for symptomatic PVLs, but both the risk of re-leak and the operative
mortality increase with each successive both of valve replacement
or repair, starting at the first intervention from 22-35% and 6%,
respectively [7,8]. On the other hand, previous studies have reported
an improved long-term survival, for patients with PVL, if aggressive
strategy is adopted [9].

The percutaneous closure of PVL would offer the potential for being
the “first step” therapy in patients who are poor surgical candidates
due to complex surgical history or to the significantly compromised
ventricular function. The procedure was first proposed and attempted
by Hourihan et al. more than ten year ago using a double-umbrella
device for aortic paravalvular and valvular leaks [10]. However, due to
technical difficulties, inadequate devices and lack of follow up results,
the experience is still limited. Results of percutaneous PVL closure have
been reported by a number of case series [11-28] showing that for the
high-risk symptomatic PVL patient, percutaneous closure is a viable
therapeutic strategy to surgical PVL repair. This study was performed
to evaluate the feasibility and efficacy of percutaneous closure of PVL

using the Amplatzer vascular Plug III device in a consecutive series of
patients referred to our structural heart disease center.

Material and Methods
Definition

Periprosthetic paravalvular leak is defined as a regurgitant jet,
demonstrated by Doppler echocardiography, originating between the
outer margin of the prosthetic sewing ring and the native tissues around
the valve. Congestive heart failure is defined as symptoms consistent
with a New York Heart Association (NYHA) functional class greater
than II. Haemolysis can be identified by a serum lactate dehydrogenase
level >460 U/L and any two of the four following criteria: blood
haemoglobin <13.8 g/dL for males or <12.4 g/dL for females, serum
haptoglobin <50 mg/dL, and reticulocyte count >2% [29]. Technical
success can be defined as the correct deployment of an occlusive device
through the PVL and the lack of significant residual regurgitation or
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new prosthetic valve malfunction. Clinical success, depending on the
indication for intervention, is defined as an improvement in >1 NYHA-
functional class and/or improvement in mechanical haemolysis.

Patient selection

Patients were considered candidates for attempted transcatheter
closure of paravalvular leak only if 1) closure was indicated for clinical
and haemodynamic reasons and 2) either the risk associated with
annular reconstruction and valve replacement was considered too
high. The Heart team made this determination (Table 1). Each patient
had one of the following conditions: history of mediastinitis, chronic
obstructive pulmonary disease, other prosthetic valve and severe
haemolytic anaemia requiring multiple transfusions of packed red
blood cells (Table 2).

All patients underwent detailed two and 3D dimensional Doppler
and colour flow imaging by transthoracic and transesophageal
echocardiography (TEE). TEE 3-D perfectly defines the size and shape
of the paravalvular leak, especially mitral ones.

Procedure

The procedures were performed under general anaesthesia or
deep sedation. Standard fluoroscopy, invasive hemodynamics, and
two-dimensional (2D) and three-dimensional (3D) transesophageal
echocardiography (TEE) imaging were performed during device
placement.

Paravalvular mitral leak: Left femoral artery and right femoral
vein were obtained and a 5 and a 8 Fr sheath were inserted, respectively.
Heparin sulphate (150 IU/kg; maximum 7.500 IU) was given after
performing the Brockenbrough atrial septostomy with a 19 gauge
transseptal needle (CooK) and an 8 Fr Mullins sheath (Cook). A left
ventricular angiogram in the right anterior oblique view (long-axial
view) was obtained as judge necessary. Mitral paravalvular leaks
were closed using the anterograde or the retrograde approach. In the
anterograde approach, the leak was crossed using a 0.035” glide wire
(Terumo) and a 5 Fr right coronary Judkins or a mammary catheter
(Cordis, Miami, FL). After crossing the leak, in most cases the wire was
further advanced into the ascending aorta and an AV loop was formed
using a gooseneck snare in the ascending aorta previously introduced
from the femoral artery. The delivery sheath is advanced over the AV
loop from the venous site to the left ventricle (LV) through the leak,
and the selected Amplatzer Vascular Plug III device was loaded and
advanced through the sheath until it reached the tip and then the
retention flange was deployed in to the left ventricle. The sheath and the
device were pulled back to the level of paravalvular leak and the device
was deployed in the defect.

In the retrograde approach, the leak was crossed using a 4 Fr right
coronary Judkins catheter or a Mammary catheter with the aid ofa 0.035
glide wire or a 0.014 wire (Figure 1) that was advanced to a pulmonary
vein (from LV through the left atrium reaching the left superior
pulmonary vein). An Amplatz gooseneck snare was advanced through
the aforementioned Mullins long sheath, already in the left atrium, into
the pulmonary vein and the wire was snared and exteriorized trough
the venous sheath to establish a stable arterio-venous guidewire circuit
(Figure 2). The delivery sheath is advanced over the AV loop from the
venous site to the left ventricle (LV) through the leak. The selected
device was loaded into the delivery system and placed across the leak
in the manner previously described (Figure 3). Repeat complete TEE
study and left ventricular angiogram were used to assess final device
position and to evaluate the residual defect’s dimension.

Paravalvular aortic leak. Right femoral artery was obtained and 6
Fr sheath was inserted. Heparin sulphate (150 IU/kg; maximum 7.500
IU) was given. An aortography was routinely obtained in the left anterior
oblique view. Aortic PVLs were closed using the retrograde technique
except in cases where aortic and mitral PVLs were simultaneously
closed in the same procedure. In the retrograde technique, PVL was
crossed using a 5 Fr Multipurpose catheter with the aid of a hydrophilic
guidewire (Figure 4). After crossing the defect, the catheter was removed
and the delivery system was advanced across the paravalvular leak into
left ventricle (Figure 5). Then the selected Amplatzer Vascular Plug III
device was loaded and placed in the manner previously described. The
aortography was repeated to confirm the position of the device and to
evaluate the residual defect’s dimension (Figure 6).

Statistical analysis

Basic statistical test were performed using SPSS (version 12). For
each parameter, mean, median, variance, standard deviation, and range
were calculated.

Results

Between February 2010 and February 2013, 12 patients (mean age
68.3 + 9.2 years) were referred to our centre for percutaneous closure

leak mitralico;

Figure 1: Mitral leak closure. Straight Terumo wire through anterolateral leak
by anterograde approach and through posterolateral leak passing retrogradely.

0.0t

Figure 2: Mitral leak closure. Arteriovenous loop: transseptal catheter through
interatrial septum, hydrophilic wire passing retrogradely through leak from left
ventricle, Amplatz Gooseneck catheter snaring wire in right pulmonary vein
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of paravalvular leak. There was a male preponderance of 66%. There
were 13 procedures performed in 12 patients with aortic paravalvular
leak (42%) and mitral paravalvular leak (58%). One patient (patient 7)
underwent the procedure twice due to the significant residual leak. The
patient demographics, the cardiac history and the clinical findings are
summarized in Table 2. At the time of presentation, seven patients had
symptoms of severe congestive heart failure (NYHA III-IV) and five
had haemolytic anaemia requiring multiple transfusions.

Successful deployment was achieved in 100% of cases. The
Amplatzer Vascular Plug III was used in 92% of the procedures, one
patient required a Amplatzer Septal Occluder. Six patients (50%) need
more than one device for total leak occlusion. Technical success was
92%. One patient (patient 7) underwent a second procedure after 49
days from the first.

Complications

Five patients required blood transfusion after the procedure due to
hematoma or blood loss but all had an admission haemoglobin value
<10 g/dl and previous recent multiple transfusions. Two patients had
a transient worsening of the haemolytic anaemia and another had
transient impairment of renal function.

Immediate and follow-up results

Immediate results after release of the device demonstrated a total

PEGLosslessll jiction [

Figure 3: Mitral leak closure. A single Amplatzer Vascular Plug Il occluder (AGA
Medical Corp) is in position

Figure 4: Aortic leak closure. Terumo wire through aortic leak

Figure 5: Aortic leak closure. Amplatzer delivery sheath deploying AVP Ill device

Figure 6: Aortic leak closure. Device release (distal disc into left ventricle and
proximal disc into the aortic root).

defect occlusion in 6 patients and mild residual leak in 5 patients.
During the follow-up period ranging from 3-20 months, seven
patients have clinical improvement from New York Heart Association
congestive heart failure class III-IV to class I-II and ten patients had a
significantly decrease in transfusion requirement. Clinical success was
achieved in 83% (10 of 12 patients). One intra-Hospital death occurs
after fifteen days from procedure for non-cardiac causes. One patient,
with persistent residual leak and recurrence haemolysis, underwent
surgical repair after 12 months.

Discussion

Previous studies have shown that the therapeutic strategy influence
the outcome either in patients with severe paravalvular leak than in
patients with mild and moderate defects [9]. The aggressive surgical
strategy improved survival and reduce symptoms even in patients with
mild and moderate defects. However, surgical intervention carries an
operative risk that varies from 6-22% [7,8] in the different series and
a re-leak incidence of 22-35% [8]. These risks further increase in poor
surgical candidates, like our patients, because of the complex surgical
history and associated clinical condition. Percutaneous approaches
to PVL closure have therefore been developed as a less-invasive
strategy, and may be accomplished via transseptal access, apical left
ventricular access, or retrograde arterial access. Since the first reports
of the procedure in 1992, a number of series have been published, with
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Patient

EuroSCORE

2 3 4 5 6 7 8 9 10 1 12

Patient related risk factors

Age, > 65 years

Female (%)

Chronic pulmonary disease

Extracardiac arteriopathy

Neurological dysfunction

Previous cardiac surgery

Serum creatinine > 200 ymol/l

Active endocarditis

Critical preoperative state

Cardiac-related factors

Unstable angina

LV disfunction:
moderate or LVEF 30-50%
poor or LVEF < 30%

Recent myocardial infarction (>90 days)

Pulmonary Hypertension

Operation-related risk factors

Emergency

Other than isolated CABG

Surgery on thoracic aorta

Postinfarct septal rupture

Score

1

8 6 20 6 25 24 4 6 7 7 10

Table 1: Application of the European scoring system for cardiac operative risk evaluation (EuroSCORE) to our population.

Patient Age  Gender Cardiovascular history Acute problems Pertinent medical history
1 58 M Mitral valve replacement x 3 Perivalvular mitral leak; NYHA IV Hemolysis, Heart failure
2 67 M aortic valve replacement x 2 Perivalvular aortic leak; NYHA lII Endocarditisx1
3 64 M Aortic valve replacement x 2 Perivalvular mitral and aortic leak; NYHA IV; |Re-surgical intervention post percutaneous procedure
Mitral valve replacement x 2 Haemolytic anemia
Mitral valve replacement x 2 Perivalvular mitral leak; NYHA IV; Endocarditis x 1; Atrial Fibrillation
4 77 F ) )
Haemolytic anemia COPD
5 62 M aortic valve replacement x 1 Perlvalvulgr aortlg leak; NYHA IV; CABG, Atrial Fibrillation,PM
Haemolytic anemia
6 77 F Aortic valve replacement X 1 Perivalvular mitral leak; NYHA 1| Mediastinitis, atrial fibrillation, COPD
Mitral valve replacement x 2
7 83 F Mitral valve replacement x 1 Perivalvular mitral leak; NYHA Il 2 procedures; atral fibrillation; hemolitic anemia
8 54 M Mitral valve replacement x 1; Perlvalvul_ar m|tra! leak; NYHA 1V; HCM: ASD occluder
Haemolytic anemia
9 66 M Mitral valve replacement x 2; Perivalvular mitral leak; NYHA 1V; COPD; atrial fibrillation
. Perivalvular mitral leak; NYHAII; Mediastinitis;
10 72 F Mitral valve replacement x 1 Haemolytic anemia Atrial fibrillation HCV
" 74 M Aortic valve replacement x 1 Perivalvular aortic leak; Haemolytic anemia
12 66 F Mitral valve replacement x 1 Perivalvular mitral leak; Haemolytic anemia Pulmonary Hypertension

Table 2: Clinical characteristics of the patients

encouraging rates of procedural success and good clinical outcomes.
The largest experience of percutaneous PVL closure is derived from two
centres, with 57 and 141 PVLs, respectively [14,16]. Reported technical
success ranged from 77 to 86% and clinical success ranged from 67 to
77%, with a median follow-up of 11 months. In our centre, increased
utilization of TEE 3-D has further improved the rates of technical (92%)
and clinical success (83%), confirming the feasibility and safety of PVL
closure with Amplatzer Vascular Plug III device. Therefore, the 30-day
all cause mortality rate of 8% appears to be lower than that of 1 large
surgical series (12%) [9]. One limitation of this technique is a steep
learning curve, especially in mitral PVLs. The procedure is complex,
time-consuming, and not always totally successful. The development

of newer low profile and largely adaptive devices that can conform to
the variety of shapes of these defects and are specifically designed for
this application will undoubtedly improve the current results. With
regard to the safety of the procedure, the rate of severe complications is
low, considering the severity of the disease treated and the often poor
clinical condition of the patients.

Conclusions

We believe that the collaborative effort with a skilled interventional
team, the cumulative experience of the operators, the use of hydrophilic
catheters, 3-D echocardiographic guidance and the use of more user-
friendly devices, can result in successful technical and clinical outcomes
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with apparently lower morbidity and mortality rates in comparison to
surgical series.

As reported in the last ESC Guidelines on the management of

valvular heart disease transcatheter closure of PVL may be considered
in selected patients in whom reintervention is deemed high risk or is
contraindicated [30].
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